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1783 1941 1980

Chemical revolution launched FNB formed, with first USDA and HHS publish
by Lavoisier and colleagues Recommended Daily first Dietary Guidelines for
with their discovery that combustion Allowance 2 yr later Americans, then every 5 yr

is the source of heat produced by
animals and humans

1930s 2023

Burr and Burr report FNB releases updated

essentiality Dietary Reference

1823 of two fatty acids Intakes for energy
Chevreul publishes Rose establishes 2020
seminal research on essentiality of some Publication of the
animal fats and oils amino acids Dietary Guidelines
Underwood begins for Americans,
essential trace element 2020-2025

studies

1838
Proteins first described by Bernard isolates and FNB introduces
Mulder and named by Berzelius names glycogen Dietary Reference
Dumas names the sugar Miller isolates and Intake
he extracted from honey, names sucrose 1977
e B 1913 Senate releases Dietary
Hopkins discovers the Goals for the United States
first vitamin (A) 1948

B, last isolated and
characterized vitamin
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Table 1. Dietary Reference Intakes for Total Dietary Protein, Fat, Carbohydrates, Fiber, and Water.*
Life Stage Protein Fat Carbohydrates Total Fiber Water
RDA AMDR RDA AMDR RDA AMDR RDA Overall Males  Females
¢/1000
g/kg/day % g/kg/day % g/day % keal /day liters/day
0to6mo 1.52 ND 31 60 ND ND 0.7
7 mo to 12 ND 30 95 ND ND 038
<lyr
2ltodyr 1.05 5-20 ND 30-40 130 45-65 14 13
4to8yr 0.95 10-30 ND 25-35 130 45-65 14 1.7
9to 13 yr 0.95 10-30 ND 25-35 130 45-65 14 24 2.1
14to 18 yr 0.85 10-30 ND 25-35 130 45-65 14 33 2.3
219yr 0.80 10-35 ND 20-35 130 45-65 14 s 2.7
Pregnancy 11 10-35 ND 20-35 175 45-65 14 30
Lactation 13 10-35 ND 20-35 210 45-65 14 3.8
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Table 2. Energy and Macronutrient Contents of the Typical U.S. Diet and Healthy USDA Food Patterns.
Typical U.S. Diet,
Energy or Macronutrient 2017-2020* USDA Healthy Food Patterns
U.S. Style Mediterranean Vegetarian
Calories — keal 2144 2003 1998 1999
Protein — g (%) 81.0 (15.5) 91 (17.9) 89 (17.4) 71 (13.8)
Carbohydrate — g (%) 244 (46.6) 256 (50.3) 259 (50.8) 274 (533)
Total fat — g (%) 88.2(37.9) 72 (31.8) 72 (31.8) 75 (32.8)
Fatty acids — g (%)
Saturated 28.6 (12.3) 18.7 (8.3) 18.0(7.9) 18.6 (8.1)
Monounsaturated 30.1 (129) 26.2 (11.6) 26.0 (11.5) 26.9 (11.8)
Polyunsaturated:: 20.7 (8.9) 225 (9.9) 22.6 (10.0) 24.5 (10.7)
Linoleic acid, 18:2, n-6 18.31(7.9) 19.6 (8.7) 19.5 (8.6) 21.9 (9.6)
a-Linolenic acid, 18:3, n-3 1.93 (0.8) 23 (1.0) 2.3 (1.0) 2.6 (1.1)
Total dietary fiber (g) 16.6 31 31 35
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Table 1. Recommendations for Lipid-Lowering Therapy as Primary Prevention for Cardiovascular Disease in Patients
with Type 1 Diabetes.*

Source Recommendations

American Diabetes Association®®*! For people 40 to 75 years of age without atherosclerotic cardiovascular disease,
use moderate-intensity statin therapy in addition to lifestyle changes.

For people 40 to 75 years of age at higher cardiovascular risk, including those
with =1 risk factor for atherosclerotic cardiovascular disease, use high-
intensity statin therapy to reduce LDL cholesterol by =250% of baseline value
and to target an LDL cholesterol goal of <70 mg/dI.

After the age of 10 years, addition of a statin can be considered in youth with
type 1 diabetes who, despite medical nutrition therapy and lifestyle chang-
es, continue to have LDL cholesterol >160 mg/dl or >130 mg/d| with =1
cardiovascular disease risk factor.

American College of Cardiology— In adults 40 to 75 years of age, regardless of estimated risk of atherosclerotic
American Heart Association®® cardiovascular disease, moderate-intensity statin therapy is indicated.
For adults with multiple atherosclerotic cardiovascular disease risk factors, it is
reasonable to prescribe high-intensity statin therapy with the aim to reduce
LDL cholesterol by =50%.

European Society of Cardiology*’ Statins should be considered in adults >40 years of age without a history of car-
diovascular disease to reduce risk.
For younger patients, statins should be considered if the patient has other car-
diovascular risk factors, microvascular disease, or a 10-year cardiovascular
disease risk =10%.

International Society of Pediatricand  If the implementation of lifestyle interventions for 6 months does not lower
Adolescent Diabetes LDL cholesterol to 130 mg/dl, statins should be considered in children >10
years of age, with anideal LDL cholesterol target of <100 mg/dl.
Simvastatin, lovastatin, and pravastatin are effective and safe in children and
adolescents.

* Moderate-intensity statin doses are as follows: 10 to 20 mg of atorvastatin, 80 mg of fluvastatin, 40 mg of lovastatin,
40 to 80 mg of pravastatin, 5 to 10 mg of rosuvastatin, 20 to 40 mg of simvastatin, and 2 to 4 mg of pitavastatin.
High-intensity statin doses are as follows: 40 to 80 mg of atorvastatin and 20 to 40 mg of rosuvastatin. To convert low-
density lipoprotein (LDL) cholesterol values to millimoles per liter, multiply by 0.02586.
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Table 2. Recommendations for Glycemic Control, Blood-Pressure Control, Antithrombotic Therapy, and Obesity in
Patients with Type 1 Diabetes.

Purpose Recommendations

Glycemic control Glycated hemoglobin <7%, if attainable without increased hypoglycemia®’

Hypertension or blood-pressure Lifestyle interventions, with consideration of ambulatory blood-pressure monitor-
control ing?’

Blood pressure of <130/80 mm Hg*¢ (and ideally, <120/80 mm Hg**!) is recom-
mended as a goal of treatment in adults and adolescents >13 years of age*
Treatment should include blockade of renin—angiotensin—aldosterone system, un-

less patient is planning pregnancy or is pregnant or lactating?®3’

Antithrombotic therapy Aspirin (75-162 mg) can be considered as primary prevention in patients >50
years of age who have additional risk factors*¢3”
Aspirin (75-162 mg) is indicated as secondary prevention in patients with estab-
lished atherosclerotic cardiovascular disease (clopidogrel indicated for aspirin
intolerance)?3?

Obesity Lifestyle modifications, including caloric restriction and increased physical activity,
recommended to achieve minimal weight reduction of 5-10%
Consider referral to an intensive lifestyle modification program
Consider GLP-1 receptor agonist therapy, with shared decision making with the
patient regarding potential side effects*

* GLP-1 denotes glucagon-like peptide 1.
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Table 1.
Table 1. Laboratory Data.
11 Days before
the Current
Variable Reference Range* Presentation
Hematocrit (%) 41.0-53.0 43.8
Hemoglobin (g/dl) 13.5-17.5 14.6
White-cell count (per ul) 4500-11,000 7320
Differential count (per pl)
Neutrophils 1800-7700 5100
Lymphocytes 1000-4800 1430
Monocytes 200-1200 610
Eosinophils 0-900 130
Basophils 0-300 30
Immature granulocytes 0-100 20
Platelet count (per ul) 150,000-400,000 375,000

* Reference values are affected by many variables, including the patient popula-
tion and the laboratory methods used. The ranges used at Massachusetts
General Hospital are for adults who are not pregnant and do not have medi-
cal conditions that could affect the results. They may therefore not be appro-
priate for all patients.
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INTRODUCTION

Ventilator-associated pneumonia (VAP) is a common hospital infection that leads
to significant mortality and imposes very high costs on the treatment system (1).
Gram-negative bacteria resistant to therapy have been identified as the primary
pathogens of VAP in most sites in recent years.

Among gram-negative organisms, Acinetobacter baumannii, Pseudomonas
aeruginosa, and Klebsiella pneumoniae show the highest resistance (3). Treat-
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ment-resistant Acinetobacter species are considered the important causes of in-
creasing hospitalization, hospitalization costs, and mortality, especially in ICUs.
Some species of Acinetobacter, especially A. baumannii, show resistance to a
wide range of antibiotics (4). Mortality from VAP associated with A. baumannii
ranges from 40% to 70% (5-7).

In 2017, A. baumannii was placed on the global priority list of the world health
organization (WHO) for drug-resistant bacteria to highlight the need for research
development and the necessity of new antibiotics (6). A. baumannii is known as
the most common cause of VAP (6).

There are few treatment options for patients with this pathogen due to high re-
sistance to common antibiotic agents (11). The steps adopted to address the is-
sue of multidrug-resistant (MDR) A. baumannii include combination therapy and
research into the synergistic effect of certain antibiotics with colistin and ampicillin/
sulbactam against this microbial species. Also, it is found that the combined use
of antibiotics reduces the required antibacterial therapeutic doses that reduce the
risk of side effects and drug toxicity (9,12).

Some in vitro studies have reported the synergistic or additive effect between
levofloxacin and colistin against MDR A. baumannii (13-15). In this regard, the
present study aimed to evaluate the effectiveness of the colistin/levofloxacin com-
bination (which is shown to be synergistic) compared to the colistin/meropenem
combination (which is usually used as the current standard treatment) in the treat-
ment of VAP caused by carbapenem-resistant A. baumannii (CRAB).

MATERIALS AND METHODS

From September 2020 through February 2021, the current randomized con-
trolled clinical trial was carried out at Al-Zahra Hospital of Isfahan, affiliated with
Isfahan University of Medical Sciences, Iran.

The study was approved by the ethics committee of IUMS with the Ethical code
IR.MUI.RESEARCH.REC.1399.606. The study protocol was registered in the Ira-
nian Registry of Clinical Trials (IRCT) with the code IRCT20150721023282N17.

Study population

The study population consisted of all patients with VAP caused by CRAB hospi-
talized in the ICUs. The convenience sampling method was applied.

The inclusion criteria were as follows: (1) age over 18 years; (2) undergoing
mechanical ventilation (intubation) for more than 48 h; (3) diagnosis of VAP; (4)
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growth of carbapenem (meropenem)-resistant A. baumannii in the culture of lung
secretions.

The exclusion criteria were: (1) pregnancy; (2) breastfeeding; (3) history of aller-
gy to colistin, levofloxacin, and/or meropenem; (4) acute respiratory distress syn-
drome; (5) suffering from active pulmonary tuberculosis; (6) simultaneous non-pul-
monary bacterial or fungal infection; (7) creatinine clearance less than 60 mL/
min according to the Cockroft-Gault formula; and (8) use of any other nephrotoxic
drugs (e.g. vancomycin, any aminoglycoside, and amphotericin B).

The diagnosis of VAP was based on new or progressive infiltration on lung im-
aging, plus at least two of the following symptoms of infection: fever (temperature
>38 °C), leukocytosis (white blood cell > 12000/mm3), the occurrence of purulent
sputum or increased secretions of the respiratory system with a higher need for
suction, plus positive tracheal sample culture (16).

Written informed consent was obtained from the patients or their guardians (in-
cluding the father, mother, or child) in the case of unconsciousness to participate
in the study.

Sample size

According to the findings of a previous study (17), the sample size was estimat-
ed to be 21 individuals per group among the aforementioned population using
the sample size equation below at a confidence level of 95%, an 80 percent test
power, and based on the variance of the clinical pulmonary infection score (CPIS)
values of 1.62 and 2.12 for the two treatment groups, respectively, and effect size
of 1.6 caused by the mean difference of CPIS between the two groups:

2
(Zl_% + Zl_ﬁ) (6% +03%)

(1 = 12)?
(165 +0.84)2(1.622 + 2.127)

(4.2 — 5.8)2

n=

21

Microorganism identification

Sampling was performed by aspiration of endotracheal secretions. After suc-
tioning the patients' lung secretions, about 2-3 mL of the sample was collected in
a sterile sampling container and immediately sent to the microbiology laboratory
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of the hospital for culture, identification of the pathogen type, and determination
of its antibiotic susceptibility by disk diffusion method using clinical and laboratory
standards institute guidelines (18). The patient was included in the research if the
culture yielded carbapenem (meropenem)-resistant A. baumannii (detected by the
meropenem disk 10 ug).

Interventions

Before conducting the study, its purpose was explained to patients or their g and
they participated in the study if they agreed and signed the written informed con-
sent forms. First, the diagnosis of CRAB-related VAP was confirmed, as previously
described, and then the included patients were randomly and equally assigned to
experimental and control groups (block randomization method by blocks of four).

The patient’s demographic and clinical information, such as gender, age, hospi-
talization cause, underlying illnesses, blood tests, disease status or severity based
on the scores of Acute Physiology and Chronic Health Evaluation Il (APACHE 1),
Sequential Organ Failure Assessment (SOFA), and CPIS, and serum procalciton-
in (PCT) levels were gathered at the start of the trial. In the control group, merope-
nem 1 g as a 3-h IV infusion was administrated every 8 h (19) along with a 9 mIU
loading dose of colistin by IV infusion, followed by 4.5 mlIU |V infusion every 12 h
for 10 days. In the experimental group, levofloxacin 750 mg as a 0.5-h 1V infusion
was administrated every 24 h along with the same dose of colistin as
for the control group for 10 days.

Assessments and outcome variables

The scores of APACHE II, SOFA, and CPIS, and the serum PCT level were again
determined and recorded at the end of the intervention. The clinical response at
the end of therapy, evaluated as the primary outcome variable, was classified
into three categories (20) including complete response (improvement of all clinical
symptoms including fever, leukocytosis, and purulent sputum), partial response
(improvement of at least two of the mentioned clinical symptoms), and failure (con-
tinuation or exacerbation of the initial symptoms). This case was evaluated by the
physicians. The secondary outcome variables were: (1) microbiological response
at the end of the treatment in two forms: eradication (no growth of the pathogen in
lung secretion culture at the end of treatment), and failure (growth of A. baumannii
in the culture of pulmonary secretions at the end of treatment); (2) changes in the
CPIS index score at the end of treatment. This index gave scores based on the
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clinical, radiographic, and microbiological characteristics of patients, and estimat-
ed the severity of VAP; (3) all-cause mortality rate at the end of treatment; (4) the
incidence of acute kidney injury (AKI) at the end of treatment, consid-
ered an increase in serum creatinine of 0.3 mg/dL or more within 48 h or raise of
serum creatinine to 2 1.5 times the baseline value during the last 7 days according
to the definition of The Kidney Disease: Improving Global Outcomes (21).

Statistical analysis

SPSS, version 26 (IBM Corporation), software was used for statistical analy-
sis. Continuous quantitative variables were reported as mean + SD and qualita-
tive variables as frequency (percentage). Data distribution was examined by the
Kolmogorov-Smirnov test. The frequency distribution of qualitative variables was
compared between the two groups using the Chi-square test. To compare quanti-
tative parameters with normal distribution between the two groups, the independ-
ent samples t-test was used. Additionally, the paired samples t-test was performed
to compare the values before and after the intervention. In each analysis, the sig-
nificance level was considered P < 0.05.

RESULTS
Patients

Table 1 presents the patients' basic demographic and clinical characteristics. As
shown, there was no significant difference between the two groups in terms of any
baseline variables.
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Table 1. Baseline demographic and clinical characteristics of studied patients.

Parameters Groups P-values
Experimental (n = 26) Control (n =29)

Age (year) 55.84 +20.84 55.75+20.33 0.987
Gender (n, %)

Male 19 (73.1%) 17 (58.6%) 0.260"

Female 7 (26.9%) 12 (41.4%)
APACHE II score 16.35+£4.97 18.44 £ 6.25 0.177°
SOFA score 7.57+2.73 7.41 £2.65 0.823"
CPIS 8.76 + 1.63 893 £1.53 0.706"
WBC (cells/mm”) 11427 + 4806 16365 + 25331 0.333"
Temperature (°C) 37.66 +£0.71 37.65+0.976 0.976"
Procalcitonin (meg/L) 1.16 +£3.50 3.24+5.70 0.129""
ESR (mm/h) 54.72 £31.81 56.91 +35.71 0.821
CRP (mg/L) 74.04 +31.85 86.48 +£36.11 0201
Heart rate (Beats/min) 88.84 £15.19 102.27 £ 18.95 0.087"
MAP (mm Hg) 90.15+10.45 88.00 +16.26 0.568"
Comorbidity

No PMH 10 (40%) 12 (54.54%)

IHD + HTN + HLP + DM 4 (16%) 3 (13.6%)

DM+ HTN + CVA 1 (4%) 0(0.000%)

COPD 1 (4%) 1 (4.54%)

HTN 3 (12%) 2 (9.09%)

DM + HIN 2 (8%) 1 (4.54%) 0.662"

HTN + HLP 1 (4%) 0 (0.000%)

HLP 1 (4%) 0 (0.000%)

DM + IHD + hypothyroidism 1 (4%) 0 (0.000%)

Epilepsy 1 (4%) 0 (0.000%)

Hypothyroid 0 (0.000%) 1 (4.54%)

HTN + CVA 0 (0.000%) 1 (4.54%)

DM + HLP 0 (0.000%) 1 (4.54%)
Diagnosis

Multiple trauma 15 (57.7%) 8 (27.6%)

COVID-19 3 (11.5%) 2 (6.9%)

Cancer 2 (7.7%) 4 (13.8%)

CVA 5(19.2%) 8 (27.6%)

Guillain-barre 1 (3.8%) 0 (0.000%) 0361

Epilepsy 0 (0.000%) 2 (6.9%)

HD 0 (0.000%) 1 (3.4%)

HSV encephalitis 0 (0.000%) 1 (3.4%)

PTE 0 (0.000%) 1 (3.4%)

Suicide 0 (0.000%) 1 (3.4%)

Thyroiditis 0 (0.000%) 1 (3.4%)

APACHE, Acute physiology and chronic health evaluation; SOFA, sequential organ failure assessment; CPIS, clinical pulmonary infection
syndrome; WBC, white blood cells; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; MAP, mean arterial pressure; PMH, past medical
history; THD, ischemic heart disease; HTN, hypertension; HLP, hyperlipidemia; DM, diabetes mellitus; CVA, cerebrovascular accident; COPD,
chronic obstructive pulmonary disease; COVID-19, coronavirus disease 2019; HSV, herpes simplex virus; PTE, pulmonary thromboembolism;*,
independent-samples t-test; **Chi-square test; ***Mann-Whitney U test.

Outcome variables

Laboratory and hemodynamic indices

Table 2 compares the values of the laboratory and hemodynamic indices in the
e patients of the two groups. As shown, there was no significant difference between
m! the two groups in terms of the values of these indices at the end of the study.
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Disease severity indices

Table 3 presents the changes in the indices of VAP and patient status severity in
each group of VAP and patient status severity in each group at the end of the inter-
vention and compares the two groups. As shown, while the CPIS score decreased
in both groups at the end of the intervention, there was no statistically significant
difference between the two groups. Furthermore, APACHE Il and SOFA scores
and PCT levels did not change significantly in the two groups at the end of the
intervention, and their changes did not differ significantly between the two groups.

Table 2. Comparison of the values of the laboratory and hemodynamic parameters at the end of the study between the
groups. The values are mean = SD.

Groups

Parameters P-values”
Experimental (n = 26) Control (n =29)

WBC (cells/mm>) 16292+ 26958 11065+ 5460 0310

CRP (mg/dL) 74.80 = 30.65 76.90 +38.16 0.840

HR (bpm) 88.85+15.19 100.37 £24.10 0.040

MAP (mm Hg) 91.11+13.80 87.79 £ 14.78 0.390

Temperature (°C) 37.18 +0.37 37.26 £ 0.54 0.540

WBC, White blood cells; CRP, c-reactive protein; HR, heart rate; MAP, mean arterial pressure; *, independent-samples t-test;

Table 3. The changes in outcome parameters during the study and their comparison between the groups. The values are
mean + SD.

. Groups P-value
Parameters Time .
Experimental (n = 26) Control (n =29) (intergroup)

Baseline 8.76 £ 1.63 8.93+1.53 0.700"
CPIS End 3.80 £ 46.2 436+2.43 0,440:

Difference -4.85+£236 -4.72£3.15 0.879

P-value (intragroup) <0.001" <0.001"

Baseline 1.67 +£3.50 2.83+5.18 0.175"
PCT End 2.60 = 8.33 1.82+3.15 0.652i

Difference 143775 -1.01 £5.04 0.179

P-value (intragroup) 0.375" 0.299"

Baseline 16.35+4.97 18.44+6.25 0.177*

End 16.73 £10.19 17.75+7.58 0.670°
APPACHE It Difference 0.38=9.02 -0.58+522 0.980""

P-value (intragroup) 0.830" 0.486"

Baseline 7.57+2.73 7.41 £2.65 0.823"
— End 8+3.79 748£2.73 0.560"

Difference 0.42+2.26 0.068 + 3.67 0.227

P-value (intragroup) 0.350" 0.920"

CPIS, Clinical pulmonary infection syndrome; PCT, procalcitonin.; APACHE, acute physiology and chronic health evaluation; SOFA, sequential
organ failure assessment; *, independent-samples t-test; **, paired-samples t-test; ***Mann-Whitney U test.

Table 4. The rate of each type of clinical response in study patients and their comparison between the groups. The
values are frequency and percentages.

Clinical response

Groups P-value”
Complete Partial Failure

Experimental 7 (35%) 9 (45%) 4 (20%)

Control 2 (8%) 12 (48%) 11 (44%) 0.050

P-value 0.057 0.841 0.090

OR (95% CI) 4375 0.938 0.455

*Chi-square test.
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Clinical and microbiological responses

Table 4 presents the type of clinical response rate in the study groups and com-
pares them in this regard. As shown, even though the rates of complete response
and treatment failure in the experimental group were, respectively, higher and
lower than in the control group, the differences were not statistically significant
between the two groups. Moreover, although the microbiological response rate in
the experimental group (n = 14; 70%) was more than in the control group (n = 12;
48%) at the end of the intervention, the difference was not statistically significant
(P =0.138).

Mortality rate

The all-cause mortality rate was 6 patients (23.10%) in the experimental group
and 4 patients (13.8%) in the control group during the intervention; however, the
difference was not statistically significant (P = 0.490; OR: 1.673, 95% CI: 0.530-
5.279).
Nephrotoxicity rate

The incidence of AKI was 10 cases (40%) in the experimental group and 7
(24.10%) in the control group during the intervention; however, the difference was
not statistically significant (P = 0.211; OR: 1.657, 95% CI: 0.741-3.704).

DISCUSSION

The present study was conducted to investigate the effectiveness of the colistin/
levofloxacin combination compared to the colistin/meropenem combination in the
treatment of VAP caused by carbapenem-resistant A. baumannii in 55 patients.
The two research groups were identical in terms of basic demographic and clinical
characteristics at the beginning of the study.

The patients' clinical responses indicated that a higher percentage of patients
responded completely to the treatment in the colistin/levofloxacin group, and the
rate of treatment failure was higher in the colistin/meropenem group. The colistin/
levofloxacin regimen may have been superior, even though the differences were
not statistically significant, according to the apparent difference in the ratios and
the proximity of the P-value to the significant limit. Probably a larger sample size
could shed much light on the difference. Furthermore, 70% of patients in the colis-
tin/levofloxacin group and 48% of the patients in the colistin/meropenem showed
microbiological responses to the treatment. Despite the lack of statistically signif-
icant difference, it seems that the success of the test combination was greater in

olp! LBl s (K axols
VFeY 5l 9 VFeY (ylino 3/ picdid o0,lols [ w0395 JLw



removing the pathogen (CRAB) that could contribute to the higher rate of complete
clinical response. The effect might be due to the synergistic effect between levo-
floxacin and colistin. Wei et al. reported the synergistic effects of the levofloxacin/
colistin combination against clinical isolates of MDR Acinetobacter. This study in-
dicated the effect of this combination against the biofilm that contains these strains
(13). Since the biofilm formation contributes to the pathogenesis of VAP and its
resistance to treatment (due to insufficient penetration of antibiotics and the lack
of host defense mechanisms) (22), this effect can also be involved in the effect of
the colistin/levofloxacin regimen.

In a laboratory study, Safarika et al. demonstrated that the levofloxacin/colistin
combination had a synergistic effect on 90.9% of P. aeruginosa isolates and on
84.8% of A. baumannii isolates isolated from patients with VAP at the first four
hours after growth. In the first four days after growth, the combination of levofloxa-
cin and imipenem had a synergistic effect on 55.3% of P. aeruginosa isolates, but
the synergistic effect of the colistin/imipenem combination was minimum inhibitory
concentration (MIC)-dependent. According to the research, levofloxacin may be
utilized to treat resistant infections brought on by these bacteria (14). Based on
our research, this is the first clinical study on the comparison of the effectiveness
of colistin/levofloxacin combination with colistin/meropenem combination, and only
one clinical study compared the effectiveness of this combination with the levo-
floxacin/ampicillin/sulbactam regimen. Mosaed et al. studied the safety and effec-
tiveness of the levofloxacin/colistin combination compared to the combination of
levofloxacin with a high dose of ampicillin/sulbactam in treating patients with VAP
caused by MDR Acinetobacter and reported that the combination of levofloxacin
(intravenous 750 mg daily) with high-dose ampicillin/sulbactam (24 g per day) as
a continuous infusion was associated with greater effectiveness and lower risk
of nephrotoxicity than the levofloxacin/colistin combination in patients with MDR
Acinetobacter VAP (17). Therefore, consistent with our results, this study shows
potentiating effect of levofloxacin with another antibiotic for the treatment of this
infection.

In a retrospective study on the effectiveness of four combined drug regimens in
the treatment of VAP caused by resistant Acinetobacter, the levofloxacin/sulbac-
tam combination led to improvement in 71.4% of cases, while levofloxacin/mero-
penem combination caused improvement in 63.6% of cases. Among the regimens,
there were no discernible differences in the improvement rates (23). The rates
of desirable clinical response with levofloxacin-containing regimens in this study
are somewhat similar to our results (80% overall improvement rate). A laboratory
study examined the effect of levofloxacin in combination with ampicillin/sulbactam
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and tigecycline against resistant strains of Acinetobacter and it was reported that
levofloxacin with ampicillin/sulbactam had a synergistic effect on 90% of isolates,
while the combination of ampicillin/sulbactam and tigecycline did not have any sig-
nificant synergistic effect (24). Even though the two aforementioned studies did not
use colistin as a combination drug, the potential of levofloxacin to improve the clin-
ical response of VAP is consistent with the present study. Furthermore, an in vitro
study by Kheshti et al. reported that the combination of colistin with each of the six
antibiotics including ciprofloxacin, levofloxacin, imipenem, meropenem, ampicillin/
sulbactam, and rifampin had a synergistic effect against A. baumannii strains (25).
Therefore, the acceptable response, observed in the present study, could be due
to the synergistic effect of both evaluated regimens against CRAB.

In this study, the rate of nephrotoxicity was more common in the colistin/levo-
floxacin group than in the colistin/meropenem group. Although the difference was
not statistically significant, this finding might serve as a caution about the potential
drawbacks of this regimen (colistin/levofloxacin). However, as some of our study
patients might suffer from sepsis following VAP during the intervention, the AKI
rate might have been affected by this factor. Thus, the risk of nephrotoxicity should
be researched in future trials with a larger sample size. Consistent with our result,
the incidence of AKI in the study of Moesad et al. mentioned previously, was con-
siderably lower in the ampicillin/sulbactam group than in the colistin/levofloxacin
group (17). Nephrotoxicity is not a common side effect of fluoroquinolones, but
there are some case reports of this complication (26). A case-control study report-
ed a slight significant increase in the risk of AKI in men who consumed oral fluoro-
quinolones, and the risk increased with the simultaneous use of these drugs with
renin-angiotensin system inhibitors (27). Therefore, the combination of levofloxa-
cin with other nephrotoxic drugs (e.g. colistin) may be associated with a higher risk
of kidney injury.

Although this study evaluated APACHE Il and SOFA indices, the evaluation of
changes in these parameters was only a secondary goal of the study because
these indices are not useful for determining the type of treatment and evaluation
of the treatment outcomes. APACHE Il index helps determine the risk of death,
and the SOFA score only helps identify patients who have a high risk of death due
to infection. To be sure that the patients in the two groups had the same mortal-
ity risk, these two indices were determined. As seen, the scores for both criteria
were statistically equal between the two groups at the start of the study, suggest-
ing that the patients in the two groups had similar levels of organ involvement
and critical condition severity at baseline. The lack of significant difference in the
scores of the two indices between the two groups at the end of the intervention
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indicated that the status remained the same during the study and the interventions
did not affect the determinants of these indices.

The main limitations of the present study were small sample size, lack of placebo
(open-label design), lack of MIC determination for the tested antibiotics, and no
exclusion of patients with possible sepsis which may affect the evaluated outcome
variables. Furthermore, the use of low-dose meropenem could be another limita-
tion of this study; because, currently, high-dose extended-infusion meropenem
has been considered a component of combination therapy for the treatment of
moderate to severe CRAB infections (28). Therefore, future trials with high-dose
meropenem (i.e. 2 to 3 g every 8 h) are suggested in this regard.

CONCLUSION

According to the results of the current study, both colistin/levofloxacin and colis-
tin/meropenem combinations had the same effects on the clinical and microbio-
logical improvement of VAP. Even though the key outcome factors in the current
study did not significantly vary between the two regimens,. Compared to levoflox-
acin, meropenem is more expensive and its frequent use could lead to high drug
resistance. Regarding the disadvantages caused by the overuse of meropenem
and its occasional shortages in the pharmaceutical market and the same effec-
tiveness of the two tested regimens, it is possible to consider levofloxacin/colistin
combination as an alternative regimen to meropenem/colistin in the treatment of
VAP caused by carbapenem-resistant A. baumannii.
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Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*
Donidalorsen
4-Wk Group
Characteristic (N=45)
Age —no. (%)
12-17yr 4(9)
18-39yr 19 (42
40-64yr 21(47)
265 yr 1(2)
Sex— no. (%)
Male 1738)
Female 28(62)
Race or ethnic group — no. (%)
White 2(9)
Asian 1(2)
Native Hawaiian or other Pacific Islander 0
Black or African American 1(2)
American Indian or Alaska Native 0
Multiple 0
Other 1(2)
Body-mass indexi; 287
Hereditary angioedema — no. (%)
Typel 42 (93)
Typell 30
Age at onset of hereditary angioedema symptoms 12:10
—yr
No. of hereditary angioedema attacks in the 12 mo 45.7:43.0
before screening
No. of hereditary angioedema attacks during 3.6£2.2
run-in period
AE-QoL total score] 45.6:16.8

Donidalorsen
8-Wk Group
(N=23)

3(13)

12(52)
7030)
1(4)

11 (48)
12(52)

22 (%)

2745

2 (%)
1(4)
1148

33.3£22.0
32422

47.2£19.0

Placebo
Group
(N=22)

0
15 (68)
7032)
0

14 (64)
836)

13(82)
0
0
1(5)
209)
1)
0
29:9

20 (91)
2(9)
13£7

29.1£21.1
2.9:17

45.4£17.0

* Plus-minus values are means +SD.
 Race or ethnic group was reported by the patients at screening.

1 The body-mass index is the weight in kilograms divided by the square of the height in meters. Data from one patient in

the placebo group were missing.

§ The hereditary angioedema attack rate during the run-in period was calculated as the number of investigator-confirmed
attacks that occurred during the run-in period divided by the number of days the patient contributed to the run-in pe-

riod and then multiplied by 28 days.

9 Scores on the Angioedema Quality of Life (AE-QoL) Questionnaire range from 0 to 100, with a score of 100 indicating

the worst possible quality of life.
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Table 2. Effect of T the Rate of Hereditary Angioedema Attacks.*
Donidalorsen Donidalorsen Placebo
4Wk Group 8-Wk Group Group
End Point (N=45) (N=23) (N=22)
No. of hereditary angioedema attacks per 4 wk during 361224 3182215 290:1.66
run-in periodf
Primary end point
No. of hereditary angioedema attacks per 4 wk, wk 1 044 (0.27100.73) 1.02 (0.65 to 1.59) 2.26 (1.6 10 3.09)
towk 25— LSM (95% CI)
Difference vs. the placebo group — % (95% CI) -81(-8910-65) -55 (-74t0-22)
Pvalue <0.001 0.004
Secondary end points
i3 °“‘“g;;‘""‘“"‘ S DM 030(015t0058) 00(05301%)  225(159t0318)
Difference vs. the placebo group — % (95% CI){ -87(-9410-72) -60 (-79t0-25)
Palue <0.001 0.004
Clinical response, wk § to wk 25
Reduction in attack rate 250% per 4 wk— no. (%) 42(9) 19(83) 6(27)
0dds ratio vs. placebo (95% CI)§ 3101210 8280) 15(3t069)
Pvalue NR NR
Reduction in attack rate 270% per 4 wk — no. (%) 37(82) 15(65) 4(18)
0dds ratio vs. placebo (95% CI)§ 35 (70 165) 9(2tod))
Pvalue <0.001 0.004
Reduction in attack rate 290% per 4 wk — no. (%) 28(62) 11(48) 209
0dds ratio vs. placebo (35% CI)§ 173 t086) 9(2to49)
Pvalue NR NR
Attack-fee status, wk S to wk 25— no. (%) 2%(53) ) 209)
0dds ratio vs. placebo (95% CI)§ 12(2t059) 3(05t023)
Pvalue 0.003 NS§
No. of moderate o severe attacks, wk 5 towk 25 — 012 (0.04t00.35) 0.68 (0.37t0 1.23) 115 (07210 1.83)
LM (95% CI)
Difference vs. the placebo group — % (95% CI) -89 (-97t0 -66) =41 (-721026)
Pvalue <0.001 NR
No. of attacks per 4 wk that led to on-demand therapy, 0.15 (0060 0.39) 059 (0310 1.15) 130 (123t0262)
wk S towk 25— LSM (95% CI)}
Difference vs. the placebo group — % (95 CI) -92(-9710-77) -67 (-85t0-29)
Pvalue <0.001 0.004

* Plus-minus values are means +SD. CI denotes confidence interval, LSM least squares mean, NR not reported, and NS not significant.

 The percent difference in the mean investigator-confirmed hereditary angioedema attack rate between the donidalorsen groups and the pla-
cebo group is calculated as 100% x (mean rate ratio - 1). Similarly, the estimated upper and lower confidence limits for the mean rate ratio
can be transformed by subtracting 1 and multiplying by 1009% to calculate 95% confidence intervals for the percent change.

4 The Poisson regression model included treatment groups, baseline rate, and the interaction of trial group with baseline rate as covariates
and the logarithm of time as an offset variable. Pearson chi-square scaling of standard errors was used in the Poisson regression model to
account for potential overdispersion.

§ The odds ratio, its 95% confidence interval, and P value are calculated on the basis of a logistic regression with baseline rate and the inter-
action of trial group with baseline rate as a covariate.

9 he first nonsignificant result in the hierarchical statistical testing procedure and all subsequent end points in the sequence were reported
without P values. The 95% confidence intervals have not been adjusted for multiplicity and may not be used to draw inference.
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Table 3. Adverse Events.*

Donidalorsen Donidalorsen Placebo
4-Wk Group 8-Wk Group Group

Event (N=45) (N=23) (N=22)

number (percent)

Any adverse event 33(73) 14 (61) 18 (82)
Related to trial regiment 19 (42) 4(17) 6 (27)
Leading to discontinuation of trial regimen 0 1(4) 0

Any serious adverse event 0 0 1(5)
Related to trial regimeny 0 0 0

Adverse events related to trial regimen in 5%

of patientst
Injection-site reactions 9(20) 1(4) 0
Headache 3(7) 0 3(14)

* Included are adverse events that began or worsened on or after the first dose of donidalorsen or placebo. A full sum-
mary of adverse events is provided in Table S3.

T Related events refer to those that were deemed by the investigators to be related or possibly related to donidalorsen or
placebo or those for which data regarding the relatedness to the trial regimen were missing.
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