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Sepsis is known as a complex human body’s pathological disorder, which requires priority attention. Currently
it is becoming a central subject of scientific research. The
World Health Organization and the World Health Assembly have adopted the resolution on the importance of unifying of the diagnosis, treatment and prevention of sepsis
worldwide. According to epidemiological studies, sepsis
accounts from one–third to one–half of hospital mortality in the United States. About 1,400 patients die from sepsis worldwide daily[1].
Due to its high frequency and high pathophysiological,
molecular, genetic and clinical complexity sepsis remains
a serious challenge for clinicians, researchers, and the intensive care unit.
Sepsis experts focus on diagnosis, intensive care (fluids,
vasopressors, ionotropes, blood transfusions, and hemodynamic targets) and infection control (antibiotics and biomarkers of infection). These areas are the keys in further improving of the patient’ treatment outcomes.[2–6 ].
Early antibacterial therapy (ABT) is crucial for patients
with sepsis and septic shock. Researchers often focus
on the time period before the first dose of antibiotics,
but subsequent dosing of these drugs is no less important [7]. M. Andersson and co–authors [8] published the
results of a study of the effect of time limits on the introduction of the first and second doses of antibiotics
on 28–day mortality in patients with sepsis and septic
shock. The authors have proposed the criterion of "early appropriate antibiotic treatment" as the introduction
of the first dose of adequate antibiotics within one hour
from the moment of hospitalization, and the second –
with a delay of less than 25% of the recommended interval. The application of the principle of "early appropriate antibiotic treatment" has significantly reduced
mortality among high–risk patients.
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D. Cudini and co–authors [9] have proposed to quantify
the time period, used for prehospital ABT in sepsis, by electronic recording. The average time interval from the moment of the patient contact with the medical stuff to the
first administration of an antibiotic have constituted from
74 to 160 min. The authors have noted that minimizing this
interval generally has a positive effect on subsequent treatment outcomes. At the same time, the feasibility of prehospital empirical ABT needs further study.
According to other retrospective studies, early administration of ABT correlates with a decrease in mortality in uncomplicated sepsis. Important points in the choice of ABT
for empirical therapy of sepsis are: predicting the etiology
of the process; spectrum of the drug’s action; method of
dosing; security profile. Even before obtaining the results of
bacteriological data, focusing only on the presumed source
of bacterial infection, you can choose an effective scheme
of empirical ABT. It is recommended to conduct microbiological monitoring of microflora in each clinic, which allows to compile a "microbiological passport of the hospital" for adequate selection of ABT. Local epidemiological
data on the structure of pathogens and their sensitivity to
antibiotics should also be taken into account, which may
be the basis for the development of local protocols for empirical ABT. For the empirical therapy of sepsis a combination of two antibiotics is most often used, which justifies the
following positions: the inability to differentiate the gram–
positive or gram–negative etiology of the infection according to the clinical picture; high probability of polymicrobial
etiology of sepsis; the risk of the resistance development to
one of the selected drugs [2, 3, 6, 10 – 12].
In the etiology of sepsis, despite some differences in the
results of some studies, we can identify certain patterns.
Thus, in case of nonhospital sepsis, there is a dependence
of the etiology of the primary focus, while in nosocomial
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sepsis, such dependence is usually not observed. At hospital sepsis the etiology depends not so much on the primary
source, but the features of medical institution. The defined
patterns are grouped in Table 1 [3].
The two thirds of the microorganisms, cultured from the
blood of patients with sepsis, are gram–negative flora with
the prevalence of K. pneumoniae as the “leader”. Another important trend is the growing role of A. baumanii [3].
The dominance of gram–negative flora and frequent detection of multidrug–resistant infection are the reason for
more active use of the newest antibiotics. Due to a certain
spectrum of antibacterial activity and low resistance, they
are suitable for targeted treatment of critically ill patients
(escalation monotherapy), although many patients still use
combined ABT (Table 2) [3, 13].
An important condition for the successful treatment of
patients with sepsis and septic shock is compliance with a
number of guidelines and rules, formulated by the results
of multicenter studies related to ABT and contain the following essential components [14, 15]:
intravenous antimicrobials should be started immediately after identification of the pathogen and / or within 1 h
after the first symptoms of sepsis / septic shock;
empirical ABT is appropriate in patients with sepsis / septic shock, which includes at least two classes of broad–spec-
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trum antibiotics to affect a wider range of microorganisms;
correction in the form of narrowing of empirical ABT
should be carried out in case of identification of the pathogen and its sensitivity and / or in case of clinical improvement;
prophylactic antibiotics are not recommended in patients
with severe inflammatory diseases of non–infectious origin
(severe pancreatitis, thermal skin burns, etc.);
the antimicrobial dosage strategy should be based on
generally accepted pharmacokinetic / pharmacodynamic
principles, as well as taking into account of the organ functions and some features of antibiotics in patients with sepsis or septic shock;
combined routine ABT of neutropenic fever / bacteremia is not recommended in the routine practice of clinical departments;
if combined ABT was initially used to treat septic shock,
it is recommended that it would be discontinued within the
first few days in response to clinical improvement;
the adequate duration of ABT for most infections associated with sepsis / septic shock is 7 to 10 days;
Prolonged use of antibiotics is recommended in patients with a slow clinical response to the therapy, bacteremia caused by Staphylococcus aureus, some fungal and viral
infections, as well as in patients with neutropenia;
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shorter courses of ABT are possible in a certain category
of patients, in particular, in patients with rapid clinical response, as well as after the adequate surgical source control
of infection in case of abdominal / urinary sepsis;
procalcitonin levels can be used to assess the duration of
ABT in patients with sepsis.
MM Levy and co–authors [16] have noted a declining
trend in sepsis mortality over the past few years following
the introduction of a state mandate that requires hospitals
to adhere to the sepsis management protocol. The mandate regulates the development and approval of treatment
protocols, as well as the obligation to report the treatment
outcomes and mortality rates in patients with sepsis. Medical facilities can adapt the protocols to their needs, but they
must include the following items: three–hour protocol (all
critically ill with sepsis): administration of antibiotics and
measurement of lactate levels within 3 hours after diagnosis
of "sepsis" with blood sampling before starting antibiotics;
six–hour protocol (for septic shock: systolic blood pressure
less than 90 mm Hg or lactate level greater than 4 mmol /

7DEOH

l): intravenous bolus (300 cm3 / kg), vasopressors in refractory hypotension, re–determination of lactate level within
6 h after start of the protocol.
To evaluate the results of the initiative, data from 91,357
adult patients with sepsis and septic shock were analyzed in
183 hospitals during 2014–2016 yrs. Among patients treated in accordance to the protocol, the mortality rate have
decreased from 28.8 to 24.4%, what corresponds to the absolute reduction in mortality by 4.4% and relative – by 15%
during the study period [16].
The choice of optimal doses and routes of administration of antibiotics remains a debatable issue [17]. The meta–
analysis by C. H. Chen and co–authors [18] have presented
the effectiveness of various ABT programs (intermittent or
continuous infusion). It have included 9 randomized controlled trials and 4 retrospective studies, involving 1957 participants. The results of the analysis have showen the overall
clinical success rate for continuous and intermittent ABT was
0.675 (95% confidence interval 0.523 – 0.870). Thus, shorter
hospital stays, higher mortality, and longer duration of ABT
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were observed in patients, receiving intermittent infusions,
but the differences were not statistically significant due to
the limited number of patients included in the study. The
authors have noted, that the data obtained are insufficient
to unequivocally recommend continuous infusion of
antibiotics as opposed to standard periodic infusions in the
treatment of sepsis, and further research in this area should
be conducted to finalize recommendations.
Beta–lactam antibiotics show a time–dependent
mechanism of action, and there is evidence of improved
treatment outcomes when these drugs are administered
by continuous infusion as opposed to the standard
intermittent regimen [19]. The study (BLING) is currently
being conducted in many intensive care units in clinics of
Australia, the United Kingdom, Belgium and some other
countries, with expected completion date in 2021. The researchers plan to cover 7,000 patients with sepsis whose
treatment program involves the use of one of two beta–
lactam antibiotics (piperacillin–tazobactam or meropenem)
with continuous or intermittent infusion. The primary
outcome of the study will be the mortality rate within 90
days of randomization. Secondary results include evaluation
of treatment results on the 14th day after randomization, the
need to change the ABT regimen, the presence of infection
with multidrug–resistant bacteria up to 14 days after
randomization, mortality from the underlying disease [17].
Now there are no new classes of antibiotics in the arsenal
of drugs available. New variations of the known beta–
lactam drugs, protected by beta–lactamase inhibitors
(ceftalozan–tazobactam, ceftazim–avibactam, ceftaroline–
avibactam), aztreon–avibactam, imipenem–relebactam, and
meropenem, continue to be used (Table 3).
Applicationof the third–generation cephalosporins
combined with beta–lactamase inhibitors remains the
basis of ABT in sepsis. New treatments, such as monoclonal
antibodies, peptide and bacteriophage therapy, are under
investigation and are still far from practice. Therefore, the
use of existing drugs should be rational and balanced [20].
The therapeutic monitoring of antibiotics with the
aim to determine the toxicity of aminoglycosides and
glycopeptides have allowed the introduction of easy–to–
use immunoassays to adjust the drugs dusing in ABT sepsis
[19]. Patients in critical condition often need different doses,
which significantly differ from the standard ones, approved
at the time of a drug registration. The importance of correct
dosing of antibiotics is difficult to overestimate, because
otherwise there is a risk of re–growth of bacteria with a
predominance of resistant flora [21, 22]. The principle of
standard dosing of antibiotics should be abandoned and
replaced by an individual approach, which takes into account the impact of pathophysiological processes in the
patient’organism with sepsis on the pharmacokinetics of
these drugs. Another argument for the individualization of
ABT is the threat of an increase in the number of patients
with infections, caused by multidrug–resistant strains in
the intensive care unit. To improve the effectiveness of
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ABT, the teams of specialists are being created, which is
a sustainable area of development in the world's leading
medical institutions. Interdisciplinary cooperation of the
team with the infectious diseases specialists, microbiologists
and clinical pharmacists will not only ensure the rational use
of antibiotics, but would have a positive effect on the final
result of ABT as well [13, 22, 23].

Conclusions
Sepsis as a complex pathological disorder of human organism requires the global priority, continues to become
the focus of contemporary medicine and is the subject of
scientific research. Despite some progress achieved, a short–
term mortality remains high, with an increase in long–term
morbidity and mortality in patients with sepsis.
Prescribing antibiotics is an important component of
initial therapy for sepsis, early adequate ABT is crucial for
the end result of the treatment. In sepsis, antibiotics should
be administered intravenously only, selecting the maximum
doses and adequate dosing regimens.
The promising area is the use of continuous infusions
of antibiotics. Patients in critical condition often require
personalized dosage of antibiotics due to changes in the
pharmacokinetics of drugs in sepsis.
The team's interdisciplinary collaboration with infectious
disease specialists, microbiologists and clinical pharmacists
not only leads to the rational use of antibiotics, but also has
a positive effect on the outcome of treatment as a whole.
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