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Abstract
Healthcare-associated ventriculitis and meningitis is a common complication in patients who suffer from head trauma or have
undergone a neurosurgery. Healthcare-associated ventriculitis and meningitis is associated with significant morbidity and mortality.
Complications of healthcare-associated ventriculitis and meningitis include persistent vegetative state, moderate and severe disability,
and death. Acinetobacter baumannii is the causative pathogen in 3.6–11.2% of cases of healthcare-associated ventriculitis and
meningitis. Cases of difficult-to-treat healthcare-associated A. baumannii ventriculitis andmeningitis are being reported more frequent-
ly. However, in most of these cases, a combination of intravenous (IV) and intraventricular (IVT)/intrathecal colistin achieves good
therapeutic outcome. This report describes a clinical case of difficult-to-treat healthcare-associated A. baumannii ventriculitis. The
A. baumannii strain was sensitive to colistin and trimethoprim-sulfamethoxazole, intermediate to tigecycline, and resistant to other
antibiotics.While colistin was the drug of choice in our case, the patient developed anaphylactoid reaction during the IV administration
of the loading dose of colistin, which mandated us to discontinue colistin and complicated the treatment of our patient. The patient did
not respond to a combination of IV antibiotics that included meropenem, trimethoprim-sulfamethoxazole, and tigecycline. However,
when IVT tigecycline was added as a last-resort therapeutic option, the patient’s ventriculitis dramatically improved, and the patient
was discharged from the hospital. Physicians who treat patients with healthcare-associated A. baumannii ventriculitis might resort to
IVT tigecycline when they run out of therapeutic options.
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Introduction

Healthcare-associated ventriculitis and meningitis is a com-
mon complication in patients who suffer from head trauma
or have undergone a neurosurgery. Healthcare-associated
ventriculitis and meningitis is associated with significant mor-
bidity and mortality. Complications include persistent vegeta-
tive state, moderate and severe disability, and death [1].
Acinetobacter baumannii is the causative pathogen in 3.6–
11.2% of cases of healthcare-associated meningitis [2]. The
latest Infectious Diseases Society of America guidelines for
the management of healthcare-associated ventriculitis and
meningitis recommend meropenem for treatment of cases in-
fected with Acinetobacter species, while polymyxins are rec-
ommended for carbapenem-resistant strains [3]. Also, the
guidelines recommend the addition of intraventricular (IVT)
or intrathecal administration of polymyxins for patients with
healthcare-associated A. baumannii meningitis and
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ventriculitis that are difficult- to -treat with intravenous (IV)
polymyxins [3].

Cases of difficult-to-treat healthcare-associated A. baumannii
ventriculitis and meningitis are being reported more frequently
[4]. However, in most of these cases, a combination of IV and
IVT/intrathecal colistin achieves good therapeutic outcome [5,
6]. Treatment of healthcare-associated A. baumannii ventriculitis
and meningitis can be complicated by the development of anti-
microbial resistance (especially for meropenem and colistin) [7,
8], the development of side effects such as neurotoxicity second-
ary to colistin [7], or by failure of antibiotic therapy despite
in vitro sensitivity (probably because of insufficient penetration
of antibiotics into ventricles and meninges) [9]. This report de-
scribes a clinical case of difficult-to-treat healthcare-associated
A. baumannii ventriculitis where IV and IVT colistin was not
an appropriate option because of the occurrence of anaphylactoid
reaction, and the patient did not respond to a combination of IV
antibiotics that included meropenem, trimethoprim-sulfamethox-
azole, and tigecycline. However, the infection was successfully
eradicated following the addition of IVT tigecycline.

Case Description

A 56-year old man with history of diabetes mellitus and uncon-
trolled hypertension was presented to the emergency depart-
ment with vomiting and headache. His Glasgow coma scale
(GCS) was 13/15. Computed tomography (CT) scan of the
brain was done; the patient had intracerebral hemorrhage
(ICH) in the right basal ganglia, intraventricular hemorrhage
(IVH), and hydrocephalus (Fig. 1). The patient was shifted to
the operation room for external ventricular drain (EVD) place-
ment. After operation, the patient was shifted to the intensive
care unit (ICU) for monitoring on face mask (6 l per min). On
the second day, the patient had breathing difficulty and
desaturated. Chest x-ray was done and showed pulmonary ede-
ma. Also, echocardiogram was done and showed diastolic dys-
function. So, the patient was intubated and connected to me-
chanical ventilator. After 4 days of admission, GCS improved
to 15/15, and the patient was extubated. On day 6, CT brain
was repeated; there was a decrease in the size of IVH.

On day 8, the patient became highly febrile (temperature
was 39.6 °C). A cerebrospinal fluid (CSF) culture was sent,
EVD was removed, and the patient was started empirically on
meropenem 2 g IV q8 hours plus vancomycin 1 g IV q12
hours. Two days later, the CSF culture report showed the
growth of multidrug-resistant (MDR) A. baumannii that was
only sensitive to colistin and trimethoprim-sulfamethoxazole,
while intermediate to tigecycline (Table 1). A. baumannii was
identified by using the VITEK 2 system (bioMérieux, Marcy
l’Étoile, France). Susceptibility to antibiotics was verified by
disc diffusion method, and it was interpreted according to the
Clinical and Laboratory Standards Institute criteria [10]. The

patient was prescribed IV colistin 9 million units stat followed
by 3 million units IV q8 hours. The patient developed anaphy-
lactoid reaction during the administration of the stat dose of
colistin; he had hypotension, tachycardia, restlessness, shiver-
ing, and wheezing. Colistin was discontinued, and the patient
was given adrenaline (0.5-mg IV stat followed by 0.5-mcg/kg/
min IV infusion), hydrocortisone (200-mg IV stat followed by
50-mg IV q6 hours), and diphenhydramine (50-mg IV stat
followed by cetirizine 10 mg by nasogastric tube q24 hours).
The infectious disease team was consulted; the team recom-
mended to stop vancomycin and to provide high-dose tigecyc-
line (200-mg IV stat dose followed by 100-mg IV q12 hours).
On day 13, the patient’s level of consciousness decreased
(GCS decreased from 15/15 to 6/15). The patient was
reintubated and trimethoprim-sulfamethoxazole (1920-mg
IV q6 hours) was added to the patient’s antibiotic regimen.
CT brain was done and showed decrease in the fresh blood
inside the left lateral ventricle and mild decrease in the hem-
orrhagic parenchymal blood in the right basal ganglia (Fig. 1).
CSF samples were withdrawn through lumbar puncture and
sent for analysis. The patient had neutrophilic pleocytosis;
WBC count was 4419, and polymorphic cells percentage
was 98.1%. The CSF sample for chemistry analysis was
hemolyzed.

On day 14, CSF culture was sent. The report came after
3 days; it showed the growth of MDR A. baumannii with
antimicrobial susceptibility pattern that was identical to the
first report of MDR A. baumannii in CSF (sent on day 8).
The patient did not improve on the prescribed antibiotics
(meropenem, trimethoprim-sulfamethoxazole, and high-dose
tigecycline); fever was persistent; CSF analysis was sent, and
results were abnormal (WBC count was 485 [91.7%was poly-
morphic cells], glucose was low [0.9 mmol/L], and protein
was high [182.2 mg/dL]); the level of consciousness did not
improve; and the patient had leukocytosis. The infectious dis-
ease team was consulted; the team recommended to extend
meropenem infusion rate to 3 hours instead of 30min, to insert
EVD, and to administer IVT tigecycline. We called the pa-
tient’s family to get their permission before we administer IVT
tigecycline. On day 18, EVD was inserted, and the patient
received IVT tigecycline as a last therapeutic option to treat
his A. baumannii ventriculitis. Written informed consent was
obtained from the patient’s family before administering IVT
tigecycline. IVT tigecycline was prescribed as 2 mg q12
hours. The CSF drain was closed temporarily for 4 hours after
each dose of IVT tigecycline. After 8 hours of administering
the first dose of IVT tigecycline, the patient developed myo-
clonic seizures for 4 min. The patient received 5 mg of IV
midazolam and loading dose of IV phenytoin (1.5 g). CT brain
was performed; compared with the previous CT, there was
mild reduction in the amount of the IVH, and no other changes
were noticed (Fig. 1). The neurology team was consulted; the
team ordered electroencephalogram (EEG) and started the
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patient on levetiracetam (500 mg by nasogastric tube q12
hours) plus maintenance dose of phenytoin (100 mg IV q8
hours). The EEG report was abnormal and consistent with
mild to moderate encephalopathy. The report mentioned that
abnormal EEG could be related to metabolic, toxic, or under-
lying dysfunctional etiology. Moreover, no epileptiform dis-
charges were seen in the EEG. The infectious disease team
recommended to continue current regimen (meropenem,
trimethoprim-sulfamethoxazole, high dose tigecycline, and
IVT tigecycline) and to repeat CSF culture after 3 days. On
day 21, IVT tigecycline dose was increased to 4 mg q12 hours
because of persistent fever, leukocytosis, and low GCS. CSF
culture was sent and CSF analysis was performed on day 23;
the culture report showed no bacterial growth while the CSF
analysis showed a decrease in protein to 75.4 mg/dL, an in-
crease in glucose to 4.3 mmol/L, and a slight increase inWBC
count to 536. Later on, GCS improved, temperature became
normal, white blood cell count decreased, and the patient was
extubated. After 37 days of ICU admission, the patient was
transferred to the ward fully conscious then discharged from
the hospital. All antibiotics were discontinued on day 32 of
admission. The duration of antibiotics was 24 days for

meropenem, 22 days for IV tigecycline, 19 days for trimeth-
oprim-sulfamethoxazole, and 14 days for IVT tigecycline.

Discussion

Tigecycline (a glycylcycline antibiotic) has an excellent activ-
ity against several species of MDR Gram-negative and Gram-
positive bacteria [11]. Tigecycline was approved in 2005 by
the FDA for the treatment of community-acquired pneumonia,
complicated skin and skin structure infections, and complicat-
ed intra-abdominal infections. Because of its excellent effec-
tiveness against MDR Gram-negative and Gram-positive bac-
teria, its safety profile, its preservative-free formulation, its
synergistic effect with many antibiotics, and limited penetra-
tion to the central nervous system, IVT tigecycline is consid-
ered an attractive and promising last-resort therapeutic option
for treating patients with healthcare-associated bacterial
ventriculitis and meningitis [4].

Our patient was diagnosed with healthcare-associated
ventriculitis after EVD insertion. The CSF culture reports
(sent on day 8 and 14) showed the growth of MDR

Fig. 1 Computed tomography
(CT) scan of the brain. A On day
1. B On day 13. C On day 19. D
On day 53
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A. baumannii that was only sensitive to colistin and trimetho-
prim-sulfamethoxazole, while it was intermediate to tigecyc-
line and resistant to other antibiotics. We did not give IVT
colistin because the preservative free form of colistin was
not available in our hospital. The patient developed anaphy-
lactoid reaction during the loading dose of IV colistin, which
forced us to stop it and to use alternative antibiotics.
Anaphylactoid reaction after colistin administration is rare
but it is documented in the literature [12]. The use of
trimethoprim-sulfamethoxazole is currently not recommended
unless where there is no other better alternative [13]. We used
trimethoprim-sulfamethoxazole 20 mg per kg since the CSF
culture reports showed MDR A. baumannii that was sensitive
to it, and we ran out of options, especially after the anaphy-
lactoid reaction caused by colistin. IVT tigecycline was re-
cently used by some clinicians as a last resort to treat
healthcare-associated A. baumannii ventriculitis and meningi-
tis [4]. Our patient did not respond to a combination therapy
that included meropenem, trimethoprim-sulfamethoxazole,
and high-dose tigecycline. We administered IVT tigecycline
2 mg q12 hours for 3 days then we increased the dose to 4 mg
q12 hours. The addition of IVT tigecycline was successful in
eradicating the MDR A. baumannii in the CSF. Also, signs of
infection disappeared. However, our patient developed

myoclonic seizures after 8 hours of administering the first
dose of IVT tigecycline. Levetiracetam and phenytoin was
prescribed to terminate the myoclonic seizures. Late seizures
are defined as seizures occurring 1 week or more after ICH.
The incidence of late seizures after ICH is almost 4 new cases/
100 person-years, while the median delay between ICH and
late seizures is 9 months (interquartile range is 3–23 months)
[14]. The sole independent factor associated with the occur-
rence of late seizures after ICH is cortical involvement of the
ICH [15]. Because the patient developed myoclonic seizures
after 18 days of ICH, and because of the absence of cortical
involvement of the ICH, ICH was excluded as a precipitating
factor of the myoclonic seizures. The rate of seizures associ-
ated with meropenem is less than 1% [16]. The patient devel-
oped myoclonic seizures 10 days after initiating meropenem,
which excludes it a as a precipitating factor of the myoclonic
seizures. However, the use of beta-lactam antibiotics (e.g.,
meropenem) decreases the seizure threshold [17]. The uncon-
trolled ventriculitis is the most likely precipitating factor of
myoclonic seizures in our patient.

Conclusion

Difficult-to-treat ventriculitis caused by A. baumannii is of
increasing concern due to the emergent resistance of
A. baumannii to carbapenems and polymyxins, occurrence
of side effects, and the insufficient penetration of many anti-
biotics into the ventricles. Our patient developed anaphylac-
toid reaction following the stat dose of IV colistin, and did not
respond to a combination of IV antibiotics that included
meropenem, trimethoprim-sulfamethoxazole, and tigecycline.
However, when IVT tigecycline was added as a last resort, the
patient’s ventriculitis dramatically improved, and the patient
was discharged from the hospital. Physicians who treat pa-
tients with healthcare-associated A. baumannii ventriculitis
might resort to IVT tigecycline when they run out of thera-
peutic options.
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Table 1 Antimicrobial susceptibility pattern of the two MDR
Acinetobacter baumannii isolates (isolated on day 8 and day 14 of
admission)

Antimicrobial MIC (mg/L) Interpretation

Amikacin > 32 R

Amoxicillin-clavulanate > 16/8 R

Ampicillin > 16 R

Aztreonam > 16 R

Cefepime > 16 R

Ceftazidime > 16 R

Ceftriaxone > 32 R

Cefuroxime > 16 R

Cephalothin > 16 R

Ciprofloxacin > 2 R

Colistin ≤ 1 S

Ertapenem > 4 R

Gentamicin > 8 R

Imipenem > 8 R

Levofloxacin > 4 R

Meropenem > 8 R

Nitrofurantoin > 64 R

Piperacillin-tazobactam > 64/4 R

Tigecycline 4 I

Trimethoprim-sulfamethoxazole 2/32 S

MIC minimum inhibitory concentration, MDR multidrug resistant
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