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Hospital infections are serious medical problem, causing deterioration in patients’ 
outcome, prolonged hospital stay and increase costs of hospitalisation. Rapid admini-
stration of wide spectrum antimicrobial agents is a well known way to increase patient 
survival rate. Aim: To analyse the effi  cacy of initial empiric antimicrobial treatment in a 
large academic hospital. 

In this retrospective cohort study, the initial choice of empiric therapy was compared 
with the results of the microbiological investigation and the susceptibility/resistance 
of isolated pathogens.

Between February 1, 2018 and February 1, 2020, a total number of 267 samples were 
analysed. Amongst all 267 samples 163 (61%) were positive and 104 (39%) were ne-
gative. In those 163 samples 247 pathogens were isolated. In empirical therapy the 
most frequently administered antibiotic was meropenem (55/267, 20.6%), vancomycin 
(16/267, 6%), meropenem with vancomycin (14/267, 5.2%), ceftazidime (11/267, 4.1%), 
and imipenem/cilastatin (5/267, 1.9%). 

The total number of samples where the empiric therapy corresponded with the results 
of microbiological tests was 166. There were forty-seven (28.3%) gram-positive bacteria, 
including 11 MRSA and 1 VRE, and 119 (71.7%) gram-negative pathogens, including 35 
K. pneumoniae ESBL+, 12 A. baumannii, and 2 E. coli ESBL+. 

Results:

Methods: 
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INTRODUCTION

Hospital infections comprise about half of all 
undesirable complications related to hospital 
treatment. Infections occur more frequently at 
high–level referral centres, especially in intensive 
care, haematological, and surgical units, where 
patients with severe medical conditions, comor-
bidities and immunosuppression are hospitalised, 
and where invasive procedures are performed 
[3,23].

According to the Wellcome Trust Report [10,18] 
about 10 million people die in 2050 because of in-
fections caused by multidrug–resistant pathogens 
and this number will be higher than the number 
of deaths because of the oncologic reasons. 

Antimicrobials are the main drugs against bac-
teria. However, its effi  cacy decreases, especially 
against multidrug-resistant Gram-negative patho-
gens. 

For the most possible eff ectivity of antimicro-
bial agents, they should be administered both 
quickly and in optimal doses. Also, the therapeutic 
concentration of properly selected drugs should 
be achieved as soon as possible; as early as in 1913 
Paul Ehrlich described this paradigm as „hit hard 
and fast” [9]. 

Nowadays the relation between delay in ad-
ministration of antibiotics and increased mortality 
is well known. According to Kumar et al. the de-
crease in survival with inappropriate initial therapy 
may be up to 17.6-fold in cases of primary bacte-
raemia [15]. Such observations were confi rmed by 
Keith et al. They found that the delay in administra-
tion of the antimicrobial in patients suff ering from 
bloodstream infections caused by Staphylococcus 
aureus resulted in increased mortality of 1.3% per 
every hour of delay [6]. That is why proper empiric 
therapy is so important. Before the antimicrobial 
investigation will be completed, which may last 
up to 72 hours, a wide spectrum antimicrobials 
should be administered according to the type of 
infection, its origin, and the characteristics of the 
local pathogens. 

The objective of this study is to analyse the 
comparison between the initial choice of empiric 

antimicrobial therapy and both the results of the 
microbiological identifi cation and the susceptibil-
ity/resistance of isolated pathogens.

METHODS

Study design
A retrospective cohort study.

Setting
Analysis was performed from 01/02/2018 to 

01/02/2020 in the Military Institute of Medicine 
in Warsaw, Poland. The Institute is a 1000-beds, 
multidisciplinary academic hospital and trauma 
centre. Every year, our Microbiological Depart-
ment prepares microbiological maps for each of 
the hospital’s ward. Such microbiological maps, as 
well as published clinical guidelines may be help-
ful in making of clinical decisions. Hospital proce-
dures require that all decisions on empiric therapy 
with antimicrobials used in infections caused by 
multidrug resistant pathogens which were made 
in diff erent hospital wards, except intensive care 
department, must be confi rmed by the intensiv-
ists. Such list includes amoxicillin/clavulanate, 
ceftazidime, cefepime, ceftaroline, imipenem/
cilastatin, ertapenem, meropenem, dalbavancin, 
teicoplanin, vancomycin, linezolid, colistin, and 
tigecycline. In our analysis the initial choice of em-
piric therapy was compared with the results of the 
microbiological investigation and the susceptibil-
ity/resistance of isolated pathogens. The decision 
on empirical therapy was assumed to be eff ective 
if pathogen isolated from the collected sample 
was susceptible to initially administered antimi-
crobial. Either when pathogen was not isolated or 
its resistance to antibiotics was confi rmed, the de-
cision on empiric therapy was recognized ineff ec-
tive. Study design was approved by the Bioethical 
Committee, and was registered in Clinical Trials 
database (NCT number: 04448665). The research 
was conducted in accordance with the 1964 Hel-
sinki Declaration and its later amendments. 

In 81 cases, the isolated pathogens were resistant to empirically administered drugs. 

The empiric antimicrobial therapy complied with the results of microbiological analyses 
in 67.2% (166/247) of cases. 

In our centre, meropenem and vancomycin seem to be a good choice in empiric therapy.

nosocomial infections, anti-bacterial agents, drug therapy, combinationKeywords:
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The confi rmation of the bacterial growth was 
achieved after 24 hours. However, fi nal results in-
cluding analysis of bacterial susceptibility/resistance 
to antimicrobials were available up to 72 hours. 

Statistical analysis
Nominal data are presented as numbers with 

percentage. All calculations were performed with 
the Microsoft Excel software. 

RESULTS

In the study period totally 267 samples, with-
drawn from 238 patients, were analysed. There 
were 29/238 (12.2%) patients from whom two 
(blood and urine) samples for microbiological 
samples were collected. There were 177 blood 
samples (66.3%), 63 samples from urine (23.6%), 
19 from wounds (7.1%), eight (3%) were withdrawn 
from other locations; the majority of samples were 
from patients hospitalized in the departments of 
nephrology, neurology, gastroenterology, and 
surgery. Amongst all samples 163 (61%) of them 
were positive, and 104 (39%) were negative. In 
those 163 samples 247 pathogens were isolated. 
In empirical therapy the most frequently adminis-
tered was meropenem (145/267, 54.3%), vancomy-
cin (43/267, 16.1%), meropenem with vancomycin 
(37/267, 13.9%), ceftazidime (29/267, 10.9%), and 
imipenem/cilastatin (13/267, 4.9%). Antimicro-
bial agents in 230/267 (86.1%) cases were used as 
monotherapy and in 37/267 (13.9%) cases as com-
bined therapy. Such relations were shown in Fig. 
1.

The results of the study were presented in Ta-
ble I. In 81 cases, the isolated pathogens were 

Participants and study size
We analysed all decisions which were made in 

study period in our hospital wards other than criti-
cal care unit.

Data sources/measurement
Suspicion of the infection was based on clinical 

data, before the collected samples were analysed 
microbiologically, and the choice of antimicrobials as 
empiric therapy was made by the patient’s attend-
ing physician, either by the specialist or the resident.

Microbiological methods
The accurate microbial identifi cation was per-

formed with automatic VITEK® 2 testing system 
(bioMérieux, France). The microbroth dilution 
method with VITEK® 2 AST Cards was used for anti-
biotic susceptibility testing of isolated pathogens.

The microbiological analyses between 2018 
and 2020 were performed according to the regu-
lations of the European Committee on Antimicro-
bial Susceptibility (EUCAST, Version 9.0, 2019) and 
the National Reference Centre for Susceptibility 
Testing (NRCST, Warsaw, Poland).

Control susceptibility tests included reference 
strains of Escherichia coli ATCC 25922, Klebsiella 
pneumoniae ATCC 700603, Pseudomonas aer-
uginosa ATCC 27853, Staphylococcus aureus ATCC 
29213 and NTCT 12493 and  Enterococcus faecalis 
ATCC 29212.

The analysis of mechanisms of bacterial resist-
ance was performed according to the European 
Committee on Antimicrobial Susceptibility Test-
ing (EUCAST) guidelines for detection of resist-
ance mechanisms and specifi c resistances of clini-
cal and/or epidemiological importance [8]. 

Fig. 1.  Source of samples for microbiological investigations and antimicrobial agents chosen for empiric therapy.
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DISCUSSION

The necessity of administration of antimicrobi-
als in the empiric therapy of severe infections and 
septic shock is well known [11,15,16] and was in-
cluded in the recommendations of Surviving Sep-
sis Campaign [20].

Thomas et al. in their analysis of 660 empiric ther-
apies found that in 50% of cases administration of 
antimicrobials was up to 72 hours [22]. Moreover, 
some data suggest that in 60% empiric therapy 
was extended up to 96 hours [1]. Every excessive 
extension of empiric treatment, especially when it 
will appear to be wrong, may result in increased 
bacterial resistance to antimicrobials and possible 
increase in patients’ mortality [5]. Amongst 26,256 
pathogens isolated between 2005 and 2012 in 
own material of our centre, 64% of species were 
gram-negative and 36% - gram-positive bacteria, 
34.3% of them were multidrug resistant. K. pneu-
moniae ESBL (+) consisted of 11.2% of isolates 
from Enterobacterales order; methicillin-resistant 
Staphylococci were 25.6% of all isolated Staphylo-
cocci. In the last year of mentioned study (2012) we 
found no MRSA species resisted to vancomycin. 
Amongst 447 species producing ESBL mechanism 
of resistance, only two of them were resistant to 
meropenem [13]. The choice of carbapenems as a 
preferred antimicrobial in empiric therapy seems 
to be reasonable because of its pharmacologic 

resistant to empirically administered drugs. The 
ineff ective therapy with meropenem was related 
to 38 isolates, including 12 gram-positive bacteria 
(MRSA, Enterococcus faecium), 19 gram-negative 
(P. aeruginosa and A.  baumannii). There were sev-
en fungal infections. Vancomycin was ineff ective 
in 31 cases: in 27 specimens gram-negative bacte-
ria, and in two – fungi were isolated. Ceftazidime 
was ineff ective in eight samples, including three 
isolates of MRSA and two isolates of Enterococcus. 
Imipenem/cilastatin was ineff ective against four 
isolates (three of A. baumannii and one – MRSA).

There was no pathogen resistant to vancomy-
cin and only one isolate of K. pneumoniae resist-
ant to meropenem amongst multidrug resistant 
pathogens. 

The total number of isolates where the empiric 
therapy corresponded with the results of micro-
biological tests was 166. There were forty-seven 
(28.3%) gram-positive bacteria, including 11 MRSA 
and 1 VRE (25.5%), and 119 (71.7%) gram-negative 
pathogens, including 35 K. pneumoniae ESBL+, 12 
A. baumannii (10.1%), and 2 E. coli ESBL+. In our ma-
terial, empiric therapy was eff ective against 66.7% 
of alert pathogens. 

The empiric antimicrobial therapy complied 
with the results of microbiological analyses in 
62.2% of cases.

Patients: 
238

Sam-
ples: 
267

Negati-
ve: 104

Antimicrobial agents chosen for empirical treatment and the results of microbiological 
investigations

positive: 
163

isolated pathogens:

247

resistant: 81 meropenem: 38 gram-positive: 12, incl. MRSA, E. faecium

gram-negative: 19, incl. A. baumannii, P. aeruginosa

Fungi: 7

vancomycin: 31 gram-negative: 27

Fungi: 2

E. faecalis VRE: 1, E. faecium VRE: 1

ceftazidime: 8 MRSA: 3

Enterococci: 2

E. coli ESBL: 2, S. epidermidis: 1

imipenem/cilasta-
tin: 4

A. baumannii: 3 

MRSA: 1

susceptible: 166 meropenem: 99 gram-positive: 7

gram-negative: 92, incl. A. baumannii 12, K. pneumoniae ESBL 
33

vancomycin: 37 gram-positive: 37, incl. MRSA 11

ceftazidime: 21 gram-positive: 1

gram-negative: 20, incl. E. coli ESBL 1

imipenem/cilasta-
tin: 9

gram-positive: 2

gram-negative: 7, incl. E. coli ESBL 1, K. pneumoniae ESBL 2

ESBL – extended spectrum β-lactamases, MRSA – methicillin-resistant Staphylococcus aureus, VRE – vancomycin resistant Enterococci

Tab. 1.  Summary of the study results.
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of choice remains colistin. When P. aeruginosa is 
suspected as an etiologic agent of infection, some 
new antimicrobials, as ceftazidime/avibactam, 
meropenem/vaborbactam or new cephalosporin 
– ceftolozane/tazobactam may be administered. 
However, until now, there are no data regarding 
the use of those antimicrobials in empiric therapy. 

In view of current literature, where the range 
of inappropriate clinical choice varies between 10 
and 90% [8,21], the compliance of our initial em-
piric therapy with the results of microbiological 
investigations seems to be quite accurate. 

Our analysis has some limitations. Due to study 
design, it is related to microbiological aspect only. 
We did not include the relations between the 
choice of antimicrobial therapy and the clinical 
outcome: such analyses aff ected patients hospi-
talised in fourteen hospital departments would be 
quite diffi  cult to perform. The effi  cacy of empiric 
therapy may be increased by the in-depth analysis 
of both expected bacterial species and possible 
source of infection. Moreover, we analysed only 
the clinical decisions which were performed re-
garding selected group of antimicrobial agents. It 
could be another reason of possible bias. Howev-
er, irrespective of the limitations of this study, the 
authors believe that its results may be interesting 
for physicians in making better clinical decisions 
regarding proper choice of empiric antimicrobial 
therapy to increase survival rate in cases of pri-
mary bacteraemia.

CONCLUSIONS

The empiric antimicrobial therapy, in our mate-
rial, complied with the results of microbiological 
analyses in 67.3% of cases. Meropenem and van-
comycin seems to be a good choice in empiric 
therapy of hospital infections. 

ETHICS APPROVAL

Study design was approved by the Bioethical 
Committee of the Military Institute of Medicine, 
Warsaw, Poland.

properties. The comparison of effi  cacy of car-
bapenems with aminoglycosides and fl uoroqui-
nolones in empiric therapy showed no minority 
of the latter treatment. However, the number of 
analysed cases was relatively small [19]. Because 
of the design of our study, data from the patients 
hospitalised in the critical care unit were not ana-
lysed. It can be a source of possible bias. On the 
other hand, such hospital procedure meant that 
possible mismatching (32.7%) did not lead to as 
serious consequences as could it be observed in 
cases of septic shock. The incidence of inappropri-
ate decisions was higher than observed by Cress-
man et al. [7]. This was mainly due to the fact that 
infections were caused by pathogens who were 
resistant, as a general rule, to antimicrobials which 
were administered. Moreover, the isolated species 
of P. aeruginosa and A. baumannii were resistant to 
carbapenems in 29% and 71%, respectively. Our 
previous in vitro analysis, with comparison of the 
carbapenems’ MIC 50 and MIC 90 values showed 
that meropenem was the most eff ective, followed 
by imipenem and ertapenem against Enterobacte-
riales strains family [14].

Those 104 cases in which no pathogens were 
identifi ed is a good example of harmfulness of em-
pirically administered antimicrobials in the fi rst 72 
hours. It can be extremally important in patients 
treated with immune suppressive drugs. Analysis 
of 1615 patients suff ering from febrile neutropenia 
found that overall mortality was higher in patients 
suff ering from blood infections caused by gram-
negative bacteria, who received inappropriate an-
timicrobial therapy (36% vs. 24%, p=0.004); it sig-
nifi cantly pertained to the patients with infections 
caused by P. aeruginosa [17].

The increased hospital mortality is mainly due 
to infections caused by multidrug resistant gram-
negative bacteria, especially producing extended 
spectrum beta-lactamases and carbapenemases. 
The drug of choice in therapy of invasive infections 
of β-lactamase producing pathogens are carbap-
enems [2,4,12]. The decisions in cases of infections 
caused by gram-negative bacilli producing met-
allocarbapenemases and A. baumannii, the drug 
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