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ABSTRACT

Objectives: In clinical practice, colistin is used as combination therapy to improve its antibacterial activity,
despite the consequent increase in toxicity. This prospective, comparative study evaluated the
effectiveness and adverse effects of using colistin alone at a loading dose of 9 million international units
(MIU) followed by 3 MIU every 8 h (q8 h) versus colistin + meropenem 1g q8h in treating multidrug-
resistant (MDR) Klebsiella pneumoniae-induced hospital-acquired pneumonia (HAP) or ventilator-
associated pneumonia (VAP). The primary outcome measure was in-hospital mortality. The secondary
measure was the occurrence of colistin toxicity.
Methods: A total of 60 patients were divided into two groups (30 patients each); the first group received
intravenous colistin at a mean daily dose of 8.304 MIU and the second group received colistin 8.58 MIU
combined with meropenem (mean daily dose of 2.88 g for 15 days).
Results: The colistin-meropenem combination group showed a significant decrease in mortality versus
colistin alone [16.7% (5/30) vs. 43.3% (13/30); P=0.047]. The improved clinical response mediated by
combination therapy was not associated with any significant nephrotoxicity, hepatotoxicity or
neurotoxicity. Moreover, the 42 surviving patients showed normal procalcitonin values associated with
a decrease in SOFA score, whilst 12 of them showed significantly elevated C-reactive protein (CRP)
(P=0.0002).
Conclusions: This study revealed the superiority of colistin-meropenem combination therapy over
colistin monotherapy in the treatment of MDR K. pneumoniae-induced HAP or VAP and highlights the
advantage of procalcitonin over CRP as a marker for eradication of sepsis and suspension of therapy.
© 2018 International Society for Chemotherapy of Infection and Cancer. Published by Elsevier Ltd. All
rights reserved.

1. Introduction

toreconsider the use of colistin (polymyxin E). Colistin is one of the
polymyxins, a group of polypeptide antibiotics consisting of five

Infections caused by multidrug-resistant (MDR) Gram-negative
bacteria, which are resistant to three or more antimicrobial
categories, represent an important clinical problem associated
with a significant increase in morbidity and mortality worldwide
[1,2]. The ability of Gram-negative bacteria to develop resistance to
most available antibiotics has encouraged the medical community
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different chemical compounds, namely polymyxin A, B, C, D and E,
among which only polymyxins B and E are of clinical value [3].
Colistin is known to act by binding to lipopolysaccharide and
phospholipid molecules in the cell membrane of Gram-negative
bacteria, producing a disruptive physiochemical effect that leads to
an alteration in cell membrane permeability and eventually
leading to cell death [4]. From the 1960s until the 1990s, owing
to a high incidence of fetal toxicity, especially nephrotoxicity,
colistin use was restricted to the treatment of patients with cystic
fibrosis having acute exacerbations of lung infection due to MDR
Pseudomonas aeruginosa strains [5,6]. However, the revival of
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colistin use started lately because of its high effectiveness against
most Gram-negative bacteria, including MDR Acinetobacter bau-
mannii, Klebsiella pneumoniae and P. aeruginosa strains [7].

Although the minimum inhibitory concentration (MIC) is used
as a parameter to assess the therapeutic concentration of
antimicrobial agents, several in vitro [8,9] and in vivo [10] studies
have reported that the area under the unbound (free)
concentration-time curve to MIC ratio (fAUC/MIC) or AUC/MIC
ratio are more predictive parameters than MIC alone as a measure
of colistin activity.

It has been shown that intravenous (i.v.) colistin administration
at the standard dose level of 2 million international units (MIU)
every 8 h (q8 h) results in a steady-state plasma trough concentra-
tion (Cirough,ss) Of 1.03 & 0.69 mg/L [11]. This concentration is below
the required MIC for Enterobacteriaceae (2 mg/L) and Pseudomonas
spp. (4 mg/L) according to the European Committee on Antimicro-
bial Susceptibility Testing (EUCAST) [12]. In contrast, the Clinical
and Laboratory Standards Institute (CLSI) recommends 2 mg/L as a
breakpoint both for Enterobacteriaceae and Pseudomonas spp. [13].
Furthermore, Imberti et al. reported an AUCgy_»4/MIC ratio of
17.3 £9.3 using a colistin standard dose [11], which is again below
the recommended range (25-35) required to achieve optimum
bacterial killing both of A. baumannii and P. aeruginosa in lung
infection [9,14].

Accordingly, other studies started to use a higher colistin dose.
Markou et al. used a colistin dose of 2.8 MIU g8 h, which showed a
higher maximum serum concentration (Cpax) (2.93 +1.24 mg/L vs.
2.21 +£1.08 mg/L at the standard dose of 2 MIU g8 h), but with the
same Cirough,ss and adverse effects [15]. In another prospective
study, Plachouras et al. highlighted the advantage of using loading
and maintenance doses of colistin to achieve an effective
therapeutic level faster than the standard regimen without the
loading dose [16]. The authors used a loading dose of colistin (9-12
MIU) in intensive care unit (ICU) patients with subsequent
administration of 9 MIU i.v. in two or three divided doses daily.
After several studies [3,16,17], such a protocol was approved and
updated in 2017 by the University of California, Los Angeles (UCLA)
Health System Pharmaceutical Services [17].

Apart from using colistin as monotherapy against MDR Gram-
negative bacterial infections, many in vitro and in vivo studies
have documented the synergistic effect obtained from combining
it with other antibiotics [1,18], e.g. colistin combined with
ceftazidime [19], ciprofloxacin [19] or piperacillin [20] against
P. aeruginosa strains and with meropenem against carbapenem-
resistant K. pneumoniae [21]. In an in vitro study, Timurkaynak
et al. stated that the effect of the colistin-meropenem combina-
tion is superior to that of colistin alone [22]. This conclusion was
further emphasised by a retrospective study revealing a synergis-
tic effect when colistin was co-administered with meropenem
against carbapenem-resistant K. pneumoniae infection in ICU
patients [23].

Although a recent study was published comparing colistin
alone versus colistin plus meropenem for the treatment of
carbapenem-resistant Gram-negative bacterial infections includ-
ing hospital-acquired pneumonia (HAP), ventilator-associated
pneumonia (VAP), bloodstream infection and urosepsis [24],
prospective data are still lacking regarding their possible
synergistic effect when both antibiotics are used specifically
against MDR K. pneumoniae-induced HAP or VAP. The latter has
recently been recognised as a spreading MDR micro-organism in
ICU patients with either HAP or VAP [25].

Referring to the aforementioned data, the current study is the
first prospective study to evaluate the efficacy and safety of the
new high doses of colistin as monotherapy versus combination
therapy with meropenem in non-cystic fibrosis HAP and VAP
patients caused by MDR K. pneumoniae.

2. Subjects and methods
2.1. Study design

This study was a prospective, comparative, single-blind,
randomised study conducted on 60 adult patients (age >18 years)
divided into two equal groups. The first group (n=30) received
colistin as monotherapy and the second group (n=30) received
colistin-meropenem combination therapy. The study was ap-
proved by the Ethics Committee of the Faculty of Pharmacy, Cairo
University (Cairo, Egypt).

2.2. Inclusion criteria

Patients with HAP or VAP caused by MDR K. pneumoniae, as
defined by the American Thoracic Society (ATS) and the Infectious
Diseases Society of America (IDSA) [26], who were hospitalised in
the general ICU during the period from the start of May 2016 to the
end of October 2016 and confirmed with carbapenem-resistant K.
pneumoniae-positive culture results from sputum within the
previous 4 days were included in the study.

2.3. Exclusion criteria

All patients without a MDR carbapenem-resistant K. pneumo-
niae-positive culture isolated from the sputum were excluded from
the study. In addition, the following patients were excluded:
patients with a Glasgow Coma Scale (GCS) score of <9 in non-
ventilated patients or <6 in ventilated patients; patients with end-
stage metastatic malignant cancer; and all terminal patients with
Acute Physiology and Chronic Health Evaluation (APACHE) II or
Sequential Organ Failure Assessment (SOFA) scores of >34 or >15,
respectively, and risk of mortality >85% or >80% on the first day of
colistin administration, respectively [27,28]. Moreover, patients
who received i.v. colistin therapy for <72 h were excluded from
further analysis.

2.4. Microbiological testing

Sputum specimens were isolated from all patients before the
start and after the end of treatment, and identification of all
causative micro-organisms was performed using routine microbi-
ological methods. Antimicrobial susceptibility testing was per-
formed by the disk diffusion method for all antimicrobial agents
except colistin. Colistin susceptibility was determined by the broth
microdilution method according to the CLSI reference method
[13,29]. The breakpoints were those defined by the CLSI [13].

2.5. Colistin administration

All patients in the current study received iv. colistin
(colistimethate sodium (CMS); Forest Laboratories UK Ltd.,
Dartford, UK) as a therapeutic intervention for infection due to
MDR Gram-negative bacteria at a dose according to the protocol of
the study. One milligram of the colistin base activity (CBA)
formulation is approximately equal to 30000 IU. The colistin
preparation contains CMS, which is the active ingredient, as an
amount of dry powder equivalent to one MIU (or equal to ca. 80 mg
of CMS).

Adjustment of the i.v. dose is based on kidney function after
consulting the ICU director or the infectious diseases specialists of
the hospital. According to the protocol used [20,30], the loading
dose of CBA was a constant single dose of 300mg (5mg/kg),
whereas the maintenance dose was 100 mg (1.7 mg/kg) q8 h if the
creatinine clearance (CLc) was >50 mL/min. For a CL¢, ranging
between 20-50mL/min the maintenance dose was 150mg
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(2.5mg/kg) every 24h (q24h), and for a CL¢, of <20 mL/min the
maintenance dose was 150 mg (2.5 mg/kg) every 48 h. Patients
who were on dialysis received the same single loading dose, whilst
the maintenance dose was either 30 mg every 12 h(q12 h) for those
who were on intermittent haemodialysis or 100 mg q12 h for those
who were on continuous renal replacement therapy.

2.6. Meropenem administration

One-half of the enrolled patients received i.v. meropenem
(Meronem™; AstraZeneca, Macclesfield, UK) as a combined
therapeutic intervention for severe infection due to MDR Gram-
negative bacterial infection at an i.v. dose of 1000mg q8h for
patients with normal kidney function. Patients with a CL¢; of 26—
50 mL/min received 1000 mg q12 h, those with a CL¢,; between 10—
25 mL/min received 500 mg q12 h and those with a CL¢; of <10 mL/
min were given 500mg q24h. Patients who were on dialysis
treatment received meropenem 500 mg 24 h and another 500 mg
post-dialysis [22].

2.7. Assessment of outcomes

The primary outcome measure was in-hospital mortality,
whereas the secondary endpoints included clinical outcome of
the infection and the occurrence of renal dysfunction. Improved
outcomes were defined as follows: cured, if symptoms and signs of
infection were resolved by the end of colistin treatment with a
decrease in the SOFA severity of illness score for hospital mortality
and the patient was discharged from the ICU [28]. Suspension of
colistin or colistin-meropenem administration was determined
based on improvement of the clinical condition with resolved
symptoms and signs of infection combined with normalisation of
total leukocyte count (TLC) and neutrophil percentage and
improvement of C-reactive protein (CRP) serum values followed
by confirmation by procalcitonin (PCT) value (<0.5ng/mL).
Improved patients were those who showed partial resolution of
the presenting symptoms and signs of infection, whilst unrespon-
sive patients were those with persistent or even worsening of the
presenting symptoms and/or signs of infection during colistin
administration. Renal function was stated as normal if the serum
creatinine (SCr) level was <1.3mg/dL, and the baseline SCr was
defined as the SCr level on the first day of iv. colistin
administration. Deterioration of renal function during colistin
treatment was accepted as an increase of >50% of the baseline SCr
level to a value >1.3mg/dL or as a decline in renal function
requiring renal replacement therapy.

2.8. Data collection

Data were collected using a detailed case report form designed
specifically for this study. These details cover the APACHE II and
SOFA scores on the first day of colistin administration [27,28,31],
site(s) of infection, duration of colistin treatment, concomitant
antibiotic treatment, prior antibiotic or antifungal use, mechanical
ventilatory support, renal support and duration of hospitalisation.
In addition, microbiological data were reported, including the
causative organism (K. pneumoniae) isolated from the site(s) of
infection, date of isolation as well as the in vitro susceptibility to
several antimicrobial agents, including colistin. Furthermore, data
from laboratory tests, such as kidney/liver function tests [SCr,
aspartate aminotransferase (AST) and alanine aminotransferase
(ALT)], CRP, haemoglobin, platelet count, TLC and percentage of
neutrophils from the first to last day of treatment were recorded. In
addition, the serum PCT value was evaluated once as a biomarker
to rule out sepsis for patients with improved clinical condition
with resolved symptoms and signs of infection combined with

normal values of TLC and percentage of neutrophils and improve-
ment of serum CRP value.

The information collected in the case report forms was
processed through a computer database. Using random numbered
cards for selection, 95% of the registered data were double-checked
by an independent reviewer. In addition, the type of infection,
causative pathogen(s) and clinical outcome were determined by
two blinded reviewers.

2.9. Data analysis

Categorical variables were compared by Fisher’s exact test. For
continuous variables, Student’s t-test or Mann-Whitney test and
Wilcoxon matched-pairs signed-rank test were used for normally
and non-normally distributed variables, respectively, whereas the
Gehan-Breslow-Wilcoxon test was used for survival proportion.
Variables associated with mortality in the univariable analysis
(P<0.05) were included in a backward stepwise multiple logistic
regression model. One-way analysis of variance (ANOVA) followed
by Dunnett’s and Kruskal-Wallis followed by Dunn’s test were
used to analyse parametric and non-parametric data, respectively.
The two-way ANOVA test was followed by Dunnett’s or Sidak’s
multiple comparison tests. All statistical analyses and graphs were
performed using GraphPad Prism v.6.01 (GraphPad Software, Inc.,
San Diego, CA).

3. Results

This study was conducted from the start of May 2016 to the end
of October 2016 and included 60 patients infected with MDR K.
pneumoniae. The patients received either colistin monotherapy or
colistin-meropenem combination therapy. The current results
were obtained from these 60 patients and the data were collected,
documented and revised by the ICU medical staff.

3.1. Patient characteristics

Table 1 describes the demographic (age, sex) and clinical
features, including patient co-morbidities, of the two groups who
received either colistin alone (n=30) or colistin-meropenem
(n=30). Statistical analysis revealed no significant differences
between the two groups with regard to demographic data, type of
infection and causative pathogen. In addition, 13 (21.7%) of the 60
patients had abnormal baseline SCr values at the onset of
treatment (>1.3mg/dL). The duration of administration was
significantly (P<0.0001) reduced in the combination treated
group compared with the monotherapy group. None of the
patients had undergone organ transplantation, radiotherapy or
interferon treatment. All patients had received other antimicrobial
agents prior to colistin treatment.

3.2. Incidence of mortality

As a primary outcome, colistin-meropenem combination
therapy showed a significant (P < 0.05) survival proportion with
lower mortality, where only 5 (16.7%) of 30 patients died compared
with 13 (43.3%) in the colistin monotherapy group (Table 2A;
Fig. 1). All of the patients who died had pneumonia and, in
addition, six of them had bacteraemia, one had a surgical site
infection and two had an abdominal infection (Table 1).

3.3. Renal function during treatment
Fig. 2A shows the incidence of SCr level elevation as proof of

acute kidney injury (AKI); as shown in the figure, no significant
difference was reported between the number of patients with and
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Table 1
Comparison of demographics, illness severity and co-morbidities of patients treated with either colistin monotherapy or colistin-meropenem combination therapy.
Characteristic n (%) or mean +S.D. P-value
Colistin (n=30) Colistin-meropenem (n=30)
Demographic data
Age (years) 56.20 + 17.87 55.90 +15.61 0.8456
Sex (male) 16 (53.3) 12 (40.0) 0.4379
APACHE I score 18.13 +£4.023 18.87 +£5.463 0.5625
SOFA score 12.47 £2.649 11.70 £2.521 0.1944
Co-morbidities
Malignancy 3(10.0) 1(3.3) 0.6120
Heart dysfunction 18 (60.0) 13 (43.3) 0.3015
Lung dysfunction 11 (36.7) 6 (20.0) 0.2516
Diabetes mellitus 7 (23.3) 9 (30.0) 0.7710
Urogenital disorder 4 (13.3) 7 (23.3) 0.5062
Chronic renal failure 2(6.7) 4 (13.3) 0.6707
Baseline SCr >1.3 mg/dL 7 (23.3) 6 (20.0) 1.0000
Thrombocytopenia 3(10.0) 3(10.0) 1.0000
Elevated baseline AST and ALT 2 (6.7) 4 (13.3) 0.6707
Hepatic disease 2(6.7) 3(10.0) 1.0000
Haematological disorder 4 (13.3) 7 (23.3) 0.5062
Neurological disorder 15 (50.0) 9 (30.0) 0.1872
Previous hospitalisation in the preceding 90 days 18 (60.0) 23 (76.7) 0.2668
Duration of hospitalisation in the preceding 90 days (days) 15.00 +5.186 16.60 +6.157 0.3397
Previous antibiotic use 24 (80.0) 21 (70.0) 0.5520
Previous surgery 7 (23.3) 4 (13.3) 0.5062
Admission to the ICU
Duration of ICU stay of survivors (days) 17.74 + 2.401 13.92 £2.499 0.0001"
Mechanical ventilation 24 (80.0) 17 (56.7) 0.0946
Special treatments
Anti-tumour treatment 4 (13.3) 1(3.3) 0.3533
Steroid treatment 7 (23.3) 9 (30.0) 0.7710
Blood transfusion 9 (30.0) 6 (20.0) 0.5520
Haemodialysis 3 (10.0) 2 (6.7) 0.6120
Urinary catheter 30 (100) 29 (96.7) 1.0000
Gastrostomy/colostomy 2(6.7) 1(3.3) 1.0000
Type of infection
Pneumonia 30 (100) 30 (100) 1.0000
Urinary tract infection 7 (23.3) 3(10.0) 0.2990
Abdominal infection 2 (6.7) 5(16.7) 0.4238
Surgical site infection 2 (6.7) 0(0) 0.4915
Skin and soft-tissue infection 1(3.3) 0(0) 1.0000
Catheter-related infection 3 (10.0) 6 (20.0) 0.4716
Bacteraemia 11 (36.7) 17 (56.7) 0.1954
Pathogen isolated
Klebsiella pneumoniae 30 (100) 30 (100) 1.0000
Antimicrobial susceptibility
MDR (carbapenem-resistant K. pneumoniae) 26 (86.7) 23 (76.7) 0.5062
MDR (carbapenem-resistant K. pneumoniae susceptible only to colistin) 4 (13.3) 7 (23.3) 0.5062

S.D., standard deviation; APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ Failure Assessment SCR, serum creatinine; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; ICU, intensive care unit; MDR, multidrug-resistant.

Statistical analysis was carried out using Mann-Whitney test and Fisher’s exact test.

" Compared with colistin monotherapy.

without kidney dysfunction among the two treatment regimens.
Only five patients in the colistin-treated group had AKI, of which
only one died during the study; likewise, in the colistin-
meropenem group four patients had AKI and again only one died.
Both patients who died had an abnormal SCr value.

It was observed that although there was a significant difference in
the duration of treatment between the two groups, the incidence of
AKI did not differ significantly, where AKI occurred after 4.2 +1.30
days (meanstandard deviation) in the colistin-treated group
compared with 2.75 4 0.96 days in the colistin-meropenem-treated
group. Similarly, no significant difference was detected between the
two groups regarding SCr level during the study (Fig. 3A,D). However,
studying the values in the surviving patients, a difference in the SCr

level was noticed in the groups itself; there was always a significant
difference between the values of SCr at the initiation/end of treatment
and the maximum values for both regimens, as shown in Fig. 3B,C.

3.4. Changes in markers of sepsis

As shown inTable 2B, a gradual significant decrease (P < 0.0001)
in TLC and percentage of neutrophils of the 42 cured patients was
observed during the treatment with either regimen. However,
improvement in the two assessed parameters was reported on Day
5 in the combination therapy group and on Day 6 in the colistin
monotherapy group. Regarding CRP, its values also improved
gradually in the surviving patients to reach 47.29 +39.00 mg/dL
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Table 2A

Comparison of mortality and clinical morbidity outcomes in patients treated with colistin monotherapy versus colistin-meropenem combination therapy.
Clinical outcome n (%) P-value

Colistin (n=30) Colistin-meropenem (n=30)

Mortality 13 (43.3) 5(16.7) 0.0470
Cured and survived 17 (56.7) 25 (83.3) 0.0470°
Reversible renal dysfunction 4 (13.3) 3 (10.0) 0.7210
Irreversible renal dysfunction 1(3.3) 1(3.3) 1.0000
Haemodialysis 3(10.0) 2(6.7) 0.6120

Statistical analysis was carried out using Fisher’s exact test.
" Compared with colistin monotherapy.

(17/30 survivors) vs. 291.0 + 113.5 mg/dL following colistin mono-
therapy and 54.68 +39.13mg/dL (25/30 survivors) vs.
299.4 +103.30 mg/dL following colistin-meropenem treatment.
Of the 42 cured patients, 12 (28.6%; 5 treated with colistin and 7
treated with colistin-meropenem) had significantly elevated
serum CRP levels with normal TLC values. Therefore, to rule out
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sepsis, PCT was evaluated in the 42 cured patients and its value
among all these patients was 0.1614 + 0.02179 ng/mL (Table 2C).
This was in parallel with the improved clinical condition, negative
sputum culture results and a significant (P<0.0001) decrease in
SOFA score of all patients treated with colistin monotherapy and
colistin-meropenem combination therapy (Table 2B).
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Table 2B
Comparison of data on the first day of treatment (Start) and at the end of treatment (End) of surviving patients treated with either colistin monotherapy or colistin-

meropenem combination therapy.

Parameter Start End P-value End-Start
Colistin monotherapy (n=17)
SCr (mg/dL) 0.9012 +0.229 0.935+0.234 0.0938 0.034+0.079
TLC (WBC/p.L) 20 906 + 4492 8311 £ 682.10 <0.0001" —12 595 44596
Neutrophils % 86.82 +£5.51 62.18 £5.69 <0.0001" —24.65+7.46
CRP (mg/dL) 291.0 +£113.50 47294 39.00 <0.0001° —243.70 £ 119.20
Procalcitonin (ng/mL) - 0.1695 4 0.02176 - -
SOFA score 12.35+3.121 1.882 +£0.927 <0.0001" —10.47 £3.125
Colistin-meropenem combination therapy (n=25)
SCr (mg/dL) 0.97 +0.28 1.056 £0.273 0.0817 0.087 £0.254
TLC (WBC/pL) 21 967 + 5648 9446 +633.10 <0.0001" —12 521 +5699
Neutrophils % 86.92 +4.609 67.324+7.45 <0.0001° —19.60 4 8.37
CRP (mg/dL) 299.4+103.30 54.68 +39.13 <0.0001" —244.7 +£114.10
Procalcitonin (ng/mL) - 0.1558 +0.02224 - -
SOFA score 11.64 £2.675 1720+ 0.843 <0.0001° -9.920+2.613

SCr, serum creatinine; TLC, total leukocyte count; WBC, white blood cells; CRP, C-reactive protein; SOFA, Sequential Organ Failure Assessment.
Data are presented as the mean + standard deviation (S.D.).
Statistical analysis was carried out using Wilcoxon matched-pairs signed-rank test.

" P<0.05 compared with colistin monotherapy.

showed a further decrease in platelet count and died. In addition,
10 (18.5%) of the 54 patients with normal baseline platelet count
experienced thrombocytopenia during treatment, 5 (50.0%) of
whom died. These five patients included two in the colistin-
meropenem combination group and three in the colistin mono-
therapy group (Table 3A).

3.5. Effect of different treatments on platelet count

As shown in Table 1, 10.0% (6/60) of the enrolled patients had
thrombocytopenia (3 patients in each group). However, during
treatment with either regimen, two (66.7%) of the three patients
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Table 2C

Comparison of the number of surviving patients with abnormal C-reactive protein
(CRP) and procalcitonin (PCT) values at the end of treatment with either colistin
monotherapy or colistin-meropenem combination therapy

n (%) P-value
CRP > 10 mg/dL PCT> 0.5 ng/mL
Survivors (n=42) 12 (28.6) 0(0) 0.0002°

Statistical analysis was carried out using Fisher’s exact test.
" Compared with colistin monotherapy.

3.6. Effect of different treatments on liver function

Of the 60 enrolled patients, 6 (10.0%) had elevated serum AST
and ALT levels (Table 1), of whom 2 continued to have elevated
liver enzymes during treatment and died. In addition, as shown in
Table 3A, seven (13.0%) other patients with normal baseline serum
ALT and AST showed a significant elevation in their liver enzymes
after treatment initiation (three patients by the third day, one
patient by the fifth day, one patient by the seventh day, one patient
by the ninth day and one patient by the eleventh day) but returned
to normal values thereafter. Of the seven patients, three were
receiving colistin monotherapy and one of them received
micafungin sodium (antifungal); the other four patients received
colistin-meropenem combination therapy and three of them
received micafungin and voriconazole (antifungal). It is worth
mentioning that there was no significant difference between the
transaminase values between the end and the baseline values in
either group (Table 3B).

3.7. Neurotoxicity

During treatment, all patients were closely monitored for
possible neurological adverse episodes, including dizziness,
weakness, paraesthesia and ataxia, as well as neuromuscular
blockade and apnoea. Only three patients developed tonic-colonic
seizures, and one of them had repeat symptoms while on her 5th,
8th and 12th day of treatment with colistin-meropenem
combination therapy. From then on, although colistin-meropenem
was continued, the symptoms gradually subsided. No confirmatory
electromyography testing was performed.

4. Discussion

In an era of increasing antibiotic abuse/misuse, which leads to
increased antimicrobial resistance, the use of neglected antibiotics
for decades, such as colistin, is necessary to cure infections by
resistant Gram-negative micro-organisms [32]. The current study
was therefore conducted to evaluate the role of colistin with and
without meropenem in treating MDR K. pneumoniae infections in
60 patients with HAP or VAP. In contrast to most recent
retrospective clinical studies dealing with colistin as combination
therapy, the present work is a prospective comparative study
evaluating the safety and efficacy of a high dose of colistin as
monotherapy versus combination therapy with meropenem.

The results revealed significant superiority of the colistin-
meropenem combination therapy with regard to clinical response
(cure and improvement) of the infection as well as decreasing

Table 3A

duration of treatment and mortality rate as the primary endpoint;
the combination regimen also showed no significant differences in
the incidence of nephrotoxicity, hepatotoxicity and neurotoxicity
as a secondary endpoint in comparison with high-dose colistin
monotherapy.

In support of the present findings, previous in vitro [22] and in
vivo [23] studies reported that the combination regimen is
superior to colistin monotherapy. These authors used larger doses
than the standard daily dose (6 MIU) against K. pneumoniae and
other Gram-negative micro-organisms including P. aeruginosa, A.
baumannii and Escherichia coli. However, using the standard daily
dose of colistin (6 MIU) showed no significant difference between
monotherapy and combination therapy [33]. Furthermore, a non-
specific study of MDR K. pneumoniae-induced HAP or VAP
conducted by Paul et al. revealed no significant difference between
colistin monotherapy and combination therapy with meropenem
[24]. In contrast to the current study, the inclusion criteria of the
study conducted by Paul et al. included HAP, VAP, bloodstream
infection and urosepsis induced by different types of MDR Gram-
negative bacteria, including Acinetobacter spp., P. aeruginosa and
Enterobacteriaceae (including but not restricted to K. pneumoniae,
E. coli and Enterobacter spp.) with the same colistin loading dose (9
MIU) but different maintenance dose (4.5 MIU q12 h) [24]. Despite
the similarity in the aim of the previously mentioned study and the
current study, major differences in the inclusion criteria and the
method of the study conducted by Paul et al. [24] lead to
differences in the results and conclusions.

Colistin toxicity, especially nephrotoxicity, is one of the most
important considerations when using colistin, as reported
previously by Koch-Weser et al. [5]. Nevertheless, in the 1990s
and thereafter this adverse effect became less severe, possibly
because physicians became more focused on the potential
nephrotoxicity and the use of improved supportive treatments
and fluid supplementations. Hence, authors using colistin in doses
of 3-6 MIU [20,34] who reported manageable nephrotoxicity led to
the revival of colistin use. Subsequently, Dewan and Shoukat
showed that colistin at a dose of 9 MIU had no significant increase
in the incidence of nephrotoxicity to defend the present data [35].
Moreover, in the current results, combining colistin with
meropenem did not cause significant irreversible kidney injury,
in line with earlier retrospective studies [11,36].

On the other hand, neurotoxicity is the other less common
toxicity associated with colistin administration, as reported by
Koch-Weser et al. [5]. These authors reported few cases of
paraesthesia, neuromuscular blockade or apnoea in patients
receiving colistin. However, this was not the case in the present
work, which coincides with the report of Falagas and Kasiakou
[34]. Insignificant adverse effects involved the liver enzymes and
thrombocytopenia with colistin monotherapy and with its
combination with meropenem.

Regarding the termination of treatment, the present study
showed that PCT sensitivity differs significantly from that of CRP in
patients with sepsis. In line with the current results, Kaziani et al.
highlighted the value of using PCT-based protocols in shortening
the duration of antibiotic regimens in pneumonia in order to
reduce antimicrobial resistance and costs and to improve clinical
outcomes [37]. In addition, Hayashida et al. reported the superior

Comparison of clinical morbidity outcomes in patients treated with colistin monotherapy versus colistin-meropenem combination therapy.

Clinical outcome

Liver enzyme elevation with normal baseline by starting the treatment
Thrombocytopenia in patients with normal baseline by starting the treatment

n (%) P-value
Colistin (n=30) Colistin-meropenem (n=30)

3(10.0) 4(13.3) 1.000
4(13.3) 6 (20.0) 0.731

Statistical analysis was carried out using Fisher’s exact test compared with colistin monotherapy.
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Table 3B

Comparison of laboratory data on the first day of treatment (Start) and at the end of treatment (End) of surviving patients treated with either colistin monotherapy or colistin—

meropenem combination therapy.

Laboratory parameter Start End P-value End-Start
Colistin monotherapy (n=17)
Platelets 317.8 £111.6 x 10° 294.4+92.00 x 103 0.3116 —23.47 +80.88 x 10°
AST 53.65 +46.42 54.94 +55.00 0.8119 1.294 +10.74
ALT 49.65 +36.80 48.41 +£40.11 0.0977 -1.235+£15.52
Colistin-meropenem combination therapy (n=25)
Platelets 3151 +£1121 263.7+102.9 <0.0001" —51.44 +96.18
AST 40.44 +30.58 39.04+31.34 0.0567 —1.400+5.025
ALT 3412 +23.55 35.04+25.93 0.3223 0.9200 +4.907

AST, aspartate aminotransferase; ALT, alanine aminotransferase.
Data are presented as the mean + standard deviation (S.D.).

Statistical analyses was carried out using Wilcoxon matched-pairs signed-rank test.

" P<0.05 compared with colistin monotherapy.

value of PCT as a biomarker for diagnosis and following the
prognosis of sepsis instead of clinical parameters and
traditional laboratory markers such as elevated TLC and CRP
[38], which cannot differentiate infectious from non-infectious
inflammation.

Moreover, PCT has superiority to differentiate between
bacterial and viral infections in comparison with CRP [39]. In
addition, PCT alone or combined with other scoring systems such
as SOFA, as referred in the present study, has a significant value in
determining the incidence of sepsis in patients with suspected
sepsis [40].

5. Conclusions

In conclusion, colistin-meropenem combination therapy for
patients with HAP or VAP due to MDR carbapenem-resistant K.
pneumoniae infection showed significant superiority compared
with colistin monotherapy in effectiveness as well as decreased
morality and duration of treatment. In addition, consideration of
PCT as a marker for eradication of sepsis and suspension of therapy
showed significant superiority to CRP. These limited and prelimi-
nary data provide support for further studies of colistin combina-
tion therapy in this patient population.
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