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Abstract

Introduction: Infections related to the use of invasive instruments leads to the risk of treatment difficulties, prolonged hospitalization, increased
health care costs, and increased mortality and morbidity rates. The present study examines the results of an infection surveillance study that
showed an increased incidence of infections related to the use of invasive instruments in the cardiovascular surgery intensive care unit of the
Ankara Training and Research Hospital and mitigating measures were taken following the surveillance program.

Methodology: Compared with previous surveillance data, an increase was observed in the incidence of infections related to the use of invasive
instruments in cardiovascular surgery intensive care unit (CVS-ICU) during the first six months of 2014. A research team was formed
comprising one infectious diseases and microbiology specialist, one cardiovascular surgeon, and two infection-control nurses. Patient data was
collected. The compliance of the surgeons, nurses, and other health care professionals to the infection control measures was evaluated.
Results: The rate of ventilator-associated pneumonia was 8.20% and the rate of catheter-associated urinary tract infection was 4.47% in the
CVS-ICU. There were missing or inadvertent practices regarding antibiotic prophylaxis, asepsis and antisepsis and isolation measures in patient
preparation and patient care before and after the operations. The rate of inappropriate antibiotic as prolonged use was 72%.

Conclusions: It is one of the basic tasks to take appropriate measures to prevent outbreaks of hospital infections. It is possible to prevent an

outbreak of hospital infections only by the accurate analysis of data and establishing strict infection control procedures.
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Introduction

Infections are common in intensive care units and
constitute a significant problem in hospitals. Hospital-
acquired infections result in increased health care costs,
due to prolonged hospitalization, and increased
mortality and morbidity rates [1]. Many factors play a
role in the development of infections following
cardiovascular surgery (CVS), including prolonged
hospitalization =~ before  surgery,  inappropriate
prophylaxis, inadequate compliance to asepsis-
antisepsis procedures, length of stay in the intensive
care unit after surgery, prolonged intubation time, etc
[2-7]. Patients bearing many of these factors require
intensive surveillance programs to be established in
order to prevent postoperative infections [2]. In this
study we focused on device-related infections, which
are infections that can be prevented; therefore, they are

particularly important in the intensive care units’
environment. Although there is very limited
information regarding the effects of specific infection
control programs on the prevention of postoperative
infections, the emergence of new outbreaks further
complicates these programs.

The present study examines the surveillance
studies, measures taken, and the outcomes of mitigating
measures following the emergence of an infection with
epidemic potential in the cardiovascular surgery
intensive care unit at the Ankara Training and Research
Hospital.

Methodology

An increase in invasive instrument-related
infections was reported in the cardiovascular surgery
intensive care unit (CVS-ICU) following operations
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conducted in the cardiovascular surgery theatre during
the first six months of 2014. The infection rates in the
other surgical theatre and intensive care units were also
evaluated. This was followed by an assessment of the
current situation and the necessary measures required.
The study data was retrospectively collected by
reviewing patient charts and the surveillance data from
the infection control committee for 2013 and the first
six months of 2014.

Patients who were connected to ventilator support
after surgery were diagnosed with Ventilator-associated
pneumonia (VAP) if there was the presence of fever,
increased lung secretions, recent infiltration and/or
increase in infiltrative appearance on a chest x-ray, and
bacterial growth >105 cfu/mL in deep tracheal aspirate
culture. Catheter-associated urinary tract infection (CA-
UTI) was identified in patients who had a urinary
catheter in place and developed fever, pyuria and had
bacteria >105 cfu/mL in urine cultures. Central venous
catheter-associated infection in the bloodstream
(CVCA-BI) was identified by increased bacterial
growth in central line blood cultures in comparison to a
blood culture from another vein site. Rates of VAP, CA-
UTI, and CVCA-BI and causative agents observed in
the department of cardiovascular surgery were
identified in this study.

A research team, comprising of an infectious
diseases and clinical microbiology specialist, a
cardiovascular surgeon, and two infection-control
nurses, conducted visits at different time points to the
operating theatre, intensive care unit and ward of the
department of cardiovascular surgery, without giving
prior notice, in order to assess the current situation and
practices in place. Routine procedures in the ward,
operating theater, and intensive care unit were
subsequently reviewed. Environmental samples were
collected from predetermined locations and instruments
in the operating theatre, as the operating table, sterile
surgical instruments and aspirator. A report was
prepared detailing inappropriate practices observed
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during the visits and suggestions for mitigating
measures. The report was submitted to the hospital
administration and relevant clinical and education
programs were planned in order to improve practice.

The research team observed the preparation of
patients for surgery, the compliance of personnel to
hand hygiene, the use of personal protective equipment,
barrier measures, asepsis-antisepsis during catheter
insertion and maintenance, and wound dressing. From
these observations, incorrect practices were
determined. The research team continued monitoring
the hospital infection rate in the department of
cardiovascular surgery.

Results

The invasive instrument-associated infection rates
reported in the CVS-ICU of the Ankara Training and
Research Hospital during 2014 by surgeons, and the
type of invasive instrument-associated infection, are
shown in comparison to previous years in Table 1. The
quarterly distribution of infection rates in 2014 and the
rates documented following the implementation of
educations programs and mitigation measures are
shown in Table 2. Three patients with VAP and one
patient with wound site infection were concurrently
hospitalized in a six-bed intensive care unit. Of the
patients diagnosed with VAP, two also had urinary tract
infections. Different microorganisms were isolated
from the infected patients (Table 3).

Site visits were conducted in different time frames
to the operating theatre, intensive care unit and regular
ward of the department of cardiovascular surgery.
These visits revealed that the shaving of the surgical site
as part of the operative preparation was performed one
day before surgery in patients hospitalized in the regular
ward and 18 hours before surgery in patients
hospitalized in the intensive care unit. It was noted that
antibiotic prophylaxis with cefazolin 1 g was initiated
intravenously on admission and continued until
discharge from the hospital. Cefazolin prophylaxis was

Table 1. Yearly distribution of invasive instrument-associated infection rates in CVS-ICU.
Urinary

Number of Total days in Ve.n.tila.tor Infection catheter Infection CVC Infection
Years . . utilization Rate of e e Rate of CA-  utilization Rate of
patients hospital rate* vapss  UAdON g rate*  CVCA-BI**
2012 185 513 0.32 18.52 0.86 6.77 0.79 9.90
2013 522 1746 0.23 12.38 0.87 0.66 0.75 0.00
2014 504 2084 0.22 6.61 0.87 4.96 0.68 3.51
2015 232 1081 0.27 7.07 0.91 6.29 0.75 5.10

VAP: Ventilator-associated pneumonia; CA-UTI: Catheter-associated urinary tract infection; CVC: Central venous catheter; CVCA-BI:
Central venous catheter-associated bloodstream infection; *Utilization rate: 100 x (invasive instrument-associated infection / patient day);
**Infection rate: 100 x (invasive instrument-associated infection / patient).
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Table 2. Quarterly distribution of invasive instrument-associated infection rates in 2014.

yap Ventilator oo . CA- grt‘l'l‘;‘g Rateof CVCA-  CVC  Rateof
Quarterly periods cases utilization VAR** UTI atilization CA- BI utilization CVCR-
rate* rate* UTI** cases rate* BI**
January-March 2 0.24 8.20 3 0.88 4.47 0 0.64 0
April-June 1 0.16 0.93 1 0.87 0.43 3 0.73 1.43
July-September 0 0.20 0.00 1 0.89 0.66 2 0.70 0.93
October-December 1 0.27 0.00 2 0.85 1.58 2 0.67 1.57

VAP: Ventilator-associated pneumonia; CA-UTI: Catheter-associated urinary tract infection; CVC: Central venous catheter; CVCA-BI:
Central venous catheter-associated bloodstream infection; *Utilization rate: 1000 x (invasive instrument-associated infection / patient day);
**Infection rate: 100 x (invasive instrument-associated infection / patient).

initiated longer than 24 hours. The rate of inappropriate
antibiotic prophylaxis was 72% according to the
guideline of surgery prophylaxis of our hospital, despite
active surveillance studies and continued education
programs. In this context, one-to-one interviews with
the surgeons were made and education programs were
repeated.

It was observed that following the arrival of the
patients in the operating theatre, skin preparation was
performed with povidone iodine before the insertion of
central venous catheter; however, the skin was wiped
with a sponge without leaving the skin to dry for two
minutes. The surgeons complied with surgical hand
scrub time; however, hand-toweling practices were not
appropriate. Some operating theatre personnel used
surgical facemasks exposing their noses and the
surgical team did not change their caps between
operations. Some operating theater personnel spent
some time out of the theater, while wearing surgical
clothing, and then re-entered the operating room.
During the cleaning between operations, infected

materials were disposed of inappropriately, raising dust,
and surfaces were wiped immediately following the
application of disinfectant solutions, without leaving
time for effective bacterial kill. The covering of the top
mattress on the operating table was torn, exposing some
areas of sponge beneath the covering. Samples were
collected for culture from these exposed areas and the
sterile materials frequently used during operations. No
bacterial growth was observed in these cultures.

It was noted that, during visits to CVS-ICU, skin
preparation prior to the insertion of the central venous
catheter was performed with povidone iodine solution.
The glass protection on the ceiling’s lighting had been
removed, on the grounds that the glass covering
reduced the amount of light available. The personnel in
the CVS-ICU did not wash or scrub their hands,
preferring to use gloves rather than following hand
hygiene practices. Equipment maintenance staff did not
comply with infection barrier measures. Barrier
methods and isolation measures were not followed in
patients hospitalized in the intensive care unit, or in

Table 3. Distribution of microbiologic agents isolated from the infected patients during the study period.

Agents Number of infections (n) Place of sampling
P. aeruginosa 2 DTA, urine
S. maltophilia 1 Wound
K. pneumoniae 2 DTA, urine
A. baumanni 1 DTA
E. coli 1 Urine
DTA: Deep tracheal aspirate.
Table 4. Appropriate/inappropriate practices before and after surgery.
Before surgery During surgery ICU
Room Barrier and
. . Hair Antibiotic Skin Surgical cleaning Hand . .
Practice Bathing . . . isolation
removal prophylaxis cleaning  hand scrub  between the hygiene
. measures
operations
Appropriate + + +
Inappropriate + + + + +
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patients requiring extensive debridement or emergency
intervention. Table 4 shows the appropriateness of
practices before, during and after surgery (Table 4).

Samples were collected from the surface of the
operating table, sponge exposed from the torn portion
of the mattress, sterile surgical materials frequently
used during CVS procedure. No bacterial growth was
observed in these cultures.

The report prepared after gathering this data was
submitted to the hospital administration as well as to the
department of cardiovascular surgery. Prompts and
education programs were conducted about the control
measures. Surveillance data were subsequently
regularly monitored. A decrease has been noted in
invasive  instrument-associated  infection  rates
following the implementation of the control measures
and education programs (Table 2).

Discussion

Hospital-acquired infections remain one of the most
important causes of mortality and morbidity. The
mortality rate following cardiac surgery where there are
complications with hospital-acquired infections is
higher than that in cardiac surgery without such
complications, showing a mortality rate ranging from
22% to 40% [8, 9]. On the basis of an increased
incidence of health care-related infections in CVS-ICU,
the present study showed the feasibility of reducing
infection rates through various measures and the
development of practices, as discussed below.

Previous studies have shown that deep sternal
infections are the most critical infections patients can
develop following cardiac surgery and elements of
normal skin flora have been suggested as an important
risk factor [3]. The studies suggest bathing with
chlorhexidine-containing solutions in the morning on
the day of surgery, as part of preoperative preparation,
in order to prevent surgical site infections associated
with endogenous flora [10,11]. Body hair should be
removed using either a clipper or epilator; which both
cause minimal skin abrasion [12,13]. On the other hand,
there are also studies that suggest not removing body
hair [14]. The established practice for patients’
preparation is bathing in chlorhexidine-containing
solutions before elective surgery; however, bath time
was a night before the operation. In the CVS ward,
patient body hair was shaved with a razor during
preoperative preparation. The practices aimed at
reducing surgical site infections were either missing or
faulty and the nurse responsible and other nurses were
provided with a repeated education program,
emphasizing that the chlorhexidine-bath should be on
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the morning of the operation and the body must be
shaved using the correct technique.

In accordance with the guidelines, patients
undergoing cardiovascular surgery in the department of
cardiovascular surgery are recommended prophylaxis
with cefazolin 1 g 1 hour before incision or vancomycin
1 g if the patient is allergic to cefazolin [15-17]. In
contrast to our recommendations, it was noted that the
patients received prophylaxic antibiotics from the time
of admission and these antibiotics were continued
throughout the hospital stay. Many studies found that
the mode and duration of antibiotic prophylaxis was
proportionate to the development of postoperative
infections [3]. Inappropriate antibiotic prophylaxis is
also known to increase health care costs and is
associated with the development of bacterial resistance
[18]. Antibiotic resistance rates in CVS-ICU are
currently similar to general training and research
hospital rates, as reported by the Health Ministry data
in Turkey [19]. However, periodical education
programs are being continued to raise awareness on
appropriate antibiotic prophylaxis.

The literature often reports surgical site infections
and cases of endocarditis following cardiac surgery
[20,21]. Studies commonly report the control measures
and postoperative infection rates of the hospital. The
infection rates range from 0.50% to 10.34% with
effective routine control measures [2,20]. Invasive
device-related infections are preventable infections.
The goal is to eliminate or reduce the invasive device-
related infection rates by taking protection measures for
all ICUs. On the other hand, studies in the literature did
not examine prediction of an outbreak and measures
taken during the acute phase of an outbreak.

The present study did not find an outbreak arising
from a single microorganism in the CVS-ICU but rather
one caused by multiple microorganisms. High-risk
patients underwent simultaneous operations during our
assessment in CVS-ICU. Therefore, these patients had
prolonged stays in the hospital. The increase in the
length of stay correlated with an increase in invasive
instrument-related infections. The education of all the
personnel in charge of the CVS ward, intensive care
unit, and operating room, was reiterated on hand
hygiene, instrumentation and the maintenance of
invasive devices. There was no specific prevalence in
the microorganisms isolated from the patients.
Therefore, it was not possible to refer to the situation as
an outbreak. However, the implementation of
sustainable infection control measures, particularly in
departments such as in CVS ICU, is required in order to
prevent outbreaks, predict imminent threats, and
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perform early intervention. The effective measures
taken in the present study, and the continued education
of each and every health care worker, prevented a
possible outbreak and reduced the invasive instrument-
related infection rate. In our study; frequent repetition
of clinical visits and trainings, increased awareness of
infection control measures and improved cooperation
with all employees has reduced instrument-related
infection rates. With the measures taken after the first
three months of 2014, VAP rates dropped to zero.
Invasive  device-associated infections are the
preventable infections and this can be achieved by
continuing education and increasing compliance with
control measures.

Conclusion

Despite the availability of new and effective
antibiotics, bacterial resistance to many antibiotics is a
challenge in the treatment of infections, particularly in
intensive care units. Infection control measures must be
established in specialized departments, such as in CVS-
ICU, in order to prevent infections. The presence of a
properly and effectively working infection control
committee would ensure the establishment of the
required measures, and prevent outbreaks as soon as the
risk of one is apparent.

J Infect Dev Ctries 2018; 12(7):508-513.
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