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Anti-infective preparations are extremely important medicinal preparations for control of 

bacterial infections. Intensive administration of antibiotics from the middle of the XX century 

allowed to save lives for millions of patients with serious infectious diseases. After introduction 

of anti-infective preparations in practical medicine, they started to be considered as the 

medicines, which were able to work like magic. And indeed, earlier often lethal pneumonia, 

purulent meningitis, sepsis and tuberculosis had been successfully treated by means of the very 

first antibiotics – benzylpenicillin and streptomycin. With the application of this group of 

preparations, major surgical interventions became rather safe procedures, and oncohematological 

patients had an opportunity to endure agranulocytosis periods due to chemotherapy. 

However, microorganisms also continued to evolve, quickly developing new mechanisms of 

resistance to anti-infective drugs, which are constantly appearing in clinical practice. So, in 6 

years after the beginning of administration of benzylpenicillin in 1943, up to 60% penicillin-

resistant Staphylococcus aureus were registered in British hospitals [1]. And if today we have 

highly active antibiotics for the treatment of majority of community-acquired bacterial 

infections, things are much worse with nosocomial infections. It must be admitted that we are 

rapidly losing in control of nosocomial multi drug-resistant microflora, getting closer to a 

threshold of "preantibiotic age" [2, 3]. 

The American society of infectious diseases determined 6 key problem nosocomial pathogens 

from the perspective of excessive incidence in hospitals and multiple resistance to antibiotics, 

among which Pseudomonas aeruginosa, Acinetobacter baumannii, methicillinum-resistance 

Staphylococcus aureus (MRSA), Vancomycinum-resistance Enterococcus faecium and 

producing extended-spectrum beta-lactamases of enterobacteria (mainly Escherichia coli and 

Klebsiella spp.) [4]. In regard to resistant gram-positive microorganisms, we have a specific 

range of antibiotics which still safe the high activity (vancomycin, linezolid, daptomycin, 

tigecycline). In regard to the infections, caused by gram-negative nonfermentable pathogens, the 

range of preparations is considerably limited [5]. Specifically, it concerns Pseudomonas 

aeruginosa, which isolates can show sensitivity only to a last-resort preparation – polymyxin E 

(colistin). 

Pseudomonas aeruginosa is a gram-negative bacterium, extremely unpretentious to living 

conditions. It has multiple factors of patogenicity, is naturally resistant to a number of widely 

applicable antibiotics (for example, to natural and semi-synthetic penicillin without 

antipseudomonal activity, to macrolides, tetracyclines, chloramphenicol, co-trimoxazole, etc.), 

also causes infections mainly in seriously ill and immunocompromised patients [6]. This 

microorganism is characterized by ubiquitous distribution in environment, especially in places of 

moisture accumulation, which is evolved from soil, water and plants [7]. In hospital 

environment, Pseudomonas aeruginosa is capable to colonize the wet sites of patient's body 

(perineum, armpits, helix, mucous tunic of the nose, oral pharynx, gastrointestinal tract) [8]. On 

average, the frequency of colonization of the hospital patients varies from 2.6 to 24.0%, 

considerably increasing with underlying antibacterial therapy, which is carried out to the patients 
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[9, 10]. However, colonization by Pseudomonas aeruginosa of objects surfaces of the hospital 

environment and the medical and diagnostic inventory used, as well as skin, mucous and uniform 

of the medical personnel, is the most significant. So, according to the data of Agodi et al., the 

exogenetic source is the reason of, at least, 59.5% of colonizations and infections caused by 

Pseudomonas aeruginosa in the patients of ICU department [11]. 

Owing to the widespread occurrence in the hospital environment and to the constant influence of 

antibiotics and disinfectants ("selective pressing"), today, nosocomial isolates of Pseudomonas 

aeruginosa demonstrate practically all known mechanisms of resistance to anti-infective 

preparations [12]. It creates considerable difficulties in the choice of adequate empirical therapy 

of a multi drug-resistant pseudomonas infection, leading to the growth of lethality, increase in 

the duration of hospitalization, multiple invasive medical and diagnostic interventions and 

economic losses [13-16]. 

Isolates of Pseudomonas aeruginosa are multi drug-resistant, if they show resistance to at least 

one anti-infective drug in 3 and more categories of antibiotics, excessively resistant, if there is 

resistance to at least 1 preparation in all categories, except for one or two, and panresistant, if the 

isolate shows resistance to all antibiotics in all categories of antimicrobial agents [17]. In this 

publication, we will analyze the possibilities of antibacterial therapy of multi drug-, and 

excessively resistant infections caused by Pseudomonas aeruginosa. 

1. The choice of anti-infective drug. 

The choice of anti-infective drug for empirical therapy of nosocomial pseudomonas infection 

should be based on consideration of the data of regional and local antibiotic resistance of the 

activator, as well as the presence of risk factors of infection with multi drug-resistant activators 

in patient. 

Risk factors of infection contamination by multi drug resistant isolates of Pseudomonas 

aeruginosa considerably vary depending on the studied cohort of patients and peculiarities of 

infection control system functioning in hospitals. According to the data of the conducted 

researches, the following risk factors have been most commonly met: patient's history of 

administration of anti-infective drugs in the next 2 weeks – 6 months, presence of 

colonization/infection by Pseudomonas aeruginosa in the next 6-12 months, hospitalization 

duration, location in the ICU, artificial pulmonary ventilation, use of urinary catheters, high mark 

according to the APACHE II scale, presence of oncohematological diseases, secondary 

immunodeficiencies of any genesis, etc. [14, 18-20].    

It should be noted, that in case of dominance in particular hospital of multi drug resistant forms 

of Pseudomonas aeruginosa, the empirical choice of anti-infective preparation is extremely 

difficult, as this activator is capable to demonstrate the most unpredictable phenotypes of 

resistance. In this case, the special importance is obtained by the local microbiological 

monitoring of distribution of resistant isolates of the activator. For example, according to the 

Russian multicenter research REVENGE, carried out in 2006-2007, the resistance of 

Pseudomonas aeruginosa to ceftazidime was 63.4%, to ciprofloxacin - 70.0%, to gentamycin - 

75.9%, to amikacin - 54.6%, to imipenem - 55.9%, to meropenem – 56.1%. In the Republic of 

Belarus of 116 isolates of Pseudomonas aeruginosa, isolated in multi-speciality hospitals of 

Minsk in 2011-2012, the resistance to ceftazidime was demonstrated by 62.9%, to ciprofloxacin 

- 96.6%, to gentamycin and amikacin – 87.9% and 88.8%, respectively, to imipenem – 67.2%, to 

meropenem – 58.6% of strains. In 36.2% insensitivity to all 6 analyzed antibiotics (excessively 

resistant strains) was noted. There were no P.aeruginosa isolates, resistant to polymyxins (in-

house data). Therefore, according to the monitoring data of antibiotic resistance of P.aeruginosa 
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in hospitals of Russia and Belarus, it is unreasonable to use for the purpose of empirical therapy 

of nosocomial pseudomonas infection, fluoroquinolones and aminoglycosides. Carbapenems and 

cephalosporins of the III-IV generation with antipseudomonal activity (ceftazidime, 

cefoperazone and cefoperazone/sulbactam, cefepime), taking into account a high level of 

resistance to them in vitro, can be administered only after microbiologically evidenced 

sensitivity of the activator to these preparations. Polymyxin E (colistin) is a highly active 

preparation in relation to Pseudomonas aeruginosa (though not a first-line drug) and should be 

used as "salvage therapy" of seriously ill patients with excessively resistant pseudomonas 

infection. 

For the clinical microbiologist and the clinician it is important to keep in mind the spontaneous 

resistance of P.aeruginosa to a number of antibiotics, therefore, it is reasonable to determine 

sensitivity in vitro and to choose the antibiotic only from the preparations listed in the Table 1. 

The analysis of sensitivity of isolates of Pseudomonas aeruginosa is recommended to be carry 

out necessarily in relation to each of carbapenems (imipenem, meropenem and doripenem), as 

well as in relation to each of aminoglycosides (gentamycin, tobramycin, amikacin) 

simultaneously, taking into account the different mechanisms of resistance, affecting resistance 

to these antibiotics. 

The minimum list of antibacterial preparations for the investigation of antibiotic resistance of 

P.aeruginosa in vitro should include ceftazidime, ciprofloxacin, gentamycin, amikacin, 

imipenem, meropenem, doripenem, as it allows to reveal the most frequently met phenotypes of 

resistance of the activator. For example, among the isolates of Pseudomonas aeruginosa 

investigated by us, in 18.1% of cases the resistance phenotype at which the microorganism saved 

the sensitivity to ceftazidime along with the resistance to fluoroquinolones, aminoglycosides and 

carbapenems, was registered. In this case, the use of cefoperazone/sulbactam preparation which 

has also antibacterial activity in relation to the other gram-negative nonfermentable activator – 

Acinetobacter baumannii - can be perspective.    

 

 

Table 1.  Preparations, potentially active in relation to Pseudomonas aeruginosa. 

Semisynthetic penicillins with 

antipseudomonal activity: 

ticarcillin, 

ticarcillin/clavulanate, 

piperacillin, 

piperacillin/tazobactam 

Fluoroquinolones:  

ciprofloxacin, 

levofloxacin 

Cephalosporins of the III-IV generations 

with antipseudomonal activity: 

ceftazidime, 

cefoperazone, 

cefepime 

Aminoglycosides: 

gentamicin 

tobramycin 

amikacin 
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Monobactams: aztreonam 

Polymyxins: 

polymyxin В 

polymyxin Е (colistin) 

Carbapenems: 

imipenem, 

meropenem, 

doripenem 

Fosfomicin 

2. The choice between mono- and combined therapy. 

The second important point of the therapy prescription to patients with Pseudomonas aeruginosa, 

is the decision on practicability of administration of combination of anti-infective preparations. 

The advantage of the combined therapy lies in a possible synergy when using several antibiotics 

with the different mechanisms of action, in prevention of resistance development in the course of 

antibiotic therapy, as well as in increase of probability of the adequate empirical therapy if 

antibiotic resistance of the pathogen is unknown. The disadvantages of the combined therapy are 

the increase and summation of the risks of adverse drug reaction, the increased risk of 

superinfection by multi drug-resistant strains of microorganisms, as well as the increase of a total 

cost of treatment. Current scientific data on clinical efficacy of use of combination of antibiotics 

upon different hospital-acquired infections remains contradictory, though the majority of 

researchers note the need of administration of two and more antibiotics in the following 

situations: 

1) empirical antibiotic therapy of pseudomonas infection in case of the considerable prevalence 

of multi drug- and excessively resistant Pseudomonas aeruginosa in this region; 

2) Pseudomonal sepsis and septic shock; 

3) severe pseudomonal infection in the patients with neutropenia; 

4) pseudomonal ventilator-associated pneumonia, endocarditis or meningitis [21, 22]. 

The report on synergy concerning Pseudomonas aeruginosa of in vitro of meropenem with 

levofloxacin and colistin [23], colistin with imipenem and doripenem [24, 25], colistin with 

ceftazidime and rifampicin [26, 27] are published in literature. Taking into account the 

abovementioned data, in case of severe Pseudomonal infection, the combination of carbapenems 

or cephalosporins with antipseudomonal activity is the most reasonable: ceftazidime, 

cefoperazone, цефоперазона/sulbactam (in the latter case, upon the sensitivity of P.aeruginosa 

to them in vitro which is necessarily evidenced) with colistin. It is not necessary to use 

combinations with fluoroquinolones and aminoglycosides, taking into account a high resistance 

of Pseudomonas aeruginosa to these groups of preparations. 

3. Timeliness of administration, modification and termination of antibacterial therapy. 

Now multiple researches show the importance of timely initiation of antibacterial therapy in the 

patients in severe, often critical, condition. According to the data of already classical work of 

Kumar et al., in the patients with septic shock, the beginning of therapy within 1 hour after 
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establishing diagnosis significantly increased survivability, and a delay in therapy prescription 

after 6 hours of hypotension in septic patients reduced survivability, on average, by 7.6% hourly 

[28]. Other work of the same author demonstrated a 5-fold reduction in survivability in the 

patients with septic shock in case of a delay in prescription of an adequate antimicrobial therapy 

[29]. Therefore, upon administration of antibiotic therapy to the patients with pseudomonal 

infection, it is recommended to adhere to the following rules. If the patient has the symptoms of 

unstable hemodynamics, the symptoms of central nervous system damage, neutropenia or 

asplenia therapy should be initiated within 1 hour. In case of severe ventilator-associated 

pneumonia, and also evidenced infection of other localization in hemodynamically and clinically 

stable patient, antibacterial treatment should be administered in the next 8 clocks. And only in 

the absence of convincing clinical and laboratory and instrumental data towards obvious 

infection in the stable patient, the clinician has 24 hours, during which the additional 

examination is carried out, and the issue on practicability of antibiotic therapy administration is 

decided. 

Taking into account the increasing value of multi drug-resistance the nosocomial activators in 

our hospitals, the tactics of de-escalation therapy is absolutely reasonable. De-escalation is a 

strategy of antimicrobial therapy, at which the preparation (preparations) with maximally broad 

spectrum of antibacterial activity for this clinical situation is administered in the beginning, and 

hereafter, after receiving the results of microbiological research, there is a change of therapy to 

the antibiotics of narrower spectrum of action [30]. Apart from the fact that de-escalation 

strategy of antibacterial therapy is economically sound, it limits the selective pressing and 

probability of superinfection by other multi drug-resistant microorganisms. 

In case of pseudomonal infection, an extremely important point is observance of duration of 

antibiotic therapy, as an inadequate duration of treatment can lead to the development of 

resistance in vivo, inefficiency or clinical recurrence of infection. The recommended antibiotic 

therapy duration in various localizations of pseudomonas infection is specified in the Table 2. 

Table 2. The duration of antibacterial therapy of pseudomonal infection depending on process 

localization. 

Low respiratory tract infections – 14-21 days 
Infectious endocarditis – up to 6 weeks 

(depending on severity of lesion) 

Skin and soft tissue infections – 10-14 days 

Infections of bones and joints – up to 6 weeks 

Bloodstream infection – up to 7-10 days in case 

of catheter-associated bacteriaemia and removal 

of contaminated source, up to 14 days and more 

in patients with neutropenia (to elimination of 

agranulocytosis) 

Urinary system infections: cystitis – 5 days, 

pyelonephritis, urosepsis – 14-21 days, 

perinephric abscess – 28 days 

CNS infections – from 3 weeks and more 

(depending on severity of lesion and 

nosological entity) 

4. Consideration of pharmacokinetic and pharmacodynamic of characteristics of anti-

infective preparations.  

In antibacterial therapy of multi drug-resistant nosocomial infections, it is extremely important to 

consider and to use purposefully the data on pharmacokinetics and pharmacodynamics of 

antibacterial preparations. In case of intermediate resistance of microorganism to antibiotics, the 

maximum dosages of preparation or modification of its mode of administration allow to reach an 

eradication of the activator and recovery of the patient with high probability. It is especially 

significant for the patients in critical condition in whom, as a result of multiple 
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pathophysiological shifts (oedema, hypoalbuminemia, low hematocrit, hyperpermeability of 

vascular bed, malfunction of liver and kidneys) and conducted intensive care (large volumes of 

infusional therapy, polypragmasy, artificial pulmonary ventilation), pharmacokinetics of 

preparation can differ considerably from the described in the instruction to medicinal preparation 

[31-33]. In this case, to monitor the key pharmacokinetic parameters of antibiotics, it is optimal 

to carry out therapeutic medicinal monitoring, however today it is available only in some highly 

specialized medical centers. 

From the perspective of clinical pharmacology, all anti-infective preparations are divided into 3 

groups. All beta lactam antibiotics and lincosamides belong to the preparations with time-

dependent effect. Prognostically significant FK/FD index of effectiveness of therapy by these 

means is the time during which the concentration of antibiotic exceeds the minimum inhibitory 

concentration (MIC) for this activator (T>MIC). Aminoglycosides belong to the preparations 

with concentration-dependent effects. In this case, the relation of the maximum concentration of 

antibiotic to the minimum inhibitory concentration (Cmax/MIC) serves as an effectiveness 

predictor. Concentration-dependent antibiotics with time-dependent effect – fluoroquinolones, 

glycopeptides, tigecycline - stand separately. The ratio of the area under the curve of antibiotic to 

activator MIC (PFK/MP) serves as an effectiveness predictor of this group of preparations [33].   

Hereafter, we will discuss separate groups of potentially active antipseudomonal preparations 

from the perspective of the last analyses of the peculiarities of their pharmacokinetics and a 

pharmacodynamics. 

4.1. Beta-lactam antibiotics. 

Piperacillin/tazobactam is administered as a drug of choice mainly in nosocomial lower 

respiratory tract infections, complicated infections of urinary tract, infections of pelvic organs, 

skin and soft tissue infections, sepsis, etc. This preparation has antipseudomonal activity, 

however due to the high acquired resistance of nosocomial strains of P.aeruginosa can be used 

only after confirmation of sensitivity to it according to microbiological research. In the research 

of Lodise et al., various modes of administration of piperacillin/tazobactam in patients in severe 

condition were compared, however, among the patients with the severity of condition according 

to APACHE II scale > 17 points, a 14-day lethality and average duration of hospitalization in 

case of administration of 3.375 g piperacillin/tazobactam each 8 h in the form of the prolonged 

infusions within 4 h, was much less, than in the patients whom intermittent administrations of 

preparation on 3,375 g each 4-6 h in the form of 30-minute infusions (12.2% vs. 31.6%, 21 days 

vs. 38 days, respectively, р <0.05) were prescribed [34]. More high effectiveness of the 

prolonged or continuous infusions of piperacillin/tazobactam in comparison with its intermittent 

mode of administration has been shown also in a number of other researches [35-39]. 

Rather perspective preparations for the treatment of multi drug-resistant pseudomonal infection 

remain cephalosporins of the III generation with antipseudomonal activity – ceftazidime, 

cefoperazone and cefoperazone/sulbactam as the part of P.aeuginosa isolates, isolated in the 

hospitals of Minsk, showed the resistance to carbapenems and was sensitive only to ceftazidime 

and polymyxins (in-house data). It can be related to the selection of a special resistance 

phenotype, developing as the result of hyperexpression of efflux systems (probably, MexAB-

OprM and/or MexXY-OprM) and decrease in permeability of a cell-like wall (loss of OprD 

porin) in case of normal level of expression of chromosomal betalactamase AmpC [40, 41]. 

Concerning the modes of administration of this group of preparations, the same approaches, as 

for others time-dependent antibiotics are valid. In particular, in the prospective randomized study 

of Nicolau et al., it was shown that the dosage regimen of ceftazidime 3 g/day in the form of 

continuous infusion, is comparable with intermittent administration of preparation 2 g each 8 h, 
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both by clinical efficacy, and according to the microbiological response [42]. Other retrospective 

studies analyzing the efficacy of use of ceftazidime in the patients with nosocomial pneumonia 

showed higher clinical efficacy of the prolonged infusions of ceftazidime in comparison with its 

traditional modes of administration [43]. Antipseudomonial activity of cefoperazone is 

considered comparable with ceftazidime, though the literature data on its clinical effectiveness 

concerning pseudomonal infections has been accumulated less. Cefoperazone/sulbactam can 

have a particular advantage to the therapy of pseudomonal infection, especially in case of 

dominance of beta lactamases production in the circulating isolates, which are inhibited by 

sulbactam. According to the data of in vitro study, cefoperazone/sulbactam in combination with 

other antibiotics show synergy and can be efficient even in relation to resistant strains of 

Pseudomonas aeruginosa [44, 45]. 

In terms of the growing resistance of Pseudomonas aeruginosa to all germicides, it is important 

to understand relativity of the present criteria of interpretation of antibiotic resistance, which is 

clearly shown in the example with cefepime. According to the criteria of EUCAST and CLSI of 

2011, isolates of Pseudomonas aeruginosa with MPK less than or equal to 8 mg/L are sensitive 

to cefepime. Moreover, the criterion of EUCAST assumes the dosage regimen of preparation 2 g 

each 8 h, while the criterion of CLSI is more "soft" and allows the dosage regimen of cefepime 1 

g each 8 h or on 2 g each 12 h. Bhat et al. studied clinical effectiveness of cefepime therapy in 

the patients with bacteriemias caused by gram-negative activators (including Pseudomonas 

aeruginosa) with different values of MIC. The 28-day lethality in the study correlated with the 

increasing value of MIC and was 23.3% for the microorganisms with MIC≤ 1 mg/l, 27.8% with 

MIC 2 mg/l, 27.3% with MIC 4 mg/l and 56.3% with MIC 8 mg/l, whereas all values of MIC 

were within the limits of sensing range [46]. In the subsequent use of pharmacokinetic modeling 

showed that only use of the dosage regimen of cefepime 2 g each 8 h in the form of the 

prolonged 3- or 4-hour infusions, allows to reach the target MIC 8 mg/l, and thereby to provide 

the efficacy of the conducted therapy [47-49]. 

As for today, there are no doubts both in practicability of use of the prolonged infusions of 

carbapenems – a subclass of beta lactams saving the highest activity in relation to multi drug-

resistant isolates of Pseudomonas aeruginosa. Due to the different mechanisms of resistance 

formation to imipenem and meropenem, as well as higher antipseudomonal activity of 

doripenem in comparison with meropenem, it is optimal to test the isolated strain of P.aeruginosa 

to each of these preparations (the only mechanism of resistance, providing a high level of 

nonsensibility to absolutely all carbapenem antibiotics is production of metal-betalactamases). 

The data of pharmacokinetic modeling show optimal achievements of target concentrations of 

imipenem in case of dosage regimen of 1 g each 6 clocks in the form of 2-hour infusions or using 

continuous administration of preparation, especially for activators with high values of MIC [50-

53]. Optimal clinical efficacy in case of pseudomonal infection of meropenem is reached in case 

of dosage regimen 1-2 g each 8 h in the form of 3- or 8-hour prolonged infusions [53-56]. 

Taccone et al. used even higher single doses of meropenem 3 g each 6h in the form of prolonged 

3-hour infusions, for successful treatment of the patient with pseudomonas sepsis called by 

extremely resistant P.aeruginosa isolate, to reach T>MPK higher than 40% between the intervals 

of dosage [57]. Doripenem is a more stable preparation in comparison with meropenem and can 

be used both in the mode of prolonged infusions (0.5-1.0 g each 8 h, 4-hour infusion), and in the 

mode of the continuous administration [53, 56, 58].  

Therefore, the approaches existing today for the treatment of multi drug-resistant pseudomonas 

infection suggest using the maximal therapeutic doses of beta lactams in the mode of prolonged 

or continuous infusion. 
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4.2. Fluoroquinolones.  

At the present time in hospitals of the CIS, an extremely high level of resistance of Pseudomonas 

aeruginosa is observed to fluoroquinolone, therefore, this group of preparations can be used in 

monotherapy only after confirmation of sensitivity of P.aeruginosa in vitro isolates to them. 

Perhaps, it is partially connected with excessive use of levofloxacin, which is a risk factor of 

selection of isolates of Pseudomonas aeruginosa, resistant to fluoroquinolone (however, this 

effect is not observed in relation to ciprofloxacin) [59, 60]. Ciprofloxacin has a higher 

antipseudomonal activity in comparison with levofloxacin and other fluoroquinolone, having the 

least minimum inhibitory concentration in relation to P.aeruginosa, however, use of more 

"aggressive" dosage regimens of levofloxacin allows to achieve almost equal clinical efficacy in 

administration of these two preparations. Taking into account the limited data on clinical 

efficacy of other fluoroquinolone, apart from ciprofloxacin and levofloxacin, their administration 

for the therapy of pseudomonal infection is not shown. The recommended dosage regimens for 

the purpose of therapy of Pseudomonas aeruginosa for ciprofloxacin are 400 mg each 8 h, for 

levofloxacin – 750 mg each 24 h [61]. PFK/MIC ratio more than 87.5 serves as a predictor of 

clinical and microbiological effectiveness of the therapy by fluoroquinolone of gram-negative 

infections [62, 63].   

4.3. Aminoglycosides. 

Administration of aminoglycosides in the form of monotherapy is possible only for treatment of 

uncomplicated pseudomonal infection of urinary tract in case of confirmed sensitivity to this 

group of preparations in vitro (due to the high frequency of the acquired resistance). Taking into 

account different substrate profile of aminoglycoside-modifying enzymes, produced by the 

activator, it is recommended to determine sensitivity of P.aeruginosa to each of aminoglycosides 

at the same time. 

Aminoglycosides are the typical representatives of concentration-dependent antibiotics with a 

long-term post-antibiotic effect, therefore, it is most reasonably to carry out calculation of their 

daily dose and to administer it in one administration, which not only optimizes effectiveness of 

therapy, but also reduces the risk of nephrotoxicity [64]. Target FK/FD parameters allowing to 

predict clinical and microbiological efficacy of this group of preparations is Smax/MIC ratio, 

equal to 8-10, or PFK/MIC ratio, equal to 80-100 [65]. The recommended dosage regimens of 

aminoglycosides for the purpose of treatment of pseudomonal infection are the following: for 

gentamycin - 7 mg/kg each 24 h, tobramycin - 7 mg/kg each 24 h, amikacin - 20 mg/kg each 24. 

It is necessary to remember that duration of use of aminoglycosides should be limited to 5-6 days 

in order to avoid the development of toxic effects. 

4.4. Polymyxins. 

Due to ubiquitous distribution in hospitals of various countries of extremely resistant isolates of 

gram-negative bacteria, showing nonsensibility to all beta lactams, fluoroquinolones and 

aminoglycosides, colistimethate sodium (colistin) is of extreme interest for clinical physicians. 

At the present time, this antibiotic saves nearly 100% sensitivity in a number of problem 

pathogens, including extremely resistant isolates of Pseudomonas aeruginosa [66, 67]. Despite a 

long-term history of administration of polymyxins in clinical practice, the results of rather 

recently conducted clinical and experimental studies require to take into account a number of 

peculiarities, and to introduce the new approaches for rational use of preparation. In particular, 

on the basis of the studies of pharmacokinetics and pharmacodynamics of colistin, the 
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recommendations on the modes of its dosage, including in persons at the substitutive renal 

therapy have been changed [68-70]. Clinical efficacy and safety of colistin in case of multiple 

resistant gram-negative infections in the patients in critical condition, has been shown in a 

number of works, and the conducted Dalfino et al. study showed clinical efficacy of the new 

dosage regimen of colistin in the patients with multi drug-resistant gram-negative infections 

(bloodstream infections, ventilator-associated pneumonia) in 82.1% of cases that it considerably 

exceeds the effectiveness of preparation when using the old dosage regimens [71-74]. 

For colistin, dosed in mln ME, the following algorithm of calculation of loading and 

maintenance dose of preparation is recommended: 

А. Calculation of loading dose (equal to all categories of patients, regardless the presence of 

renal impairment). 

Loading dose (mln МЕ) = body weight (kg) / 7.5 (maximum 10 mln МЕ). 

Loading dose should be administered as intravenous infusion within 30-120 min. 

After administration of loading dose of preparation, the subsequent administration of the first 

maintenance dose is carried out in 24 h. Body weight is the minimum value of weight chosen in 

comparison with actual or ideal (in case of obesity) body weight of the patient. 

В. Calculation of daily maintenance dose.  

а) in patients, who are not on dialysis, maintenance dose (mln МЕ) = (CC (mL/min)/10)+2 in 2-3 

administrations daily. 

Creatinine clearance (CC) is determined with the test of Reberg (procedure of choice in patients 

in critical condition) or calculated by the Cockcroft-Gault equation. 

The recommended intervals of administration of single doses, by which the daily maintenance 

dose is divided, depend on clearance of creatinine, and are in case of CCБ10 ml/min – each 12 h, 

CC = 10 ml/min and more – each 12 or each 8 h.  

б) in patients, who are on chronic hemodialysis, maintenance dose (mln МЕ) = 2 mln МЕ in 2 

administration daily + 30% of maintenance dose in a day after administration of next 

hemodialysis session 

в) in patients, who are on constant substitutive renal therapy: 12 mln МЕ in 2-3 administrations 

daily 

г) in case of hepatic malfunction, the change of dosage regimen is not required 

Therefore, in some cases colistin remains the single active drug in relation to extremely resistant 

isolates of Pseudomonas aeruginosa and should be used as "rescue preparation" in the adequate 

dosage regimen, not only to increase probability of clinical effect and microbiological 

eradication of pathogen, but also to reduce the risk of resistance development of microorganisms 

during the conducted therapy. 

Today, the therapy of multi drug-resistant pseudomonas infection is a huge problem not only for 

the doctors of intensive care unit, but also for the doctors of surgical, urological, traumatological 

and even therapeutics departments. Only the use of the whole complex of approaches to the 
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rational antibacterial therapy allows to help our seriously ill patients with their multi drug-

resistant infections, caused by P.aeruginosa, not to allow further growth of antibiotic resistance 

of pathogen and to save the remained antipseudomonal preparations active. 
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