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Implementation of Disposable Blood Pressure Cuffs as a Novel Approach to 
Reduce Fomite Transmission of Healthcare-Associated (HCA)  
Clostridium difficile Infection (CDI) in a Community Hospital or Twice 
Implemented is Once Credible  
Eileen S. Alexander, RN, BSN, MS, CIC, PhD student, College of Medicine, University of Cincinnati, Cincinnati,  
OH; Carolyn Fiutem, BS, MT, CLS, CIC, Infection Control Specialist, Deaconess Hospital Cincinnati, Cincinnati, 
OH; Stephen M. Kralovic, MD, MPH, Affiliate faculty and Medical staff, University of Cincinnati and Cincinnati VA 
Medical Center, Cincinnati, OH; Paul A. Succop, PhD, Professor, College of Medicine, University of Cincinnati, 
Cincinnati, OH; Jane C. Khoury, PhD, Affiliate faculty College of Medicine and Epidemiologist, University of 
Cincinnati and Cincinnati Children’s Hospital Medical Center, Cincinnati, OH  

Issue: CDI has garnered increased attention over the past several years. Current recommendations include contact 
precautions and hypochlorite disinfection of surfaces and equipment. Fomites have been implicated in HCA CDI. Little 
research is available for blood pressure (BP) cuffs.  

Project: Equipment purchases over the years resulted in a variety of reusable woven, nonwoven and disposable BP  
cuffs in inpatient and outpatient locations and inconsistent disinfection of cuffs. The Environmental Services  
Department was adept at hypochlorite disinfection of units due to other diarrheal outbreaks the prior year. The  
Nursing staff was adept at instituting contact precautions for all patients admitted with diarrhea. It was decided that  
the next logical step was a more rigorous application of ‘‘dedicated equipment’’ for contact precautions. At an  
institutional level, standardized and adaptive BP equipment was ordered and disposable BP cuffs were  
implemented in December 2004. Due to budget constraints, the institution ceased ordering the disposable cuffs in  
January 2006. The Infection Control Team discovered this when rates of CDI rose and we observed re-use of  
disposable cuffs and woven cuffs put back into service. Disposable cuffs were re-implemented in July 2006 and are  
now for single patient use only. This created a natural history experiment with two before and after periods for the  
intervention. CDI rates from January 2004 through June 2007 were analyzed. A Poisson model was used to evaluate  
the binary variable ‘‘intervention’’ with least squares mean estimates. The mathematical model is: cases/patient  
days (by month) 5 intervention.  

Results: Predicted cases per month (X1000) 5 1.63 without the disposable cuffs (p,.0001) and 0.76 with disposable 
cuffs (p,.0001). Patients are 53% less likely to have CDI with disposable BP cuffs (p5.001).  

Lessons Learned: Fomites contribute to CDI. Disposable blood pressure cuffs and ‘‘dedicated equipment’’ yield a  
statistically significant reduction in HCA CDI. Collect and discard replaced equipment to prevent it from being put  
back into service, circumventing the original patient safety intent and cost benefit. This analysis reinforced the  
importance of formalizing results to validate both intervention and process. Medical and executive staff and front  
line managers gain comfort with the paradigm for improvement and cost-benefit analyses that cross unit specific  
line item budgets.  

 



Blood Pressure Cuff Selection: A Simple Step
Toward Reducing the Spread of MRSA 

Summary

The transmission of hospital-acquired 
methicillin-resistant Staphylococcus aureus 
(MRSA) infections and other infections that 
cannot be treated with common antibiotics is 
a well-known yet growing problem.  The 
cost associated with treating these infections 
is staggering.

Current measures commonly used in most 
healthcare facilities to prevent the spread of 
MRSA and other infections are largely 
inadequate.  Studies have shown that 
contamination of blood pressure cuffs and 
other patient care equipment is widespread.  
Additional measures such as using single-
patient use cuffs or reusable cuffs with 
lifelong antimicrobial coatings can be part 
of an effective MRSA control strategy.
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Background

Hospital Acquired Infections 

Nearly two million patients in the U.S. alone get 
a hospital acquired infection (HAI) each and 
every year, and about 90,000 of those patients 
die as a result of their infection.1   In fact, HAIs 
kill more than five times as many Americans as 
AIDS.2  Further, the annual cost to treat hospital 
infections in the U.S. is $30.5 billion, at an 
average cost of $15,272 per patient.3

MRSA and Multidrug-Resistant 
Organisms

The battle against MRSA is not new.  For 
decades, MRSA has been the most common 
multidrug-resistant organism (MDRO) in much 
of the world, and its prevalence is on the rise.  
MDROs are estimated to cause more than 70% 
of HAIs4, and the increase in MRSA as a 
percentage of all staph infections since the 1970s 
is alarming: 

Source:  Centers for Disease Control and Prevention 
(CDC)5

It is estimated that there are over 94,000 MRSA 
infections resulting in over 18,000 deaths in the 
U.S. each year.6  While reports of MRSA cases 
found in community settings make the headlines, 
healthcare settings account for the largest 
number of MRSA infections (85%), and thus the 
greatest threat.7  Patients infected with MRSA 
and other MDROs have increased lengths of 
stay, require additional tests and procedures, and 
experience higher mortality rates. 
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Economic Considerations 

A study of published hospital-associated 
infections reports and interventions conducted 
by infection control professionals from 1990-
2000 found the mean cost attributable to a 
MRSA infection to be $35,367.  In 2006, the 
International Society for Pharmacoeconomics 
and Outcomes Research (ISPOR) estimated the 
annual cost to treat MRSA in hospitalized 
patients in the U.S. to be between $3.2 billion 
and $4.2 billion. These costs were associated 
with prolonged hospital stays  - as much as 10 
days longer than for patients with methicillin-
sensitive Staphylococcus aureus infections - and 
the cost of critical care stays associated with 
these complications.8

Further, there is the risk of legal action by the 
patient or the patient’s family.  For example, 
since 2004, there have been 13 lawsuits filed 
against Martin Memorial Hospital in Florida by 
or on behalf of patients who claim they acquired 
MRSA while in the hospital for surgery.9

Hospital reimbursements may also be at risk.  
Medicare is adopting policies to encourage 
hospitals to reduce the likelihood of hospital-
acquired conditions (HACs), including certain 
infections, and will no longer pay for the 
increased costs of care resulting from one of the 
included conditions.  Although the Centers for 
Medicare & Medicaid Services (CMS) has
not explicitly included MRSA in their list of 
HACs for which reimbursements would be 
limited, it can be a trigger for some of the 
conditions that are included in the ruling. For 
example, if MRSA were the cause of a vascular 
catheter-associated infection, the HAC payment 
limitation would apply.10  It is conceivable that 

in the future rulings related to MRSA may 
emerge.11

Additionally, many states and private payors are 
considering or implementing their own policies 
regarding reimbursement of care associated with 
hospital acquired infections. 

MRSA Transmission 

Healthcare Settings 

MRSA occurs most frequently in patients 
undergoing invasive medical procedures or who 
have weakened immune systems and are being 
treated in a hospital or other healthcare facility.  
The most serious MRSA infections take place in 
healthcare settings.12

The estimated annual cost to treat MRSA in 

hospitalized patients in the U.S. is between 

$3.2 billion and $4.2 billion.

An individual can be a MRSA carrier without 
realizing it.  The bacteria only cause an infection 
when they get inside the body, usually via a 
catheter, ventilator, or an incision or open 
wound.  When a carrier is admitted to the 
hospital or visits a doctor’s office, the organisms 
are transmitted to bedrails, wheelchairs, 
stethoscopes, and many other surfaces such as 
blood pressure cuffs, where MRSA can live for 
weeks.13 14 In fact, MRSA can survive more 
than 38 weeks on environmental surfaces such 
as door knobs, faucets, keyboards, telephones, 
and sterile goods packaging. 15

A 1997 study showed that 73% of the hospital 
rooms containing patients infected with MRSA 
and 69% of the rooms containing patients 
colonized with MRSA had some environmental 
contamination: 96 (27%) of 350 surfaces in the 
rooms of 38 patients colonized or infected with 
MRSA tested positive for MRSA.16  These 
contaminated surfaces and equipment can then, 
in turn, be the source of hand contamination thus 
resulting in further transmission. 

Blood Pressure Cuff Contamination 

A study published in 1996 revealed that 57 
(81%) of the 70 blood pressure cuffs included in 
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the study and presumed to be “clean” were 
tested positive for bacterial colonization.  More 
specifically, 100% of the cuffs from the OR, 
PACU, Burn Special Intensive Care Unit 
(BSICU), and ER had bacterial colonization.  In 
the SICU, 90% were colonized, and 80% of the 
cuffs in the MICU were colonized.17

A 2003 study examining 203 blood pressure 
cuffs used in various hospital departments 
showed that 27 (77%) of 35 cuffs on nurses 
trolleys, 26 (63%) of 41 individually-located 
cuffs, 30 (52%) of 57 cuffs located on walls, and 
9 (17%) of 52 stored cuffs were contaminated. 
The ICU had the highest overall rate of 
contamination, 20 (83%) of 24.18  Forty-five 
percent of the contaminated cuffs carried 
MRSA. 19

Blood pressure cuffs are often falsely perceived 
as innocuous and not requiring vigorous 
sanitization between patients. Additionally, 
locating documentation on official cuff cleaning 
protocols within the hospital can be problematic, 
and commonly-held perceptions of proper 
procedures are, by and large, grossly 
underestimated.20

Guidelines and 
Recommendations 

The Situation Today 

Good hand hygiene has long been considered a 
major element in preventing the spread of 
MRSA and other infections.  However, despite 
the CDC’s long-standing recommendation for 
hand washing following patient contact, most 
studies assessing healthcare workers’ hand 
hygiene have shown low compliance rates, 

averaging approximately 40% and ranging as 
low as 10%.21

Moreover, the CDC has been criticized as 
underestimating the prevalence of MRSA as 
well as establishing guidelines that are not 
stringent enough.22  In 2007 the Consumers 
Union urged hospitals to be more aggressive in 
their efforts to stop the spread of MRSA.23

According to Lisa McGiffert, Director of 
Consumers Union's Stop Hospital Infections 
Campaign, "MRSA is lurking in every U.S. 
hospital and poses a serious and sometimes 
deadly health risk to patients who are 
unwittingly exposed to these superbugs. 
Unfortunately, most hospitals are not doing 
enough to keep these antibiotic-resistant germs 
in check. It's time for hospitals to aggressively 
step up their efforts to protect patients from 
these preventable infections." 

100% of the cuffs from the OR, PACU, 

BSICU, and ER had bacterial colonization. 

“MRSA is lurking in every U.S. hospital” 
       - Lisa McGiffert, Director of Consumers 

Union's Stop Hospital Infections Campaign

McGiffert goes on to say, "We know how to 
control MRSA, but most U.S. hospitals are not 
consistently following these successful infection 
control practices. Hospitals need to make a 
commitment and invest the resources necessary 
to protect patients from MRSA. In the long run, 
that will save money and lives." 

What Should Healthcare 
Professionals Do? 

In January 2009, the U.S. Department of Health 
and Human Services unveiled their plan for a 
national strategy to reduce healthcare-associated 
infections.  Their Action Plan to Prevent 
Healthcare-Associated Infections establishes
national goals to prevent and possibly eliminate 
healthcare-associated infections.  The proposed 
5-year target relevant to MRSA is a 50% 
reduction in incidence rate of all healthcare-
associated invasive MRSA infections.24
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The CDC’s Standard Precaution relative to 
handling of patient care equipment and 
instruments/devices is as follows: 25

“Handle used patient-care equipment soiled with 
blood, body fluids, secretions, and excretions in 
a manner that prevents skin and mucous 
membrane exposures, contamination of clothing, 
and transfer of microorganisms to other patients 
and environments. Ensure that reusable 
equipment is not used for the care of another 
patient until it has been appropriately cleaned 
and reprocessed and that single-use items are 
properly discarded. Clean and disinfect surfaces 
that are likely to be contaminated with 
pathogens, including those that are in close 
proximity to the patient (e.g., bed rails, over bed 
tables) and frequently-touched surfaces in the 
patient care environment (e.g., door knobs, 
surfaces in and surrounding toilets in patients' 
rooms) on a more frequent schedule compared to 
that for other surfaces (e.g., horizontal surfaces 
in waiting rooms).” 

The CDC’s list of Contact Precautions includes 
the following recommendation relative to patient 
care equipment and instruments/devices:26

“In acute care hospitals and long-term care and 
other residential settings, use disposable 
noncritical patient-care equipment (e.g., blood 
pressure cuffs) or implement patient-dedicated 
use of such equipment. If common use of 
equipment for multiple patients is unavoidable, 
clean and disinfect such equipment before use 
on another patient. In home care settings limit 
the amount of non-disposable patient-care 
equipment brought into the home of patients on 
Contact Precautions. Whenever possible, leave 
patient-care equipment in the home until 
discharge from home care services. If noncritical 
patient-care equipment (e.g., stethoscope) cannot 
remain in the home, clean and disinfect items 
before taking them from the home using a low- 
to intermediate-level disinfectant. Alternatively, 
place contaminated reusable items in a plastic 
bag for transport.” 

Specific to equipment, the Society for 
Healthcare Epidemiology of America (SHEA) 
makes the following recommendation: 27

“Dedicate the use of noncritical patient-care 
equipment to a single patient (or cohort of 
patients infected or colonized with the pathogen 
requiring precautions) to avoid sharing between 
patients. If use of common equipment or items is 
unavoidable, then adequately clean and disinfect 
them before use for another patient.”  

Further, the Joint Commission addresses 
prevention of healthcare associated infections 
due to MRSA and other MDROs in their 2009 
National Patient Safety Goal NPSG.07.03.0128

as well as Standard IC.02.02.0129 which requires 
implementation of infection prevention and 
control activities when handling medical 
equipment, devices, and supplies.  

Blood Pressure Cuff Options 

As discussed, proper handling of equipment is 
an essential part of a MRSA control program.  
Blood pressure cuffs, being a ubiquitous item 
throughout most every location in which 
healthcare services are provided, are a key 
element in such programs.  Appropriate 
selection and use of blood pressure cuffs is 
crucial.

Single-Patient Use Cuffs:  Manufacturers such 
as CAS Medical Systems30 and others offer a 
variety of single-patient use cuffs.  By 
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dedicating a cuff to a single patient, the risk of 
infection and cross-contamination is reduced.  
Single-patient use, or disposable, cuffs are 
durable enough for multiple inflations.  CAS  
offers a variety of Adult and Neonatal cuffs in 
their SoftCheck® line of disposable cuffs. 

Reusable Cuffs:  Reusable cuffs can be an 
economical alternative to single-patient use 
cuffs.  When selecting a reusable cuff, a 
consideration to aid in the control of MRSA is to 
use cuffs treated with an antimicrobial agent.  A 
few manufacturers, including CAS Medical 
Systems, offer antimicrobial cuffs.   

CAS UltraCheck® blood pressure cuffs utilize 
the antimicrobial agent Micropel 5.  Micropel 5 
provides long term preservation from fungal and 
bacteria attack and helps prevent surface growth, 
permanent staining, and premature product 
failure. Materials incorporating Micropel 5 resist 
fungal and bacterial deterioration after long-term 
exposure to heat and severe weathering 
conditions. 31

The Micropel agent is added to the polyurethane 
resin of the CAS UltraCheck cuff prior to the 
formation of the film used for the laminated 
coating on the outside of the nylon fabric.  This 
process of adding the antimicrobial agent 
directly to the polyurethane resin within the cuff 
itself allows it to maintain its antimicrobial 
properties through multiple cleanings.   

This design has been in use for over seven years 
with no reported incidents of microbial growth 
or biocompatibility.32  Micropel 5 guards against 
MRSA as well as dozens of other 
microorganisms.33

Hospitals Have Been Successful 
Using MRSA-Reduction 
Strategies

MRSA has been successfully controlled for 
decades at many hospitals throughout the world 
that have instituted rigorous infection control 
practices incorporating a combination of 
strategies.  In Denmark, for example, the 
prevalence of methicillin resistance among S.
aureus blood isolates reached a peak of 33% in 
the 1960s then declined steadily after 
introduction of a MRSA control transmission 
policy.  The rate there has been maintained at 
less than 1% for 25 years.34

Some U.S. hospitals are following suit.  A pilot 
program started in 2001 at the VA Pittsburgh 
Healthcare System (VAPHS) in Pennsylvania 
resulted in a 70% reduction in infections in the 
hospital's surgical unit35 and an 82% reduction 
in the rate of MRSA infections after two years 
following expansion of the program to include 
the SICU.  This program incorporated a 
combination of active surveillance, hand 
hygiene, and contact precautions into the 
standard nursing processes. The VAPHS largely 
attributes its success to empowering the staff and 
creating a staff-owned and operated MRSA 
prevention program.36

The antimicrobial properties of the CAS 

UltraCheck reusable blood pressure cuff are 

maintained for the full lifetime of the cuff. 
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The University of Pittsburgh Medical Center 
reduced MRSA in its intensive care units by 
90%; this program consisting of screening tests, 
gowns and other measures cost just $35,000 per 
year but saved over $800,000 a year in infection 
costs.37 Other hospitals using similar approaches 
with notable results include the University of 
Virginia Health System, Evanston Northwestern 
Healthcare in Illinois, and the Brigham and 
Women’s Hospital in Boston.38 39

Conclusion 
As a step toward controlling the transmission of 
MRSA and other HAIs, single patient use 
(disposable) blood pressure cuffs and proper 
handling of reusable cuffs is imperative.  To 
augment standard cleaning and disinfection 
practices, reusable cuffs with antimicrobial 
properties provide an added level of protection.  
CAS Medical Systems’ reusable cuffs are 
manufactured with an antimicrobial agent that 
provides protection against MRSA for the full 
lifetime of the cuff.   
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Prolongation of length of stay and Clostridium
difficile infection: a review of the methods used to
examine length of stay due to healthcare
associated infections
Brett G Mitchell1* and Anne Gardner1,2

Abstract

Background: It is believed that Clostridium difficile infection (CDI) contributes to a prolongation of length of stay
(LOS). Recent literature suggests that models previously used to determine LOS due to infection have overestimated
LOS, compared to newer statistical models. The purpose of this review is to understand the impact that CDI has on
LOS and in doing so, describe the methodological approaches used.

Aim: First, to investigate and describe the reported prolongation of LOS in hospitalised patients with CDI. Second,
to describe the methodologies used for determining excess LOS.

Methods: An integrative review method was used. Papers were reviewed and analysed individually and themes
were combined using integrative methods.

Results: Findings from all studies suggested that CDI contributes to a longer LOS in hospital. In studies that
compared persons with and without CDI, the difference in the LOS between the two groups ranged from 2.8 days
to 16.1 days. Potential limitations with data analysis were identified, given that no study fully addressed the issue of
a time-dependent bias when examining the LOS. Recent literature suggests that a multi-state model should be
used to manage the issue of time-dependent bias.

Conclusion: Studies examining LOS attributed to CDI varied considerably in design and data collected. Future
studies examining LOS related to CDI and other healthcare associated infections should consider capturing the
timing of infection in order to be able to employ a multi-state model for data analysis.

Keywords: Clostridium difficile infection, Clostridium difficile associated diarrhoea, Cost, Healthcare associated
infection, Length of stay, Time dependent bias

Background
Clostridium difficile infection (CDI) is the leading cause
of infectious diarrhoea in hospitalised patients [1].
According to the Centers for Disease Control and
Prevention (CDC), the annual incidence of CDI in the
USA exceeds 250 000 hospitalised cases, with a mortality
of 1–2.5% [2]. The disease’s symptoms can range from
colonisation to life-threatening colitis. The incidence of
morbidity related to CDI is increasing due to an

epidemic of a hypervirulent strain of C.difficile
(BI/NAP1) that has been reported in the USA and other
countries. In addition to significant morbidity and
mortality, CDI increases healthcare costs due to patients’
extended hospitalisations and re-hospitalisations [3]. A
recent systematic review investigating the economic
costs to healthcare associated with CDI concluded that
despite a lack of common methods employed by the
studies, it is clear that the economic consequences of
CDI are considerable [4].
One important step towards understanding the burden

that CDI has on the health service is to examine the
economic cost of CDI in hospitalised patients. One of the
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major costs associated with any healthcare associated
infection (HAI) is excess hospitalisation, or prolongation
of length of stay (LOS). A challenge for researchers is to
design a study that accurately accounts for prolonged
lengths of stay. Recent literature suggests that models that
have been previously used to determine the additional
LOS in hospital due to infection overestimated the
additional LOS, compared to newer statistical models
[5-10]. It is therefore vital that studies are designed in such
a way as to evaluate and analyse this effectively. Determin-
ing the additional LOS due to an HAI, including CDI, is
challenging due to the need to manage time-dependent
bias—that is, the longer a person stays in hospital, the
greater the risk of acquiring an infection. Time dependent
bias is a term used to describe problem occurring
when variables in the model change value after the start of
patient observation. Such variables are called “time
dependent,” because their value can change over time [11].
One study demonstrating this bias examined readmission
hospital and whether persons with a discharge summary
were followed up by a physician after discharge. When the
time dependent variable was analysed as a fixed variable,
there were significantly lower readmissions in patients
who saw physicians with the summary. This was shown
to be a biased association as patients with early hospital
readmission did not have a chance to see a physician and
these patients were placed in a ‘non discharge summary’
group [12]. There are numerous other publications which
also demonstrate this issue [7-9,13,14]
Therefore, managing issues such as time-dependent bias

and sampling bias are important. The purpose of this
review is to understand the impact that CDI has on LOS
in hospitalised patients and, in doing so, to describe the
methodological approaches used.

Methods
Design
An integrative review design was used in the same manner
as described by Whittemore and Knafl [15]. To allow for a
synthesis of results, an integrative design was selected
based on the summation of different methodological
approaches used in the empirical and theoretical literature.
As a result, the design provides a more comprehensive
understanding of particular issues [15].

Search strategy
The literature was accessed through searches on electronic
databases Medline and Pubmed and was limited to the 1st

January 2000 to 30 April 2011. Other limits included only
searching literature that was published in English and stud-
ies involving humans. Key terms used were “Clostridium
difficile and economic”, “Clostridium difficile and length of
stay”, “Clostridium difficile and cost” and “Clostridium
difficile and burden”. These searches were combined, with

duplicate studies being removed. Following this step, a
review of these articles was conducted. Only case-
controlled, cohort or review studies were included. Further-
more, articles were only included if they examined the LOS
of hospitalised patients with CDI. Finally, letters to the
editor and interventional studies, for example the effect of
immunoglobulin treatment on LOS, were excluded.

Search outcome
The initial search yielded 330 articles. After the removal of
studies that were not case-controlled, cohort or review
studies, 26 studies remained. A further ten articles were
excluded because they were either letters to the editor or
were interventional studies. Figure 1 summarises the
search strategy and outcomes.

Results
The majority of the 16 studies identified through the
search strategy were retrospective in design. Two reviews
and two prospective studies were identified. Table 1 sum-
marises the characteristics and results from the 16 studies
identified for this review.
The search strategy used to identify articles for this re-

view did not identify the same articles in the latest review
published by Ghantoji, Sail et al. [4]. Two articles included
in the review by Ghantoji, Sail et al. [4] were not include in
our review. Conversely, our study identified and included
eight studies not used by Ghantoji, Sail et al. [4]. The pri-
mary reason for both these discrepancies is that our review
examined the prolongation of LOS, whereas the focus by
Ghantoji, Sail et al. [4] was economic cost . Similarly our
review did not include two articles identified by the review
conducted by Dubberke & Wertheimer (2009), but did
identify a further 11 articles not used by Dubberke &
Wertheimer (2009). The reasons for this are the same as
those just previously described in addition to the inclusion
of recent publications. Nine articles were common to both
reviews. The review by Ghantoji, Sail et al. [4] identified
four articles not identified by Dubberke & Wertheimer
(2009). Conversely, Dubberke & Wertheimer (2009) iden-
tified five articles not used by Ghantoji, Sail et al. [4].
The manner in which participants were identified for

the studies differed, with several studies using Inter-
national Classification of Disease (ICD) codes to identify
cases [16-21]. The use of ICD codes to identify participants
does have the potential to reduce sensitivity and specificity
when identifying cases of CDI as coding data is likely to
underestimate cases. In addition, coding practices can vary
between hospitals, and therefore multi-centred studies
have a greater potential for variation in sample selection.
Furthermore, the timing of an episode of CDI cannot be
determined by such an approach.
Excluding the reviews, only three of the remaining

fourteen studies were undertaken in countries other than

Mitchell and Gardner Antimicrobial Resistance and Infection Control 2012, 1:14 Page 2 of 6
http://www.aricjournal.com/content/1/1/14



the United States. The systematic review examining the
economic costs of CDI undertaken by Ghantoji, Sail et al.
[4] identified only four of thirteen articles from the
United States. In the review undertaken by Dubberke and
Wertheimer [22], one Australian study undertaken was
identified as having been published as a letter to the
editor [23].
The data collected in the various studies differed

considerably. The majority of studies collected basic
demographic data, such as age and gender. Some studies
collected data about co morbidities and used a severity
index such as the Charlson co morbidity index [18,24,25].
Data collected about variables such as antibiotic exposure
or other drug therapies were limited [25-27].
Findings from all studies suggested that CDI contributes

to a longer LOS in hospital. It was not possible to pool data
because studies varied considerably in design, sampling and
data analysis techniques. In studies that used a comparison
between persons with CDI and those without, the difference
in the LOS between the two groups ranged from 2.8 days to
16.1 days [24,28]. These data suggest that CDI does play a
role in increasing the LOS in hospital.
In a retrospective cohort of over 18 000 non-surgical

patients hospitalised for more than 48 h, Dubberke et al.
[24] took a nested subset using a matched-pairs analysis
and found that the increase in LOS that could be attribu-
ted to CDI was 2.8 days. Controls were matched to cases
by a propensity score developed for data analysis. Using
logistic regression, patient-specific probabilities of develop-
ing CDI were developed. The median LOS was determined
for cases and controls, with the various median pair-wise

lengths of stay being compared by using the Wilcoxon
signed-ranked test. Attributable LOS was determined by
calculating the median pair-wise difference between CDI
cases and the controls [24]. As this study did not include
surgical patients, it is possible that patients with severe
CDI, those requiring colectomies, were excluded, leading
to a potential bias. The use of a propensity score to match
controls was used in an attempt to reduce any potential
bias between controls and cases when determining CDI-
attributable LOS.
A study undertaken by Lumpkins et al. [28] suggested a

considerably longer LOS then that reported by Dubberke
et al. [24]. In a prospective cohort study comprising of
critically ill patients admitted to an intensive care unit, those
with and without CDI were compared. A logistic regression
model was used for data analysis. The mean hospital LOS
was 15.9 days greater in patients who developed CDI com-
pared to those who did not (34.9 days versus 19.0 days,
p=0.003). When cases were compared regarding antibiotic
exposure, those with minimal exposure were found to have
a shorter LOS in hospital, but data regarding all antibiotic
exposure prior to admission, such as outpatients, were not
obtained in this study [28]. Such a finding would suggest
that collecting data on antibiotic exposure is needed in
future studies that employ a similar methodology.
The methods of data analysis varied, as shown in Table 1.

In the majority of studies, a regression model was devel-
oped to determine the impact that CDI had on LOS
[16,18,20,21,24,26-30]. The studies did not collect data
concerning the time of onset of CDI; therefore, it is not
possible to exclude the possibility of reverse causality, in

Figure 1 Summary of search strategy. 1Articles were excluded if they were not case controlled, cohort or review studies or if they did not
examine length of stay in hospitalised patients. 2Letters to the editor and interventional studies were excluded.
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which longer lengths of hospitalisation may have increased
the risk of CDI. The issues associated with controlling for
a potential time-dependent bias caused by the LOS in
hospital raises some significant concerns, which will now
be discussed.

Discussion
As demonstrated in a published systematic review examin-
ing the economic costs of CDI, the focus of many studies
was to view costs through the eyes of an accountant [4].
An accountant’s model for determining the cost of HAIs is
to count fixed and variables costs. Variable costs may
include items such as dressings, personal protective
equipment and laboratory test materials. Fixed costs
include salary, electricity and heating. As fixed costs are

often jointly shared—for example, one doctor does not
treat one patient—the accountant’s model determines a
measure of usage for these fixed costs (cost per unit) and
allocates this to patients or to the health provider accord-
ingly. Comparisons between the average cost per infected
patient and average cost per non-infected patient are often
used to attribute the cost of HAIs. However, this may be
misleading [31]. According to Graves, using such a model
is not suitable for economic appraisal or for informing
decisions about HAIs. An implication of the economic
model is that by reducing or eradicating a specific infec-
tion, a fixed figure could be saved. An accountant’s model
ignores the cost of increased investments towards reducing
infections and fails to consider which costs actually change
with infections, as many fixed costs remain [31].

Table 1 Summary of included articles

Author Study type Country Statistical analysis Results

Ananthakrishnan, McGinley,
& Binion 2008

Retrospective case control US Multivariate regression Three times the length of stay
(CDI + IBD)
vs. controls (IBD) IBD= irritable
bowel disease

Bajaj et al. 2010 Retrospective case control US Multivariate regression 12.7-day case vs. 6.7-day
control

Dubberke, Butler et al. 2008 Retrospective cohort US Multivariate regression,
matched-pairs analysis

9.6-day cases vs. 5.8-day
controls

Dubberke & Wertheimer 2009 Review Not applicable Not applicable Not applicable

Ghantoji et al. 2010 Review Not applicable Not applicable Not applicable

Kenneally et al. 2007 Retrospective cohort US Multiple logistic regression 27.3 (CDI) vs. 22.8 (non CDI)

Lawrence et al. 2007 Retrospective cohort US Multiple logistic regression CDI stay twice as much non-
CDI in ICU

Lumpkins et al. 2008 Prospective cohort US Multiple logistic regression 34.9 day LOS with CDI vs. 19
LOS without CDI

Miller et al. 2002 Retrospective cohort Canada Not discussed 9% of 269 patients with CDI
deemed to have extension of
LOS due to CDI

Nguyen, Kaplan, Harris,
& Brant 2008

Retrospective cohort US Multiple linear regression 65% increase in LOS in
patients with CDI & Crohn’s
disease 46% increase in LOS in
patients with CDI & ulcerative
colitis

O’Brien, Lahue, Caro,
& Davidson 2007

Retrospective cohort US Descriptive 6.4-day LOS in patients with
primary CDI diagnosis

Pepin, Valiquette,
& Cossette 2005

Retrospective case control Canada Not discussed 10.7-day additional LOS in
patient with CDI

Song et al. 2008 Retrospective match cohort US Logistic regression
Wilcoxon Linear regression

1-day LOS increase (with CDI)

4-day LOS increase (CDI)
when compared to matched
diagnosis related group DRG

Vonberg et al. 2008 Prospective match cohort Germany Wilcoxon Kolmogorov-Smirnov
test

27-day LOS cases vs. 20-day
LOS controls

Zerey et al. 2007 Retrospective cohort US Multiple logistic regression 16-day-longer LOS (with CDI)

Zilberberg et al. 2009 Retrospective cohort US Propensity score
Multivariate analysis

6.1-day longer LOS (with CDI)
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An economist model uses a cost-analysis approach to
determine if there are any savings. For example, the
consumables may be reduced by decreasing the instances of
HAIs. The capacity gained by a reduction in HAIs is valu-
able and should thus be redeployed for other use. The
redeployment of resources could be used for tasks such as
elective surgery and, in turn, could cause other variable
costs to increase [31].
An economist’s approach in evaluating the cost of HAIs

is supported by the argument that the majority of the costs
associated with hospital care are fixed [32,33]. Therefore, in
describing how costs change in relation to HAIs, it is
important to demonstrate the number of bed days caused
by HAIs [31]—and therefore the number of beds that are
made available by preventing these infections—before
deciding who will utilise these extra beds. Accurately
determining the prolongation of LOS due to CDI will assist
in developing an economic model for its prevention and
control.
All of the studies identified in this literature review

suggested that CDI contributes to a longer LOS in hos-
pital. However, the method used to determine LOS should
account for the fact that an HAI, such as CDI, can occur
at any point during hospitalisation and that LOS is affected
by other variables, such as co morbidity and primary diag-
nosis [5]. Matched cohort studies suffer from two types of
bias. First, insufficient matching will not control all the
bias. Second, strict matching criteria will result in censor-
ing. The variable nature of when the infection might have
started also poses an issue in matched studies: infections
can occur at any time. However, data analysis in matched
studies often compared infected and uninfected patients
by their total hospital stay. If the timing of infections is not
taken into account, then costs associated with pre- and
post-infection are included and can dramatically amplify
the time-dependent bias [5]. Statistical models can be used
to address this issue at the data-analysis stage rather than
at the design stage. A model can be built to describe the
relationship between LOS and the predictors of that out-
come [5,34]. Previously, models that ignored the time of
infection often used a linear model that assumed a gamma
distribution, where waiting times between events are rele-
vant, in this case LOS and an independent variable of
infected (“yes” or “no”) [14]. One recent study examining
CDI did attempt to use the principles of managing time-
dependent bias in their study [35].
Methods have recently been developed to address these

issues when estimating LOS associated with healthcare-
associated infections. These methods include a multi-state
model in which the infection is the intermediate event
between admission and discharge and in which patients are
given one of three states: non-infected, infected and dis-
charged [6,14,36]. Therefore, for future research examining
the prolongation of LOS for people with an HAI including

CDI, collecting data at the commencement and completion
of infection will enable the use of a multi-state model in
data analysis.

Conclusion
Studies examining lengths of stay attributed to CDI
varied considerably in their design and the data they
collected. Several studies used administrative codes, such
as ICD codes, to identify cases of CDI. The use of
administrative data for this purpose did lead to some
limitations, including the potential for ascertainment bias
and a lack of sensitivity and specificity. A limited number
of studies captured data regarding co morbidities. Co
morbidities would clearly influence the LOS in hospital,
and therefore this information should be collected when
possible. Researchers, should consider whether data
concerning antibiotic exposure needs to be included in
future studies.
Despite these differences, there was a clear indication that

CDI played some role in prolonging hospitalised patients’
lengths of stay. As LOS in a hospital is a major contributor
to healthcare cost, it is a logical assumption that CDI con-
tributes an economic cost to the health system, a view
shared by Ghantoji, Sail et al. [4]. Only a very limited num-
ber of studies identified in this literature review or in
the two published reviews by Ghantoji, Sail et al. [4] and
Dubberke and Wertheimer [22] did so outside of the United
States or Canada. The provision of health services and the
epidemiology of CDI varies between countries, and thus it
is vital that future studies are undertaken in a variety of
countries. In particular, studies outside of the United States
and Canada are needed.
Potential issues in data analysis were identified, given that

no study fully addressed the issue of a time-dependent bias
when examining the LOS caused by CDI. Recent literature
suggests that a multi-state model should be used to manage
the issue of time-dependent bias. In order for a multi-state
model to be used, the timing of CDI infection must be cap-
tured. However, no study identified in the literature search,
including the two published reviews examining the eco-
nomic cost of CDI, used or identified a multi-state model
design. In fact, no study identified the onset and cessation
of CDI infection and used this data to inform data analysis.
Future studies examining LOS and CDI should consider
capturing the timing of CDI infection in order to be able to
employ a multi-state model for data analysis. Such an
approach can also be extended in order to study HAIs other
than CDI.

Competing interests
The authors declare they have no competing interests.

Acknowledgments
BM acknowledges the Rosemary Norman Foundation and the Nurses
Memorial Centre through the award of the “Babe” Norman scholarship for

Mitchell and Gardner Antimicrobial Resistance and Infection Control 2012, 1:14 Page 5 of 6
http://www.aricjournal.com/content/1/1/14



financial support to enable PhD studies. Funders played no role in the
conduct of this research.

Author details
1School of Nursing, Midwifery and Paramedicine, Australian Catholic
University, PO BOX 256, Dickson, ACT, Australia. 2Research Associate, National
Centre for Clinical Outcomes Research (NaCCOR), Australian Catholic
University, Sydney, Australia.

Author contributions
BM and AG were responsible for the study concept and design. BM
performed data collection. BM and AG were responsible for data analysis and
the draft of the manuscript. All authors have read and approved the
manuscript.

Received: 07 February 2012 Accepted: 20 April 2012
Published: 20 April 2012

References
1. Kelly C, LaMont J: Clostridium difficile - more difficult than ever. N Eng J

Med 2008, 359:1932–1940.
2. Zilberberg M, Shorr A, Kollef M: Increase in adult Clostridium difficile-

related hospitalizations and case-fatality rate, United States, 2000–2005.
Emerging Infectious Dis 2008, 14:929–931.

3. Kyne L, Hamel M, Polavaram R, Kelly C: Health Care Costs and Mortality
Associated with Nosocomial Diarrhea Due to Clostridium difficile. Clin
Infect Dis 2002, 34:346–353.

4. Ghantoji SS, Sail K, Lairson DR, DuPont HL, Garey KW: Economic healthcare
costs of Clostridium difficile infection: a systematic review. J Hosp Infect
2010, 74:309–318.

5. Graves N, Harbarth S, Beyersmann J, Barnett A, Halton K, Cooper B:
Estimating the cost of health care-associated infections: mind your p’s
and q’s. Clin Infect Dis 2010, 50:1017–1021.

6. Barnett AG, Batra R, Graves N, Edgeworth J, Robotham J, Cooper B: Using a
Longitudinal Model to Estimate the Effect of Methicillin-resistant
Staphylococcus aureus Infection on Length of Stay in an Intensive Care
Unit. Am J Epidemiol 2009, 170:1186–1194.

7. Beyersmann J, Gastmeier P, Wolkewitz M, Schumacher M: An easy mathematical
proof showed that time-dependent bias inevitably leads to biased effect
estimation. J Clin Epidemiol 2008, 61:1216–1221. Epub 2008 Jul 1210.

8. Beyersmann J, Kneib T, Schumacher M, Gastmeier P: Nosocomial infection,
length of stay, and time-dependent bias. Infect Control Hosp Epidemiol
2009, 30:273–276.

9. Beyersmann J, Wolkewitz M, Schumacher M: The impact of time-dependent
bias in proportional hazards modelling. Stat Med 2008, 27:6439–6454.

10. Graves N, Weinhold D, Tong E, Birrell F, Doidge S, Ramritu P, Halton K,
Lairson D, Whitby M: Effect of healthcare-acquired infection on length of
hospital stay and cost. Infect Control Hosp Epidemiol 2007, 28:280–292.
Epub 2007 Feb 2020.

11. van Walraven C, Davis D, Forster AJ, Wells GA: Time-dependent bias was
common in survival analyses published in leading clinical journals. J Clin
Epidemiol 2004, 57:672–682.

12. van Walraven C, Seth R, Austin PC, Laupaci A: Effect of Discharge Summary
Availability During Post-discharge Visits on Hospital Readmission. J Gen
Intern Med 2002, 17:186–192.

13. Wolkewitz M, Allignol A, Schumacher M, Beyersmann J: Two Pitfalls in
Survival Analyses of Time-Dependent Exposure: A Case Study in a Cohort
of Oscar Nominees. Am Stat 2010, 64:205–211.

14. Barnett AG, Beyersmann J, Allignol A, Rosenthal VD, Graves N, Wolkewitz M:
The time-dependent bias and its effect on extra length of stay due to
nosocomial infection. Value Health 2011, 14:381–386.

15. Whittemore R, Knafl K: The integrative review: updated methodology. J
Adv Nurs 2005, 52:546–553.

16. Ananthakrishnan AN, McGinley EL, Binion DG: Excess hospitalisation
burden associated with Clostridium difficile in patients with
inflammatory bowel disease. Gut 2008, 57:205–210.

17. Bhangu S, Bhangu A, Nightingale P, Michael A: Mortality and risk
stratification in patients with Clostridium difficile-associated diarrhoea.
Colorectal Dis 2010, 12:241–246.

18. Nguyen GC, Kaplan GG, Harris ML, Brant SR: A national survey of the
prevalence and impact of Clostridium difficile infection among

hospitalized inflammatory bowel disease patients. Am J Gastroenterol
2008, 103:1443–1450.

19. O’Brien JA, Lahue BJ, Caro JJ, Davidson DM: The emerging infectious
challenge of clostridium difficile-associated disease in Massachusetts
hospitals: clinical and economic consequences. Infect Control Hosp
Epidemiol 2007, 28:1219–1227.

20. Zerey M, Paton BL, Lincourt AE, Gersin KS, Kercher KW, Heniford BT: The
burden of Clostridium difficile in surgical patients in the United States.
Surg Infect 2007, 8:557–566.

21. Zilberberg MD, Nathanson BH, Sadigov S, Higgins TL, Kollef MH, Shorr AF:
Epidemiology and outcomes of clostridium difficile-associated disease
among patients on prolonged acute mechanical ventilation. Chest 2009,
136:752–758.

22. Dubberke ER, Wertheimer AI: Review of current literature on the economic
burden of Clostridium difficile infection. Infect Control Hosp Epidemiol
2009, 30:57–66.

23. Riley TV, Codde JP, Rouse IL: Increased length of hospital stay due to
Clostridium difficile associated diarrhoea. Lancet 1995, 345:455–456.

24. Dubberke ER, Butler AM, Reske KA, Agniel D, Olsen MA, D’Angelo G,
McDonald LC, Fraser VJ: Attributable outcomes of endemic Clostridium
difficile-associated disease in nonsurgical patients. Emerg Infect Dis 2008,
14:1031–1038.

25. Pepin J, Valiquette L, Cossette B: Mortality attributable to nosocomial
Clostridium difficile-associated disease during an epidemic caused by a
hypervirulent strain in Quebec. CMAJ 2005, 173:1037–1042.

26. Kenneally C, Rosini JM, Skrupky LP, Doherty JA, Hollands JM, Martinez E,
McKinzie WE, Murphy T, Smith JR, Micek ST, Kollef MH: Analysis of
30-day mortality for clostridium difficile-associated disease in the ICU
setting.[Erratum appears in Chest. Nov;132(5):1721 Note: McKenzie,
Wendi [corrected to McKinzie, Wendi E]]. Chest 2007, 2007(132):
418–424.

27. Lawrence SJ, Puzniak LA, Shadel BN, Gillespie KN, Kollef MH, Mundy LM:
Clostridium difficile in the intensive care unit: epidemiology, costs, and
colonization pressure. Infect Control Hosp Epidemiol 2007, 28:123–130.

28. Lumpkins K, Bochicchio GV, Joshi M, Gens R, Bochicchio K, Conway A,
Schaub S, Scalea T: Clostridium difficile infection in critically injured
trauma patients. Surg Infect 2008, 9:497–501.

29. Bajaj JS, Ananthakrishnan AN, Hafeezullah M, Zadvornova Y, Dye A,
McGinley EL, Saeian K, Heuman D, Sanyal AJ, Hoffmann RG:
Clostridium difficile is associated with poor outcomes in patients
with cirrhosis: a national and tertiary center perspective. Am J
Gastroenterol 2010, 105:106–113.

30. Song X, Bartlett JG, Speck K, Naegeli A, Carroll K, Perl TM: Rising
economic impact of clostridium difficile-associated disease in adult
hospitalized patient population. Infect Control Hosp Epidemiol 2008,
29:823–828.

31. Graves N, Halton K, Jarvis W: Economics and Preventing Heatlhcare Acquired
Infection. New York: Springer; 2009.

32. Roberts RR, Frutos PW, Ciavarella GG, Gussow LM, Mensah EK, Kampe LM,
Straus HE, Joseph G, Rydman RJ: Distribution of variable vs fixed costs of
hospital care. JAMA 1999, 281:644–649.

33. Plowman R, Graves, N, Griffin, A, Roberts, J, Swan, A, Cookson, B, Taylor, L:
The socioeconomic burden of hospital acquired infection. In Book The
socioeconomic burden of hospital acquired infection (Editor ed.^eds.). City:
Department of Health; 1999.

34. Beyersmann J: A random time interval approach for analysing the impact
of a possible intermediate event on a terminal event. Biom J 2007,
49:742–749.

35. Forster AJ, Taljaard M, Oake N, Wilson K, Roth V, van Walraven C: The effect
of hospital-acquired infection with Clostridium difficile on length of stay
in hospital. Can Med Assoc J 2012, 184:37–42.

36. Beyersmann J, Gastmeier P, Grundmann H, Barwolff S, Geffers C, et al: Use of
multistate models to assess prolongation of intensive care unit stay due to
nosocomial infection. Chicago, IL, ETATS-UNIS: University of Chicago Press;
2006.

doi:10.1186/2047-2994-1-14
Cite this article as: Mitchell and Gardner: Prolongation of length of stay
and Clostridium difficile infection: a review of the methods used to
examine length of stay due to healthcare associated infections.
Antimicrobial Resistance and Infection Control 2012 1:14.

Mitchell and Gardner Antimicrobial Resistance and Infection Control 2012, 1:14 Page 6 of 6
http://www.aricjournal.com/content/1/1/14



WWW.WELCHALLYN.COM

For more information, contact your local Welch Allyn 
representative or visit us online at www.welchallyn.com/cu� s

MC12524 REV A 

A C. DIFFERENT APPROACH
TO FIGHTING HOSPITAL-ACQUIRED INFECTIONS

For more information, visit www.welchallyn.com/cuffs

Sources: 
1Source: http://www.cdc.gov/vitalsigns/hai/
2 Implementation of Disposable Blood Pressure Cuffs as a Novel Approach to Reduce Fomite Transmission of Healthcare-Associated (HCA) Clostridium difficile Infection (CDI) in a Community 
Hospital or Twice Implemented is Once Credible, American Journal of Infection Control, June 2009.]

3New England Journal of Medicine. 1989 Jan 26; 320(4):204-10. Nosocomial acquisition of Clostridium difficile infection. McFarland LV, Mulligan ME, Kwok RY, Stamm WE.

© 2013 Welch Allyn SM4095 Rev A

SINGLE-PATIENT-USE:

ASSIGN A NEW CUFF  
TO EACH PATIENT UPON ADMISSION

Welch Allyn FlexiPort® EcoCuff™ 
Single-Patient-Use Blood Pressure Cuff

ONE HOSPITAL REDUCED  

C.DIFF RATES BY 

53%
AFTER SWITCHING TO A 
SINGLE-PATIENT-USE 
CUFF MODEL2 

HELP YOUR HOSPITAL reduce C. diff rates

While most types of hospital-acquired infections are declining,  

Clostridium difficile (C. diff)— 
remains at historically high levels.1

Disinfecting your cuffs between patients? Think again

Germicidal wipes have not been  
proven effective against C. diff on  
soft, porous surfaces (like bp cuffs). 

BP Cuffs harbor C. diff sporesC. diff by the numbers1

SINGLE-PATIENT-USE CUFF

TO EACH PATIENT UPON ADMISSIONTO EACH PATIENT UPON ADMISSION

$1 billion 
14,000 deaths

annual U.S. 
treatment costs

WIPES

Studies show using the same blood pressure cuff on 
multiple patients contributes to the spread of C. diff.2

Isolating symptomatic C. diff patients is not enough 

SYMPTOMATIC

ONLY 1 OUT OF 3 
patients with C. diff will be isolated3

ASYMPTOMATIC CARRIERS  contaminate bp cuffs throughout the hospital with C. diff spores

Disinfectant Wipe
Effective against  
C. diff Spores

Effective on 
Porous Surface

Quat1

Chlorine Bleach2

Hydrogen Peroxide

Hydrogen Peroxide/
Peracetic Acid

7 7
7
77
7

4

4
1Alcohol / Quaternary Ammonium       2Sodium Hypochorite (Chlorine)

ISOLATED




