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Intravenous plus intraventricular tigecycline-
amikacin therapy for the treatment of carbapenem-
resistant Klebsiella pneumoniae ventriculitis
A case report
Jiyao Li, MMed*  , Yiguo Liu, BPharm, Guangtao Wu, BPharm, Hongyan Wang, BPharm, Xiaoyan Xu, BPharm

Abstract 
Rationale: Central nervous system infections (CNSIs) are one of the most serious complications after neurosurgery, especially 
carbapenem-resistant bacterial meningitis. Owing to the poor blood-brain barrier permeability of most antibiotics, the treatment of 
CNSIs by intraventricular (IVT) administration is becoming a hot topic in clinical research. Currently, the treatment of CNSIs caused 
by carbapenem-resistant Klebsiella pneumoniae is mainly based on intraventricular injection of an antibiotic combined with one 
or more other systemic intravenous (IV) antibiotics, whereas there are few case reports of intraventricular injection of 2 antibiotics.

Patient concerns: A 57-year-old man with an open craniocerebral injury presented with dyspnea, high fever, and seizures 
associated with surgery.

Diagnosis: Intracranial infection caused by carbapenem-resistant K. pneumoniae was diagnosed.

Interventions: On the advice of a clinical pharmacist, the patient was given tigecycline (100 mg IV + 3 mg IVT q12h) combined 
with amikacin (0.8 g IV + 30 mg IVT qd) antiinfective therapy. Ultimately, the pathogens in the cerebrospinal fluid were eradicated 
after 7 days, and the CNSIs were completely cured after 14 days.

Outcomes: The patient recovered and was discharged from the hospital without adverse reactions.

Lessons: A series of in vitro and in vivo synergy tests of carbapenem-resistant K. pneumoniae showed that tigecycline combined 
with aminoglycosides had good synergistic effects and effectively suppressed bacterial resistance selection. Intravenous plus 
intraventricular tigecycline-amikacin seems to be a safe and effective treatment option for carbapenem-resistant K. pneumoniae 
CNSIs.

Abbreviations: CNSIs = Central nervous system infections, CRKP = Carbapenem-resistant K. pneumoniae, IVT = intraventricular, 
CSF = cerebrospinal fluid, IV = intravenous, LMR = leukocyte multinucleate ratio, MIC = minimal inhibitory concentration, PCT = 
procalcitonin, WBC = white blood cell.

Keywords: Carbapenem-resistant Klebsiella pneumoniae, tigecycline, amikacin, intraventricular, central nervous system infections.

1. Introduction

Central nervous system infections (CNSIs) caused by gram-neg-
ative bacteria are one of the most serious complications of 
craniocerebral surgery and significantly affect the prognosis.[1] 
In recent years, multidrug-resistant Enterobacteriaceae, espe-
cially K. pneumoniae, have emerged with the increasing use of 
broad-spectrum antibacterial agents. To make matters worse, 
the carbapenem-resistant K. pneumoniae (CRKP) is prevalent 
in patients with nosocomial infections in the United States, 
China, Colombia, Brazil, Argentina and a few European 
countries.[2] According to data from the China Antimicrobial 
Surveillance Network (CHINET), the resistance rates of 

K. pneumoniae to meropenem and imipenem rapidly increased 
from 2.9 and 3.0% in 2005 to 27.1 and 25.5% in 2021, 
respectively. The treatment of CNSIs caused by CRKP is a dif-
ficult problem for clinicians, for the following reasons:[2,3] (1) 
K. pneumoniae carbapenemase can effectively hydrolyze most 
β-lactams including carbapenems; (2) CRKP is generally only 
susceptible to a few antibiotics, including colistin, tigecycline, 
ceftazidime/avibactam and one or more aminoglycosides; (3) 
it is difficult for most drugs to reach the minimal inhibitory 
concentration (MIC) in the cerebrospinal fluid (CSF) because 
of the low penetration of the blood-brain barrier. To  over-
come these disadvantages, many cases and clinical studies 
have attempted to treat CNSIs caused by multidrug-resistant 
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bacteria using intraventricular (IVT) injections of antibiotics 
to increase drug concentrations in the CSF. Here, we describe 
a case of CRKP intracranial infection after neurosurgery, that 
was successfully treated with intravenous (IV) plus IVT tige-
cycline-amikacin therapy with the participation of clinical 
pharmacists.

2. Case Report
A 57-year-old man underwent hematoma removal from an epi-
dural and subdural and skull depression fracture repair plus 
debridement suture because of an open craniocerebral injury. 
An epidural drain was inserted. After the operation, vanco-
mycin 1g q12h IV was administered empirically due to severe 
contamination from a head skin laceration. On hospital day 8, 
the patient presented with dyspnea, high fever (peak at 39.5℃) 
and seizures associated. A computed tomography scan of the 
chest and head showed obvious exudative lesions in both 
lower lungs with atelectasis, multiple cerebral contusions and 
laceration, paranasal sinus effusion, and local edema in left 
frontal lobe. The patient was diagnosed with pneumonia and 
a highly suspected intracranial infection. On hospital day 9, 
the white blood cell count (WBC) increased to 30.29 × 109/L, 
C-reactive protein was 200 mg/L and procalcitonin (PCT) 
was 2.26 ng/mL. Lumbar CSF showed white blood cell count 
was 885 × 106/L, leukocyte multinucleate ratio (LMR) was 
97.7%, protein was 281.7mg/dL, glucose was 0.17 mmol/L 
and the simultaneous blood glucose level was 14.68 mmol/L 
(Table 1). In the meantime, Preliminary Gram staining showed 
gram-negative rods in the CSF and sputum. Empirical IV 
meropenem 2 g q8h and cefoperazone-sulbactam sodium(2:1) 
3 g q8h were used for the treatment of pneumonia and intra-
cranial infections. On hospital day 10, sputum culture revealed 
CRKP which was only sensitive to tigecycline, amikacin and 
gentamicin (Table 2). After consultation with clinical pharma-
cists and considering the patient history of CSF leakage, it was 
believed that the pathogenic bacteria of the lung and intracra-
nial infection were homologous. With the informed consent of 
the patient’s family, an right extraventricular drain was placed 
and the antibiotics were adjusted to tigecycline (100 mg IV + 
3 mg IVT q12h) + amikacin (0.8 g IV + 30 mg IVT qd). IVT 
antibiotics were administered as follows: 100 mg tigecycline 
was dissolved in 100 mL normal saline and 3 ml diluted solu-
tion was slowly injected through the extraventricular drain. 
Subsequently, 30 mg amikacin was injected in the same man-
ner. Finally, the ventricular drain was closed for 2 hours to 
prevent early antibiotic outflow. On hospital day 11, CSF cul-
ture also indicated CRKP. After 14 days of dual IVT therapy, 
the CSF culture from hospital day 17 was negative and the 
levels of white blood cells, glucose, and chlorine tended to be 
normal. IVT tigecycline + amikacin was discontinued, and the 
extraventricular drain was removed on hospital day 23. IV 
antibiotics continued to be used because on hospital day 19, 
the patient’s left eyebrow arch skin was torn with purulent 
secretions. On hospital day 22, the secretion culture implied 
an multidrug-resistant K. pneumoniae infection that was sen-
sitive to tigecycline, amikacin, and imipenem. In addition, the 
subcutaneous secretions were repeatedly washed with normal 

saline every day, but the patient’s body temperature did not 
significantly improve (approximately 37.5°C), and the secre-
tions continued to increase. On hospital day 24, according to 
the advice of the clinical pharmacist, the patient underwent 
debridement of the scalp infection and implant removal. The 
postoperative antibiotics were changed to imipenem and cilas-
tatin sodium 2 g q8h IV + amikacin 0.8 g qd IV. Three days 
later, the skin wound healed well without exudation and a 
daily CSF examination showed no significant abnormalities. 
Unfortunately, the patient again reported increased sputum 
volume and elevated infection indicators (WBC, 21.44 × 109/L; 
PCT, 1.46 ng/mL), which was suspected to be a new pneumonia 
infection. On hospital day 29, the sputum culture from hospi-
tal day 26 revealed a mixed infection of multidrug-resistant 
K. pneumoniae and P. aeruginosa. Based on the results of the 
drug sensitivity test, amikacin was adjusted to ciprofloxacin 
0.4 g q8h IV. Seven days later, the patient’s body temperature 
and infection indicators returned to normal levels. Meanwhile, 
3 consecutive sputum cultures from hospital day 29 yielded 
negative results. Eventually, the patient’s intracranial, skin soft 
tissue, and lung infections were all cured. On hospital day 38, 
the patient was transferred to the general ward for functional 
recovery. No side effects were observed during the dual IVT 
antibiotic therapy. Continued 6-month-follow-up showed no 
recurrence and the patient was able to walk slowly on his own.

3. Discussion
In recent years, CNSIs caused by multidrug-resistant A. bau-
mannii and K. pneumoniae after neurosurgery have been 
reported continuously, which have caused serious global health 
problems. Due to the poor permeability of blood-brain barrier 
and lack of sensitivity of most drugs, IVT antibiotics therapy for 
intracranial infections becomes a hot topic. The 2017 Infectious 
Diseases Society of America’s Clinical Practice Guidelines for 
Healthcare-associated Ventriculitis and Meningitis support the 
use of IVT antimicrobials for the treatment of difficult-to-eradi-
cate or multidrug-resistant CSF infections.[5] Nowadays, a series 
of clinical studies revealed that IVT colistin can successfully treat 
patients with extremely drug-resistant A. baumannii meningitis/
ventriculitis.[5,6]Nevertheless, the neurotoxicity[7]of intraventric-
ular injection of colistin (as high as 21.7%) and the heteroge-
neous resistance[8] to colistin monotherapy have restricted its 
further application.

Tigecycline is the first novel semisynthetic antimicrobial 
agent of glycylclines, which blocks t-RNA from entering 
ribosome site A by reversibly binding to the bacterial ribo-
some 30S subunit, resulting in inhibition of bacterial pro-
tein synthesis and bacterial growth. In addition, tegecycline 
effectively avoids the 2 genetic mechanisms of tetracycline 
resistance (efflux and ribosomal protection), by adding a gly-
cyclamide moiety to the 9-position of minocycline, further 
expanding the broad-spectrum antibacterial activity of tet-
racycline.[9] In vitro, tigecycline showed strong antibacterial 
activity against a variety of drug-resistant bacteria, including 
CRKP.[9,10] The 2020 CHINET data showed that tigecycline 
was 90.9% sensitive to 8858 CRKP strains. Unfortunately, 
tegecycline also has poor CSF penetration and has not been 

Table 1 

Laboratory tests for CSF in the period of treatment.

Date 
Hospital  

day 5 
Hospital  

day 9 
Hospital  
day 13 

Hospital  
day 15 

Hospital  
day 18 

Hospital  
day 21 

Hospital  
day 25 

Hospital  
day 33 

Hospital  
day 41 

Hospital 
day 65 

WBC(× 106/L) 2 885 836 1078 185 68 30 29 61 77
LMR (%) 50 97.7 77.9 91.4 91.9 82.3 23.4 17.2 22.9 5.2
Glucose (mmol/L) 4.96 0.17 4.00 5.11 4.60 3.33 3.34 2.97 3.03 3.12
Protein (mg/dL) 18.1 281.7 90.9 134.6 60.1 102.8 64.8 89.1 103.2 104.0
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approved by the FDA for CNSIs. A study on the drug con-
centration distribution of tigecycline in different tissues after 
a single dose of 100 mg in healthy adults showed that the 
ratio of CSF to serum AUC was only 0.11.[11]This is similar 
to the results obtained by Munyeza et al[12] to quantitatively 
determine the tigecycline content in rat brain tissue by liquid 
chromatography-tandem mass spectrometry (LC-MS/MS). A 
series of studies by Dandache et al[13], Lengerke et al[14], Ray 
et al,[15]and Pallotto et al[16]further showed that even in the 
presence of meningitis, the drug concentration of tigecycline 
in the CSF was still far lower than the MIC of pathogens. 
However, Mei et al[17] reported a case of multidrug-resistant 
K. pneumoniae treated with IVT tigecycline, and the concen-
tration of tigecycline in CSF was determined to be 17400–
26400 ng/mL by LC-MS/MS, and the ratio of CSF to serum 
AUC calculated by the noncompartmental model was 48.9. 
Similarly, Wu et al[18] reported a case of multidrug-resistant 
K. pneumoniae meningitis treated with 3 different doses of 
tigecycline (49 mg IV + 1mg IVT q12h, 45 mg IV + 5mg IVT 
q12h, and 40 mg IV + 10 mg IVT q12h), and the trough con-
centrations of tigecycline in CSF measured by LC-MS/MS 
were 0.313, 1.29, and 2.886 mg/L, respectively. The optimal 
trough concentration was obtained at the highest IVT tige-
cycline dosage, which was higher than the MIC (2 mg/L) of 
the pathogen. Soto-Hernández et al[19] reported a case of IVT 
tigecycline for the treatment of multidrug-resistant Klebsiella 
oxytogenogen ventriculitis. Two hours after administration, 
the Cmax of tigecycline in CSF was 178.9–310.1 mg/L by 
liquid chromatography-ultraviolet detection. Even after 6 
hours, the drug concentration of tigecycline in CSF can still 
reach 35.4–41.3 mg/L, which is 15–20 times higher than the 
MIC (2 mg/L) of the pathogen. All 3 patients with CNSIs 
were cured without adverse reactions. Based on the current 
research, IVT antibiotics can significantly increase the drug 
concentration in the CSF, which is more conducive to the 
control of CNSIs.

The clinical efficacy of tigecycline monotherapy is not opti-
mal for CRKP. To improve bacterial killing and inhibit the 
emergence of resistant strains, antibiotic combination ther-
apy is recommended for the treatment of CRKP infections.[20] 
However, the optimal combination of antibiotics for the treat-
ment of CRKP infection is still unknown, and the common 
combination regimen is tigecycline + colistin, tigecycline + 
aminoglycoside or tigecycline + carbapenes (MIC ≤ 8mg/L). 

At present, the treatment of CNSIs caused by CRKP is mainly 
based on intraventricular injection of an antibiotic combined 
with one or more other systemic intravenous antibiotics,[18,21–23] 
whereas there are few case reports of intraventricular injec-
tion of 2 antibiotics. Tsolaki et al[24] reported 3 cases of CNSIs 
caused by extremely drug-resistant bacteria (one case was 
CRKP) successfully treated with combined IVT colistin and 
tigecycline, after the initial regimen of colistin administered 
alone through both IVT and IV routes had failed. The report 
shows that compared with IVT single colistin, combined 
administration is conducive to rapid microbial clearance and 
clinical improvement. Similarly, Nevrekar et al[25] also reported 
the case of a patient with CRKP ventriculitis who underwent 
microbiological eradication with combination IVT antimicro-
bial therapy consisting of colistin and gentamicin plus systemic 
antimicrobials. In addition, a series of in vitro and in vivo syn-
ergistic tests[26–28] of CRKP showed that tigecycline combined 
with aminoglycosides had good synergistic effects. Synergistic 
experiments by Ni et al[29,30]further showed that compared 
with the colistin-tigecycline and colistin-aminoglycosides com-
binations, the tigecycline-aminoglycosides combination could 
effectively suppress the resistance selection in K. pneumoniae.

Based on the pharmacokinetics of tigecycline in CSF and in 
vivo and in vitro synergies of tigecycline on CRKP, the patient 
had a homologous CRKP infection of the lung and central ner-
vous system. The patient was administered IV plus IVT tigecy-
cline-amikacin antiinfective therapy for the first time. However, 
there is no uniform standard dose of IVT tigecycline. In this 
case, we administered intraventricular tigecycline 3 mg q12h 
because in previous reports, pathogens in the CSF were diffi-
cult to remove when low doses were administered.[24,31] Based on 
a systematic review of intraventricular aminoglycoside drugs, 
intraventricular amikacin 30 mg daily was administered.[32] 
Ultimately, the patient was treated with dual IVT combined 
with IV administration, the pathogenic bacteria in the CSF were 
eradicated after 7 days, and the CNSIs were completely cured 
after 14 days.

In conclusion, a man with CNSIs caused by CRKP was suc-
cessfully treated with intravenous plus intraventricular tega-
cycline-amikacin. Therefore, intravenous plus intraventricular 
tigecycline-amikacin seems to be a safe and effective treatment 
for CNSIs. However, this report is only one case, and multicenter 
randomized studies are needed to demonstrate the efficacy and 
safety of dual intraventricular administration in patients.

Table 2 

Antibiotics susceptibility tests for Klebsiella pneumoniae.

MIC (mg/L): susceptibility interpretation*

Drug   
Hospital day 10; 
source: sputum 

Hospital day 11; 
source: CSF 

Hospital day 18; 
source: CSF 

Amoxicillin/Clavulanate ≥32: Resistant ≥32: Resistant ≥32: Resistant
Piperacillin/Tazobactam ≥128: Resistant ≥128: Resistant ≥128: Resistant
Cefuroxime ≥64: Resistant ≥64: Resistant ≥64: Resistant
Cefoxitin ≥64: Resistant ≥64: Resistant ≥64: Resistant
Ceftazidime ≥64: Resistant ≥64: Resistant ≥64: Resistant
Ceftriaxone ≥64: Resistant ≥64: Resistant ≥64: Resistant
Cefoperazone/Sulbactam ≥64: Resistant ≥64: Resistant ≥64: Resistant
Cefepime ≥32: Resistant ≥32: Resistant ≥32: Resistant
Ertapenem ≥8: Resistant ≥8: Resistant ≥8: Resistant
Imipenem ≥16: Resistant ≥16: Resistant ≥16: Resistant
Amikacin ≤2: Susceptible ≤2: Susceptible ≤2: Susceptible
Gentamicin 17mm: Susceptible (K-B) 16mm: Susceptible (K-B) 20mm: Susceptible (K-B)
Levofloxacin ≥8: Resistant ≥8: Resistant ≥8: Resistant
Tigecycline 2: Susceptible 2: Susceptible 2: Susceptible
Trimethoprim/Sulfonamide ≥320: Resistant ≥320: Resistant ≥320: Resistant
Ceftazidime/avibactam 17mm: Resistant (K-B) 17mm: Resistant (K-B) 19mm: Resistant (K-B)

K-B = Kirby-Bauer disk diffusion method. 
*Report time of the drug sensitivity test.
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