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Abstract

Background—Nosocomial infections caused by multidrug resistant organisms are commonly
associated with increased length of hospital stays up to 12-18 days, and cost an estimated $6.7
billion per year. One common mode of transmission is cross-contamination between patients and
providers via surface contaminants on devices such as telemetry systems.

Objectives—The purpose of this study was to determine the effect of a cleaning protocol on
colonization of surface contaminants on telemetry systems in four cardiovascular step-down units.
A secondary aim was to compare colonization in medical versus surgical units.

Methods—A prospective, cross-sectional, case-controlled intervention study was designed to
evaluate organism colonization on telemetry systems cultured before and after cleaning with
sodium hypochlorite wipes. Each randomly selected telemetry system served as its own control.
Nurses used a standardized culture technique recommended by infection control. Colonization
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count pre- and post-intervention was analyzed using McNemar's Test and frequency tables. A
standard cost-comparison analysis was conducted.

Results—Fifty-nine telemetry systems were tested, 30 in medical units and 29 in surgical units.
Forty-one (69%) telemetry systems were colonized pre-intervention, and eighteen (24%) post-
intervention (p < 0.001). In surgical units surface organisms were present in 14 (35%) cases as
compared to 27 (66%) cases in medical units (p < 0.001). The cleaning strategy was cost-effective.

Conclusions—The number of organisms present on telemetry systems following a standardized
cleaning intervention was significantly decreased, and cost comparison analysis supported use of a
cleaning strategy for reusable leads as compared to investing in disposable leads.
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Telemetry; Surface contaminants; Nosocomial infection; Patient safety; Quality indicators

Nosocomial infections, especially those due to Gram-negative rod bacteria, are associated
with increased hospital stays of up to 12-18 days longer than usual hospital stays in which a
nosocomial infection does not occur (1). These infections result in an estimated $5.7 to 6.8
billion dollars per year in unnecessary healthcare costs in the United States (2, 3). Overall,
the annual direct medical cost of nosocomial infections for hospitals is estimated to be $28.4
to 33.8 billion (2, 4-7). These rising costs and concerns for patient safety in the acute care
setting have given rise to numerous questions concerning the factors associated with risk for
infection, mechanisms of transmission of nosocomial infections and strategies to better
protect patients through prevention of nosocomial infection.

A wide variety of risk factors for nosocomial infections have been identified. These factors
range from patient-linked factors such as severity of illness, prolonged hospitalization,
antecedent antibiotic therapy (8, 9), and older age with its associated increased susceptibility
to infection (10-12), to equipment-linked factors such as pacemakers, implantable
defibrillators and ventricular assist devices (13-15). In addition, multiple studies have shown
provider and patient behaviors that result in cross-contamination to be a risk factor in
nosocomial infections. Hospital personnel, surfaces and equipment have all been identified
as common sources of nosocomial infections through cross-contamination (8, 13, 16-19).

Among these risk factors and identified mechanisms for transmission of hospital acquired
infection, reusable EKG leads and telemetry boxes are particularly high risk as they
represent healthcare equipment that is transferred between patients, touched by many
hospital personnel during the patient stay, not traditionally cleaned on a daily basis, and
often used by particularly high risk patients, such as those with open thoracic incisions who
are elderly and possibly immune-compromised.

The transmission of high risk surface contaminants that is difficult to combat due to the life
span of many common and potentially dangerous microbes. A literature review (20) found
survival rates of nosocomial microbes ranging from hours to months for common pathogens
such as Staphylococcus aureus, Escherichia coli and Enterococcus subspecies. Of these, the
organisms of concern include methicillin-resistant Staphylococcus aureus (MRSA),
vancomycin-resistant enterococci (VRE), certain gram-negative bacilli, and coagulase-
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negative staphylococci (21, 22). In particular, staphylococcus has been shown to pose an
infectious risk to the patients on cardiac wards as a leading cause of major infection
following cardiac surgery (23). Studies have shown both direct and indirect correlations
between environmental contamination with these long-lived organisms and patient
acquisition of both methicillin-resistant and vancomycin-resistant organisms (24, 25).

Strategies to combat nosocomial infections have been established by multicenter trials (26),
endorsed by the Centers for Disease Control (CDC), and are followed by hospital infection
control departments. These strategies include improving the time to identification and
isolation of infected patients, increasing the use of disposable patient care items and
equipment, and improving the effective identification and disinfection of non-disposables. In
2008 the CDC published guidelines for cleaning and sterilization of hospital and patient care
items using the Spaulding classification scheme, which categorizes instruments and
equipment to be cleaned and reprocessed according to the level of risk associated with their
intended use (27). Items and equipment for patient care are identified as belonging to one of
three categories: 1) critical, 2) semi-critical and 3) non-critical, based on the degree of risk
of infection involved in the use of that particular item. With these classifications, it is now
easier to determine what type of disinfectant to use to clean patient care surfaces (28).
Critical items are those associated with a high risk of infection if the item is contaminated.
These items include surgical equipment, cardiac and urinary catheters, implants, and
ultrasound probes used in sterile body cavities. Semi-critical items are those that come in
contact with mucous membranes or non-intact skin. Respiratory therapy, anesthesia
equipment, and esophageal probes are examples of these. Non-critical items are those that
come in contact with intact skin but not mucous membranes. Examples of non-critical items
are blood pressure cuffs, bed rails, linens, patient furniture, and floors (29).

Cardiac telemetry systems are items that fall between the classifications of semi-critical and
noncritical items for disinfection. Skin integrity and implantable hardware determine the
level of risk and susceptibility. For this reason telemetry systems on surgical and medical
patient care areas may require different cleaning protocols; however evidence to substantiate
this hypothesis is lacking. While non-critical surfaces are not commonly associated with
transmission of infections to patients (24), two studies found electrocardiography wires do
have potential to be a source of colonization for organisms and nosocomial infections. An
outbreak of vancomycin-resistant enterocci on a burn unit was traced to a lead wire as a
potential source of cross-contamination (30). In addition, Maki & Brookmeyer presented an
abstract of a study at the Interscience Conference of Antimicrobial Agents Chemotheraputics
in 2003, revealing that one third of cultured lead wires were reservoirs for resistant
organisms. These two studies have been cited as the basis and the rationale for using
disposable cardiac telemetry lead wires (31, 32), however the complete results of the
preliminary data from these studies were not published. More research is needed to build on
the body of evidence related to the role of telemetry systems as a source of nosocomial
infections. Although the Spalding classification scheme is helpful for prioritizing cleaning
and sterilization of hospital and patient care items, little independent research has been done
to demonstrate the most effective strategy for minimizing colonization of microbial flora on
EKG electrodes and telemetry boxes.
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The purpose of this study was to evaluate the effectiveness of a new cleaning protocol on
telemetry systems in four cardiovascular step-down units, two surgical and two medical
units. The study aims were: to determine the effect of current cleaning practice on numbers
and types of surface contaminants on telemetry systems, to determine if a difference exists
in pathogen growth between two medical and two surgical units, and to evaluate the cost-
comparison for a cleaning strategy as compared to use of disposable EKG electrodes.

The study used a prospective, cross-sectional, randomized case-controlled intervention
design to evaluate colonization of surface contaminants on telemetry systems in four
cardiovascular progressive care units.

Setting and Sample

Procedure

The study subject was the telemetry systems used by both medical and surgical cardiology
progressive care units in a tertiary care academic medical center. Sixteen randomly selected
telemetry systems were obtained from each of 4 clinical units, 2 medical and 2 surgical, each
with 31 possible rooms. The telemetry systems came from occupied and unoccupied clean
rooms. Those telemetry systems currently in use in isolation rooms were excluded to
decrease the possible incidence of the study team introducing bacteria. Samples were
collected on two randomly selected days in June 2010 between 8:00 a.m. and 12 p.m.
Research team members were trained by an infection control team in standardized sampling
methods to obtain uniform sterile culture samples.

In each of the four progressive care units, cases were randomly selected for inclusion in the
cross sectional study. On each clinical unit, each telemetry box and lead wire served as its
own case and control, pre- and post-intervention. Single sterile culture swabs and
individually wrapped 0.52% sodium hypochlorite wipes (Dispatch©) were used. A
designated team of staff nurses served as the investigators. The team was instructed by
infection control on the uniform technique of swabbing pre-intervention, cleaning, and
swabbing post-intervention. Hand washing and gloving was maintained pre- and post-
swabbing. Telemetry systems were cultured before and after cleaning using “S” pattern from
front to back of unit then swabbing entire length of lead wires from insertion plug to lead
snaps. A five-minute waiting period after cleaning with the Dispatch© wipe was observed
per manufacturer's recommendation prior to re-swabbing. Each swab was labeled
accordingly. All cultures obtained were refrigerated within two hours and shipped within 48
hours of collection to an independent laboratory for analyses.

Culture Method

Swabs were submitted for bacterial and fungal environmental viable cultures. Upon receipt,
each swab was diluted in one milliliter of sterile water and plated using 0.1, 0.01 and 0.001
dilutions on the appropriate laboratory media used for target bacteria or fungi isolation. This
method is referenced in the American Industrial Hygiene Association book, “Field Guide for
the Determination of Biological Contamination in the Environmental Samples” (33).
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Bacterial cultures were incubated at 35°C for 48 hours and 25°C for five days for fungal
cultures. After incubation, colonies were counted and identified using gram stains,
biochemical colonial morphology identification methods, and organism specific
identification methods. The cultures were performed by an independent laboratory
accredited by the American Industrial Hygiene Association in the Environmental
Microbiology Laboratory Accreditation Program (EMLAP) for environmental bacteriology
and mycology.

In addition to the cleaning intervention, we performed a cost-comparison to evaluate the cost
difference associated with use of disposable as compared to non-disposable EKG leads.
Total cost was calculated as unit price multiplied by patient volume (total cost = price of
unit x cost of cleaning x volume of units used). To calculate the per patient costs for non-
disposable lead use we summed the following cost variables: The annualized depreciation
on the cost of single-unit, non-disposable leads; the cleanser cloths and gloves; and the
average time for nurses to acquire materials and complete the cleaning and drying process as
recommended by the lead manufacturer. By comparison, for disposable leads we summed
the following cost variables: the time for acquisition of disposable leads, “product creep” or
the incremental increase in the cost of disposable leads, and the cost of multiple lead packs
used in patients with longer length of stay (Iength of >5 days requires replacing disposable
leads).

Analysis Method

Results

The primary aim, to identify a relationship between cleaning practices and microbial growth
on EKG telemetry boxes and wires, was evaluated by organism counts of growth and
specificity. To determine if pathogens growing on telemetry boxes and lead wires were a
source of cross-contamination between patients, a Pearson product moment correlation was
used. To determine whether differences existed in nosocomial organisms identified from
rooms on the surgical floors of the Heart Center as compared to rooms on the medical floors
of the hospital, descriptive parametric and non-parametric statistics were used and reported
as means and standard deviations and medians and range, as appropriate. In addition,
differences in organism counts were evaluated and compared on the surgical versus medical
floors using a chi square test of difference (x2).

Of the 62 possible patient rooms, 59 rooms had samples eligible for analysis. Two sets of
samples were lost after the swabbing, and three sets of samples were inadvertently not
collected. A total of 118 swabs were collected and available for analysis, 59 prior to
cleaning and 59 after cleaning. Types of organisms found on telemetry systems included:
coagulation-negative staphylococcus, bacillus, fermentative gram-negative rods, non-
fermentative gram-negative rods, and micrococcus (Figure 1). Though many organisms
were represented in the sample, only five telemetry units had more than one type of
organism that grew concomitantly during this study.
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Overall Organism Growth

There was a significant reduction in organism count pre- and post-intervention (p<0.0001).
Prior to the intervention organisms were present on 70% (n=41) of all randomly selected
telemetry systems. Following the cleaning intervention organisms were present on 24% of
telemetry systems (n=14). In three cases the telemetry systems were organism free at
baseline and were subsequently found to have had organisms introduced, either during
cleaning or in the culturing process itself (Table 1).

Medical versus surgical units

The types of organisms found pre- and post-intervention did not differ between medical and
surgical units. Of the fifty-nine telemetry systems tested, 30 were in medical units and 29
were in surgical units. Forty one (n=41) telemetry systems were positive for organism
growth before cleaning, 27 (66%) were in medical rooms and 14 (34%) were in surgical
rooms. Following the intervention, the medical units had growth in 10 (30.6%) cases and
surgical units had organism growth in four (21.4%) cases. A chi-square test was used to
evaluate the difference in organism growth in medical versus surgical units, and no
statistically significant difference was found (p= 0.5788), however the baseline difference of
27 versus 14 systems with growth was noted. Further post-hoc analyses were conducted to
validate the findings and to determine possible reasons for the difference at baseline.

In the one surgical unit with much lower rates of organism growth (19%, as compared to
85-93 % in the other units), a practice difference related to storage of unused telemetry
boxes was identified as the likely cause of the difference. This difference in storage practices
was described in field notes of clinical practice observations, which were conducted by the
research team on each of the participating units.

Discussion

Findings from this study, conducted in four cardiovascular progressive care units in a
university-based hospital, indicate that a standard cleaning protocol significantly reduces
surface pathogens on EKG telemetry systems. These findings suggest that though telemetry
lead wires are a source of potentially harmful surface contaminants, representing an
increased concern for patient safety, a standard cleaning strategy can reduce organism
growth to safe and acceptable colony counts. A review of the literature revealed only two
studies testing telemetry lead wires as a source of surface contamination (34, 35). Of these,
the most recently reported study observed 320 telemetry units across four hospitals and
various settings of care (34). In this study, Albert and colleagues tested telemetry units for
surface contaminants in these areas and found them to harbor harmful pathogens, with the
emergency department and telemetry units harboring more organisms than the operating
rooms or critical care areas (34).

The increased prevalence of organisms found in telemetry units by Albert and colleagues
was a foundational starting point for the current study. To build on Albert's findings, this
study team developed a cleaning intervention for telemetry units and included two medical
cardiology telemetry units and two surgical cardiovascular telemetry units. The current
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study adds to the existing literature by evaluating and demonstrating the benefit of a
standard cleaning protocol in reducing the presence of harmful pathogens. The cleaning
strategy, developed in collaboration with an infection control team for this study, was found
to effectively remove organisms present on telemetry systems (Table 3).

The prevalence and type of organisms found to be present on the telemetry systems during
the course of this study was similar between medical and surgical units. Interestingly, the
prevalence of organisms was significantly lower in one surgical step-down unit as compared
to the other three units (Figure 1). This unit had just three telemetry systems with organism
presence pre-intervention and two post-intervention. The rationale for the difference was
further investigated and was subsequently attributed to a different unit storage policy for the
telemetry boxes. The majority of clinical areas store the telemetry boxes in a charging
station in each of the patient care rooms when not in use. In this unit however, the boxes
were cleaned and then stored in a central location at the nurse's station rather than in the
patient room. In all other units telemetry boxes were stored in the individual patient rooms
between use, not at the central station in view of the patients, families and care team. Staff
conducted brief observations of practice patterns and concluded that the storage location
may have contributed to greater visibility, increased public scrutiny and possibly a more
thorough cleaning than was occurring in the other three units.

Attempts to reduce the risk for nosocomial infection by reducing surface contaminants have
focused in recent years on the potential advantage of disposable EKG telemetry lead sets.
Given the significant decrease in surface contaminants that were achieved using a short
cleaning intervention in this study, and the similarities in actual rates of nosocomial
infection across the four participating telemetry units, the cost associated with cleaning
versus disposable leads was further evaluated.

Actual expenditures for disposable EKG lead sets include; the cost of a new set of EKG
leads for each patient admitted to the ward and fees associated with maintaining a two-week
supply of lead sets on hand. These leads remain on each patient for the duration of their
hospital stay and although the telemetry box itself requires cleaning between patients,
nursing staff are relieved of the extra task of cleaning individual leads between patients. The
cost of disposable EKG leads changes in accordance with patient census, length of stay, and
daily handling of the product. If the patient census and length of stay remain stable, then the
cost of disposable EKG leads is predictable and stocking and storage costs are stable over
time. However, changes in the clinical setting may affect the cost of disposable leads.
Factors that result in an abrupt rise in patient census, a significant decrease in length of stay,
or aggressive handling of the product resulting in damage, cause the cost of disposable EKG
leads to rise dramatically.

By contrast, the cost of cleaning EKG leads between patients is minimal and includes the
nurses' time, a pair of gloves and a simple cleaning product. The protocol used in this study
demonstrated a statistically significant (p<0.0001) reduction in organism presence on the
telemetry systems and EKG lead wires at a relatively low total cost ($0.21 per patient). The
cost of nosocomial infection is primarily associated with prolonged length of hospital stay,
during which patients incur preventable bed-days and require additional diagnostic and
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therapeutic interventions (7). Though the current study was not large enough in scope to
demonstrate effect on rates of infection, the use of a standard cleaning protocol may
translate into additional savings through lower rates of hospital-associated infections,
reduced length of stay, and decreased cost of in-patient care. Cleaning non-disposable EKG
leads presents an opportunity for measurable cost-savings at two levels; both the daily cost
of care delivery as well as the larger costs of reduced nosocomial infection.

Cost estimates of one episode of nosocomial infection average $20,549 to $25,903 (2, 3).
Surgical site infection (SSI) costs range from $11,874 to $34,670 and central line associated
blood stream infections (CLABSI) cost $7,288 to $29,156 per patient (2, 3). With the rising
cost of nosocomial infections, disposable EKG leads may in fact offer an opportunity to
decrease risk of transmission and cross-contamination. Manufacturers of EKG leads suggest
that the products may improve hospital system safety profiles by enhancing infection
prevention strategies in patient care areas (34, 36). However, many claims for the
advantages offered by disposable EKG leads have been reported and financially supported
by the manufacturer, causing opportunity for bias that may inadvertently influence the
recommendations.

While disposable EKG leads appear to be a responsible choice for preventing infection, the
cost of these leads is often misrepresented by disregarding accumulated costs over time.
When annualized, the cost of these leads significantly exceeds the costs associated with non-
disposable leads. In addition, the extra investment for disposable leads has not been clearly
linked with clinical benefit in terms of actual decreases in the incidence of infection a larger,
randomized trial.

The current study showed that there was a statistically significant (p<0.0001) reduction in
organism presence on EKG systems and wires when they were cleaned using the
recommended cleaning product. Because the cleaning strategy was effective in significantly
reducing surface contaminants, cleaning the non-disposable leads was determined to be
more cost effective as compared to purchasing disposable leads.

Several limitations of this study are important to consider in interpretation of the results.
One important consideration was the exclusion of telemetry units in isolations rooms. These
units were not eligible for this study due to the different practice patterns in caring for EKG
systems for patients with known resistant microbial infestation. Though no cases of
methylocillin resistant staph aureus (MRSA), vancomycin resistant enterococcus (VRE) or
Clostridium difficele were found, the hypochlorite wipes used in this cleaning protocol
strategy have been tested and are approved for use against these organisms. Other
limitations were the cost of the laboratory swab cultures and the use of a single facility to
evaluate the cleaning strategy. As a result of the cost of culturing before and after cleaning,
only one facility was studied and the number of telemetry systems used was small (n=59).

Implications for Practice

Though disposable EKG lead sets offer a strategy for significantly reducing patient exposure
to surface contaminants at a minimal cost (36). Though costs associated with actual cases of
nosocomial infection far outweigh the costs associated with disposable leads, careful
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cleaning of non-disposable leads may be even more cost-effective, as results from this study
suggest.

The clinical implications of this study include the following recommendations: 1) to adopt a
practice of cleaning telemetry systems using sodium hypochlorite wipes between patients
and at intervals of 3 days in patients with prolonged length of stay; 2) to establish a hospital-
wide cleaning protocol for cleaning telemetry systems and other semi-critical items, such as
stethoscopes and bedside temperature monitors for example; and 3) to adopt a centralized
telemetry storage system as was observed in the one surgical step-down unit in this study
that had significantly fewer organisms present at baseline. The importance of implementing
a process standard or practice policy to implement a proven telemetry cleaning strategy was
also a key clinical implication of this project.

Conclusion

The results of this study indicate that the proper use of a bleach-based cleaning product can
significantly reduce organism growth on EKG telemetry systems. The findings support the
effectiveness of a standardized protocol for cleaning telemetry systems in cardiovascular
patient care areas, and suggest that implementation of such a protocol is equally effective in
both medical and surgical patient care areas. In a cost comparison analysis, the use of
disposable EKG leads was not supported as being clinically indicated for patient safety.
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Figure 1. Microbial Growth by Unit Before and After Cleaning I ntervention
Key: Surgical Telemetry Units — 3100/3300; Medical Telemetry Units — 7100-7300
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Table 1

Survival Time of Common Surface Contaminants

Page 13

Source

Organism/Route of Transmission

Length of Survival

Multi-drug resistant pathogens

Vancomycin Resistant Enterococcus (VRE), Methylocillin Resistant Staph Aureus
(MRSA), Acinetobecter, Klebsiella, Pseudomonas, Shigella

Several months

Respiratory pathogens Pertussis, Hemophylus Influenza, Vibrio cholera 2-6 days
Respiratory tract viruses Coxsackie, Severe Acute Respiratory Syndrome (SARS), Influenza 2-6 days
Gastrointestinal viruses Rota virus 2 months

Gastrointestinal bacteria

Clostridium Difficile

Several months

Fungal pathogens

Candida albicans

4 months

Blood borne viruses

Human Immunodeficiency Virus (HIV), Hepatitis B Virus (HBV), Hepatitis C
Virus (HCV)

Greater than one week
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Organism Types | dentified Prior to a Cleaning Intervention

Table 2

Organisms Total Number of Rooms
Coagulation-negative Staphylococcus 36
Bacillus 1
Fermentative gram-negative rod 2
Non-fermentative gram negative rod 1
Micrococcus 1
Total 41
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