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ABSTRACT

Objectives: Acinetobacter baumannii is an opportunistic pathogen that is frequently detected in intensive care unit (ICU) patients. It is a cause of
ventilator-associated pneumonia (VAP). The severity of lung involvement can be determined using Radiographic Assessment of Lung Edema (RALE)
scores, which are determined based on data from chest X-rays. This study aimed to investigate the relationship between the RALE scores of patients
with Acinetobacter VAP and mortality.

Methods: The study was conducted in ICUs between 2020 and 2021. All ICU inpatients older than 18 years with a diagnosis of Acinetobacter bau-
mannii pneumonia were included in the study. Patients infected with other bacteria or viruses, those with immunodeficiency, and those younger
than 18 years of age were excluded from the study. Chi-square tests were used for all statistical analyses.

Results: The cohort had a mean age of 68.1 years and 56% were males. The incidence of comorbidities was 85%. Treatment was empirical antibiotics in
42% of patients and antibiotics specific to the causative agent in 58%. RALE scores were 25-36 in 50%, 37-48 in 32%, and 13-24 in 18% of the patients.
The mortality rate was 65%.

Conclusion: RALE scores in the 13-24 range were correlated with persistent pneumonia using combined antibiotics. RALE scores in the 25-36 and
37-48 ranges were correlated with mortality.
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Introduction lung edema and opacities are associated with more severe
clinical findings. It has been reported that, for each unit of
increase in the RALE score, the risk of mortality is increased
by 1.23 times."* Hence, the severity of lung involvement
is an important risk factor.® In this study, we investigated
the relationship between the RALE scores of patients with
Acinetobacter VAP and mortality.

Acinetobacter baumannii is an opportunistic pathogen
that is detected in intensive care units (ICUs) with in-
creasing prevalence. The bacterium becomes distributed
throughout the ICU environment, colonizing human mu-
cosal surfaces and medical devices. Acinetobacter caus-
es ventilator-associated pneumonia (VAP), and can infect
the abdomen, bloodstream, skin, and soft tissue, as wellas  Methods
causing catheter-related urinary tract infections.? VAP is
a form of pneumonia that occurs at least 48 h after endo-
tracheal intubation and is associated with high mortality.
BIThere is often severe pulmonary involvement. The sever-

The study was conducted in internal medicine departments
and surgical ICUs in 2020-2021. All patients >18 years of age
who were diagnosed with Acinetobacter baumannii pneu-
ity of lung involvement can be determined using Radio- monia at least 48 h after intubation (indicating VAP) were in-
graphic Assessment of Lung Edema (RALE) scores, which cluded in the study. Patients with pneumonia before intuba-
are assessed using chest X-rays (CXR). On CXR, increased tion, those with another bacterium growth in their cultures,
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those with COVID-19 pneumonia, those with immunodefi-
ciency, those transferred from the ICU of another hospital,
transferred to another hospital, and those younger than
18 years old were excluded from the study. The data from
a total of 125 patients who met the criteria were analyzed
retrospectively. The data collected and analyzed from each
patient comprised age, sex, comorbidities, laboratory results
(white blood cell (WBC), neutrophil (NEU), and lymphocyte
(LYM) counts; C-reactive protein (CRP) and procalcitonin
(PCT) levels; and blood gases), RALE score, antibiotics admin-
istered, response to treatment, the day of intubation after
admission, the duration of intubation, the lengths of stay in
the ICU and hospital, complications, and mortality. The nor-
mal reference ranges of the laboratory parameters are 4-11/
nL WBC, 1-4.8/nL NEU, 1-4.8/nL LYM, 0-5 mg/L CRP, 0-0.05
ng/mL PCT. The percentage value of alveolar opacity was
calculated and the consolidation score was calculated as 0, 1,
2, 3, or 4. The density of alveolar opacity was calculated as 1,
2, or 3 on CXR. The density and consolidation scores for each
quadrant on the CXR were summed. The total of the scores
of the four quadrants was recorded as the patient’s radiolog-
ical RALE score (Fig. 1, Table 1). Chi-square tests were used
in the statistical analysis of all data. This study was conduct-
ed in accordance with the tenets of the 1964 Declaration of
Helsinki and its later revisions. Ethical approval was received
from the Medical Ethics Committee of our institution.

Results

Of the 125 patients in our cohort, 56% were male and
44% were female. The distribution of patients by age
range was 9% aged 20-40, 16% aged 41-60, 57% aged
61-80, and 18% aged >80 years (Table 2). The mean val-
ues of the laboratory parameters were 13.3 nL WBC, 11.5
nL NEU, 1.09 nL LYM, 137.7 mg/L CRP, and 3.17 ng/mL PCT.
The mean intubation day was day 4.6, and the mean dura-
tion of intubation was 33.5 days (Table 3). Comorbidities
were present in 85% of the patients. These included hy-
pertension (HT), coronary artery disease, diabetes melli-
tus, cerebrovascular accident (CVA), chronic renal failure,
chronic obstructive pulmonary disease, and malignancy
(Fig. 2). Acinetobacter pneumonia was treated with em-
pirical antibiotics in 42% of the patients. The remaining
58% were treated with non-empirical antibiotics specific
to the causative agent. In the latter group of patients, 24%
received a single type of antibiotic and 76% received an
antibiotic combination. The response to antibiotics was
infection eradication in 13% of patients and infection
persistence in 87%. RALE scores were calculated from the
radiological evaluation of CXRs and ranged from 13-24 in
18% of the cohort, from 25-36 in 50%, and from 37-48 in
32%. None of the patients had RALE scores in the 0-12
range, which were indicative of the lowest level of pulmo-

Score Q1 Q2 Q3 Q4 Total Score Q1 Q2 Q3 Q4 Total
Consolidation 4 2 1 1 Consolidation 3 3 3 4

Density 3 2 1 2 Density 3

Quadrant score 12 4 1 19 Quadrant score 6 9 12 33

Figure 1. Calculation of RALE scores.
RALE: Radiographic Assessment of Lung Edema.
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Table 1. RALE score calculation method
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Table 2. Demographic characteristics of the patient cohort

Consolidation n Mean (%) SD 95% (+)
Consolidation score Extent of alveolar opacities Gender 125
0 None f;/lale | ;(5) ii 5.20
1 <23% A o 68.1 242
2 25-50% gzz 40 11 o 026 2.22
3 20-75% 4 _60 20 16 037 .
4 >75% - '
61-80 72 57 0.49
Density >80 22 18 0.38

Density score Density of alveolar opacities

1 Hazy
2 Moderate
3 Dense

Final RALE score
Right upper quadrant ConsolidationxDensity=Q1 score
Right lower quadrant ConsolidationxDensity=Q2 score
Left upper quadrant ConsolidationxDensity=Q3 score

Left lower quadrant
Total RALE score

ConsolidationxDensity=Q4 score
Q1+Q2+Q3+Q4

RALE: Radiographic Assessment of Lung Edema

nary involvement. Intubation was initiated on the day of
ICU admission (day 1) in 45% of the patients. In 78%, intu-
bation was initiated during the first 3 days. Intubation was
initiated later than day 10 in 13%. In 36% of the sample,

Table 3. Study data and ranges of normal values

SD: Standard deviation

the duration of intubation times was >30 days. Intubation
durations were up to 20 days in 50%. The rate of extuba-
tion was 8% in all patients. Complications of VAP included
Acute Respiratory Distress Syndrome (ARDS) in 84% and
Multiple Organ Dysfunction Syndrome in 44%. The length
of stay in the ICU was >30 days in 44% of the patients and
up to 20 days in 39%. The length of hospital stay was up
to 1 month in 51% of the patients and >2 months in 22%
of patients. The mortality rate was 65%.

All statistical analyses for this study used chi-square tests.
The incidence of VAP with Acinetobacter was significant-
ly higher in males (p=0.027). VAP was correlated with
comorbidities in patients >80 years (p=0.039). Acineto-
bacter VAP infection was significantly more prevalent
among patients in the 61-80 age range (p=0.026). The use

Mean Median Normal values SD 95%Cl

White blood cells (WBC) 13.3(4.1-39.2) 10.9 4-11/nL 7.51 8.15
Neutrophil (NEU) 11.5(1.0-73.2) 9.3 1-4.8/nL 8.38 8.39
Lymphocyte (LYM) 1.09 (1.0-12.4) 0.91 1-4.8/nL 1.10 10.41
C-Reactive Protein (CRP) 137.7 (2-413) 124 0-5mg/L 74.7 22.8
Procalcitonin (PCT) 3.17 (0.025-14) 0.78 0-0.05 ng/mL 4.49 444
Blood gases

pH 742 (7.1-7.7) 7.45 7.35-7.45 0.10 25.8

PO, 82.1 (50-175) 79.7 75-100 mmHg 234 239

PCO, 42.1 (18-99) 40 35-45 mmHg 12.8 215

SO, 94.1 (82-99) 95 95-100% 4.07 15.6

HCO, 26.9 (11-42) 26.6 21-27 mEg/L 6.12 10.3

Lactate 2.28 (0.14-20) 17 1-1.5 mmol/L 2.26 3.94
Data of intubation

Days (th) 4.60 (1-53) 15 7.86 1.16

Times (days) 33.5(2-150) 24 31.5 4.66

Length of stay

ICU (days) 39 (4-152) 29 33.2 4.92

Hospital (days) 44.9 (4-155) 34 353 5.23

SD: Standard deviation; pH: Potential hydrogen; PO,: Partial pressure of oxygen; PCO,: Partial carbon dioxide pressure; SO,: Sulfur dioxide; HCO,: Bicarbonate; ICU: Intensive care unit.
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Figure 2. The distribution of patients' comorbidities.

of combined antibiotics was significantly more common
than treatment with a single antibiotic (p=0.009). Treat-
ment with antibiotics specific to the causative agent was
correlated with the presence of comorbidities (p=0.044),
but also with eradication of the infection (p=0.003). Treat-
ment with just one type of antibiotic was correlated with
the persistence of VAP (p=0.005). Patients aged 61-80
years with comorbidities were significantly more likely
to be intubated on day 1, despite a low level of evidence
(p=0.057). Patients who were intubated after the tenth
day were related to those without comorbidity (p=0.023).
Male patients >80 years with comorbidities had signifi-
cantly shorter intubation durations (p=0.012). Ages <40
years were associated with longer intubation durations, to
low evidence (p=0.063). The length of stay in the ICU was
longer than 1 month for most of the cohort. Shorter stays
in the ICU were correlated with the absence of comorbid-
ities (p=0.041). Patients with comorbidity using empirical
antibiotics were related to longer hospital stays (p=0.018).
Shorter hospital stays were correlated with an absence of
comorbidities combined with antibiotics specific to the
causative agent (p=0.015). Patients with a RALE score of
13-24 were related to persistent pneumonia using com-
bined antibiotics (p=0.041). Mortality was correlated with
ages >80 years combined with comorbidities (p=0.042).
RALE scores in the 25-36 (p=0.036) and 37-48 (p=0.053)
ranges were correlated with mortality (Table 4).

Discussion

VAP is a form of pneumonia that occurs after intubation.
It constitutes approximately 50% of all hospital-acquired
pneumonia.”? VAP is the most common intensive care in-
fection with an incidence of 6%-52%" and, in ICU patients,
it can have serious consequences. The rate of VAP in ICUs in
the present study was 25%-35%. Acinetobacter bauman-
nii is a serious hospital-acquired infection with a mortality
rate of 45%-80% in cases resistant to antibiotic treatments.
I Given the propensity of VAP to multi-drug resistance

(MDR), there are few therapeutic options. Acinetobacter
baumannii bacteria are able to survive on non-living sur-
faces such as endotracheal tubes and catheters, making
their spread difficult to control.' The ability of Acineto-
bacter baumannii to produce biofilm is also an important
contributor to its virulence as this facilitates its transmis-
sion over many surfaces.'"

A previous study has reported a mean age of 54.9 years
and a higher incidence in men among VAP patients, with
hypertension being the most common comorbidity.'?
The present study supported two of these findings as
we also saw a significantly higher rate of VAP in men and
found hypertension to be the most common comorbid-
ity. However, the mean age in our cohort was 68.1 years.
Since Acinetobacter baumannii is usually an MDR bacte-
rium, antibiotic options for the treatment of patients are
limited.'®! The patients in our sample were treated with
single or combined antibiotics based on whether their
pneumonia was contracted in the hospital or the com-
munity. The single antibiotics used empirically included
ceftriaxone, piperacillin-tazobactam, meropenem, and
(rarely) levofloxacin. Combined antibiotics used empiri-
cally included meropenem vancomycin, piperacillin-ta-
zobactam levofloxacin, and colistin tigecycline. When
Acinetobacter was detected in a patient’s culture, anti-
biotics were selected according to the sensitivity of the
antibiogram. Antibiotics used that specifically targeted
the causative agent included colistin tigecycline, mero-
penem tigecycline, and sulfamethoxazole tigecycline.
Ampicillin is the most commonly resistant antibiotic so
this was not used. The overall response rate to antibiot-
ic treatments was 13% in our VAP cohort. Unfortunately,
despite treatment, pneumonia persisted in the remain-
ing 87%. The majority of Acinetobacter strains found in
the patients studied were MDR.

Antibiotic resistance is a serious problem in VAP. Acine-

tobacter in ICUs commonly shows MDR. Risk factors for
MDR microorganisms are antibiotic treatment in the last
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Table 4. Statistical analyses of study data

Parameters Acinetobacter Parameters Acinetobacter
Baumannii Baumannii
n % p n % p
Gender 125 4-51 days 10 8
Male 70 56 0.027 6-10% days 14 »
Female 2> 44 >10 days 16 13 0.023
Ages . .
Intubation times
20-40 11 9 0-10d 2% )
41-60 20 16 ~10days !
61-80 72 57 0.026 11-20 days 36 29 0.012
>80 22 18 0.039 21-30 days 18 14
RALE scores >30 days 45 36 0.063
0-12 0 Length of stay in ICU
13-24 22 18 0.041 0-10 days 18 14
25-36 63 50 0.036 11-20 days 32 25 0.041
37-48 40 32 0.053 21-30 days 21 17
Antibiotics >30 days 54 44
One ar‘t'b'Ot'c_ o 30 24 Length of stay in Hospital
Eom.b.lneld a:’ckl?litlc zg 12 0.009 0-15 days 2% 21
mpirical antibiotic
P : 16-30 days 38 30 0.015
For the causative agent 72 58 0.044
31-60 days 33 26
Response to treatment
Persistent 109 87 0.005 >60 days 28 22 0.018
Eradication 16 13 0.003 | Complications
Day of intubation ARDS 105 84
1< day 56 45 0.057 MODS 55 44
2-3" days 29 23 Mortality 82 65 0.042

RALE: Radiographic Assessment of Lung Edema; ICU: Intensive care unit; ARDS: Acute Respiratory Distress Syndrome; MODS: Multiple Organ Dysfunction Syndrome

3 months, hospitalization for more than 5 days, a high
frequency of bacterial resistance in the hospital, and im-
munosuppression.™ Fortunately, these risk factors were
very rare in the patients studied. Early and appropriate
treatment of VAP is related to decreased mortality, while
inadequate treatment in the first 48 h is associated with
a 91% mortality rate. The mortality rate is lower with ap-
propriate empirical treatments."™> Most of the patients in
our study received early treatment and combined antibi-
otics. Although the mortality rate was lower in patients
who received appropriate empirical treatment, the dif-
ference in mortality according to treatment type was not
statistically significant. Intubation after the tenth day in
the ICU and intubation durations of up to 20 days were
both correlated with mortality.

Radiology is important in the evaluation of pneumonia.
CXR is the preferred means of examination in pneumo-
nia patients due to its accessibility and cost-benefits. Of
course, computed tomography should be used in cases
where pathology cannot be detected on CXR. Nosocomi-

al pneumonia is a form specifically acquired in hospitals;
imaging is usually limited but indicative. The radiological
patterns of different pneumonias are variable but diffuse,
multifocal involvement with pleural effusion is the most
common."™ Pulmonary edema is important to the patho-
genesis and prognosis of ARDS. The RALE score assesses
both the extentand intensity of alveolar opacity on CXR.I'"
Because VAP is aggressive, ARDS is often seen in patients.
The ARDS rate was 84% in the study. We investigated the
relationship between RALE scores and VAP. RALE scores in
the 0-12 range, which represented the least severe lung
involvement, were not correlated with VAP. RALE scores in
the 13-24 range were correlated with persistent pneumo-
nia using combined antibiotics. RALE scores in the 25-36
and 37-48 ranges were correlated with increased mortal-
ity. The length of stay in the ICU was often longer than a
month in patients with VAP. Shorter stays in the ICU were
correlated with the absence of comorbidities. Patients
with comorbidities using empirical antibiotics had signifi-
cantly longer hospital stays.
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