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Antibiotic De-escalation Therapy in Neurosurgical
Patients with Ventilator-Associated Pneumonia in
Intensive Care Unit: A Retrospective Observational

Study
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ABSTRACT

Context: Antibiotic de-escalation practice is gaining interest in the intensive care units
(ICU). However, there is limited evidence to support this approach in neurosurgical
patients with Ventilator-Associated Pneumonia (VAP) in ICU. Aims: This study examined
the practice of antibiotic de-escalation in neurosurgical patients with VAP in ICU and its
impact on mortality. Settings and Design: Retrospective cross-sectional study conducted
in an ICU of a public hospital in Malaysia. Methods and Material: The electronic medical
records of the patients diagnosed with VAP in the ICU were retrieved and relevant data
was collected for analysis. Statistical analysis used: Mann-Whitney U-test and Chi-
Square Test were used to compare the differences of continuous and categorical data
while Logistic Regression and Cox Regression were used to estimate the influence of
de-escalation on mortality. Results: Of the 125 VAP patients identified, only 53 (42.4%)
were neurosurgical patients. The mean age of these patients was 40.5 + 15.3 years old.
The patients mainly had late-onset VAP. The most common organisms identified included
Pseudomonas aeruginosa (19.6%) and Acinetobacter Multidrug-Resistant Organisms
(17.9%) while the most commonly used empirical antibiotic was Cefepime (32%). The
proportion of patients with antibiotic de-escalation (10 out of 53) was statistically lower
than patients without antibiotic de-escalation (43 out of 53). There was no statistically
significant difference in ICU-mortality between the de-escalation (2 out of 10) and non-de-
escalation groups (6 out of 43). Similarly, for the 28-day mortality and survival analysis,
no significant difference was found between the two groups. Conclusions: Antibiotic
de-escalation practice in neurosurgical patients with VAP in ICU was not associated with
a deleterious effect on survival.

Key words: Antibiotic de-escalation, Ventilator-associated pneumonia, Neurosurgical,
Critical care, Critically-ill patients.

Key Messages: Despite the potential benefit of antibiotic de-escalation, this practice
remains low among the neurosurgical population with ventilator-associated pneumonia in
the intensive care unit. As this practice was not associated with an excess in mortality,
it should be cultivated among critically-ill neurosurgical patients in intensive care unit.

INTRODUCTION

Antibiotic de-escalation is a practice of
starting with broad-spectrum empirical anti-
biotics and streamlining to the narrower-
spectrum or fewer agents after thorough
re-assessment of the patient’s condition,
inflammatory markers and microbiological
data."* Antibiotic de-escalation is a subset

of antibiotic stewardship programme to
promote the judicious use of antibiotics.>
The discriminate use of antibiotics is vital
as it may assist long-term solution to curb
the emergence of resistant organism”
In addition, with the lack of
biotic  development in  the

anti-
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line and the threat of global antimicrobial
resistance, the antibiotic de-escalation is crucial to be
implemented in the hospital setting.

The practice of antibiotic de-escalation is increasingly
adopted in Intensive Care Units (ICU)”" as antibiotics
are widely prescribed in this setting'*"> Among the infec-
tions in ICU, Ventilator-associated Pneumonia (VAP) is
an important infection among critically ill patients and
is a significant public health issue with increased morbi-
dity and mortality."® Several studies involving patients
with VAP in ICU found that antibiotic de-escalation is
a good strategy to conserve the effectiveness of broad-
spectrum antibiotics without compromising patients’
outcome.'™'>118 However, there is limited evidence to
support the de-escalation approach in specific neuro-
surgical patients with VAP in ICU. Neurosurgical
patients are at risk of developing VAP and other noso-
comial infections in ICU due to serious nature of their
illnesses and the use of invasive devices.!”? Hence, it is
important to assess the practice of antibiotic de-escalation
and how it is executed in neurosurgical patients. We
designed a study to examine the practice of antibiotic
de-escalation in neurosurgical patients diagnosed with
VAP in ICU and the outcome on ICU-mortality and
28-day mortality.

MATERIALS AND METHODS
Design and sample

This was a retrospective cross-sectional study conducted
in an ICU of a public hospital in Malaysia that serves as
a tertiary referral centre for neurosurgery. Data for all
VAP patients admitted to the ICU from January 2012 to
December 2014 was searched from The Malaysian
Registry of Intensive Care Database. The electronic
medical records of the eligible patients were retrieved
and recorded. The data collected included patients’
demographic profiles, Simplified Acute Physiology
Score (SAPS) 11, Sequential Organ Failure Assessment
(SOFA) Score, mechanical ventilation (MV) information,
prescribed antibiotic, microbiological results, inflam-
matory markers, ICU - mortality and 28-d mortality.
Paediatric patients, patients with missing data and
patients who had died on the day of VAP diagnosis
were excluded from analysis. The Ministry of Health
Medical Research Ethics Committee approved this
protocol waiving the need for informed consent since
this was an observational study.

Definition

VAP was diagnosed when persistent, new pulmonary
infiltrates appeared on chest radiographs more than
48 hours after endotracheal intubation, in conjunction

with purulent respiratory secretions. At least one of the
following criteria was also required: temperature greater
than 38°C or less than 36°C; blood leukocytes greater
than 12,000/ uL ot less than 4000/ul. Only VAP caused
by bacterial pneumonia was selected. ICU-mortality was
defined as a patient who died in ICU due to either the
infection itself or complications related to the patients’
concomitant diseases and 28-day mortality was defined
as overall hospital mortality after 28 days discharge from
ICU. SAPS 1II and SOFA Score were used to measure
the severity of disease and to determine the extent of
a patient’s organ function respectively. Late-onset VAP
was defined as VAP that occurs after 5 days of mechanical
ventilation and infections are more likely to be caused
by multidrug-resistant organisms”. Appropriate anti-
biotic at 24 hours (h) was defined as antibiotic which
was initiated within 24h of VAP diagnosis and was
matched with culture and sensitivity results.

Data analysis

Data analysis was conducted using IBM® SPSS® Statistics
Version 21. Mann-Whitney U-test was used to compare
the differences of continuous data (not normally
distributed) between two groups. For categorical data,
Chi-Square or Fisher’s Exact Test was used. Logistic
regression and cox regression were used to estimate
the influence of de-escalation therapy on mortality
outcome. All tests of significance were two-tailed and
p values of < 0.05 were considered significant.

RESULTS

Characteristic of neurosurgical patients

Of the 125 of VAP patients identified, 53 (42.4%) neuro-
surgical patients were included in the study (Table 1).
The majority of the subjects were male with mean age
of 40.5115.3 years old. The mean onset of VAP was
6.5%3.2 days. This was considered as late-onset VAP.
Patients were not on prolonged ventilation as the mean
length of mechanical ventilation was 12.4£5.4 (< 21 days).
On admission, the mean SAPS II Score and SOFA
Score were 42.2114.20 and 10.0£2.3 respectively. Table 1
shows that there was no statistically significant differ-
ence between neurosurgical patients with and without
de-escalation therapy for all characteristics.

Microorganisms identified and antibiotic prescribed

A causative pathogen was identified in 39 out of 53
patients with VAP. A total of 31 (79.5%) samples were
identified through tracheal aspirate (TA), 6 (15.4%)
samples through bronchoalveolar lavage (BAL) and 2
(5.1%) from blood cultures. Table 2 shows 14 patients
had unidentified organism (culture-negative) while the
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Table 1: Characteristic of neurosurgical patients with ventilator- associated pneumonia

Characteristics De-escalation (n=10) Non-De-Escalation (n=43)

Age, mean (SD), year 45.1£11.0 39.4+16.0

Male, n (%) 5.0 (50.0) 37.0 (86.0)
VAP Onset, mean (SD), day 7.4+3.1 6.2+3.3
Length of MV, mean (SD), day 15.9 £5.1 11.5+5.2
SAPS Il Score, mean (SD) 45.5+18.8 41.4+13.9
SOFA Score, mean (SD) 9.9+2.1 10.0+2.4

Appropriate Antibiotic at 24 hours, n (%) 3.0 (33.3) 16.0 (40.0)

Table 2: Microorganisms identified and empirical antibiotics prescribed

Microorganisms & Total; n (%) De-escalation; n (%) Non-De-Escalation;
Antibiotics n (%)
Microorganisms identified:+
Acinetobacter MDRO 10 (17.9) 1(10.0) 9 (90.0)
P. aeruginosa 11 (19.6) 2(18.2) 9(81.8)
ESBL Organisms 6 (10.7) 1(16.7) 5(83.3)
Enterobacter sp 2 (3.6) 2(100.0) 0(0.0)
Polymicrobial 7 (12.5) 2 (28.6) 5(71.4)
Others 6 (10.7) 2 (33.3) 4 (66.7)
Culture-negative*® 14 (25.0) 0 (0.0) 14 (100.0)
Empirical Antibiotics Used:
Colistin 6 (11.3) 3 (50.0) 3 (50.0)
Carbapenems 9(17.0) 1(11.1) 8 (88.9)
Cefepime 17 (32.1) 2(11.8) 15 (88.2)
Piperacillin/Tazobactam 5(9.4) 1 (20.0) 4 (80.0)
Ampicllin/Sulbactam 9(17.0) 1(11.1) 8 (88.9)
Cefazolin 2 (3.8) 0 (0.0) 2 (100.0)
Comb. of broad spectrum antibiotics 5(9.4) 2 (40.0) 3 (60.0)

Since>1 microorganisms possible for pneumonia, total count will exceed 53
* Statistically significant at p <o.05

two most frequently identified organisms were Psexdo-
monas aernginosa and Acinetobacter Multidrug-Resistant
Organisms (MDRO). Cefepime was the most commonly
used empirical antibiotic followed by carbapenem and
ampicillin/sulbactam (Table 2).

De-escalation practice and the outcome on ICU-
mortality and 28-d mortality

The number of neurosurgical patients with antibiotic
de-escalation was statistically lower than those without
de-escalation therapy (10 versus 43). De-escalation to a
narrow-spectrum antibiotic regimen occurred in eight
patients while one or more antibiotics were withdrawn
in two other patients.

ICU-mortality [Odd Ratio = 1.542; 95% CI (0.262 —
9.082)] was higher in de-escalation group compared to
the non-de-escalation group, though, the difference was
not statistically significant. Similarly, the 28-day mortality
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in the de-escalation group [Odd Ratio = 1.619; 95%
CI (0.347 — 7.546)] was not statistically significant
compared to the non-de-escalation group.

As shown in Figure 1, there was no significant difference
in survival between the two groups.

DISCUSSIONS

This study compared the practice of antibiotic de-escalation
and its outcome among neurosurgical patients treated
for VAP infection in ICU. In this study, empirical anti-
biotics were streamlined in about 20% of the cohort
with VAP. This figure is lower than 25% to 35% found
in the previous studies involving medical, surgical and
trauma patients with VAPR!***' The de-escalation rate
was lower in our study compared to previous reports
probably due to the types of patients included, as our
study only included neurosurgical patients.
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Figure 1: All-cause mortality for neurosurgical patients

Another factor that might influence the lower de-escalation
rate in our study was the high proportion of unidentified
organisms (culture-negative) from culture and sensitivity
results. This might limits the opportunity for de-escalation.
In the light of literature and guidelines, antibiotic
de-escalation in culture-negative patients is not being
adequately addressed. The decision about when and
how to de-escalate is left to clinical judgment. In some
citcumstances, the culture-negative result does not
correlate with the patient’s severe condition and this
contributed to the prolonged use of empirical antibiotics.
Managing culture-negative result in septic patients is one
of the known challenges of antibiotic de-escalation."
Kollef ef a/ (2005) recommended to discontinue anti-
biotic therapy within 72 hours or to completely with-
held therapy in clinically suspected VAP patients with
culture-negative BAL.? Similatly, Alvarez-Lerma ez a/ (2006)
and Giantsou e a/ (2007) found better de-escalation
strategy facilitated by BAL since it has higher specificity
than TA cultures.""” In this study, BAL was used in
only six patients. Hence, to improve the de-escalation
strategy in the culture-negative result, BAL should be
encouraged for confirmed case of VAP.

Antibiotic de-escalation practice should also be comple-
mented with developing new diagnostic tools to determine
causative organisms for VAP. With rapid diagnostic
tools, clinicians can treat the infections appropriately
and effectively without prolonging the duration of
empirical antibiotic treatment.”*

Eventhough the findings in our study were not statistically
significant, neurosurgical patients without antibiotic
de-escalation showed a better survival and lower risk
of 1CU-mortality and 28-d mortality. Nevertheless, this
result could be influenced by a small number of sample
size. Generally, most of the studies are in agreement

with our findings, where no significant deleterious effect
on survival rate was observed in those who underwent
antibiotic de-escalation therapy.'”' Indeed, Rello ez a/
(2004) and Kollef (2006) found significantly lower
mortality rate in de-escalation group with VAP.'>*»

This study has several limitations. First, our study is a
retrospective study involving only a single ICU setting
with a small sample size. Second, our study involved
closed ICU model in which only a few individuals have
control of the antibiotic prescribing, Third, there is no
standard protocol for antibiotic de-escalation. Further
multicentre studies using standard antibiotic de-escalation
protocol are needed to evaluate the impact of antibiotic
de-escalation therapy in neurosurgical patients.

CONCLUSIONS

Despite the potential benefits of antibiotic de-escalation,
our results showed low de-escalation rate in neurosurgical
patients with VAP in ICU. Clinicians should be urged to
identify strategies to promote the practice of antibiotic
de-escalation in order to prevent the emergence of
resistant organisms and to reduce resource utilisation.
Thus, antibiotic de-escalation should be encouraged in
neurosurgical patients with VAP in ICU as it was not
associated with increased mortality.
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Sequential Organ Failure Assessment; MV: Mechanical
Ventilation; TA: Tracheal Aspirate; BAL; Bronchoalve-
olar Lavage; MDRO: Multidrug-Resistant Organisms;
ESBL: Extended Spectrum Beta-Lactamase; CI: Con-
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e Antibiotic de-escalation practice was low among neurosurgical patients with ventilator-associated pneumonia

in the intensive care unit.

e Antibiotic de-escalation therapy is safe among neurosurgical patients with ventilator-associated pneumonia
as it was not associated with an excess in mortality.
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® The practice of antibiotic de-escalation should be cultivated among neurosurgical patients with ventilator-

associated pneumonia.
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