University of Szeged
Department of Anaesthesia and Intensive Care

Ph.D. thesis

RESULTS OF A LOCAL ANTIBIOTIC MANAGEMENT
PROGRAM AND NATIONAL SURVEY ON
ANTIMICROBIAL CONSUMPTION AND ON THE
AVAILABILITY OF MICROBIOLOGY LABORATORY
SERVICES ON ADULT INTENSIVE CARE UNITS IN
HUNGARY

Dr. Zoltan Peto

Supervisor:

Prof. Dr. Erzsébet Nagy

Szeged
2011



ABBREVIATIONS

AB Antibiotic
ATC Anatomical Therapeutic Chemical
Cl Confidence interval
CMI Case mix index
DDD Defined daily dose
ICU Intensive care unit
ID Infectious disease
IDS Infectious disease specialist
IN Intranet
ISF International Sepsis Forum
LAMP Local antibiotic management program
LOS Length of stay
LRS Lower respiratory sample
MB Microbiologist
MBL Microbiology laboratory
MDR Multi drug resistant strain
Methicillin resistant coagulase-negative
MRCNS staphylococci
MRSA Methycyllin Resistant Staphylococcus Aureus
P Personal
PDD Prescribed daily dose
QGR Quinolone and gentamycin resistant strain
RDD Recommended daily dose
SCCM Society of Critical Care Medicine
sd Standard deviation
SIRS Systemic inflammatory response syndrome
SSI Surgical site infection
T Telephone
TGCR Third-generation cephalosporin resistant strain
VAP Ventilator-associated pneumonia
VRE Vancomycin Resistant Enterococci
WBC White blood cell count
WHO World Health Organisation
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1. INTRODUCTION

With the help of antimicrobial agents the worldwide control of infectious diseases and
infectious disease related mortalities had became possible. At the dawn of the antimicrobial era
antibacterial agents were seen as miracle drugs but the emergence of drug-resistant organisms
has impaired their therapeutic efficacy. [1-3] Microbial resistance has been known since the
earliest days of antibiotic therapy but the process has rapidly accelerated during the last 20 years
and is now reaching alarming levels. Increasing incidence of resistant bacteria — like
Vancomycin resistant Enterococci (VRE) or Methicillin resistant Staphylococcus Aureus
(MRSA) — pose a significant threat to hospitalised patients due to the difficulties to treat these
infections. (Figure 1, Figure 2.). [4-5]

Figure 1: Increasing incidence of Vancomycin resistant Enterococci in hospitalised patients in
Canada
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Figure 2: Incidence of MRSA reported to the national surveillance institutes in the Nordic
countries from 1997-2004. Denmark, Finland, Iceland and Sweden reported infections and

colonisations; Norway only reported infections.
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Before the widespread introduction of antibiotics microorganisms showed almost
complete sensitivity once intrinsic resistance was excluded. Organisms with intrinsic resistance
are often of low virulence — like Pseudomonas or Acinetobacter spp - but they easily become a
problem in immunocompromised patients managed in selection pressure environments such as
intensive care units (ICU). [6]

In parallel with increasing antimicrobial resistance the development of new classes of
antimocrobials has slowed down: 14 classes of new antimicrobials have been introduced
between 1935 and 1968 and only five since (Figure 3). [7]
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Figure 3: Discovery of different classes of antimicrobials
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The development of antimicrobial resistance has become a special issue on ICUs. [5]
Frequent — and often inadequate - antibiotic use, use of invasive procedures and
immunosuppressed patients are not uncommon on these units, therefore ICUs are the epicentres
of antibiotic use and the emergence of antibiotic resistant pathogens. [6-7] ICU patients are
more likely to be exposed to antimicrobial agents before admitted to ICU and they are also more
likely to be colonized with an antimicrobial-resistant pathogen from previous healthcare
treatment. Colonization of ICU patients with antimicrobial-resistant pathogens can lead to
infection as the patients are susceptible to hospital-acquired infection as the normal skin and
mucosal barriers are compromised by the use of invasive devices. All of these factors -
especially previous or inadequate antibacterial therapy - contribute to the increased risk of
developing hospital acquired infections with antimicrobial resistant pathogens. [8-12]

Inadequate antimicrobial therapy involves the use of antimicrobials with poor or no in
vitro activity against the microorganisms causing infection. Previous studies have shown strong
association between inadequate antibimicrobial treatment and increased in-hospital mortality
rates for patients with ventilator-associated pneumonia (VAP). [13-16]

To control the rise in antimicrobial resistance, various strategies have been tried and
measured and regular monitoring of antibiotic use was found to be one of the most effective
elements to control resistance to antibiotics. [17] Antibiotic usage monitoring should be always
part of the local antibiotic policy aiming to reduce inappropriate antibiotic use, avoid antibiotic
resistance and improve patient outcome. [18-20]

Antimicrobial agents have one more considerable aspect: antibiotics are one of the most
frequently used - and one of the most expensive - drugs on ICU. The inappropriate use of
antimicrobial agents has medical, economic and public health consequences therefore

substantial efforts are needed to rationalise the antibiotic prescription practice on the ICU.
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ICUs admit large number of postoperative patients from various surgical units therefore
the appropriateness of the surgical antimicrobial prophylaxis is very important in order to keep
antimicrobial drug usage, resistance and cost in bay. For surgical antimicrobial prophylaxis
antimicrobials are given to prevent surgical site infections (SSI). SSI is an important outcome
measure for surgical procedures and the term SSI is used to encompass the surgical wound and
infections involving the body cavity, bones, joints, meninges and other tissues involved in the
operation. In procedures that require the insertion of implants or prosthetic devices the term also
encompasses infections associated with these devices. The goals of prophylactic administration
of antibiotics to surgical patients are to reduce the incidence of SSI, to minimise adverse events
including the effect of antimicrobials on the patient’s normal bacterial flora and to cause no or
minimal change to the patient’s host defences.

The appropriate antimicrobial prophylaxis is one crucial component of an effective
antibiotic stewardship policy to control healthcare associated infections. It should not stand
alone and other means — such as proper patient preparation including identifying and treating
infections remote to the surgical site before surgery, blood glucose level control, preoperative
chlorhexidine bath of the patient, appropriate skin preparation for both the surgeon’s hands and
the surgical site, etc. — should also be done to minimize the risk of SSI.

By definition one must be able to differentiate the prophylactic antimicrobial treatment
from the therapeutic antimicrobial treatment. Prophylactic antimicrobial treatment is the use of
antibiotics before, during, or after a diagnostic, therapeutic, or surgical procedure to prevent
infectious complications. Therapeutic antimicrobial treatment is use of substances that reduce
the growth or reproduction of bacteria, including eradication therapy. This term is used to
describe antimicrobial therapy prescribed to clear infection by an organism or to clear an
organism that is colonising a patient but is not causing infection. [21]

To achieve a succesful, evidence based antimicrobial usage on ICU there is a need for a
well planned and executed antimicrobial management (or as known antibiotic stewardship)
program. In this Ph.D. work | have aimed to evaluate the impact of a new local antibiotic
management program (LAMP) on antibiotic usage on the Intensive Care Unit Il. of the
Department of Anaesthesia and Intensive Care, University of Szeged, Hungary.

With the antimicrobial consumption data from this ICU | was able to examine my results
in context with the comprehensive antibiotic use and microbiology service availability data from

Hungarian adult ICUs.
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2. BACKGROUND

2.1. Antibiotic stewardship

Antimicrobial stewardships programs generally refer to an ongoing organised program to
improve antimicrobial use at a health care system to improve patient outcomes and cost-
effectiveness and to reduce antimicrobial resistance at the same time. To achieve this goal
antimicrobial stewardship programs may employ different tools and activities as the followings:
[22]

1. Education: Creation of guidelines for antimicrobial use by antimicrobial
committee to change antibiotic prescription patterns and habits amongst
physicians. The advantage of this approach is the possibility of using the
power of active education to improve practice and to accept changes without
the loss of the prescriber’s autonomy. The education should be intense
enough to achieve the desired effect on clinicians.

2. Formulary/restriction: This approach restricts dispensing of targeted

antimicrobials and seeks approval from an authority to prescribe certain
antimicrobials. This is the most direct control over antibiotic use and it
potentially leads to perceived loss of autonomy by prescribers. Out of hours
personnel cover is required for approvals.

3. Review and feedback: With this approach the appropriateness of

antimicrobial therapy is reviewed and discussed daily with clinicians,
pharmacists and infection control specialists. High degree of co-operation is
required to maintain effectivity and compliance with recommendations is
voluntary.

4. Computer assistance: With the help of the computerised decision system it is

possible to provide up-to-date patient specific data at the point of care and to
make patient-specific recommendations. This approach needs significant
resources invested to build up, validate and maintain the system.

5. Antimicrobial cycling: This approach includes the scheduled rotation of

antimicrobials driven by the antimicrobial comittee. It may reduce resistance
by changing selective pressure. It is not easy to ensure compliance with the

cycling protocol and there are concerns about the effectiveness of the cycling.
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6. Other: temporary local efforts like switching antimicrobials in the same class
for cost-saving purposes, intravenous-to-oral switching programs and
pharmacokinetic consultation services may all have impact on antimicrobial
use but these steps are less likely to have a significant impact on global

antimicrobial use or antimicrobial resistance.

The presence and the impact of different antimicrobial stewardship programs were
studied previously: a study from 88 United States hospitals found that two-thirds had an
antimicrobial formulary and teaching hospitals tended to be more likely to have antimicrobial
restriction programs. [23, 24] This may be because of the admittance of sicker patients, higher
need for antimicrobial control and more available resources. Another study conducted by
Centers for Disease Control and Prevention’s Project (ICARE) showed that all participating 47
hospitals used an antibiotic formulary, and 91% utilised at least one other antimicrobial
stewardship strategy. [25]

A recent review — pro/con debate — concluded that all ICUs should have an antimicrobial
stewardship program accompanied by a system to monitor clinical outcomes such as mortality
and length of stay. This system presents an excellent opportunity for infection control and other
patient quality and safety initiatives. Close collaboration between intensive care physicians,
infectious disease and infection control specialists, microbiology services and pharmacy are

needed for the success of an antimicrobial stewardship program. [26]

2.2 Concept of the defined daily dose (DDD) and the Anatomical Therapeutic Chemical
(ATC) classification system

The DDD is an internationally accepted technical unit in drug utilisation studies. The
purpose of the ATC-DDD system is to serve as a tool for drug utilization research in order to
improve quality of drug use. One component of this is the presentation and comparison of drug
consumption statistics at international and other levels.

The DDD means the assumed average maintenance dose per day for a drug used for its
main indication in adults but one should know that the DDD does not necessarily correspond to
the recommended-, or actually prescribed daily dose (RDD and PDD). The World Health
Organisation (WHQO) recommends the use of the number of DDDs per 100 patient-days in
hospitals settings as the standard technical unit. The ATC and DDD system are revisited and
changed sometimes therefore it is important to know the version of the ATC index is used in

drug utilisation studies.
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In the ATC classification system, the active substances are divided into different groups
according to the organ or system on which they act and their therapeutic, pharmacological and
chemical properties. Drugs are classified in groups at five different levels and a seven digit code
identifies each active substance (Table 1). The drugs are divided into fourteen main groups (1st
level), with pharmacological/therapeutic subgroups (2nd level). The 3rd and 4th levels are
chemical/pharmacological/therapeutic subgroups and the 5th level is the chemical substance.
The 2nd, 3rd and 4th levels are often used to identify pharmacological subgroups when that is
considered more appropriate than therapeutic or chemical subgroups. The ATC coding and

DDD of commercially available penicillins in Hungary are shown in Table 1.

Table 1: ATC coding and DDD of commercially available penicillins in Hungary

ATC code 3 |ATC code|Drug Trade name |DDD DDD
5 oral (g) |parenteral
()
JO1CA JO1CAO01 ampicillin Semicillin 2 2
JO1CA04 amoxicillin Amoxicillin
JO1CE JO1CEO1 benzylpenicilline Penicillin G 3,60
potassium
JO1CEO2 phenoxymethylpenicillin | Ospen 2
JO1CEO06 penamecillin Maripen 1,05
JO1CEO09 benzylpenicillin-procain | Retardillin 0,6
JO1CF JO1CFO01 dicloxacillin Novapen 2 2
JO1CF02 cloxacillin Orbenin 2 2
JO1CFO03 meticillin Celbenin 4
JO1CF04 oxacillin Infectostaph |2 2
JO1CFO05 flucloxacillin Staphylex 2 2
JO1CR JO1CRO1 ampicillin, sulbactam Unasyn
JO1CRO02 amoxicillin+clavulanic | Augmentin 1 3
acid
JO1CRO4 sultamicillin Unasyn 2 2
JO1CRO05 piperacillin+tazobactam | Tazocin 14

Antibiotics in JO1CF group are not marketed in Hungary.
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2.3 The role of the microbiology laboratory services

Clinicians treating life threatening infections expect quick and accurate information from
microbiology laboratory services. Customer satisfaction has been reported as a critical
performance measure for clinical microbiology laboratory medicine. Accuracy of results and
physicians rated turnaround times are the most important service aspect for clinical laboratories.
[28, 29] The turnaround time is the time elapsed between the arrival of a given microbiology
sample to the laboratory and the microbiology report received by the clinician.

The quality of the microbiology services plays a vital role especially in ICUs and in the
Surviving Sepsis Campaign. The Surviving Sepsis Campaign - started by by the European
Society of Intensive Care Medicine, International Sepsis Forum and Society of Critical Care
Medicine - is aimed to improve the diagnosis, survival, and management of patients with sepsis.
The so called “Bundles” have been designed to allow teams to follow the proper timing, right
sequence, and goals to achieve a 25 percent reduction in mortality due to severe sepsis or septic
shock. [30] In the initial Sepsis Resuscitation Bundle the second element is to obtain blood
cultures prior to antibiotic administration to identify the organism that caused severe sepsis and
the samples are sent to the microbiology laboratory together with a request form. Microbiology
laboratory assistants process the sample according to the laboratory algorithms, they perform
microscopy and culture to identify potential pathogens and establish antimicrobial
susceptibilities. When all results are complete, the clinical microbiologist performs an
authorisation and the report is to be sent to the requesting clinician. The turnaround time of the
microbial samples is an important issue: as soon as the intensive care specialist knows the
detailed description of the microorganism responsible for a given infection the tailored
antimicrobial therapy could be started.

The choice of antimicrobials should be guided by the susceptibility of likely pathogens in
the given community and hospital. The regimen should cover all likely pathogens since failure
to initiate appropriate therapy promptly has adverse consequences on outcome. [31-33] The
antimicrobial regimen should always be reassessed after 48-72 hours on the basis of
microbiological and clinical data to prevent the development of resistance, to reduce toxicity and
costs. For that reasons the availability of an integrated, well equipped and properly staffed
microbiology laboratory services is vital. A microbiology laboratory - as part of the hospital
diagnostic services - is an important tool for infection control and ideally it should be working
every day on a 24 hour basis. Microbiology laboratories have three main functions:

e the diagnosis of infection in an individual patient

e to support the hospital’s infection prevention and control program
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e to provide resistance and surveillance data for the wards and the hospital to
support empirical antimicrobial selection by the physicians.

The good co-operation between intensive care physicians, infection control specialists
and microbiology laboratory specialist is paramount since if the etiological diagnosis of
infection is rapid and accurate, the patient will be treated properly at the beginning of infection
and the outcome is more promising. [34] A study on the clinical implications of increasing
antimicrobial resistance in patient isolates from a leading medical center world included the
statement that “Effective surveillance (for resistance identification and control) depends on a
fully equipped, efficient, and accurate microbiology laboratory that maintains close contact with

clinicians”. [35]

3. MAIN RESEARCH OBJECTIVES

1. To evaluate the impact of the new local antibiotic management program on antibiotic
usage introduced on the Intensive Care Unit Il. of the Department of Anaesthesia and Intensive
Care, University of Szeged, Hungary.

2. To investigate the impact of the revised surgical antimicrobial prophylaxis
management program on the antimicrobial consumption on the same ICU.

3. To present the results of a national survey on antimicrobial consumption and on the
availability of microbiology laboratory services on adult surgical intensive care units
benchmarked against the Intensive Care Unit I1. of the Department of Anaesthesia and Intensive
Care, University of Szeged, Hungary.



15
4. METHODS AND MATERIAL

4.1. Local antibiotic management program

The study was conducted on the six-bed special surgical ICU of the University of Szeged. The
unit was a tertiary referral center responsible for the treatment of critically ill neurosurgical,
trauma and orthopaedic patients from south Hungary. Other cases, e.g. general surgical and
medical patients, were transferred to other facilities for expert care after stabilization and/or
resuscitation. The following data was obtained on yearly or monthly basis for 3 years before
(2000-2002) and after (2003-2005) the implementation of the new antibiotic management
program:

(1) Patient data — number of patients, age, type of primary disease (neurosurgical,
trauma, orthopedic surgery related, medical or general surgical), ICU outcome (survival or
death), length of ICU stay (LOS) in days and the case mix index (CMI) - were collected. All of
these data were extracted from electronic reports, provided by the Financial Department of the
University of Szeged, Hungary.

(2) Infection data — number and aetiologic agents of bloodstream infections - was
collected. Bloodstream infections were defined as sepsis with documented bacteraemia. Sepsis
was diagnosed in accordance with the American College of Chest Physicians/ Society of Critical
Care Medicine consensus conference agreement. [36]

To detect the possible infections two or three pairs of blood cultures (central venous line,
venepuncture, arterial line) were taken from each patient presenting with the symptoms of
systemic inflammatory response syndrome (SIRS). Bacteraemia was confirmed when at least
one blood culture was positive for a pathogenic bacterium; or two blood cultures (one from
venepuncture) were positive for common skin bacteria.

During 20002003, the VITAL system (bioMerieux, L’Etoile, France) was used, but
from 2004 the BACTEC9000 (Beckton Dickinson Diagnostics, Franklin Lakes, NJ, USA) blood
culturing system was utilized. Species identification was performed with either the Vitek 2
(bioMerieux, L’Etoile, France) identification automat or conventional biochemical methods as
required. Susceptibility to relevant antibiotics was tested using the disk diffusion technique
according to the standards of the Clinical and Laboratory Standards Institute (CLSI) [37].
Duplicate isolates from the same patients with identical susceptibility patterns were excluded.
Clinical findings were retrieved from patient charts, while microbiological data were obtained
from the database of the Institute of Clinical Microbiology.

(3) Antibiotic consumption data. The monthly number of antibacterial packages

dispensed to the intensive care unit was obtained from the Central Pharmacy. Consumption data
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of systemic antibacterials were calculated according to the 2005 version of the WHO ATC-DDD
methodology, and expressed as DDD per 100 patient-days.

Before November 2002, there were no restrictions on the prescription of antibiotics and
an infectious disease (ID) specialist was not involved in the clinical decision-making. The ICU
was covered by intensive care physicians on an on-call basis therefore there was no nominated
critical care physician. Antimicrobial drugs could be started, changed and stopped without
consultation with infectious disease specialist and junior doctors could alone decide on antibiotic
therapy. On the ICU there were no data collected on antimicrobial drug consumption or unit
level antimicrobial resistance.

In November 2002, the new local antibiotic management program was implemented with
the following two main pillars:

(@) An ICU consultant/ID specialist consultation system was implemented. A nominated
ID specialist/microbiologist performed a daily bedside consultation five days a week and further
provided 24 h telephone support seven days a week.

(b) Intensive care consultant physician post was created and the ICU was supervised by
four senior anaethetist consultants in monthly rotation. They lead the unit and follow all patients
seven days a week. Apart from other responsibilities the prescription, or change in the
prescription of antibiotics was restricted to the four dedicated ICU consultants, after consultation
with the ID had occurred.

To measure the impact of the local antibiotic management program on antibiotic use we
applied segmented regression analysis of interrupted time-series as proposed by Ramsay et al.
[38] Normality was tested by Shapiro-Wilk test while autocorrelation by the Durbin-Watson
test. Detailed description of the method and its application are available in previous papers. [39,
40] Differences in patient and ICU data were tested by the Chi-square, Fischer’s exact or the
independent t-test, as appropriate. All statistical analysis was performed with the SPSS program

package (version 15). A p-value less than 0.05 were considered statistically significant.

4.2. Revised surgical antimicrobial prophylaxis management program

While evaluating the results of the local antibiotic management program a suspiciously
high second generation cephalosporin consumption was found. As these drugs — mainly
cefuroxim — were used almost solely for SSI prevention and antibiotics for surgical prophylaxis
were administered on the request of surgeons it was logical to revise the SSI prophylaxis
practice on the ICU. The characteristics of the unit otherwise remained the same as mentioned
above but by the time of the study the number of the ICU beds were increased to eight from six.

The patient and antimicrobial consumption data obtained on yearly and monthly basis for three
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years before (2003-2005) and four after (2006-2009) the implementation of the new antibiotic
prophylaxis policy were the same collected for the first study. All of these data were extracted
from electronic reports, provided by the Financial Department of the University and Central
Pharmacy. Consumption data of systemic antibacterials were calculated according to the newer
2009 version of the WHO ATC-DDD methodology, and expressed as DDD per 100 patient-
days.

With the implementation of the new antibiotic prophylaxis management in January 2006
the four intensive care supervising consultant covering the ICU in monthly rotation — who were
responsible for all antimicrobial therapy on the ICU as well — took over the responsibility for the
surgical prophylaxis. Before this intervention surgeons precribed the antimicrobial prophylaxis
for surgical patients both in the theatre and on the ICU thereafter. Even though the institutional
surgical antimicrobial prophylaxis guideline was clear about the choice of the antibiotics and the
length of the prophylaxis the recommendations were not always followed. After the intervention
the prophylaxis was stricktly given according to the University of Szeged’s antimicrobial
prophylaxis guideline: cefuroxime was recommended as the main agent and on the ICU the
prophylaxis was automatically discontinued within 24 hours after the surgery (automatic stop
order). These two novel elements were the backbone of the new surgical prophylaxis
management programme.

Only carefully selected patients — patients with extensively contaminated open wounds
or major abdominal trauma patients after laparotomy - received additional metronidazole cover.
For major abdominal surgery third generation cephalosporine and metronidazol was given for
surgical prophylaxis according to the institutional guideline and — contrary to the pre-
intervention years - the antibiotics were discontinued within the 24 hours period after the
surgery. In case of beta-lactame hypersensitivity the patient received clindamycin or
vancomycin if the patient was high risk for MRSA infection. To measure the impact of the new
antibiotic prophylaxis management on antibiotic use we applied the same statistical tests we
have used previously to evaluate the results of the local antibiotic management program.
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4.3. National survey on antimicrobial consumption and on the availability of

microbioloqy laboratory services on adult intensive care units in Hungary

In 2007, the 110 adult Hungarian ICUs were repeatedly addressed by our research group
to provide data on different antibiotic related measures (activity of the local antimicrobial
committee, existence of local guidelines and policies), availability of microbiologic services,
unit data and patient characteristics from 2006. The ICUs had received a detailed (97 question)
questionnaire by mail and in electronic format. The answering ICUs’ hospital pharmacies were
contacted than to provide package level antibiotic use data dispensed during 2006. Crude
package level data was converted into DDDs and expressed as DDD per 100 patient-days. For
each ICU antibacterials were ranked by volume of DDDs and the number of antibacterials which
were accounted for 90% of total antibiotic use (DU90% segment) was noted.

Hospital specific antibiotics were defined as third- and fourth-generation cephalosporins,
carbapenems, and aminoglycosides. The antibiotic usage and patient turnover data were
validated and outliers and unexpected values were identified by a query answered by the head of
the given ICU and central pharmacy departments. ICUs were categorized according to the
provided level of care (local, regional, tertiary care) and they were classified to be surgical,
medical or interdisciplinary based on the treated patient mix. The relationship between antibiotic
use in surgical ICUs and potential influencing factors —i.e. CMI and LOS- were also examined.

The CMI is an economic parameter calculated using diagnoses-related groups and shows
the severity of the illnesses (higher index means more complicated cases treated) and serves as a
basis for the unit/hospital reimbursement. [41]

The correlation between the antimicrobial use and the CMI and LOS of the surgical ICUs was
investigated with Pearson correlation analysis.

Questions No. 42 — No. 67 of the same 97-question survey collected information about
the availability of the microbiology laboratory services and the infectious disease
specialist/microbiologist consultation options for intensive care units in Hungary. There were
questions about the local microbiology laboratory’s office hours, the out-of-hours activity, and
the turnaround time of the specimens. Microbiology and infectious disease consultation
opportunities and availability were questioned as well. The questionnaire is shown in Appendix
1.



5. RESULTS

19

5.1. Local antibiotic management program

Patient and ICU data before (2000-2002) and after (2003-2005) the introduction of the

local antibiotic management program are summarized in Table 2.

Table 2: Patient and ICU data before and after the introduction of the local antibiotic

management program

Patient and ICU data 200-2002 2003 - 2005 p value

Total number of patients 1646 1757
Number of patients with primary disease:

Neurosurgical 1059 (64.4%) 1123 (63.9%)

Trauma 298 (18.1%) 366 (20.8%) 0.006*

Orthopedic related surgery 249 (15.1 %) 209 (11.9%)

Medical or general surgical 40 (2.4 %) 59 (3.4%)
Mean age (years) + sd 563172 56.8+17.6 0.401**
ICU mortality/1000 patients 66.2 64.3 0.440**
Mean length of stay (days) + sd 2.6£4.7 24+38 0.214**
Mean Case Mix Index + sd 63+1.5 6.0+0.7 0.258™*

sd: standard deviation, *: significant, **: non significant, +: Local Antibiotic Management

Program

There were no significant differences in the mean age of patients or ICU mortality rate
between the two periods. The mean length of stay showed a moderate, but statistically
insignificant decrease. The CMI also did not differ significantly before and after the
intervention. However, although the primary admission diagnoses did show statistically
significant differences before and after the implementation of the local antibiotic management
program, we did not consider these differences clinically relevant (e.g. 3.2% decrease in the
relative number of orthopedic surgery related patients).

There was no significant difference in the distribution of pathogens and in the
antimicrobial resistance in the two periods.

The distribution of pathogens of bloodstream infections before and after the introduction

of the local antibiotic management program is listed in Table 3.
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Table 3: The distribution of pathogens of bloodstream infections before and after the the

introduction of the local antibiotic management program

Pathogens of bloodstream infections 2000-2002 2003-2005
Staphylococcus aureus/MRSA 10/1 11/4
Coagulase-negative staphylococci/MRCNS 1/1 2/2
Streptococcus pneumoniae 1 0
Streptococcus spp. 1 1
Enterococcus faecalis/VRE 9/0 9/0
Bacillus cereus 1 2
Corynebacterium jejkeum 1 0
Escherichia coli/TGCR 3/0 5/0
Klebsiella pneumoniae/ TGCR 8/0 7/0
Enterobacter spp./ TGCR 4/0 4/0
Citrobacter koseri 0 1
Pseudomonas aeruginosa/MDR 5/2 3/0
Pseudomonas spp. 2 1
Acinetobacter baumannii/QGR 3/0 3/0
Stenotrophomonas maltophilia 0 1
Fusobacterium necrogenes 1 0
Actinomyces meyeri 0 1
Candida spp. 2 0
Total number of isolated bacteria 52 51
Total number of bloodstream infections 40 44

MRSA: methicillin resistant Staphylococcus aureus; MRCNS: methicillin resistant
coagulase-negative staphylococci;VRE Vancomycin resistant Enterococcus faecalis;
TGCR: third-generation cephalosporin resistant strain; MDR: Multi drug resistant
strain (resistant to at least three antipseudomonas antibiotics); QGR: quinolone and
gentamicin resistant strain

The total number of the microbiologically confirmed bloodstream infections was similar
in the two periods (40 vs 44). The most frequently isolated microorganisms were the same in
both periods with Staphylococcus aureus the most common isolate. Strains with emerging
resistance mechanisms rarely occurred in both periods among the blood culture isolates (Table
4). Only MRSA strains were more frequently seen after the implementation of local antibiotic
management program but the numbers of the confirmed MRSA bloodstream infections were so
low — only four in three years - that were considered them to be sporadic cases (Table 4).

The segmented regression analysis revealed that the estimated mean antibiotic
consumption decreased significantly to 101.3 DDD per 100 patient-days (95% CI: 100.7-102.0)
from 162.9 DDD per 100 patient-days (95% CI: 158.3-167.6) after the introduction of the local
antibiotic management program. The estimated mean change in slope of the time series was 1.5
(95% CI: -0.16 to —2.83) DDD per 100 patient-days per month. The graphic illustration of
segmented regression analysis of interrupted time-series data and further predictions for

reductions in antibiotic use are shown in Figure 4.
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Figure 4: Segmented regression analysis of interrupted time-series data before and after
the implementation of the new local antibiotic management program and further prediction for

reductions in antibiotic use
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The decrease in antibiotic use is attributable to the significant drop in the consumption of

quinolones, aminoglycosides, glycopeptides, metronidazole, and carbepenems (Table 4).
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Table 4: Usage data (expressed in DDD per 100 patient days) of main antibiotic groups
before and after the introduction of the local antibiotic management program.

Antibiotic use in DDD per 100 patient

days 2000-2002 2003-2005 % change
Tetracyclines 0.14 0.19 35.5
Penicillins 21.6 14.1 -34.8
Cephalosporins 41.4 47.0 13.5
Carbapenems 18.5 9.9 -46.6
Sulfonamides and trimethoprim 0.0 0.1 *na
Macrolides and lincosamides 6.7 38 426
Aminoglycosides 77 1.0 -86.9
Fluoroquinolones 211 11.2 -46.9
Glycopeptides 257 6.4 -75.1
Imidazoles 11.7 5.5 -53.3

Amongst the cephalosporins the third generation cephalosporin use was halved (11.0 vs
6.1 DDD per 100 patient-days) whilest an increase in the usage of second generation
cephalosporins was detected (29.5 vs 39.1 DDD per 100 patient-days). Cefuroxime was the most
commonly used antibiotic in both periods. The second and third most used agents were
vancomycin (20.2 DDD per 100 patient-days) and ciprofloxacin (13.0 DDD per 100 patient-
days) before and amoxicillin—clavulanic acid combination (9.3 DDD per 100 patient-days) and
meropenem (7.7 DDD per 100 patient-days) after the policy. Oral products were used only
marginally on the unit in both periods (6.9%vs 4.4%).

5.2. Revised surgical antimicrobial prophylaxis program

Patient demographics, ICU descriptives and antibiotic usage data are summarized in
Table 5.
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Table 5: Patient and ICU data (Part A) and antimicrobial use in DDD/100 patient days

(Part B) before and after the implementation of the surgical prophylaxis policy

Part A
Patient and ICU data 2003-2005 2006-2009 P-value
Total number of patients 1757 3459
Male (%) 846 (48.2%) 1702 (49.2%) 0.482
Number of patients with primary disease <0.001
(%)
Neurosurgical 1123 (63.9%) 2250 (65.0%)
Medical or general surgical 59 (3.4%) 116(3.4%)
Orthopedic related surgery 209 (11.9%) 278 (8.0%)
Trauma 366 (20.8%) 815(23.6%)
Mean age (years) + sd 56.8+17.6 59.2+17.6 <0.001
ICU mortality per 1,000 patients 64.3 62.7 0.857
Mean length of stay (days) + sd 24+38 22432 0.062
Mean CMI =+ sd 6.0+ 0.7 6.1+1.1 0.942
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Part B
Antibiotic use in DDD/100 patient days 2003-2005 2006-2009 % change
Penicillin combinations with beta-
lactamase inhibitors 13.81 13.81 -0.02
Second generation cephalosporins
(cefuroxime) 39.07 32.62 -16.50
Third generation cephalosporins 6.10 3.62 -40.71
Carbapenems 0.88 9.38 -5.04
Lincosamides (clindamycin) 268 3.24 21.05
Fluoroquinolones 11.19 13.65 22.04
Glycopeptides (vancomycin) 6.40 2.83 -55.82
Imidazoles (metronidazole) 5.48 354 -35.48

sd: standard deviation, CMI: Case mix index

The significant difference in the primary admission diagnoses was due to the smaller
number of ortopedic patients but it was not considered clinically relevant. There were no
significant differences in the mean length of stay, the CMI and the ICU mortality rate between
the two periods. As the number of financed ICU beds increased from six to eight in 2006 the
number of patients treated on our ICU was significantly higher in the second period. The mean
age of the patients increased but since it is a natural phenomenon we did not consider this
clinically important

The changes in the consumption of main antibiotic subclasses are summarized in Table 5
Part B.

The decrease in antibiotic use was mainly attributable to the drop in the consumption of
cefuroxime. This agent was the only second generation cephalosporin used at the unit and its use
was reserved for surgical prophylaxis. However in 2006 — in the transient year — cefuroxime had
outstanding use (51.8 DDD per 100 patient-days), thereafter in the three consecutive years a
continuous and significant decrease (36.42 — 28.1 — 18.8 DDD per 100 patient days) was
observed in parallel with the inclusion of more and more patients in the new policy. Other

agents used for surgical prophylaxis before and/or after the intervention like third generation
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cephalosporins, metronidazole and vancomycin also exhibited a significant drop in their use.
The clindamycin and fluoroquinolon use increased in the second period. The graphic illustration
of segmented regression analysis of interrupted time-series data and further predictions for
reductions in the antibiotic use are shown in Figure 5.
Figure 5: Segmented regression analysis of interrupted time-series data before and after
the implementation of the new antibiotic prophylaxis policy and further prediction for reductions

in antibiotic use
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The segmented regression analysis revealed that the estimated mean antibiotic
consumption decreased significantly from 101.3 DDD per 100 patient-days (95% CI: 100.7—
102.0) to 86.0 DDD per 100 patient-days (95% CI: 81.1-90.9) after the introduction of the new
antimicrobial prophylaxis policy, which corresponds to a 15% decrease in total use. The
estimated mean change in the slope of the time-series was - 0.89 DDD per 100 patient-days per
month (95% CI: -0.47 to -1.3).
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5.3. National survey on antimicrobial consumption and on the availability of

microbioloqy laboratory services on adult intensive care units in Hungary

49 units provided antimicrobial consumption data but during the validation process five
ICUs were excluded due to missing/invalid data.

A total of 92 476 DDDs, 95 086 patient-days and 19 590 admissions were included in the
analysis from the 7 tertiary care, 14 regional and 23 local ICUs. ICUs were categorised as
surgical (n=11), medical (n=8) and interdisciplinary (n=25) based on the treated patient mix.

The median number of beds per ICU was eight (range 6-22) and the mean number of
admissions per ICU was 445 (range 129-1038) in 2006. The case mix index ranged between 2.8
and 16.3 with a median of 5.2. Mean (+ standard deviation) length of stay was 5.3+1.7 days. The
CMI and the LOS of the surveyed ICUs can be seen on Figure 6.

Figure 6: The CMI and the LOS of the surveyed ICUs. Red dots indicate the position of
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Considering all participating ICUs (N=44) the consumption of systemic antibacterials
was between 27.9 and 167.8 DDD per 100 patient-days and with a median of 97.7 and mean of
98.7 DDD per 100 patient-days.

Figure 7. showes the systemic, the parenteral and the hospital specific antibiotic use on

the surveyed ICUs.
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Figure 7: The systemic, the parenteral and the hospital specific antibiotic use on the

surveyed ICUs. Red dots indicate the position of our ICU.
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On our ICU the systemic and the parenteral AB use was higher than the median of the
surgical and the all surveyed ICUs. The hospital specific AB use was less than the median of the
all surveyed ICUs and it was the lowest amongst the surgical 1CUs.

In total, 11-34 different antibacterial agents (mean: 22.0) were used in the analysed 44
units. The mean of overall antibiotic use was highest for penicillins with beta-lactamase
inhibitors (19.9+8.1 DDD per 100 patient days) , followed by quinolones (17.0 +£9.3 DDD per
100 patient days) and third generation cephalosporins (15.2+9.4 DDD per 100 patient days).
Similar ranking were detected in interdisciplinary and surgical ICUs. In medical ICUs the
consumption of quinolones out-ranged other classes of antibacterials. Considering all ICUs in
the DU90% segment five to 15 antibacterial agents were found (mean: 11.6) and the mean did
not differ by ICU type (surgical: 11.7; interdisciplinary: 11.8; medical: 10.8). The proportional
use of parenteral agents at Hungarian 1CUs ranged from 46.2 to 98.3 % of total antibacterial use
(average: 81.0%, median: 83.5%). The most frequently used oral antibiotics were the co-

amoxiclav, ciprofloxacin and the moxifloxacin (Table 6).
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Table 6.: Oral use of antibacterials on the surveyed Hungarian ICUs

Parenteral use
(as % of all Oraluse (as % % of ALL ORAL

Antibacterial agent use) of all use) antibiotic use
Amoxicillin and enzyme inhibitor 66.55 33.45 25.68
Ciprofloxacin 48.06 51.94 20.78
Moxifloxacin 49.33 50.67 12.74
Levofloxacin 65.72 34.28 8.74
Clarithromycin 36.81 63.19 6.28
Sulfamethoxazole and

trimethoprim 7.10 92.90 5.87
Doxycycline 0.00 100.00 4.35
Clindamycin 74.76 25.24 3.55
Cefuroxime 82.91 0.00 3.50
Azithromycin 26.20 73.80 2.58
Ofloxacin 11.93 88.07 2.24
Sultamicillin 0.00 100.00 1.09
Norfloxacin 0.00 100.00 0.57
Nitrofurantoin 0.00 100.00 0.41
Amoxicillin 0.00 100.00 0.25
Roxithromycin 0.00 100.00 0.24
Ampicillin 97.88 2.12 0.23
Cefixime 0.00 100.00 0.20
Fosfomycin 0.00 100.00 0.18
Penamecillin 0.00 100.00 0.17
Ceftibuten 0.00 100.00 0.12
Pefloxacin 78.49 21.51 0.12
Cefaclor 0.00 100.00 0.09
Cefalexin 0.00 100.00 0.03

The proportional use of hospital specific and parenteral antibiotics was also slightly
higher in surgical ICUs compared to all ICUs.
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Figure 8: The proportional use of parenteral and hospital specific antibacterials on the

surveyed ICUs. Red dots indicate the position of our ICU.
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As our ICU was a nearly exclusively surgical ICU at that time | have compared our data
with the data from all ICUs and then with data from the eleven surgical ICUs.

On the eleven surgical 1CUs the systemic antibacterial use was between 79.77 DDD per
100 patient days and 160.54 DDD per 100 patient days. The range of the proportional use of
parenteral antimicrobial use was between 70.63 % and 97.36 % in surgical ICUs.

The surgical ICUs used 18 — 26 different antimicrobials (median: 24). The range of
number of different antimicrobials responsible for 90% of the antibiotic consumption (DU90%)
was between 8 and 14 (median: 13) (Table 8).
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Table 8: Antimicrobial consumption data of the surveyed surgical ICUs. Hospital “J”

represents our ICU.

Hospital

Systemic Parenteral | specific Hospital

antibacterial | antibiotic |antibiotic | Parenteral | specific | Number

use (DDD use (DDD |use (DDD | AB use AB use |of Number of

per 100 per 100 per 100 |(% of (% of |different|different

patient- patient- patient- |total AB |total AB|drug drug used in
Hospital [ days) days) days) use) use) used DU 90 %
A 88,84 83,12 26,14 93,56 29,42 23 12
B 98,83 89,84 39,8 90,9 40,27 24 13
C 139,67 129,58 58,26 92,78 41,71 26 13
D 114,43 1114 44,59 97,36 38,97 19 9
E 125,62 108,71 54,33 86,54 43,25 18 10
F 132,42 93,53 53,25 70,63 40,21 26 14
G 100,78 93,89 44,05 93,16 43,71 24 13
H 79,77 69,45 36,89 87,06 46,25 24 14
I 160,54 157,82 86,08 98,3 53,62 21 8
J 122,62 114,61 18,02 93,47 14,7 24 10

114,29 103,26 73,27 90,35 64,11 26 13

The total consumption of different antimicrobials on the surveyed surgical ICU can be

seen in Figure 9.
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Figure 9: The total consumption (in DDD per 100 patient days) of different
antimicrobials on the surveyed surgical ICUs. Column “J” indicates our ICU.
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When assessing the use of different beta-lactam antibiotics the outstanding second-

generation cephalosporin (JO1DC) consumption on our ICU is easily visible in Figure 10.
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Figure 10: Use of different beta lactam antibiotics on the surveyed surgical ICUs. Red

dots indicate the position of our ICU.
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JO1CA: Penicillins with extended spectrum; JOLCE: Beta-lactamase sensitive penicillins; JO1CF:
Beta-lactamase resistant penicillins; JOLCR: Combinations of penicillins, incl. beta-lactamase
inhibitors; JO1DB: First-generation cephalosporins; JO1DC: Second-generation cephalosporins;
JO1DD: Third-generation cephalosporins; JO1DE :Fourth-generation cephalosporins; JO1DH:
Carbapenems

On the surveyed surgical ICUs the correlation between the antimicrobial use and the

LOS and the CMI was investigated and no correlation was found in any of these variables

(Figure 11).
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Figure 11: Correlation analysis between the antimicrobial use and the LOS and the CMI

on the surveyed surgical ICUs.
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Surveillance on the microbiology laboratory service availability for the surveyed ICUs in
Hungary

The questionairre was returned from 60 hospitals representing 62% of the targeted

institutions. In 33 hospitals (55%) on-site microbiology laboratory services helped the clinicians.

From the remaining hospitals the samples had to be sent away for microbiological processing

and assessment.

For the intensive care physicians the microbiology report — sensitivity data — was the

most important basis in deciding antimicrobial agent for a given infection. This was followed by

Hungarian and international guidelines then the advice of an infectious disease specialist or a

microbiologist as seen in Figure 12.
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Figure 12: The basis for antimicrobial drug choice according to the importance
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The turnaround time of a microbiology sample depends on the nature of the sample and
the requested investigation. In our study the turnaround time of the lower respiratory tract
sample used as the indicator. Ideally the negative — no growth — report of a given lower
respiratory sample is available on the next day and for positive results the detailed sensitivity
report is received in 48 or 72 hours after the first inoculation. According to our survey only
around 50% of the positive result’s sensitivity report was received during the weekdays in this
ideal timeframe and less than 20% during weekends. 21 units received results electronically, 14
by post and 23 by courier and two units did not answer the question.

The satisfaction with the microbiology reports as a helping hand in starting antimicrobial
therapy was asked to be ranked from 1 (worst) to 5 (best) and the average score was 4.02. The

results are shown in Figure 13.
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Figure 13: Satisfaction with the microbiology reports
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More than half of the responding units had seen at least one confusing microbiology
report where infectious disease specialist or microbiologist input would have been required. The
hospitals and the ICUs were asked about the availability of the infectious disease specialist and
microbiologyst consultation. At hospital level there was infectious specialist cover available for
consultation in 90% of the units during working days and in 70% during out-of-hours period.
Microbiologist was available for consultation in 50% of the hospitals mainly via telephone.
Howewer, even this level of good cover was not used properly by ICUs as only 55% of the units
reported of having asked for infectious disease consultation and 28% for microbiology
consultation. Personal bedside consultation on the ICUs was even less frequent: infectious
disease specialist participated in ward rounds on 11 units and microbiologist on three units with
variable frequency as seen in Table 7.

Microbiology laboratories provided detailed local antimicrobial resistance data for 26
ICUs (43%).

Table 7: Frequency of bedside consultation on the surveyed ICUs by infectious disease

(ID) specialist or clinical microbiologist

Frequency of bedside consultation ID specialist Clinical microbiologist

Daily 8 2
Every second day 1 1
Once per week 2 2
Never 48 56
No answer 1 1
Total 60 60

When assessing the microbiology laboratory services availability for the surveyed
surgical ICUs (n =11) we had the following results: (Table 8)
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Table 8: Availability and different aspects of microbiology laboratory and infectious
disease specialist services for the surveyed adult surgical ICUs in Hungary. Column “J”
represents our ICU.

ICU A B C D E F G H | J K

On site MBL no yes yes no yes no no no yes yes |yes

Distance from
ICU (Km) 2 0 0 0.5 0 5 135 5-50 0 0 0

24 hours
service no yes no yes no yes no no yes yes [yes

LRS TAT in
weekdays
(days) 3 2 2 2 2 3 3 3 3 2 2

LRS TAT in
weekends
(days) 3 3 3 2 4 4 4 4 2 2 4

Result sent courier | post + courier
back to ICU by | post courier courier | IDS +IN IN post post IN IN [+IN

Local
resistance on
reportto ICU |no yes no no no request |yes yes no no |yes

IDS
consultation in no T+
weekdays T+P |T T+P |T+P P P P T+P |data [P T

IDS
consultation in
weekends T+P |no T T+P T T P T+P |T+P [T T

MB
consultation in T+
weekdays T T T T+P P T T T+P |T+P [P T+P

MB
consultation in
weekends no T T T T T T no T T T

Attending IDS
inICU every
wardrounds no no no 2nd day |no no no no no no |no

Attending MB
inICU every
wardrounds no no no 2nd day |no no no no no no |no

more
than

Seeking IDS once /
advice weekly [ occasionally | monthly | day weekly | daily daily weekly [ daily | daily | daily

Seeking MB
advice never |weekly weekly | monthly | monthly | monthly | monthly | never | daily [ daily | daily

Usefulness of
the report (1:
worst, 5:best) 5 5 5 5 4 5 4 3 5 5 5

Confusing
MBL report no no yes no no yes no yes no no |yes

MBL: microbiology laboratory, LRS: lower respiratory tract sample, IDS: Infectious

disease specialist, MB: microbiologist, T: telephone, P: personal, IN: intranet

Six surgical ICU had on-site microbiology laboratory background service. From the

remaining five ICUs the samples had to be sent away 0.5 — 135 km for processing. The
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turnaround times of the lower respiratory samples were acceptable — 2 days - on weekdays in
five out of six ICUs where on-site microbiology laboratory background existed. The ICUs
without such on-site laboratory background services received reports one day later in average.
The off-duty (weekend) service was even slower to produce microbiology results for the ICUs,
namely these were 3 - 3 — 4 — 2 — 2 — 4 days for onsite and 3 — 2 — 4 — 4 — 4 days for off-site
surgical ICU units. Electronic reporting was only available only for five surgical ICUs.

To help the empirical antimicrobial therapy four ICUs received local resistance data from
the microbiology laboratory services at least once in a year. One ICU had this opportunity on
request.

Infectious disease specialist consultation was available for all but one surgical ICU every
day. Microbiologist consultation was available for all ICUs during the week but two ICU was
without microbiologist cover during the weekends. Only one ICU had attending infectious
disease specialist and microbiologist during the ICU wardrounds.

Five ICUs asked advice daily from the infectious disease specialist service, three weekly,
one monthly and one occasionally.

Two units never asked for an advice from a microbiologist, three asked advice daily, two
weekly and four monthly.

Eight ICU was maximally satisfied with the quality of the microbiology reports.

Seven ICUs had seen at least once misleading/confusing microbiology report.

6. DISCUSSION

6.1. Local antibiotic management program

The 2001 review by Kollef summarized strategies aimed at improving antibiotic use on
ICUs and enabled us to address deficiences of antibiotic prescribing system at our Institute. [6]
These were mainly thought to be the lack of ID specialist in the decision making process and no
limitations in antibiotic prescribing practise. In parallel a continuous increase of antibiotic use
was detected. The formulation and implementation of a new local antibiotic management policy
was followed by a substantial and sustained decrease in antibiotic use without corresponding
increase in morbidity and mortality. There was no new dominant pathogen of bloodstream
infections during this time, and the incidence of pathogens with emerging resistance
mechanisms did not change substantially. This can be seen as a success as there is a worldwide
tendency to the challenge posed by the growing numbers of infectious complications and

multiresistant microorganisms in the hospital and ICU setting. [6, 42, 43] To our knowledge our
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work was the first publication from Hungary in relation to antibiotic management program. The
reduction in antibiotic use was achieved while patient characteristics data did not alter
substantially. The similar number of microbiologically documented bloodstream infections in
the two periods might also confirm to the absence of major bias: the policy aimed at improving
antibiotic prescribing, not to modify, potentially decrease the incidence of bloodstream
infections.

In this work - as with the results of the SENTRY program - Staphylococcus aureus was
found as the predominant pathogen of bloodstream infections. [43] Distinct differences were
noted in the incidence of strains with special resistance mechanisms: resistant isolates — except
MRSA and oxacillin-resistant coagulase negative staphylococci — in both study periods were
less frequent compared to data from SENTRY. [43] As SENTRY data was derived not only
from ICU patients, the observed rare occurence of bloodstream infection pathogens with special
resistances (e.g. lack of vancomycin resistant enterococci) on our ICU requires special attention.
[43] Several strategies for controlling antibiotic prescribing have been previously described. [22]
Similar reduction in the total antibiotic use was achieved within a French ICU with educational,
restrictive and review measures. [44] A 33% reduction of antibiotic use was reported by a
German surgical ICU by implementation of a revised guideline. [45] Our local antibiotic
management program involved a restrictive strategy with the following two elements: limited
prescribing authority and compulsary consultation with the nominated ID specialist. The ID
specialist consultation had educational effect as well.

The restrictions were applied for all antibacterials for therapeutic use and resulted in
decreased use of almost all antibiotic classes rather than a decreased use of restricted antibiotics
with a compensatory increase in the use of non-restricted ones — known as the ‘squeezing-the-
balloon’’ effect. [46]

The average level of antibiotic use, achieved after the policy implementation (2003-
2005) was in middle range when compared to surgical ICUs from other European countries. [45,
47-50] However, as factors that are already proven to correlate with antibiotic use [48, 50] (e.g.
length of ICU stay, hospital affiliation and size) or possibly could influence antibiotic use (e.g.
patient case-mix, type of surgical patients) have not always been revealed in published studies
[45, 47-50], any differences in antibiotic use must be cautiously interpreted. It must be
emphasized that the majority of our case mix were postoperative patients with short term ICU
stay and consequently had often received prophylaxis with cefuroxime. The increasing number
of admissions might only partly explain the further escalation of cefuroxime use.

The reduction in antibiotic usage was not associated with either a change in

microbiological outcome (number of bloodstream infections, number of pathogens with special
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resistance mechanisms), or mortality. Generally, as discussed by MacDougall [22], other studies
have also found no difference or a slight improvement in clinical outcomes with antimicrobial
management programs. There is growing evidence that the multidisciplinary team approach,
with the leading role of an ID specialist, is crucial for the sucess of an antimicrobial stewardship
program. [22, 51, 52] However, this approach is seldom used in Eastern or Central Europe as
reflected by the scarcity of the literature. Significant barriers to the involvement of an ID
specialist also exist in other parts of the world. [22] The personal day by day presence of the
nominated 1D specialist has several advantages including educational opportunities [22] which
could be detected in changes in practise (e.g. the suspected colonized lines are how removed
immediately without starting vancomycine as was routine previously). In summary, this work
supports the view that setting up a local antibiotic management program with restricted
prescribing authority and involvement of an ID specialist in clinical decision-making is an
effective tool for the control of the antibiotic use in the ICU setting. This work also helped in
highlighting other fields of possibly inappropriate antibiotic use and therefore appointed future
aims.

However, the limitations of the study must be acknowledged. This was a single-centered
study where only quantitative but not qualitative data on antibiotic use was collated. The lack of
patient-level antibiotic use data also limited our ability to analyse antibiotic use in depth.

Other possible confounding factors (e.g. other than bloodstream infections, nursing
habits) were not explored. Finally, it cannot be ignored that ICU patient turnover increased

during the course of the analysis.

6.2. Revised surgical antimicrobial prophylaxis program

As the profile of our intensive care unit did not change and no other alterations were
made on the previously proven ongoing local antibiotic management program [53] we conclude
that the modification of the surgical antimicrobial prophylaxis alone was responsible for the
significant reduction in total antibiotic use. Prior to this intervention the antibiotics were given
to patients for days, sometimes during their entire stay on ICU. We are aware that the single shot
surgical antibiotic prophylaxis is already proven to be effective but this programme seemed to
be the only possible compromise at that time. [54] The new management system was brought in
2006 therefore we consider this year as a transition year. In 2006 the cefuroxime consumption
platoed as taking over the responsibilities from the surgeons were brought in and to apply the
automatic stop order was not without difficulties. After 2006 the cefuroxime consumption
showed a steady and steep decline. The clindamycine use increased during the second period but

the vancomycine use decreased paralelly. We explain this phenomenon with the more careful
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selection of the prophylaxis in case of cephalosporine (beta — lactam) hypersensitivity. After the
introduction of the new policy vancomycine was only used if it was really indicated. When
assessing the impact of this work one has to be aware that antibiotic use on our ICU before the
implementation of the new management programme was already similar to German surgical
ICUs (mean antibiotic use 1104 DDD per 1000 patient days) [48]. With this programme a
further 15% decrease in the antibiotic usage was gained and we believe that we have reached the
near optimal antibiotic consumption range for our ICU. These achievements are comparable to a
similar successful programme published by Meyer et al. where — contrary to our work — they
have concentrated only on a special patient group with external cerebrospinal fluid drainage.
[55] It is important to show that the decrease of the second generation cephalosporins and other
agents used for the prophylaxis did not come with the compensatory increase of other antibiotics
(squeezing the balloon effect). [46]

There are limitations of our results: firstly due to the postoperative nature of our ICU the
mean LOS was 2.2 days, therefore the possible negative effect of the new surgical prophylaxis
programme - e.g. increasing number of surgical site infections — would have arisen in wards
where the patients were transferred. As neither during, no since the study period has any claim
been received regarding this issue from the other wards, we do not believe that such a negative
impact was observed. As our ICU was responsible for the management of the critically ill post-
surgical patients, any trend of transferring critically ill ex-ICU patients emerging would have
been obvious from the case-mix reports. For the same reason — short LOS and high patient
turnover rate — the microbial resistance was beyond the scope of this work.

Secondly we did not investigate the impact of this programme on the cost of care. In
Hungary during the last decade we have witnessed so many economical and regulatory changes
that the inclusion of the cost analysis to this work was impossible.

Last but not at least this work was based on aggregated antibiotic consumption data
therefore the power of the patient level data analysis is missing.

In conclusion our work supports that targeting antibiotic prophylaxis on surgical ICU -
and possible in non intensive care surgical wards — can be a promising aim reducing

inappropriate antibiotic usage.

6.3. National survey on antimicrobial consumption and on the availability of

microbioloqy laboratory services on adult intensive care units in Hungary

Antibiotic consumption on the intensive care units varied from 27.91 to 167.79 DDD per 100
patient-days and from 79.77 to 160.54 DDD per 100 patient-days on surgical ICUs.
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The median and mean consumption was 98.38 DDD per 100 patient-days and 102.11 DDD per
100 patient-days on Hungarian ICUs and these numbers are lower than antimicrobial
consumption data from from other European countries. [41, 56, 57]
The several fold difference in the total antibiotic use on ICUs is not unique in Europe as it was
published in a German and in other European study. [41, 56, 57]
In a Swedish study researchers found that antibiotic consumption was higher on tertiary 1CUs.
[58] Our ICU is a tertiary ICU and as a tertiary ICU our CMI was higher than average so as
expected the antimicrobial consumption was high if compared to all and to the surgical ICUs.
The LOS on our ICU was amongst the lowest compared to surgical or all ICUs. Since the LOS
in general is related to the formula used to express antimicrobial use in DDD per 100 patient-
days its influence on antimicrobial use has already been investigated in different studies: some
claimed that shorter LOS may result in higher antibiotic use when expressed as DDD per 100
patient-days [59, 60] and other found positive correlation between antimicrobial consumption
and average LOS on ICUs. [18] In our study, antibiotic use on the studied Hungarian surgical
ICUs was not in correlation with the LOS.
One could expect higher antibiotic use on surgical ICUs where the CMI is higher. In our work
we could not find such a connection between these parameters. In another study the authors
could not find association between an illness severity score and the level of antibiotic use. [61]
Such a relationship could have been concealed because both the case mix index and other
patient severity scores correlate with the average condition of the patients not with the severity
of their infections.
Hospital-specific antibiotics are defined by the European Surveillance of Antibiotic
Consumption (ESAC) project, as carbapenems, glycopeptides, aminoglycosides and third- and
fourth-generation cephalosporins, monobactams. [62] The hospital specific antimicrobial
consumption (both in absolute and relative manner) was one of the lowest on our ICU and we do
consider it as the fruit of our antibiotic stewardship efforts. This is in line with a Swedish study
where low antibiotic use on ICUs was considered as the result of their strong control efforts.
[47]
In our study the range of the proportional use of oral agents was between 1.70 and 53.85 % of
total antimicrobial use. The high oral antimicrobial consumption on some ICUs may be alarming
because of bioavailability issues in critically ill patients or it could be explained by the
inappropriate patient discharge/admission policy. [63-65] On our ICU oral antibiotics
contributed to less than 10% of all antimicrobial consumption. Due to missing data in the
international literature it is difficult to compare these results to other works but in a study from
Sweden the authors reported up to 13% and 26% oral antimicrobial use on a surgical and
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medical ICU, respectively. [47] Association between all antibiotic use and the proportional use
of oral antibiotics could be assumed — more antibiotic use might comes together with more oral
consumption — but in this present work the higher proportional use of oral agents was not
associated with the magnitude of antibiotic use (data not shown).
In our study the most commonly used antimicrobials on the studied ICUs (and also when
considering only surgical 1CUs) were penicillins with beta-lactamase inhibitors, quinolones and
third-generation cephalosporins, same as in a recent German study. [66] On our ICU - contrary
to other surgical ICUs - second generation cephalosporins (mainly cefuroxime) were the most
frequently used antibiotics. This outstanding second generation cephalosporin consumption was
significantly reduced as the result of the altered surgical antibiotic prophylaxis policy.
The cefuroxime was the most frequently used class of antibiotics in a recent Swedish study as
well. [67]
Tha antibiotic use pattern was very different on the surveyed surgical ICUs but there were very
specialised units amongst them (e.g. Orszagos Szivsebészeti Intézet). This makes the quality
assessment and any comparison between the units very difficult.
A considerable variation in the number of used antibacterials and in the number of antibacterials

in the DU90% segment was found in our study. As other ICU studies from adult units have not
published these kinds of data, we could not make a comparison. However a recent study from
neonatal ICUs in the Netherlands showed similar variations in the number of used agents (nine
to 24) and in the number of agents (three to ten) used in the DU90% segment. [68] The reported
lower number of used antibacterials in the Dutch study is reasonable, as the number of

recommended antibacterial agents in neonates is lower.

The basis for an effective and aimed antimicrobial therapy is the accurate and quick
microbiology report. It is even more important on ICUs where immunocompromised patients
are treated and multiresistant microorganisms are common. Our survey showed that the
microbiology report was the most important basis in deciding the antimicrobial therapy on the
majority of the ICUs. Infectious disease specialist’s advice and advice from a microbiologist
were important as well. Even though other results of our survey showed a disappointing picture:
on the majority of the ICUs the microbiology laboratory background was partially or completely
missing therefore targeted antimicrobial therapy was simply not possible. With this missing
laboratory background the late start - or late de-escalation - of a sensitivity report guided

antimicrobial therapy is inevitable.



43

In this work the turnaround time of the lower respiratory tract samples was one of the
indicator to assess the availability (and in some extent the quality) of the microbiology
laboratory services. As discussed above ideally the physician should be able to see the detailed
sensitivity report in positive cases within 48-72 hours. The results of the survey showed much
slower than ideal turnaround time during weekdays and unacceptable quality services during
weekends.

The detailed sensitivity report for a given ICU helps to keep the focus on the ever
changing resistance data therefore it serves as the foundation for a local antimicrobial guideline.
This was one of the conclusions of the Antibiotic Stewardship project run in 2005 — 2006. [69]
As another important message from the same project they suggested to use the local resistance
data when adapting international antimicrobial therapeutic guidelines to obtain the most
effective results. According to our survey only 38% of the Hungarian adult ICUs received such
a report resulting in one of the important basis for local antimicrobial guidelines is missing.

The institutional existence of the microbiological laboratory services is an important
issue too. It is very difficult to provide up-to-date reports if the samples should travel long
distances to reach the microbiology laboratory, or if there is no out-of-hours microbiologist or
infectious disease specialist cover. The clinical laboratory background for ICUs is compulsory
but the microbiology laboratory background is not. [70]

Every ICU reported in our survey that the physicians had at least one confusing
microbiology report. As the accuracy of the report is very paramount to start the appropriate
antimicrobial therapy the discussion with an infectious disease specialist or a clinical
microbiologist to clarify the report is vital. During this clinical discussion the circumstances of
the sampling, the condition of the patient and other professional issues are discussed and at the
end an agreed antimicrobial strategy is made. Unfortunately it become clear that ICUs are not
using the opportunities for such consultations even in hospitals where microbiology and
infectious disease specialist background is present.

The first part of this PhD thesis proves that infectious disease specialist and
microbiologist consultation helps to keep antibiotic usage, resistance - and potentially cost - in
bay. Still, ICUs in Hungary do not use this tool to improve their infection control strategies.

Even worst the gaps in the availability of the microbiology services might undermine the

efforts made to achieve better treatment and survival of sepsis in Hungary.



44

7. SUMMARY

In this thesis | set out to provide the results of an ongoing local antibiotic stewardship program

from 2000 to 2009. | also intended to provide the results of a national survey on antimicrobial

consumption and on the availability of microbiology laboratory services on adult intensive care

units in Hungary.

My main findings are as follows:

The first part of this work showed that the estimated mean antibiotic consumption
decreased significantly to 101.3 DDD per 100 patient-days from 162.9 DDD per
100 patient-days after the introduction of the local antibiotic management
program. The mortality and the number of bloodstream infections did not change
significantly in the two periods. This work supports the view that a well
performed local antibiotic management program with restricted prescribing
authority and involvement of an infectious disease specialist in clinical decision-

making is an effective tool for controlling the antibiotic use on ICU setting.

Subsequently, segmented regression analysis revealed that the estimated mean
antibiotic consumption showed further significant decrease from 101.3 DDD per
100 patient-days to 86.0 DDD per 100 patient-days after the introduction of the
new antimicrobial prophylaxis policy. With this programme a further 15%
decrease in the antibiotic usage was achieved and | believe that we have reached
the near optimal antibiotic consumption range for our ICU. Very simple
intervention resulted in the changes and our program can be introduced relatively
easily on other ICUs. It is important to see that the decrease of the second
generation cephalosporins and other agents used for the prophylaxis did not come

with the compensatory increase of other antibiotics.

The national survey on antimicrobial consumption on adult intensive care units in
Hungary showed that the consumption of systemic antibacterials was between
27.9 and 167.8 DDD per 100 patient-days. We could not find association between
the antibiotic consumption and the CMI or the LOS. The proportional use of
parenteral agents on Hungarian ICUs ranged from 46.2 to 98.3 % of total
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antibacterial use. A considerable variation in the number of used antibacterials
and in the number of antibacterials in the DU90% segment was also found in our
study. It was not possible to explain these differences in details as for many
Hungarian ICUs this was the first ever occasion when antimicrobial use was
expressed in a standardized consumption unit. Still this work enabled us to
identify extreme values on different ICUs (e.g. high proportion of oral antibiotics,
low number of antibiotics in the DU90 range) wich would require further analysis
and/or intervention. The severalfold differences in antimicrobial consumption
may indicate a need for a structured, more frequent and more detailed data
collection and analysis.

e The survey on availability of microbiology laboratory services on adult intensive
care units in Hungary showed a disappointing picture: on the majority of the
ICUs the microbiology laboratory background was partially or completely
missing therefore targeted antimicrobial therapy was simply not possible. The
analysis of the turnaround time of the lower respiratory tract samples were much
slower than ideal during weekdays and unacceptable during weekends mainly
due to missing microbiology laboratory background. Even where microbiology
laboratory was available the ICU physicians frequently did not use the

opportunity for infectious disease specialist/microbiologist consultation.

In conclusion, the continuous effort to control and to monitor the use of antimicrobial agents at
local and national level is an important tool to keep inappropriate antibacterial use at bay and to
highlight problems which may require interventions.

The institutional problem with missing microbiology laboratory services undermine the efforts
to provide quick and accurate reports therefore decrease the chance of the survival of a critically

ill patient with life threatening infection.
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10. APPENDIX

Kérdoiv a hazai intenziv
osztalyok 2006 ¢vi antibiotikum
alkalmazasi szokasairol,
rendjerol és mikrobioldgiai
laborhatterérol

Prof. Dr. Bogar Lajos altal elektronikusan kiildott
valtozat nyomtatott verzioja



Korhazi bizottsagok

1. Volt-e az Ondk korhazaban 2006-ban gyogyszerterapias bizottsag?

Q Igen O Nem ha NEM a valasza, kérjiik folytassa a 4. kérdéssel
2. Haigen, kik voltak a tagjai a gyogyszerterapids bizottsagnak?
O Belgyogyasz O Laborvezetd 0O Gazdasagi igazgatd
Q Klinikai mikrobiologus Q Infektologus U Fogyogyszerész
0 Sebész O Neurologus U Intenziv terapias
szakorvos
QO Korhazhigiénikus O Gyermekgyogyasz O Egyéb
szakma :

3. Milyen gyakran iilt 6ssze a gyogyszerterapias bizottsag?

U Negyedévente U Félévente Q Evente U Ritkabban, mint
évente

4. Volt az Ondk kérhazaban 2006-ban kiilén antibiotikum bizottsag ?

Q Igen O Nem ha NEM a valasza, kérjiik folytassa a 7. kérdéssel
5. Haigen, kik voltak a tagjai az antibiotikum bizottsagnak ?
U Orvosi mikrobiologus U Infektologus U Gyogyszerész
U Intenziv terapias szakorvos U Korhazhigiénikus a
Gyermekgyogyasz
U Belgyogyasz U Laborvezetd U Sebész

U Egyéb szakma :
6. Milyen gyakran iilt 6ssze az antibiotikum bizottsag ?

U Negyedévente U Félévente Q Evente U Ritkabban, mint
évente

7. Stratégiai célja volt 2006-ban a kérhazvezetésnek az antibiotikum alkalmazés
javitasa/fejlesztése?

U Igen U Nem

Antibiotikum Politika

8. Volt-e 2006-ban az Ondk kérhdzaban gyogyszer alaplista, melyben feltiintették a
korhazban elérhetd gyogyszerek, antibiotikumok korét ?

U Igen U Nem

A kovetkez6 kérdések az intenziv terapias osztalyra vonatkoznak:

9. Kik voltak jogosultak 2006-ban az intenziv osztalyon fekvo beteg részére antibiotikum
terapiat inditani ?

U Osztalyos orvos U Osztalyos szakorvos U Rezidens orvos

QU Osztalyvezetd orvos U Egyéb orvos:
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10. Mas osztalyrol, miitdbol atvett beteg esetén volt-e jogosultsadga nem az Onok intenziv
osztalyan dolgozo6 orvosnak antibiotikum terapiat inditani, leallitani, vagy
megvaltoztatni?

Q Igen O Nem

11. 2006-ban volt olyan antibiotikum melynek felirdsa/hasznalata engedélyhez kotott volt az
Ondk intenziv osztalyan ?

U Igen U Nem ha NEM a valasza, kérjiik folytassa a 15. kérdéssel
12. Ha igen, mely formékra vonatkozott az engedélyeztetés ?

U Oralis U Intravénas

13. Ha igen, mely antibiotikumcsoportokra vonatkozott az engedélyeztetés ?

Q Fluorokinolonok (pl. Ciprobay, Avelox, Tavanic)

U Glikopeptidek (pl. Vancomycin, Targocid)

Q Széles spektrumt penicillinek (pl. Standacillin)

U Béta-laktamaz gatloval kombinalt széles spektrumu penicillinek (pl. Augmentin,
Tazocin)

U Harmadik generacios cefalosporinok (pl. : Claforan, Fortum, Rocephin, Megion, stb)

U Negyedik generacios cefalosporinok (Maxipime)

U Karbapenemek (pl. Tienam, Meronem)

O Makrolidok (pl. Klacid, Sumamed, Zitrocin)

Q Lincosamidok (pl. Dalacin C)

O Aminoglikozidok (pl. Amikin, Netromycine)

O Egyéb :

14. Ki volt jogosult ezen antibiotikumok hasznalatdnak végso engedélyezésére ?

U Osztalyvezetd féorvos U Osztalyos Szakorvos a
Infektologus

Q Intézetvezetd professzor/foigazgatd O Gyogyszerész (.
Egyéb:

15. Volt-e 2006-ban helyi, az antibiotikumok terapias hasznalatara vonatkozo irott iranyelv
(=antibiotikum politika) az Ondk intenziv terapias osztalyan ?

U Igen O Nem ha NEM a valasza, kérjiik folytassa a 24. kérdéssel
16. Ha igen, kik hataroztdk meg annak szakmai tartalmat ?

O Gyogyszerterapias bizottsag O Antibiotikum bizottsag U
Gyogyszerészek

O Mikrobiologus/infektologus konzulens U Intenziv terapias szakorvos

UEgyéb :

17. 2006. dec. 31.—et megel6zden mikor dolgoztak at utdljara ezen antibiotikum
politikat?

18. Minden intenziv osztalyos orvos szamara kénnyen hozzaférhetoé volt az antibiotikum
politikara vonatkoz6 kiadvany ?

U Igen U Nem

19. Megitélése szerint On illetve munkatarsai mennyire gyakran hasznaltak az antibiotikum
politikara vonatkoz6 kiadvanyt?
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U Naponta U Hetente U Havonta U Ritkan Q
Soha

Empirikus terapia az intenziv osztalyon

A kovetkezd kérdések az intenziv terapias osztalyra vonatkoznak :

20. A 15.-6s pontban emlitett kiadvany tartalmazott-e bizonyos infekciok empirikus
antibiotikum kezelésére nézve ajanlasokat/iranyelvet ?

Q Igen O Nem

21. Ha igen, mire vonatkozdan tartalmazott informaciot?

O Konkrét hatéanyagok O Egyes antibiotikum csoportok
Q Els6 valasztando antibiotikum Q Alternativ valasztas

O Adagolas QO Alkalmazas modja (pl. iv)

QO Alkalmazas id6tartama U Mellékhatas

U Egyes mikroorganizmusok antibiotikum kezelése

22. Az iranyelv ajanlotta-e az empirikus terapia feliilvizsgalatat és sziikség szerint
antibiotikum valtast/alternativat?

U Igen U Nem

23. Ha igen, hany nap antibiotikum alkalmazas utan ? nap

24. On szerint milyen informacioforrasokat hasznaltak az intenziv osztalyon dolgozé orvosok
az antibiotikum felirashoz valéo dontésnél ?

U Nemzetkozi ajanlas U Hazai ajanlas U Helyi ajanlas
U Mikrobiologus tanacsa U Infektologus tanacsa U Gyogyszerész
tanacsa

U Gyogyszeradatbazis (pl. Gyogyszer kompendium)
U Ha van, mikrobioldgiai lelet

U Bibliografikus adatbazis (Pubmed,Medline)

O Egyéb :

25. Melyek bizonyultak On és kollegai szamara ezek koziil a harom leghasznosabbnak ?

U Nemzetkozi ajanlas U Hazai ajanlas U Helyi ajanlas
U Mikrobiologus tanacsa Q Infektologus tanacsa U Gyogyszerész
tanacsa

O Gyogyszeradatbazis (pl. Gyogyszer kompendium)
U Ha van, mikrobioldgiai lelet

U Bibliografikus adatbazis (Pubmed,Medline)

U Egyéb :
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26.

217.

28.

29.

30.

31.
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Korhazi antibiotikum prophylaxis politika

Volt-e az Onok kérhazaban 2006-ban sebészi antibiotikum prophylaxisra vonatkozo
ajanlas/iranyelv?

U Igen O Nem ha NEM a valasza, kérjiik folytassa a 29. kérdéssel
Ha igen, milyen szakmak vettek részt az iranyelv kidolgozasaban ?
U Gyogyszerterapias bizottsag U Antibiotikum bizottsag d
Infektologus
U Mikrobiologus U Sebész a
Gyogyszerész

U Aneszteziologus/Intenziv terapias szakorvos
A sebészi antibiotikum prophylaxis iranyelv kitér:

O Azon mitétek listajara, ahol antibiotikum prophylaxist sziikséges alkalmazni
O Az els6 valasztand6 antibiotikumra

U Az alternativ antibiotikumra (pl. gyogyszerallergia esetén)

QU Egyszeri dozisu prophylaxisra

U A prophylaxis sziikséges idétartamara

U Az antibiotikum adas id6zitésére

U Adott antibiotikum korokozo spektrumara

U Az alkalmazand6 dozisra

U Az alkalmazas médjara

U Napi terapias koltségre

U Ismételt adagolasra hosszu miitét vagy nagy vérveszteség esetén
U Mellékhatasokra

Az prophylaxis idealis idotartamanak (<24h) tallépése esetén volt-e rendszeresen

barmiféle figyelmeztetés valaki (aneszteziologus, gydgyszerész, infektologus) részérdl a

rendelo orvos felé?

U Igen U Nem
A sebészi antibiotikum prophylaxis rendeléséért ki volt a felelés a miitétet megel6zéen ?
U Operalo sebész U Aneszteziologus/Intenziv terapias szakorvos U
Egyéb:

Amennyiben a beteg az intenziv osztalyra keriilt a miitét utan, az antibiotikum alkalmazas

tovabbi folytatasat ki rendelte el leggyakrabban?
U Operalo sebész U Aneszteziologus/Intenziv terapias szakorvos
U Infektologus U Egyéb személy :
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Oktatas
A kovetkez6 kérdések az intenziv terapias osztalyra vonatkoznak :

32. A 2006-ot megel6zo 2 évben a kdvetkezok koziil szervezett formaban az intenziv
osztalyon dolgozo orvosok honnan nyerhettek informaciot az antibiotikumok
hasznalataval kapcsolatban?

O Nem gyogyszercég altal szponzoralt eléadas

QO Oktaté/komputer program

Q Osztalyos referalokon esetbemutatas, irodalom attekintés
U Konzilium

Q Gyogyszercég altal szponzoralt gyogyszerismertetd eléadas
U Konferencian valo résztvétel

O Egyéb :

O Onszorgalombol, autodidakta modon fejlesztették ismereteiket

33. A 2006-ot megel6z6 2 évben az intenzives szakszemélyzet részesiilt-e belsé/helyileg
szervezett oktatdsban ?

Az antibiotikum hasznalatrol : U Igen a
Nem
Az antibiotikum rezisztencia kdvetkezményeir6l: U Igen a
Nem

ha NEM a vélasza, kérjiik folytassa a 38. kérdéssel

34. A belsd/helyileg szervezett oktatas, annak oktatdsi anyaga konkrétan az intenziv osztalyos
személyzetre irdnyult ?

U Igen U Nem
35. Ki szervezte a belsé/helyi oktatast ?

U Mikrobiologus/infektologus/korhazhigiénikus

QO Gyogyszerterapias bizottsag vagy antibiotikum bizottsag

O Gyogyszerészek U Gyogyszerforgalmazo cég a
Egyéb :

36. Milyen gyakorisaggal tartottak ilyen belsd/helyileg szervezett oktatéast, tovabbképzést az
antibiotikummokal kapcsolatosan az intenziv osztalyon?

U Folyamatosan U Félévente U Héaromhavonta
U Evente U Ritkabban,mint évente

37. Tortént-e barmiféle felmérés az oktatdé kampanyok effektivitasarol ?
U Igen U Nem
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Felmérések és auditok
(individualis antibiotikumrendelések megfelelosségének értékelése)

A kovetkezd kérdések az intenziv terapias osztalyra vonatkoznak :

38. A 2006-ot megel6z6 2 évben tortént-e felmérés, kimutatas az antibiotikum hasznalat
jellemzdirdl az intenziv terapias osztalyon?

U Igen U Nem ha NEM a valasza, kérjiik folytassa a 42.
kérdéssel

39. Haigen (38. kérdés) az mire iranyult ?

O Pénziigyi vonatkozas (pl. mennyit kéltottek az adott évben/hénapban antibiotikumokra)
O Gyakorisagi jellemzOk (pl. betegek hany szazaléka kapott antibiotikumot)

U Nyers mennyiségi jellemzok (pl. dobozszémban kifejezett karbapenem fogyas 2 kiilonbozé
idészakban)

QO Standardizalt mennyiségi jellemzOk (pl. napi atlagos felnétt dozisra az un. Defined Daily Dose
-DDD-re vonatkoztatott fogyas, pl. DDD/100 apolasi napban kifejezett antibiotikum fogyas)

O Mindségi jellemzok (pl. mennyire tartjak be az iranyelv egyes pontjait)

40. Ha igen (38. kérdés), ki végezte ezen felméréseket ?

O Gyogyszerészek U Antibiotikum bizottsag
U Intenziv orvosok U Sebészek
U Gyogyszerterapias vagy antibiotikum bizottsag U Klinikai

mikrobiologus/infektologus
U Egyéb személy :

41. Az osztalyon dolgozok koziik ki és hogy kapott visszajelzést a felmérésrol ?

O Nem kaptak visszajelzést

QO A felird orvosok személyesen, levélben
O Az osztalyvezetd féorvos, levélben

U Referalon prezentacio

U Egyéb modon :

Mikrobioldgiai laboratorium szerepe

42. Miikodott-e mikrobiologiai vizsgalatot végzo laboratorium vagy részleg a korhazban 2006-
ban?

U Igen U Nem

43. Ha nem, milyen tavolsagra volt az elérhetd mikrobiologiai laboratérium, amelynek a
szolgaltatasait igénybe vették?
km

A kovetkez6 kérdések az intenziv terapias osztalyra vonatkoznak, 2006 évre :

44. Biztositott-e a mikrobiologiai laboratorium hétvégi (szombat, vasarnap, linnepnap)
eredménykozlést?

U Igen U Nem

45. Volt-e lehetéség munkasziineti napokon is bakteriologiai vizsgalatot kiildeni gy, hogy
az feldolgozasra is keriilt?
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47,

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.
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Q Igen U Nem

A vizsgalati anyagot fogadta-e a mikrobioldgiai laboratorium 24 6ran keresztiil?
Q Igen O Nem

Az elkiildéstdl szamitva hany napon beliil kaptak alsé 1égati minta pozitiv tenyésztési
eredményt, ha a mintat hétfé és csiitortok kozott kiildték?

O 1nap U 2 nap U 3 nap U 4 nap

Az elkiildéstol szamitva hany napon beliil kaptak also 1éguti minta pozitiv tenyésztési
eredményt, ha a mintat péntek és vasarnap kozott kiildték?

Q 1 nap Q2 nap Q3 nap Q4 nap

Ko6zoltek-e mikrobiologiai lelet részeredményt telefonon ?

Q Igen O Nem

Hogyan tortént a mikrobiologiai lelet végso kozlése ?
QO Kézbesitd (pl. beteghordo) U Posta Q Intraneten O Email
U Egyéb :

A mikrobioldgiai laboratorium kozolt-e az osztalyra vonatkozé Gsszesitett rezisztencia
adatokat irasban az empirikus antibiotikum valasztas segitése céljabol ?

U Igen U Nem ha NEM a valasza, kérjiik folytassa a 54.
kérdéssel

Ha igen, milyen gyakran k6zolték az osztalyra vonatkozo Gsszesitett rezisztencia
adatokat 2006-ban?

O Evente tobb, mint kétszer Q Evente kétszer Q Evente egyszer
Ki kapta meg az irasbeli informaciot az Gsszesitett rezisztencia adatokrol ?

U Az osztalyvezetd féorvos U Minden egyes orvos személyesen
Q Intézetvezetd professzor/foigazgatd O Egyéb személy :

Ko6z0lt-e a mikrobioldgiai laboratorium MIC (minimalis gatlé koncentracio) értéket a
laborleleten ?

U Igen, mindig U Igen, bizonyos esetekben
U Igen, de csak kérésre U Nem

Milyen lehetdség volt az infektolégus konzilium kérésére munkaidében?
Q Telefonos U Személyes U Nem volt lehet6ség

Milyen lehetdség volt a mikrobiolégus konzilium kérésére munkaidében?
Q Telefonos U Személyes O Nem volt lehet6ség

Milyen lehetdség volt az infektologus konzilium kérésére munkaidén kiviil?

Q Telefonos U Személyes O Nem volt lehet6ség

Milyen lehetdség volt a mikrobiolégus konzilium kérésére munkaidon kiviil?

U Telefonos U Személyes U Nem volt lehetdség
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59. A napi viziteken rendszeresen jelen volt-e /segitette-e a terapiat mikrobiologus ?

Q Igen O Nem
60. A napi viziteken rendszeresen jelen volt-¢ /segitette-¢ a terapiat infektologus ?
Q Igen O Nem

61. Milyen gyakran kértek tanacsot a mikrobiologustol az antibiotikum alkalmazassal
kapcsolatban?

O Naponta tobbszor (1 Naponta U Hetente U Havonta (1 Soha

62. Milyen gyakran kértek tanacsot az infektologustdl az antibiotikum alkalmazassal
kapcsolatban ?

U Naponta tobbszor U Naponta U Hetente U Havonta U Soha
63. A mikrobioldgiai laboratorium végzett-e anaerob tenyésztést/azonositast?
U Igen U Nem
64. A mikrobiologiai laboratorium végzett-e gomba tenyésztést/pontos azonositast?
U Igen U Nem
65. Rendelkeztek-¢ bakteriologiai mintavételi protokollal?
U Igen U Nem

66. On szerint (1-5 ig skalan, 1=abszolit nem ; 5= kifejezetten) mennyire segitette az
antibiotikum valasztast az 6nok altal a laboratoriumtol kapott mikrobiolédgiai lelet ?

a1 a2 as a4 as
67. Tapasztalt olyat, hogy a mikrobiologiai lelet félrevezetd volt ?
U Igen U Nem

Gyogyszertar szerepe

A kovetkez0 kérdések az intenziv terapias osztalyra vonatkoznak

68. A gyogyszertari jelentéseken/szamlakon feltlintették-e 2006-ban kiilon az intenziv osztaly

altal az
antibiotikumokra koltott 6sszeget ?
U Igen O Nem

69. Volt-e 2006-ban az Onodk intenziv osztalyan bizonyos keretdsszeg a gyodgyszerek (és igy
az antibiotikumok) rendelésére ?

U Igen U Nem

70. Volt-e példa 2006-ban arra, hogy pénziigyi hiany miatt nem tudtak a leginkabb megfelel6
antibiotikumot megrendelni?

U Igen O Nem
71. Hogyan tortént 2006-ban az antibiotikum rendelés a gydgyszertartol?

Q osztalyra szoloan, elektronikusan
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U osztalyra szoléan, megrendeld lappal

Q betegre szo6loan, kiilon antibiotikum rendel6 lappal
U betegre szo6ldan, gydgyszerrendeld lappal

O betegre sz6ldan, elektronikusan

U Egyéb :

72. Amennyiben betegre szoloan tortént az antibiotikum rendelés, hany napra elegendd
antibiotikumot lehetett rendelni egy alkalommal a gyogyszertarbol ?

Q 1nap Q 3 nap O 5nap O T6bb, mint 5 nap O Nincs
limitacio

73. Az indit6, siirgdsségi készleten tal volt-e tobb napra elegendd antibiotikum készlet az
intenziv osztalyon ?

Q Igen O Nem
74. Terépias tanacs kérhetd volt-e munkaiddben a gydgyszerésztdl ?
Q Igen O Nem
75. Terépias tanacs kérhetd volt-e munkaiddn kiviil a gyogyszerésztol ?
U Igen U Nem
76. A napi viziteken rendszeresen jelen volt-e/segitett-e e terapiat a gyogyszerész ?
U Igen U Nem

77. Milyen gyakran kértek tanacsot a gyogyszerésztdl az antibiotikum alkalmazéassal
kapcsolatban?

U Naponta tobbszor 1 Naponta  UHetente U Havonta U Soha

78. Biztositott-e a gyodgyszertar/gyogyszerész az elmult 3 évben a koltségeken tul barmilyen
visszajelzést a az antibiotikum felhasznalasrol?

U Igen U Nem

79. Ha igen (78. kérdés) az mire iranyult ?

O Gyakorisagi jellemzOk (pl. betegek hany szazaléka kapott antibiotikumot)
U Nyers mennyiségi jellemzok (pl. dobozszamban kifejezett karbapenem fogyis 2 kiilonbozé
idészakban)
O Standardizalt mennyiségi jellemzok (pl. napi atlagos felnétt dozisra az Gn. Defined Daily Dose
-DDD-re vonatkoztatott fogyas, pl. DDD/100 apolasi napban kifejezett antibiotikum fogyas)
O Mindségi jellemzok (pl. mennyire tartjak be az irdnyelv egyes pontjait)
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Gyogyszerforgalmazok szerepe

A kovetkezd kérdések az intenziv terapias osztalyra vonatkoznak, 2006-ra

80.

81.

82.

83.

84.

85.
86.
87.
88.

89.

90.

A gyogyszercégképviseloknek engedélyezve volt-e, hogy gyogyszermintakat hagyjanak
az intenziv terapids osztalyon?

Q Igen U Nem

Kapott-e tdjékoztatdst a gyogyszertartdl az intenziv terapids osztdly az aktudlis
antibiotikum rabatokrol ?

U Igen U Nem

Ha igen, meg tudna-e becsiilni (1-5 ig skalan, 1=abszolat nem ; 5= kifejezetten) hogy az
antibiotikum rabatok milyen mértékben tamogattak gazdasagilag munkajukat ?

a1 a2 as a4 as
On szerint az osztalyan a raciondlis antibiotikum felhaszndlds mivel lenne még javithato?

U osztalyon dolgozo orvosok tovabbképzése
U ha eddig nem volt, mikrobiologus bevonasa
U ha eddig nem volt, infektolégus bevonasa
U ha eddig nem volt, gydgyszerész bevonasa
Q felirasi jog sziikitése

O egyéb :

Az intenziv osztaly jellemzése

Milyen korosztalya betegeket fogadott 2006-ban az Ondk intenziv osztalya ?

Q felnétt betegek
O gyermek betegek
Q ujsziildttek

Hany aggyal miik6dott az intenziv osztaly 2006-ban ? agy
Hany beteget latott el az intenziv osztaly 2006-ban ? beteg
Az Gsszes apolasi nap szama az intenziv osztalyon 2006-ban : apolasi nap

A Kkardiolégiai megfigyeld (koronaria 6rzé) egyiitt miikédott-e 2006-ban az Onok
intenziv osztalyaval ?

U Igen U Nem

Héany szazalékat tették ki a 2006-os osztalyos betegforgalomnak a kovetkezd
betegtipusok :

U Belgyogyaszati: _ %
O Altalanos sebészeti: _ %
Q Szivsebészeti: _ %
U Baleseti sebészeti: %
U Neurologia _ %
U Beavatkozast, 1élegeztetést nem igényld, kardiologiai megfigyelésen (koronaria
0rz0d) 1évo betegek : _ %
O Egyéb tipusu: _ %

Hany szazelékat tették ki a 2006-os osztalyos betegforgalomnak a posztoperativ, rovid
(<36h) apolasi idejii betegek :___ %.
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92.

93.

94,
95.

96.

97.
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Az osztaly 2006-0s Case-Mix-Indexe (az adat elérhet6 a korhaz finanszirozasi/kontrolling
osztalyan) :

Hany szakorvos dolgozott az osztalyon 2006-ban ? szakorvos

Hany szakvizsgaval még nem rendelkez6 orvos dolgozott az osztalyon 2006-ban ?
0orvos

Hany rezidens orvos dolgozott az osztalyon 2006-ban ? rezidens orvos

Az 0Osszes orvos kozil hany dolgozik tobb, mint 10 éve az osztalyon ?
0orvos

A kovetkezd szakvizsga tipusokkal hanyan rendelkeznek az osztdlyon dolgozd orvosok
koziil ?

U anesztezioldgia és intenziv terapia : orvos
U infektologia : 0rvos
U egyéb, megnevezve : 0rvos
U egyéb, megnevezve : 0rvos
Statuszban 1évo orvosok atlagéletkora : ev

Koszonjiik, hogy kitoltotték a
kérdoivet!
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