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Intrathecal Tigecycline in the Treatment of Hospital-Acquired
Meningitis: A Review of Four Cases
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Sohret Aydemir;* Bilgin Arda,' and Oguz Resat Sipahi®

Abstract

Obj : Carb S tA. b ii is a c cause of and it presents a
challenge in terms : of treatment because of limited therapeutic options. Intravenous tigecycline has been consid-
ered a potential salvage therapy against multi-drug-resistant Acinetobacter baumannii. However, its effective-
ness is limited by its poor ability to cross the blood-brain barrier. As an alternative treatment option, intrathecal
tigecycline has shown promise with its minimal side effects and high concentration in cerebrospinal fluid.
Methods: In this report, we present a series of four cases infected with multi-drug-resistant A. baumannii
following neurosurgery and treated with intrathecal tigecycline, including antimicrobial therapy.

Results: The rate of successful microbiological response was 2 out of 3 cases (66%) in whom microbiological
response could be tested anytime during the intrathecal therapy, whereas the 30-day survival rate after treatment
completion was !/3 (25%).

Conclusion: Although intrathecal tigecycline treatment has shown relative efficacy in achieving microbiological
response, its impact on overall survival is still uncertain. Further studies involving larger groups of patients are
necessary to eval the c s of i hecal tigecycline therapy.
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Introduction Also, they recommend the addition of intraventricular (IVT) or
intrathecal (IT) polymyxins for healthcare-associated CRAB
meningitis and ventriculitis, which are difficult to treat with
intravenous (IV) polymyxins.* However, the use of this treat-
ment is limited owing to the side effects like neurotoxicity
observed in up to 21.7% of the patients.®

IV tigecycline may be an effective salvage therapy option
against multi-drug-resistant Acinetobacter baumannii. In a

P ost-operative nervous system infections are common
CUmpllC ions of neum\urgery and account for 0.8%-7%
of i i 1C Acinetobacter
baumannii (CRAB) is a common cause of nosocomial menin-
which is a difficult-to-treat nosocomial pathogen because
limited therapeutic options.> CRAB need tailored therapy

according to the susceptibility pattem of the infecting strain.®
The latest Infectious Diseases Society of Amcnc.x gu.dclmm
for the of s and
meningitis recommend polymyxins for Ire.xlmem of cases
infected with carbapenem-resistant Acinetobacter species.*

study evaluating the efficacy of tigecycline in 23 patients with
CRAB meningitis, the overall end of treatment (EOT) success
was 70%.° However, it is not reccommended as a frontline ther-
apy in intracranial infections because of its relatively poor
penetration through the blood-brain barrier.” Nevertheless,
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lhcrc are case reports presel ing IT tigecycline as an alterna-
with its low side-effect profile and high cereb
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response was 2 out of 3 cases in whom microbiological
response could be tested anytime during the IT therapy. Sur-

<pmn| fluid (CSF) 7% Herein, we vival on 30 days after EOT was 1/4 (25%). Details of the
lh.n nmplcmcmmg IT ugcsyclmc as a rescue lhcrapy for cases are summarized below and in Table 1.
coul decrease

success and mortality and we report a series of four cases Case 1

infected with pos ical CRAB ingitis and Diseases D was in a 55-

treated with IT tigecycline, including therapy. year-old male paten, nine days ftra cercbral ancurysm and
lated On

MaterialMethods the day of this consultation, he was recciving meropenem and

This study was performed in an 1800+ bedded tertiary-care for

educational hospital in a 4.500.000+ populated city. We
extracted data and outcomes of all adult (>18 years of age)
patients with culture-proven hospital- Lqulmd CRAB mcnm-
gitis cases treated with IT tigecy

Lumbar drainage was performed because of ventricular dilata-
tion observed in the patient’s follow-up cranial imaging. The
CSF sample sent during lumbar drainage application had

therapy between January 2021 and S:plembcr 2022. Demo-
graphic, clinical, and laboratory findings, pre-disposing fac-
tors, as well as information on response to treatment and
outcome were obtained retrospectively.

A definite diagnosis of meningitis was on the basis of the
isolation of bacteria in at least one CSF culture. Typical CSF
ﬁndmg\ included a leukocytosis (2100 leukocytes/mL), with

of pe cells and classical clin-
|cal mamfcsmuom of meningitis. CDC criteria were used to
define nosocomial meningitis.”'® CSF samples were obtained

voir or puncture of extraventricular drainage tubing. Samples
were mulmcly gcnmfugcd and the pellet was. Gmm \mmcd

Bacteria were d using routine 1 meth-
ods. Identification of the bacteria and determination of antimi-
crobial susceptibility were performed using the VITEK 2
automated system (BioMerieux Inc, Mcrcy L‘elml France)

>1000 y , a glucose level of less than 2 mg/dL,
and a protein lcvcl of 945 mg/dL (Table 1). Gram-negative
bacilli were positive in the Gram staining, so empmcal treat-
ment was arranged with
and gentamicin. The CSF culture resulted in CRAB On !he
second day of the current treatment, IT tigecycline 2*5 mg
was added to the antibacterial rcglmcn On the fourth day of
the current polymyxin E (IV) and treat-
ment were added because of insufficient clinical response.
Although the patient responded to the IT tigecycline treatment
with a fever response on the fifth day, the patient died on day 5
of IT tigecycline, including antimicrobial therapy before another
CSF sample could be obtained. Clinical, microbiological, thera-
peutic, and outcome details of the case are detailed in Table 1.

Case 2

A 77-year-old male patient who underwent surgery for lum-

and conventional methods. For tig the bar disc was being with EVD owing to
FDA clinical inhibitory break the P of hydrocephalus and IVT On
for | Enlembauenmme (2 mg/L, sensitive) were us post-operative day 6, pleocytosis was detected in the CSF sam-

ibility tests were ple related to a CSF fistula and collection in the operation line.
EUCAST."! ) Empirical treatment with cefepime and vancomycin was initi-

During the procedure, the drainage tube was
closed for a duration of 1 hour.
‘We secured written consent from the patients.

Results

A total of four CRAB meningitis patients (two female,
61.3+15.2 years of age) fulfilled our inclusion criteria. At
the time of diagnosis, two s had fever and three had dis-
turbances in the consciousness. Two patients had leukocyto-
whereas one case did not have leukocytosis, but had
poly lear leukocyte i All cases had
CSF pleocytosis (range 150-1000/mm”). CSF protein level
was 542.33 + 360.65 mg/dL, glucose level was 24.33 +
36.96 mg/dL. Infecting strains were CRAB in all. The sus-
ceptibility patterns were carbapenem resistant in all, and
aminoglycoside sensitive in 2 of the 4 cases. All cases had
received at least one extended-spectrum antibiotic in the
previous month for several nosocomial infections. IT tige-
cycline dosage was 5 me q 12h in all cases. All cases
received tigecy ion therapy (two
with polymyxin B, one with polymyxin E, and two with
meropenem), Cerebrospinal fluid tigecycline level was not
known in any case. The rate of successful microbiological

ated upon Discases but

was discontinued on day 4 of treatment owing to deterioration
in renal function and linezolid was started instead. On day 13
of treatment, the repeated CSF culture showed CRAB growth,
and the treatment was changed to meropenem, tigecycline (IV,
IT), and TMP-SMX. However, because of continued growth in
the control CSF culture and progression of CRP, the treatment
was revised to include cefoperazone-sulbactam, rifampicin, ami-
kacin (IV, IT), tigecycline (IV, IT), and TMP-SMX. IT treatment
was stopped on day 14 (on day 24 of overall antimicrobial treat-
ment) owing to no growth in the repeated CSF culture, but the
patient died because of sudden cardiac arrest 4 days after discon-
tinuing IT tigecycline treatment. Clinical, microbiological, thera-
peutic, and outcome details of the case are detailed in Table 1.

Case 3

A 43-year-old female paucnl underwent neurosurgery for
an ancury\m and 1 On follg p, the
patient was di d with and \epllc

shock 8 days after the operation and was treated with merope-
nem and tigecycline. On post-operative day 10, a ventriculo-
peritoneal shunt was inserted. The dose of meropenem was
adjusted to 6*1 g owing to the presence of CRAB growth in
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the CSF culture sent for control purposes during the operation,
and tigecycline treatment was continued.

Because of an increase in pleocytosis in the control CSF
sample sent on day 8 of IV tigecycline treatment, the antibac-
terial regimen was changed to polymyxin B (IV), tigecycline
(IV, IT), and fosfomycin (IV). There was no growth in the
control CSF culture sent on day 4 of the new treatment, and
there was a regression in CSF pleocytosis. However, owing to
CRP progression during follow-up, linezolid was added to the
patient’s treatment. The patient received IT tigecycline treatment
for 12 days, and IT treatment was discontinued owing to no
growth in the repeated control CSF culture. The patient survived
for >1 month after end of therapy. Clinical, microbiological, ther-
apeutic, and outcome details of the case are detailed in Table 1.

Case 4

A 70-year-old female patient who had neurosurgery for an
i ial mass was re-operated on ps y day 7
because of discharge and effusion in the operative site. The
patient was monitored with lumbar drainage. During the
patient’s follow-up, on day 11 with lumbar drainage, CRAB
growth was found in the CSF culture. The patient’s

SANLIDAG ISBILEN ET AL.

success anytime during the IT tigecycline treatment could be
tested in three cases, and two of them (67%) were successful,
whereas the survival rate 30 days post-treatment was 25% (1 out
of 4), aligning with the aforementioned series.®

IT antimicrobials are usually used as alternative and sal-
vage treatment regimen.* IT application bypasc.es the blood
CSF barrier and achieves hi
than IV antimicrobials.'* All the four presemcd cases in this
article received IT tigecycline as salvage therapy.

Experience related to IT tigecycline is limited to single case
reports in the literature. Owing to CRAB meningitis, Li et al.”
initiated IV treatments along with 1*5 mg IT tigecycline and
added IT polymyxin B because of lack of response. They
achieved a positive response with the combination of IT and
IV treatments, resulting in microbiological success at the
EOT. In another case report, Deng etal."* used 4 mg T ugccy-
cline q12h as salvage for a ti
CRAB meningitis. As a result, they achlcvcd mlcmbmloglcn]
response at EOT and the patient survived for at least one
month. Huang et al.'* administered IT tigecycline 1*5 mg as
the primary treatment on the basis of culture results. They
achieved microbiological response at EOT in both s and

was then arranged to include polymyxin B (IV) and tigecy-
cline. However, continued CRAB growth was found in the
CSF culture on day 3 of this regimen, so IT tigecycline was
added to the current treatment. Because the CSF culture
yielded positive results on day 4 of IT treatment, the patient’s
medication was adjusted to a high dose of tigecycline at 2*100
mg. Unfortunately, the patient passed away on day 9 of IT
tigecycline treatment before lhc rcpcalcd CSF culture could
be perfi Clinical, mi ic, and out-
come details of the case are detailed in Table 1.

Discussion

Tigecycline is a broad-spectrum bacteriostatic antibiotic
that is derived from minocycline and is a member of the gly-
cyleycline class. It works by inhibiting bacterial protein trans-
lation, which is achieved by reversible binding to the helical
region in the 30S subunit of bacterial ribosomes. Tigecycline

observed i p during long-t clinical folly
Wang et al.'® used IT tigecycline as 10 mg q12 has a :a]vagc
treatment. This approach resulted in microbiological response
in the CSF and the patient survived for at least one month.

As far as we know, the herein presented four cases are the
most i ion of cases on IT tj i lhcrapy. It
is worth nmmg that all published s.lchlcvcd icrobiologi
cal success, although our own cases had a success rate of only
66% of the three microbiological response-tested cases and
50% of all cases. However, CSF culture could not be per-
formed in the other two patients, and one patient did show a
response in terms of fever reduction. Although there are dif-
ferent recommendations regarding drug dosage, we adminis-
tered 2*5 mg IT tigecycline in all our cases.

The administration of drugs through IT therapy may result
n t such as pain, or
muscle contractions, and weakness. Other potential side
effects may include elevated blood pressure or heart rate,

was to treat pol.
and

blood pressure leading to fainting, temporary facial

that are c.lu\cd by multiple drug-resistant G positi
Gram-negative pathogens.'?

Tigecycline penetration into the CSF is reported to range
between 0% and 52%, depending on the calculation method
used, which makes it a considerable alternative agent in the
treatment of CRAB.'> A multi-center study.® which was per-
formed in Turkey and France, analyzed the clinical outcomes
of 23 CRAB cases treated with tigecycline, including therapy.
During the course of tigecycline therapy, 30% (7 out of 23
cases) died, resulting in an overall EOT success rate of 70%.
EOT microbiological efficacy data were available for 17 cases
with an overall efficacy of 88% (15 out of 17). However, with an
additional 27% of patients ing to other or

on one side of the face, seizures, spinal seizures, and
temporary bladder impairment.'® However, we did not see
any remarkable side effect in any of our cases.

‘What circumstances would make the IT approach superior
to the IV approach for treating CRAB meningitis with IT tige-
cycline? Just like retrospective cohort studies with colistin
have shown,'7? it is possible that the tigecycline clinical out-
comes may be higher with combined IT plus IV tigecycline, ver-
sus IV tigecycline alone. However this needs to be tested in real-
life clinical cases. To our k ledge, no
study has evaluated the efficacy of any IT antibiotic. Therefore,
this comparison might need to be conducted on a retrospective

hospital-acquired infections, the overall clinical success rate
(defined as symptom relief at the end of treatment and survival
one month post-treatment without any relapse or re-infection)
fell to 43%. It is worth noting that 11 (47.8%) of these 23 cases
received tigecycline therapy as a second-line (or more) treatment
and none of these 23 cases was treated with IT tigecycline. From
our patient group presented in this article, microbiological

trol basis. Until more clinical evidence is available, IT
tigecycline may be used as a salvage therapy option.

Our study has several limitations: (1) it is a single-center
retrospective cohort study, (2) the number of cases is limited
to four, (3) CSF tigecycline levels could not be measured,
hence, there is a possibility that the IT dose of tigecycline
might have been suboptimal, and (4) none of the included
cases was performed autopsy, so it is difficult to prove the
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direct causal relationship between day 30 mortality and
CRAB meningitis. However, to our knowledge, this is the
largest dataset related to IT tigecycline.

In conclusion, although IT tigecycline treatment may result in
microbiological response, 1-month mortality was relatively low. To
fully understand the impact of IT tigecycline on clinical outcomes,
it is necessary to conduct further studies. These should include a
larger patient pool and involve determining CSF tigecycline levels
with a more frequent CSF analysis. Such studies may help us to bet-
ter understand the potential benefits of this treatment option, perhaps
not as a last-line salvage treatment, but as an carlier treatment.
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