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Introduction. Ventilator-associated events (VAEs) are major
complications of mechanical ventilation (MV). Herein, we aimed to
evaluate whether acute kidney injury (AKI) developed in patients
who had been followed up with the diagnosis of Acinetobacter
baumannii (AcB)-related VAE, the need for renal replacement
therapy (RRT), and its relationship with mortality in patients who
developed AKI due to colistin treatment.

Methods. A retrospective evaluation of 2,622 patients was conducted.
Patients who developed AcB-based VAE and received parental
colistin treatment were evaluated in terms of age, sex, diagnosis
on intensive care unit (ICU) admission, Acute Physiology and
Chronic Health Evaluation (APACHE) II score, colistin dose and
treatment duration, duration of ICU stay, AKI staging according
to Kidney Disease Improving Global Outcomes criteria, RRT
requirement, and mortality.

Results. Eighty-five patients (3.19%) had VAEs, of whom 28
(32.9%) had AcB-related VAE. Bacterial eradication was achieved
in 14 patients (50%), clinical response was achieved in 14 patients
(50%), the mean colistin dose was 298.2 + 85.5 mg/d, and mean
duration of colistin treatment was 14.3 + 8.6 days. AKI was detected
as stages I, II, and III in 28.6%, 14.3%, and 28.6% of the patients;
respectively. There was no difference between patients requiring
RRT and those who did not in terms of the APACHE II score,
bacterial eradication, clinical response to therapy, a daily dose of
colistin, treatment duration, and MV duration.

Conclusion. Colistin treatment of AcB-related VAE caused AKI in
71.5% of the patients and led to serious conditions in 25% of the
patients requiring RRT.
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event (VAE) algorithm: 1) ventilator-associated

Over the last ten years, because of the limitations condition, 2) infection-related ventilator-associated
of ventilator-associated pneumonia (VAP) complication, and 3) possible VAP.!> The Centers
surveillance definition, there have been three for Disease Control and Prevention (CDC)
definition tiers within the ventilator-associated recommended using this definition; moreover, it
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includes objective criteria for ventilator-associated
lower respiratory tract infections.?

Acinetobacter baumannii (AcB) is an opportunistic
pathogen that causes serious infections, septic shock,
and death in hospitalized patients. It is one of the
most common nosocomial infections. It causes
urinary tract infection, pneumonia, meningitis,
bacteremia and sepsis, especially in patients
hospitalized in the intensive care unit (ICU).4
Although the frequency of nosocomial pneumonia
caused by AcB varies regionally, approximately
20% of the pneumonia cases develop in the ICU,°
and the mortality rate is between 30 and 70%.°

The increase in the frequency of infections
caused by multidrug-resistant Gram-negative
bacteria, especially Pseudomonas species (spp.)
and Acinetobacter spp., and the challenges in
their treatment have brought polymyxins back
to the agenda.” Colistin is one of the drugs in
this group, and its most important side effect is
nephrotoxicity. The rate of nephrotoxicity caused by
colistin in critical patients in the ICU can increase
up to 40%.® This effect is dose-dependent and
reversible.” Nephrotoxicity may be severe enough
to warrant discontinuation of therapy, or treatment
may have to be continued with renal replacement
therapy (RRT).

Herein, we aimed to evaluate whether acute
kidney injury (AKI) developed in ICU patients who
were administered colistin for treating AcB-related
VAE between January 1, 2017 and December 31,
2019, the need for RRT in patients with AKI, and
the mortality rate of the patients.

This study was approved by the local ethics
committee of the hospital (date: 15.05.2020, number:
2020.05.1.09.041) between January 1, 2017, and
December 31, 2019. The files and electronic medical
records of the patients who were treated and
followed up at the ICU of the Anesthesiology and
Reanimation Clinic in a tertiary referral hospital
were retrospectively evaluated.

ICU patients who were diagnosed with AcB-
related VAE according to the CDC criteria for
VAE!" and developed AKI while being treated with
parenteral colistin according to the Kidney Disease
Improving Global Outcomes (KDIGO) criteria!!
were included in the study (Figure 1). Patients
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who were younger than 18 years, pregnant, had
a history of AKI, had chronic renal failure and
end-stage renal disease, had intermittent and/or
continuous non-invasive mechanical ventilation
(MV), developed pneumonia and/or septic shock,
and were treated with colistin via inhalation were
excluded from the study.

Sputum, endotracheal aspirate (ETA), non-
bronchoscopic bronchoalveolar lavage (mini-
BAL) or bronchoscopic specimens (bronchoscopic
aspirate, BAL) were used for bacteriological culture.
For quantitative assessment of lower respiratory
tract samples obtained via a protected sterile
catheter other than sputum, the threshold values
were 10° cfu/mL for ETA and 10* cfu/mL for BAL
and mini-BAL.

By following the normal glomerular filtration
rates of the patients and calculating their ideal
body weight, colistin (Lixicol®, Pharmaco, Turkey),
that included 4.500.000 IU lyophilized injectable
powder, was administered to the patients at a daily
dose of 300 mg twice a day intravenously. One
million international units of colistin is equivalent
to a dose of approximately 30 mg.!?

After colistin administration on the first day,
renal functions were evaluated daily according
to KDIGO criteria.!! Continuous venovenous
hemodiafiltration (CVVHDF) with regional citrate
anticoagulation was applied due to stage Il AKI,
acidosis, electrolyte imbalance, hypervolemia, and
hemodynamic instability.

The parameters recorded and evaluated included
ensuring bacterial eradication, presence of septic
shock, clinical response (C-reactive protein,
procalcitonin and leukocyte counts, positive end-
expiratory pressure, fraction of inspired oxygen,
sputum characteristics), colistin dose (mg/d),
duration of colistin use (day), the dose and duration
of additional antibiotics used if necessary, total
duration of MV (day), percutaneous dilatation
tracheostomy (PDT) performed during the patient’s
hospital stay in the ICU, if PDT was performed, on
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Assessed for eligibility (n = 2622)

[ Enrollment ]

Excluded (n = 2537)
I Not meeting inclusion criteria

y

(n =2504)
[J Declined to participate (n= 21)
[0 Other reasons (n= 12)

Randomized (n = 85)

Flowchart for the Study According to CONSORT 2010 Flow Diagram

which day of hospitalization (day), total length of
stay in the ICU (day), need for RRT, and eventual
discharge or mortality.

The primary endpoint of the study was RRT
requirement according to the KDIGO criteria for
colistin-dependent AKI used in patients with AcB-
related VAE, while the secondary endpoint of the
study was differences in mortality and discharge
rates between patients who underwent RRT and
those who did not.

The mean, standard deviation, median lowest,
median highest, frequency, and ratio values were
used in the descriptive statistics of the data. The
distribution of variables was measured using the
Kolmogorov-Smirnov test. The unpaired sample
t-test and Mann-Whitney U test were used to
analyze quantitative independent data. The paired
sample t-test and Wilcoxon test were used to
analyze the dependent quantitative data. The chi-
square test was used in the analysis of qualitative
independent data, whereas Fisher’s exact test was

v ( Allocation 1 v

|\ J
Allocated to intervention (n = 8) Allocated to intervention (n = 20)

( N\

v Follow-Up v
- J

(n=8) (n=20)

( N\

v Analysis v

Analysed (n = 8) Analysed (n = 20)

used when the conditions of the chi-square test
were not met. The SPSS program (version 26.0)
was used in the analyses.

Electronic and written files of 2662 patients
were examined. There were 85 (3.19%) registered
VAEs. Screening results revealed that AcB-
related VAEs were detected in 28 patients (32.9%,
28/85). The demographic data of the patients are
presented in Table 1. The most common reasons
for hospitalization in the ICU were respiratory
failure, diabetes mellitus (DM), and DM-related
complications. The types and frequencies of
antibiotics combined with colistin used for the
treatment of AcB-related VAEs are shown in
Table 2. While bacterial eradication was achieved
in 14 (50%) patients, 22 (78.6%) had symptoms
of septic shock. Clinical response to colistin
treatment was obtained in 14 (50%) patients, the
mean colistin dose was 298.2 + 85.5 mg/d, and the
mean period of colistin use was 14.3 + 8.6 days.
The mean duration of MV was 38.7 + 28.4 days,
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Table 1. Patient Demographics

Min to Max Median Mean * SD

Table 2. Antibiotics Combined with Colistin in the Treatment
) of Acinetobacter Baumannii-related Ventilator-associated
n (%) Pneumonia

Age.y 18010930 645 571235 Combination Ratio of Antibiotics with Colistin (%)

Gender 1: Meropenem 96.4
Female 10 (35.7) 2: Tigecycline 35.7
Male 18 (64.3) 3: Linezolid 321

BMI, kg/m? 18.0-320 260 259%3.1 2 /;Eg::;zgn 22 =

APACHE I 12.0-400 285 275+73 6: Ciprofloxacin 71

Score 7: Vancomycin 25

ICU Admission Diagnosis 8: Imipenem 357
Respiratory Failure 9 (32.1) 9: Ceftazidime 3.57
Sepsis 3(10.7) 10: Teicoplanin 3.57
DM and Related Complications 9 (32.1) 11: Trimethoprim + Sulfamethoxazole 3.57
Cerebrovascular Disease 5(17.9) 12: Metronidazole 357
Post-resuscitation Care 6(21.4)

Hepatic Failure 2(7.1) and 15 patients (53.6%) required PDT. While the
Acute Ischemic Heart Disease 2(7.1) MV period until PDT was 19.7 + 9.5 days, the
Monitorization After Surgery 3(10.7) duration of ICU hospitalization was found to be
Eclampsia 1G0) 45.9'1 38.0 days (Ta'ble 3). B '
Poyrauma 5 256) Eight (28.6%) patients were classified as haYlng
stage I, four (14.3%) as having stage II, and eight
Heart Failure 33107 (28.6%) as having stage III AKI, which was evaluated
Abbreviations: BMI, body mass index; APACHE, acute physiology according to the KDIGO criteria (Table 3). Eight of

and chronic health evaluation; ICU, intensive care unit; DM, diabetes

mellitus.

the 28 patients (28.6%) had KDIGO stage III acute

Table 3. Findings with AcB-related VAE and Data on Colimycin Treatment, MV Duration, PDT Requirements and Duration of PDT, ICU
Total Length of Stay and AKI Classification According to KDIGO Criteria

Min to Max Median Mean = SD n (%)
Bacterial Eradication
No 14 50.0
Yes 14 50.0
Septic Shock
No 6 21.4
Yes 22 78.6
Clinical Response
No 14 50.0
Yes 14 50.0
Colistin Dosage, mg/d 100.0 to 450.0 300.0 298.2 £ 85.5
Colistin Administration Duration, d 2.0t029.0 15.0 14.3+8.6
Mechanical Ventilation Duration, d 11.0 to 109.0 30.5 38.7+28.4
PDT
No 13 46.4
Yes 15 53.6
Mechanical Ventilation Duration Before PDT, d 1.0t041.0 18.5 19.7£9.5
KDIGO Criteria
Normal 8 28.6
| 8 28.6
1l 4 14.3
11l 8 28.6
Length of Stay in ICU, d 11.0 to 180.0 33.0 459 + 38.0

Abbreviations: PDT, percutaneous dilational tracheostomy,

ICU, intensive care unit; AKI, acute kidney injury.
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kidney injury and required RRT. There was no
difference in age (P > .05), sex (P > .05) and body
mass index (P > .05) between patients who needed
RRT (Group II) and those who did not (Group I)
(Table 4). Acute Physiology and Chronic Health
Evaluation II score (P > .05), bacterial eradication
(P > .05), the presence of septic shock (P > .05),
clinical response to treatment (P > .05), daily
colistin dose (P > .05), the duration of colistin use
between the two groups (P > .05), the duration
of MV (P > .05), need for PDT (P > .05), and the
duration of MV until PDT (P > .05) did not differ
(Table 5). There was no significant difference
between the two groups in terms of length of stay
in the ICU (P > .05) and mortality (P > .05). RRT was
more common in post-resuscitation care patients

Table 4. Demographical Differences Between Groups

Group 1 =RRT (-)

diagnosed on ICU admission (P < .05, Table 6).

In our nosocomial infection surveillance system,
the incidence of VAEs was 3.19% (85/2662).
Approximately 2.4 to 14.7% of the cases of
pneumonia develop in critically ill patients per
thousand ventilator days.!® According to the
European Union data, the incidence of VAEs is
around 9%.'* The decrease in the incidence of
VAEs in recent years may be due to the increased
experience of hospital infection control teams and
the sensitivity of modernized registry systems.
However, great efforts have been made to reduce
the incidence of VAEs.151¢ In addition, some
risk factors, such as advanced age, respiratory

Group 2 = RRT (+)

Mean % SD (n, %) Median Mean £ SD (n, %) Median P
Age, y 569 + 25.2 62.5 57.6 £ 20.0 66.0 >.05M
Gender
Female 8 (40) 2 (25) > 05%
Male 12 (60) 6 (75)
BMI, kg/m? 254+29 26.0 27.3+3.2 27.0 >.056M

MMann-whitney u test
x2Chi-square test
Abbreviations: RRT, renal replacement therapy; BMI, body mass index.

Table 5. Comparison of APACHE Il Scores, Bacterial Eradication, Presence of Septic Shock, Clinical Response to Therapy, Daily
Colistin Dose and Administration Duration, MV Duration, PDT Requirement and Days on Ventilation Prior to PDT Between Groups

Group 1 =RRT (-)

Group 2 = RRT (+)

Mean * SD (n, %) Median Mean * SD (n, %) Median P
APACHE Il Score 27.3+7.2 27.5 28.3+7.9 28.5 > 05M
Bacterial Eradication
No 10 (50) 4 (50) > .05%
Yes 10 (50) 4 (50)
Septic Shock
No 5 (25) 1(12.5) > .05%
Yes 15 (75) 7 (87.5)
Clinical Response
No 10 (50) 4 (50) > 05%
Yes 10 (50) 4 (50)
Colistin Dosage, mg/d 297.5+89.6 300.0 300.0 £ 80.2 300.0 > 05M
Colistin Administration Duration, d 145+8.9 15.0 14.0+84 14.0 >05m
Mechanical Ventilation Duration, d 37.8+27.8 31.0 409+ 31.8 30.5 >05m
PDT
No 10 (50) 3(37.5) >.05%
Yes 10 (50) 5 (62.5)
Days on Ventilator Before PDT, d 18.5+8.7 17.0 224 +11.6 21.0 >05m

MMann-Whitney U test
x2Chi-square test

Abbreviations: RRT, renal replacement therapy; APACHE, acute physiology and chronic health evaluation; PDT, percutaneous dilational

tracheostomy
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Table 6. Mean ICU Admission Duration, ICU Admission Diagnosis, Mortality Differences Between Groups

Group 1 =RRT (-)

Group 2 = RRT (+)

Mean % SD (n, %) Median Mean £ SD (n, %) Median P
ICU hospitalization period (days) 47.2+40.3 36.5 42.9 + 33.6 30.5 >.05M
ICU Admission Diagnosis
Respiratory failure 7 (35) 2 (25) > 05%
Sepsis 3 (15) 0 (0) > .05
DM and related complications 7 (35) 2 (25) > .05
Cerebrovascular disease 4 (20) 1(12.5) > 05
Post-resuscitation care 2(10) 4 (50) <.05%
Hepatic failure 1(5) 1(12.5) > .05%
Acute ischemic heart disease 1(5) 1(12.5) > .05
Monitorization after surgery 2(10) 1(12.5) > .05%
Eclampsia 1(5) 0 (0) > 05%
Polytrauma 7 (35) 1(12.5) >.05%
Heart failure 3 (15) 0 (0) > .05
Mortality
No 7 (35) 0(0) > 05 %
Yes 13 (65) 8 (100)

TMann-Whitney U test
x2Chi-square test

Abbreviations: RRT, renal replacement therapy; ICU, intensive care unit; DM, diabetics mellitus.

or cardiovascular system disease, organ failure,
burns, trauma, acute respiratory distress syndrome,
gastric colonization, sinusitis, and aspiration of
high gastric residual volume, which affect the
development of VAEs, may be present at the time
of ICU admission.!”!8 Another reason for the lower
VAE incidence may be microorganisms that cannot
be produced. While microbiological diagnosis
results for VAE were approximately 60 to 80% in
the literature!®?’ bacterial eradication was 50% in
our study, and our samples were generally taken
proximal part of the tracheobronchial tree, not
the distal.! Our AcB-related VAE rate accounted
for 32.9% of all VAEs. We administered combined
antibiotic therapy with colistin to all patients.
The most important side effect of colistin use
for treating nosocomial infections associated with
AcB is nephrotoxicity.?? The rate of developing
nephrotoxicity in patients using colistin was
reported to be 6 to 55%, and our results were
similar.?®> AKI ratio was 71.4% during colistin
treatment of the patients in a recent study. Risk
factors for developing nephrotoxicity include
advanced age, use of other nephrotoxic drugs
together with colistin, and the duration and dose
of colistin use.?? The average age of these patients
who fitted the KDIGO I-II-II staging was 64.5 years
and was not advanced. The average duration of
colistin use was 15 days, and the average dose
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was 300 mg/day. We did not discontinue colistin
therapy in our patients to complete treatment. RRT
was initiated by adjusting the dose according to
daily glomerular filtration rates. Glomeruli are
intact in colistin-induced nephrotoxicity, and the
side effect is dose-dependent and reversible.?
Therefore, it is important to maintain this strategy.
In studies showing low risk and incidence of
nephrotoxicity, AKI definitions were differentiated,
and reduced colistin dose regimens were used.?”?
Combination of some drugs with colistin is known
to increase the rate of nephrotoxicity, such as
the use of more than two nephrotoxic drugs by
Doshi et al.?? and the use of three nephrotoxic
drugs by Pogue et al.®® Diuretics, angiotensin-
converting enzyme inhibitors, contrast agents,
aminoglycosides, and antimicrobial agents such as
amphotericin and rifampicin, calcineurin inhibitors,
and vasopressors are considered nephrotoxic
agents.’! In our study, we could not determine
the relationship of colistin with nephrotoxicity
since we did not make a retrospective analysis of
the presence of a second nephrotoxic agent. This
is one of the most important limitations of the
present study. The reason for the relatively high
incidence of nephrotoxicity is the potentiation of
nephrotoxicity by other nephrotoxic agents used.

According to the KDIGO criteria, RRT was
required in eight out of 20 patients (28.6%) in



ARF After Acinetobacter Baumannii-related Ventilator-associated Event—Turan Ayilgan et al

the stage I-II-II population. All eight patients
died. According to this result, colistin-associated
nephrotoxicity requiring RRT is associated with a
high mortality rate. All our patients who required
RRT with CVVHDF were septic shock patients
who required vasopressors. Defining AKI using
the KDIGO criteria is more predictive than Risk,
Injury, Failure, Loss of kidney function, End-stage
kidney disease (RIFLE) criteria, which are widely
used to predict in-hospital mortality.>> Moving to
the definitions recommended and agreed on by the
KDIGO criteria is more advantageous compared
with the RIFLE criteria approved definitions
with regards to improving patient outcomes with
treatment.?® Therefore, we used the KDIGO criteria
in this retrospective study.

As in our patients, AKI and continuous RRT
can cause significant removal of active colistin
from the bloodstream with high extracorporeal
clearance, thereby reducing antibacterial efficacy.?
The doses administered may be insufficient. Just
as kidney function is monitored in patients using
colistin, colistin levels should be monitored in
patients receiving continuous RRT. The possibility
of colistin absorption in hemofiltration filters may
lead to treatment failure.®®

This study has some limitations. First, it is
challenging to generalize the results to different
settings and situations resulting from this single-
center study. Second, the retrospective design of the
study and the surveillance records did not allow us
to completely rule out errors between the established
relationships. Third, the heterogeneity detected
during treatment depended on the decisions of
the clinical team and the clinical responses of the
patients. Fourth, VAE is not a suitable definition
for the clinical situation and management of the
patient.!? Fifth, we did not rule out other agents
with nephrotoxic effects. Sixth, we could not obtain
records on the day of nephrotoxicity and the day
of the treatment period when RRT was started.
Finally, because plasma colistin levels could not
be measured, we could not explain the relationship
between pharmacokinetic, pharmacodynamic, and
toxicodynamic studies and nephrotoxicity.

We believe that periodic monitoring of renal
function, modification of the colistin dose, avoidance
of the use of nephrotoxic agents together with
colistin, and shortening the duration of antimicrobial
therapy can minimize the nephrotoxic effect

potential of this valuable and adept antibiotic.
Ultimately, clinicians will always face the dilemma
of the possibility of AKI, with the expectation of
microbiological and clinical treatment success
during colistin therapy. Dose selection should
be carefully studied, AKI should be well known,
precautions should be taken in time, and effective
RRT should be applied without sacrificing the
antibacterial activity in high-risk patients with
multiple comorbidities who are obese and in need
of other nephrotoxic drugs.

This study did not receive any funding from
any organizations or institutions.

1. Klompas M, Khan Y, Kleinman K, et al. Multicenter
evaluation of a novel surveillance paradigm for
complications of mechanical ventilation. PloS One 2011;
6(3): 18062

2. Klompas M, Magill S, Robicsek A, et al. Objective
surveillance definitions for ventilator-associated
pneumonia. Critical Care Medicine 2012; 40(12): 3154-61

3. Pouly O, Lecailtel S, Six S, et al. Accuracy of ventilator-
associated events for the diagnosis of ventilator-
associated lower respiratory tract infections. Annals of
Intensive Care 2020; 10(1): 6

4. Aygiin G, Demirkiran O, Utku T, et al. Environmental
contamination during a carbapenem-resistant
Acinetobacter baumannii outbreak in an intensive care
unit. Journal of Hospital Infection 2002; 52(4): 259-62

5. Inchai J, Pothirat C, Bumroongkit C, Limsukon A,
Khositsakulchai W, Liwsrisakun C. Prognostic factors
associated with mortality of drug-resistant Acinetobacter
baumannii ventilator-associated pneumonia. Journal of
Intensive Care 2015; 3: 9

6. Shu H, Li L, Wang Y, et al. Prediction of the risk of hospital
deaths in patients with hospital-acquired pneumonia
caused by multidrug-resistant Acinetobacter baumannii
infection: A multi-center study. Infection and Drug
Resistance 2020; 13: 4147-54

7. Li J, Nation RL, Turnidge JD, et al. Colistin: the re-
emerging antibiotic for multidrug-resistant Gram-negative
bacterial infections. The Lancet Infectious Diseases. 2006;
6(9): 589-601

8. Inci A, Toker MK, Bicer IG, Derbent A, Salihoglu Z.
Determination of colistin-related nephrotoxicity and risk
factors in intensive care unit. Nothern Clinics Of Istanbul.
2018; 5(2): 120-4

9. Arslan BY, Arslan F, Erkalp K, et al. Luteolin ameliorates
colistin-induced nephrotoxicity in the rat models. Renal
Failure 2016; 38(10): 1735-40

10. Patient Safety Component Manual, Chapter 10: Ventilator-
Associated Event (VAE). National Healtcare Safety
Network (NHSN); 2020; Available from: https://www.cdc.

177



ARF After Acinetobacter Baumannii-related Ventilator-associated Event—Turan Ayilgan et al

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

178

gov/nhsn/pdfs/pscmanual/pcsmanual_current.pdf.

Kellum JA, Lameire N. Diagnosis, evaluation, and
management of acute kidney injury: a KDIGO summary
(Part 1). Critical Care 2013; 17(1): 204

Falagas ME, Kasiakou SK. Colistin: the revival of
polymyxins for the management of multidrug-resistant
gram-negative bacterial infections. Clinical Infectious
Diseases 2005; 40(9): 1333-41

Florescu DF, Qiu F, McCartan MA, Mindru C, Fey PD,
Kalil AC. What is the efficacy and safety of colistin for

the treatment of ventilator-associated pneumonia? A
systematic review and meta-regression. Clinical Infectious
Diseases. 2012; 54(5): 670-80

Fang WF, Fang YT, Huang CH, et al. Risk factors and
associated outcomes of ventilator-associated events
developed in 28 days among sepsis patients admitted to
intensive care unit. Scientific Reports 2020; 10(1): 12702

Raoof S, Baumann MH. An official multi-society statement:

ventilator-associated events: the new definition. Critical
Care Medicine 2014; 42(1): 228-9

Magill SS, Li Q, Gross C, Dudeck M, Allen-Bridson K,
Edwards JR. Incidence and characteristics of ventilator-
associated events reported to the national healthcare
safety network in 2014. Critical Care Medicine 2016;
44(12): 2154-62

Magill SS, Klompas M, Balk R, et al. Developing a new,
national approach to surveillance for ventilator-associated
events. American Journal of Critical Care 2013; 22(6):
469-73

Klompas M. Ventilator-associated events: What they are
and what they are not. Respiratory Care 2019; 64(8):
953-61

Liu J, Zhang S, Chen J, et al. Risk factors for ventilator-
associated events: A prospective cohort study. American
Journal of Infection Control 2019; 47(7): 744-9

Wu VKS, Fong C, Walters AM, Lele AV. Prevalence,
clinical characteristics, and outcomes related to
ventilator-associated events in neurocritically ill patients.
Neurocritical Care 2020; 33(2): 499-507

FanY, Gao F, Wu 'Y, Zhang J, Zhu M, Xiong L. Does
ventilator-associated event surveillance detect ventilator-
associated pneumonia in intensive care units? A
systematic review and meta-analysis. Critical Care 2016;
20(1): 338

Deryke CA, Crawford AJ, Uddin N, Wallace MR. Colistin
dosing and nephrotoxicity in a large community teaching
hospital. Antimicrobial Agents and Chemotherapy 2010;
54(10): 4503-5

Ghlissi Z, Hakim A, Mnif H, et al. Evaluation of colistin
nephrotoxicity administered at different doses in the rat
model. Renal Failure 2013; 35(8): 1130-5

Hartzell JD, Neff R, Ake J, et al. Nephrotoxicity associated
with intravenous colistin (colistimethate sodium) treatment
at a tertiary care medical center. Clinical Infectious
Diseases. 2009; 48(12): 1724-8

Kim J, Lee KH, Yoo S, Pai H. Clinical characteristics and

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

risk factors of colistin-induced nephrotoxicity. International
Journal of Antimicrobial Agents. 2009; 34(5): 434-8

Sorli L, Luque S, Grau S, et al. Trough colistin plasma
level is an independent risk factor for nephrotoxicity: a
prospective observational cohort study. BMC Infectious
Diseases. 2013; 13: 380

Turkoglu M, Dizbay M, Ciftci A, Aksakal FN, Aygencel G.
Colistin therapy in critically ill patients with chronic renal
failure and its effect on development of renal dysfunction.
International Journal of Antimicrobial Agents 2012; 39(2):
142-5

Garonzik SM, Li J, Thamlikitkul V, et al. Population
pharmacokinetics of colistin methanesulfonate and formed
colistin in critically ill patients from a multicenter study
provide dosing suggestions for various categories of
patients. Antimicrobial Agents and Chemotherapy 2011;
55(7): 3284-94

Doshi NM, Mount KL, Murphy CV. Nephrotoxicity
associated with intravenous colistin in critically ill patients.
Pharmacotherapy 2011; 31(12): 1257-64

Pogue JM, Lee J, Marchaim D, et al. Incidence of and
risk factors for colistin-associated nephrotoxicity in a large
academic health system. Clinical Infectious Diseases
2011; 53(9): 879-84

Luo X, Jiang L, Du B, Wen Y, Wang M, Xi X. A comparison
of different diagnostic criteria of acute kidney injury in
critically ill patients. Critical Care 2014; 18(4): R144

Palevsky PM, Liu KD, Brophy PD, et al. KDOQI US
commentary on the 2012 KDIGO clinical practice
guideline for acute kidney injury. American Journal of
Kidney Diseases. 2013; 61(5): 649-72

Pereira M, Rodrigues N, Godinho I, et al. Acute kidney
injury in patients with severe sepsis or septic shock: a
comparison between the ‘Risk, Injury, Failure, Loss of
kidney function, End-stage kidney disease’ (RIFLE),
Acute Kidney Injury Network (AKIN) and Kidney Disease:
Improving Global Outcomes (KDIGO) classifications.
Clinical Kidney Journal 2017; 10(3): 332-40

Menna P, Salvatorelli E, Mattei A, Cappiello D, Minotti

G, Carassiti M. Modified colistin regimen for critically ill
patients with acute renal impairment and continuous renal
replacement therapy. Chemotherapy 2018; 63(1): 35-8

Honore PM, Jacobs R, Hendrickx |, De Waele E,
Van Gorp V, Spapen HD. Higher colistin dose during
continuous renal replacement therapy: look before
leaping! Critical Care 2015; 19(1): 235

Correspondence to:

Kerem Erkalp, MD

Department of Anesthesiology and Reanimation, Istanbul
University-Cerrahpasa, Institute of Cardiology, Turkey

Received January 2022
Revised February 2022
Accepted April 2022



