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A B S T R A C T   

Background: Infections with multidrug resistant Acinetobacter baumannii in immunocompromised patients are 
life-threatening. Therapeutic options are rare in this context, but patients are dependent on an effective antibiotic 
therapy. Thus, new antibiotic strategies are deemed necessary. 
Case presentation: This case report recounts the therapeutic drug monitoring-guided meropenem therapy of a 32 
years old patient admitted with acute exacerbation of cystic fibrosis. Veno-venous extracorporeal membrane 
oxygenation was initiated on the first day of admission to the intensive care unit. The patient showed insufficient 
serum trough levels of meropenem despite the maximum approved dose (2g every 8h) was administered which 
was due to augmented renal clearance. Through continuous infusion of the same cumulative dose, target levels 
were reached. On day 17 of admission, the patient underwent successful double-lung-transplant surgery and 
extracorporeal membrane oxygenation was ended. Unfortunately, the donor’s lung was colonized with a 
multidrug resistant Acinetobacter baumannii that was positive for OXA-23 carbapenemase. Hence a combination 
therapy of intravenous sulbactam, tigecycline, meropenem and inhalative colistin was established, with a known 
minimal inhibitory concentration for meropenem of 32 mg/l. Under continuous infusion of 8 g meropenem/day, 
serum levels exceeded 32 mg/l over 12 days. The patient was transferred from the intensive care unit to a general 
ward without any signs of infection. 
Conclusions: Therapeutic drug monitoring-guided meropenem may be a sound new therapeutic option in erad
icating multidrug resistant Acinetobacter and offer a novel therapeutic option in the field of personalized 
medicine.   

1. Background 

Infections with multi-drug resistant (MDR) Acinetobacter baumannii 
(A. baumannii) are associated with high mortality rates in lung trans
plant patients [1]. A risk factor for these infections is the colonization of 
the donor’s lung, which is the most likely source of infection for patients 
undergoing transplantation [2]. The recovery of the immunocompro
mised organ recipient is then dependent on an effective antibiotic 
therapy. 

Standard dosing of antibiotics in intensive-care-unit (ICU) patients 
runs the risk of low serum concentrations due to altered physiological 
conditions such as augmented renal clearance (ARC) and increased 
volume of distribution [3]. Low serum-concentrations in combination 
with multiresistant bacteria at a higher than normal minimal inhibitory 

concentrations (MIC) lead to subtherapeutic antibiotic exposure, with 
the consequence of treatment failure and the selection of more resistant 
pathogens. As such, standard dosing would be an inadequate strategy in 
this setting [4]. There are limited treatment options for MDR A. bau
mannii infections and inappropriate initial therapy is associated with 
increased mortality. Novel antibiotics and combination therapy of 
existing drugs are deemed necessary in this context [5]. 

In this case report we describe a modern therapeutic drug monitoring 
(TDM)-guided meropenem therapy to achieve effective target levels for 
MDR A. baumannii in a patient undergoing lung transplantation. 

2. Case presentation 

A 32 years old patient was admitted to our ICU with the diagnosis of 
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pulmonary exacerbation and known cystic fibrosis. The patient was 
colonized with a multidrug resistant Pseudomonas aeruginosa and he 
received anti-infective therapy with intravenous cefepime, which was 
switched to meropenem at day 4. 

First lab results showed normal values except an elevated creatinine 
clearance (ClCr) of 156 ml/min and CRP of 17.7 mg/dl (normal 
range < 0.5 mg/dl). 

The patient decompensated under non-invasive CPAP/ASB-ventila
tion within the first 24 hours. Consequently, he was cannulated with a 
31F single-needle veno-venous ECMO under general anesthesia as part 
of a “bridge-to-transplant” concept. On day 17, the patient was allocated 
a lung and the ECMO therapy was finished on the first postoperative day. 

The serum level of meropenem was monitored daily. Initially, an 
intermittent i.v. dosing regimen of meropenem (2g every 8 hours) was 
applied resulting in low serum trough concentrations of 1.22–2.13 mg/l. 
The dosage regimen was then switched to continuous infusion of 6 g 
meropenem daily resulting in appropriate serum levels of 17.3–23.2 
mg/l and stable ClCr values. 

The first microbiological results of the donor’s lungs were positive 
for MDR A. baumannii carrying an OXA-23 carbapenemase with MIC 
levels of 156 mg/l for sulbactam, 1 mg/l for tigecycline, 32 mg/l for 
meropenem and 3 mg/l for rifampicin, respectively. All other antibiotics 
tested, including polymyxins and cotrimoxazole, showed even higher 
resistance levels. 

Lacking alternative options and facing the high risk of serious 
infection of the transplanted lung with MDR A. baumannii in an immu
nocompromised patient, high dose sulbactam, high dose tigecycline and 
TDM-guided meropenem were initiated based on test results. Mer
openem was infused continuously with 8g/d leading to an average 
serum concentration of 39.6 mg/l (see Fig. 1). Colistin p.i. was admin
istered as prophylaxis for further infections according to our standard 
protocol, if the donor organ hails from a country with high risk of MDR- 
pathogen colonization. 

Antibiotic therapy was stopped on day 33 and the patient was 
transferred from the ICU to a general ward without any signs of 
infection. 

3. Discussion 

In this case report pharmacokinetic/pharmacodynamics (PK/PD) 
optimization of high-dose TDM-guided continuous-infusion of mer
openem revealed a rational and effective approach in the treatment of 
MDR A. baumannii. 

There is no clear evidence for the best therapeutic regimen for pa
tients colonized with MDR A. baumannii. The German S2k guidelines 
recommend a combination therapy with tigecycline and colistin in 
carbapenem-resistant A. baumannii and due to lack of data provides no 
recommendation regarding a continuous carbapenem infusion in 
carbapenem-resistant bacteria [6]. The antibiotic regimen chosen in our 
case was a combination of tigecycline, sulbactam and TDM-guided high 
dose meropenem as continuous infusion. 

3.1. Pharmacokinetic alterations by ECMO 

The extent of pharmacokinetic changes caused by ECMO therapy is 
not conclusively known and specific dosage guidelines for ECMO pa
tients are lacking. ECMO-related physiological changes such as systemic 
inflammatory response syndrome (SIRS) seem to be responsible for an 
increased volume of distribution especially in hydrophilic substances 
such as meropenem [7]. In a study by Shekar et al. on eleven ECMO 
patients, the increased volume of distribution was compensated by 
reduced clearance [8]. Exactly the opposite occurred in this case, since 
an ARC, which is common in young critically ill patients, was present 
[9]. This constellation led to very low serum concentrations with an 
intermittent dosing regimen even when the maximum approved dose 
was administered. Avoidance of insufficient concentrations could only 
be achieved by TDM guided continuous infusion. We therefore recom
mend in accordance with a recently published study on 44 patients with 
ECMO therapy a regular TDM in ECMO patients with good renal func
tion to avoid insufficient serum levels and to use alternative dosing 
regimens such as continuous infusion [10]. 

Fig. 1. Timeline of the case. On the right, meropenem serum concentrations are shown from day 5 to day 33. The potential MIC (EUCAST) of the relevant pathogen 
Pseudomonas aeruginosa before transplantation is marked with the horizontal line at 2 mg/l. Through intermittent infusion, none of values exceeded the reference 
line. Only continuous infusion achieved sufficient Css serum levels. On day 17, the regimen was switched to 8g/day due to the new relevant pathogen Acinetobacter 
baumannii and higher target serum levels. 
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3.2. Effectiveness of tigecycline, sulbactam and colistin 

The off-label use of tigecycline to treat pulmonary infections is 
regarded with skepticism in the literature since the concentrations found 
in epithelial lining fluids are low [11]. Nevertheless, when administered 
to treat pulmonary infections, a high dose regimen is recommended by 
the guidelines [6]. In this case, the patient received a likely effective 
high-dose tigecycline therapy with a MIC of 1 mg/l. 

High dose sulbactam is described to be effective in the therapy of 
MDR-A. baumannii infections [12]. A case series of 22 patients showed 
that there is no correlation between the MIC and the clinical cure rate 
under sulbactam-therapy in a MIC range of 2.0–32 mg/l [13]. But a 
mechanism that might cause sulbactam-resistance in A. baumannii iso
lates is the OXA-23 carbapenemase [14]. As a MIC of 156 mg/l is 
extremely high and the isolate was equipped with a potentially powerful 
resistance mechanism, the effectiveness of sulbactam therapy in this 
patient remains elusive. 

For colistin there is described synergistic effect with meropenem 
[15]. Given a MIC of > 8mg/l of the tested A. baumannii strain against 
colistin a strong effect is unlikely. 

3.3. Effectiveness of high dose meropenem 

There is, to the best of our knowledge, no published data examining a 
TDM-guided high dose meropenem therapy in MDR-A. baumannii in
fections, but there are indications hinting at its effectiveness. Lenhard 
et al. showed in time kill curves and a hollow fiber infection model a 
meropenem-dose dependent killing rate of carbapenem resistant A. 
baumannii strains. These strains were partly equipped with an OXA-23- 
carbapenemase. An intensified meropenem dose alone did not kill off 
carbapenem resistant A. baumannii strains, but there was a dose 
dependent effect when meropenem was administered in combination 
with colistin. The doses needed to optimize the killing rates were above 
the maximum approved dose of 2g every 8h. The author concluded that 
a dose increase in meropenem could boost the likelihood of bacterial 
eradication in carbapenem resistant A. baumannii infections [16]. Pea 
et al. described a high-dose TDM-guided continuous meropenem infu
sion in 13 cases of KPC-Klebsiella pneumonia isolates with a MIC of 16–64 
mg/l for meropenem. Reaching the target PK/PD-Indices for mer
openem was the most relevant index of clinical success, although this 
was with combination therapy. Neither the actual MIC nor the number 
of active antimicrobial agents had a significant impact on the clinical 
outcome. The authors suggested the implementation of high-dose mer
openem as combination therapy in treating KPC-Klebsiella pneumonia 
whenever it is possible to achieve relevant PK/PD-indices [17]. We are 
describing, for the first time here, the use of TDM-guided continuous 
meropenem infusion for A. baumannii with very high MICs. 

4. Conclusions  

1) TDM is essential for patients with ARC undergoing ECMO-therapy. 
Alternative dosage regimens such as continuous infusion can avoid 
subtherapeutic levels.  

2) TDM-guided high-dose meropenem offers a novel therapeutic option 
in the field of personalized medicine for the treatment of MDR-A. 
baumannii that is not reported to date. 

3) In an urgent race to promote the use of rational anti-infective ther
apy, TDM-guided meropenem may be a sound new therapeutic op
tion in eradicating MDR bacteria. 
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ICU intensive care unit 
ARC augmented renal clearance 
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