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ABSTRACT

Title of DissertationThe Effect of Contact Precautions on the Frequency of Hospital
Adverse Events

Lindsay Croft, Doctor of Philosophy, 2015

Dissertation Directed by: Daniel J. Morgan, MD, MS; édate Professor, Department

of Epidemiology and Public Health

Background: Contact Precautions are an infection control approach where patients with
antibiotic resistant bacteria are isolated and disposable gloves and gowns are donned
prior to room entrySome studies suggest Contact Precautions may indrease
occurrence ohospitaladverse events. Howeveew studies have examined the effect of
Contact Precautions on adverse evestag a standard definition and accounting for the
effect of severity billness. We assessed whetl@ontact Precautions exposure was
associated with patient adverse evemtisoth ICU and nofiCU settings

Methods: The relationship between universal use of Contact Precautions (universal glove
and gown use for all patientmact, regardless of colonization) and adverse events in the
intensive care unit (ICUyas studied using medical record reviewl800randomly

sampled patientsqually distributed over 20 ICU cluster randomized trialo reduce

the influence of severitgf illness,eligible patients could not be colonized or infected

with antibiotic resistant bacterig/ithin a norlCU setting, gorospective cohort of 296
patients at the University of Maryland Medical Cer{t¢iMC) matched on initial 3 day
length of stayand admission locatiowas used to study the association between usual use
of Contact Precautions and adverse events.

Results: The study of 1800 randomly selected patients from a cluster randomized trial of

universal glove and gown use found that thesrafeadverse events among patients in



universal glove and gown ICUs were not statistically diffe(diR, 0.91; 95% CI, 0.59

1.42; p=0.68). The UMM®@rospective cohombservedsignificanty fewer noninfectious
adverse evestamongpatients exposed to tteional Contact Precautions compared to
unexposed patients (IRR,70 95% CI, 051-0.95 p=002).

Conclusions:In ICUs where healthcare workers donned gloves and gowns for all patient
contact, patients were no more likely to experience adverse evants tbontrol ICUs.

In nonICU settings Contact Precautionsreassociated witfewer noninfectious

adverse eventConcerns about adverse events resulting from either universal glove and

gown use or traditional use of Contact Precautions were not se@port
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BACKGROUND AND OBJECTIVES

A. SpecificAim 1

Determine if adverse events (also known as adverse safety events) are more common in
patients inntensive care unitdCUs) randomized to universal glove and gown compared
to control patients. Additionally, determine which subtypes of adverseseaenimore

common.

1. Specific Aim 1.1
Determine if overall frequency of adverse events is associated with universal
glove and gown use.

Hypothesis 1.1Patients in ICUs randomized to use universal glove and gown

have a higher rate of adverse events thaiemiatin the control group ICUs.

2. Specific Aim 1.2
Determine if frequency of preventable adverse events is associated with universal
glove and gown use.

Hypothesis 1.2Preventabl@dverse events are more common for patients in

ICUs randomized to universglove and gown compared to control patients.



3. Specific Aim 1.3
Determine if frequency of infectious adverse events (acquisition of heakhcare
associated infections) is associated with universal glove and gown use.

Hypothesis 1.3Infectious adversevents are less common for patients in ICUs

randomized to universal glove and gown compared to control patients.

4. Specific Aim 1.4
Determine if frequency of severe adverse events is associated with universal
glove and gown use.

Hypothesis 1.4 Severe advee events are more common for patients in ICUs

randomized to universal glove and gown compared to control patients.

5. Specific Aim 1.5
Describe which types of adverse events are most common in universal glove and
gown usecompared to control patients (cardascular, respiratory, renal or
endocrine, hematologic, gastrointestinal, neurologic, hospilired infection,
and surgical events).

Hypothesis 15: Certain types of adverse events (cardiovascular, respiratory, renal

or endocrine, hematologic, gastrestinal, neurologic, and surgical events) are
more common in universal glove and gown use compared to controls. Adverse
events that are hospitatquired infections are less common in universal glove

and gown use compared to controls.



B. Specific Aim 2
Determine if adverse events in general ward patients on Contact Precautions are more
common than in patients not on Contact Precautions. Additionally, determine which

subtypes of adverse events are more common.

1. Specific Aim2.1
Determine if overall frequenyoof adverse events in general ward patients is
associated with Contact Precautions use.

Hypothesis 2.1 General ward patients on Contact Precautions have more adverse

events compared to ward patients who are not on Contact Precautions.

2. Specific Aim 22
Determine if frequency of preventable adverse events in general ward patients is
associated with the use of Contact Precautions.

Hypothesis 2.2 Preventable adverse events are more common for patients on

Contact Precautions compared to patients not ortalCbRrecautions.

3. Specific Aim 23
Determine if frequency of infectious adverse events (acquisition of heakhcare
associated infections) is associated with use of Contact Precautions.

Hypothesis 3. Infectious adverse events are more common for patents

Contact Precautions compared to patients not on Contact Precautions.



4. Specific Aim 2.4
Determine if frequency of severe adverse events is associated with the use of
Contact Precautions.

Hypothesis 21. Severe adverse events are more common for paitenContact

Precautions compared to patients not on Contact Precautions.

5. Specific Aim2.5
Describe which types of adverse events are most common among general ward
patients (cardiovascular, respiratory, renal or endocrine, hematologic,
gastrointestinalneurologic, hospitahcquired infection, and surgical events).

Hypothesis 2.5Certain types of adverse events (cardiovascular, respiratory, renal

or endocrine, hematologic, gastrointestinal, neurologic, hosptalired
infection, and surgical events)eamore common in patients on Contact

Precautions compared to patients not on Contact Precautions.

C. Background and Rationale

1. Adverse Event Definitions

Many definitions for adverse events and subtypes of adverse events exist in the

literature. However, thllowing definitions will be used in discussion of the studies
(Glossary. An adverse event (or the alternative phrase adverse safety event) is an
unintended physical injury resulting from or contributed to by medical or surgical care
andnotduetoag i ent 6 s und e Theseg events are @htampdssing types
of harm (i.e. they do not exclude special subtypes of events such as adverse drug events).

Preventable adverse events are adverse events tltahardered as probably or

4



definitely preventable by current practice standards, technology, and knowledge. Severe
adverse events are adverse events which result in deathyéégening, or serious harm

to the patient. An example of a serious advergaelg one that results in organ

dysfunction and lifehreatening adverse events are those in which death is possible
within a few hours without treatment.

Another subtype of adverse event is the infectious adverse event (or Rospital
acquired infection), Wwich is an infection that occurs in the hospital setting but was not
present or incubating on admission. Adverse drug events are also a special type of
adverse event and result from medical intervention with a drug. These events may include
giving an incorect medication, the correct medication at too high or low of a dose, and
medicationi nduced fiside effectso (e.g. a patient
treatment with warfarin). Preventable adverse drug events are a subtype of adverse drug
event that ee considered probably or definitely preventable by current practice. Certain
subtypes of adverse event are not mutually exclusive from other subtypes. For example,
an infectious adverse event may be preventable, severe, both preventable and severe, or

neither.

2. Overview of Burden and Cost of Adverse Events
I n the healthcare setting, the term fiadve
safety eventso refers to unintended physical
medi cal c ar e andedying diseastd Thelantnmaek studp vghichu
investigated the frequency of hospital adverse eventshgasarvard Medical Practice

Study (HMPSY. Using a conservative estimate, this study estimated that among



hospitalizedpatients in New York, 3.7% would experience an adverse event each year.

Of these, 13.6% experiencing an adverse event died and a further 2.6% would receive
permanently disabling injuries. These findings were used by the Institute of Medicine

(IOM) to estmate that approximately 98,000 Americans die each year from medical

errors, leading the IOM report to extrapolate that this would rank as the eighth leading
cause of death in the United States, killing more people than breast cancer, car crashes, or
AIDS.® While the figures have been controversial so far as uod@verestimating the

exact frequency of adverse evefitshe report drew attention to adverse events in

medical care and stimulated further research.

A Canadian study of hospital adverse events identified an incidence of 2.6 events
per 100 patient day8§ Among these, 9.1% of harms resulted in death or permanent
disability and onehird were preventable. A systematic review examining studies of
hospital aderse event incidence among hospitals in the United States, United Kingdom,
Canada, Australia, and New Zealand found a median incidence of 9.2% in patients,
although in the two US studies with reported details, there was a lower incidence
(between 2%)."* Of all studies included in the systematic review, approximately 7% of
the adverse events resulted in death (another 7% received a permanent disabitiy) and
majority of adverse events were operati(@9.6%) or drugelated (15.1%). Among the
adverse events, 41% occurred in the operating room and only 3.1% occurred in the
intensive care unit, in contrast to other studies.

The incidence of adverse eveitereases with age with geriatric patients
experiencing adverse events from 5.3% to 60% of patiéfitss range occurs based on

whether extremely conservative definitic of fAadverseo event ar
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when traditional medicatierelated adverse events such as falls or delirium are
included® A study of hospitalized Medicagatients found that 13.5% experienced an
adverse event ranging in severity from prolonged hospital stay to death and another
13.5% experienced a temporary adverse eVdiite study also estimated that 15,000
Medicare patients per month will experience an adverse event that contributes to their
death. These estimates suggest adverse events are more common among older
hospitalized patients.

The authors of a recent paper estimating the social costs of matliesd@
events estimated there are 2.4 million injuries resulting from hospital care and
somewhere between 39,000 and more than 108,000 preventable hospital deaths each year
inthe United State$The studyodos esti mates are based on
literature. The cost of preventable inpatient injuries in 28diGsted dollars has been
estimated at $6.7 billion and the total social cost of hospital adverse eventagesulti
injury or death between $348 and $913 billion. Similarly, estimates suggest Medicare
spends approximately $4.4 billion each year on costs related to caring for the
consequences of adverse evéhfhere is clearly a high cost from adverse events

directly to patients and economically to society.

3. Risk Factors for Adverse Events
Increasing age has been associated with the occurrence of hospital adverse events.
This has been seen with bivariate relatiops, as in the Harvard Medical Practice
Survey, where the mean number of adverse events were 1.5 times more common among

middle age patients (464 years) compared to young adults-g6yearsf. The mean



number of adverse events doubled among patients 65 years and older compared to young
adults. This relationship has been observed in subsequent studies, for both &odpital
primary care settings, where elderly patients have more than five times as many adverse
events as younger patients>'’ Age has been associated with subtypes of hospital
adverse events, the advexdrug event (ADE) and preventable ADES.Aside from
increased risk of adverse events, once an ADE occurs, increased age is also associated
with risk of mortality and prolonged length of sfdy.

In contrast to age, sex does not appear to be a risk factor for adverse events in
most studie$>**However, women malyave 1.8 times higher odds of an adverse drug
event than mefR.The number, type, and sanity of patient comorbidities also influence
the risk of adverse events. A Danish study of changes in adverse event rate over time
reported that certain IGD diagnosis groups have almost 1.5 to 2.5 times increased odds
of experiencing an adverse eventngared to the baseline of patients with circulatory
system diagnosésExamples of these diagnosis groups include neoplasm, respiratory,
digestive, and genitourinary systems, and injury or poisoning. Among English primary
care patients, having the most comorbidities significantly increases the risk cfeadve
events 8.5 time$.The extent of comorbidity was measured by categorizing the number
of Expanded Diagnosis Clusters (EDC) repres
Amoderate, 0 and Ahigho although the study au
used to define each category. The odds of an adverse drug reaction increase
approximately 30% for each new comorbid condition and the odds of a preventable
adverse drugvent increase between 70 and 90 percent for each additional patient

comorbid conditiort? However, each of these studies with comorbidities and adverse



events are likely confounded by indication, making the true magnitude of risk due to
comorbidities difficult to estimate.

With respect to severity of illness, in bivariable analysis, patightsexperience
an adverse event have a 3.6 point higher mean Acute Physiology and Chronic Health
Evaluation (APACHE) Il score than patients with no adverse é¥@&he APACHE Il is
an ICU measure of patient severity of illness upon hospital admission with a score
calculated from several lab and vital sign measures. In addition, patients in the same
study were signifiantly more likely to die and to be ventilated. However, the meaning of
this association remains unclear. It is unknown the extent to which adverse events cause
patients to become more ill as opposed to sicker patients having a higher risk of adverse
events Similarly, in a study of medical ICU patients, a measure of acute illness, the
Acute Physiology Score, was significantly higher among patients with complications (by
mean 5.8 units) than among patients that did not experience a complt€ation.

Among patients in two French medical ICUs, admission with organ failure of at
least 2 systems had almost five times higher odds oviih adverse events than
patients admitted without such severe illnkatso, in a three teiary-care hospital study,
casemix index (average hospital patient acuity) was significantlydnigimong patients
who experienced an adverse event compared to patients who did not (1.78 versus 1.18;
p<0.0001f? However, the authors reported this only in bivariable analysis and it is
unclear how much the difference in case index is reflective of resources used to treat
patients once the adverse event occurs, rather thiffierice in patient severity of

illness on admissioff.



In addition to beingn indication of patients who are more ill, length of stay is
often adjusted for as an independent risk factor for adverse events. The odds for both
adverse drug reactions and for preventable adverse drug events increase by more than
10% with each additical hospital day? In another study, in bivariable analysis, patients
experiencing an a@vse event had, on average, a five day longer length of stay than
patients that did not experience an adverse evéttwever, it is unclear to what extent
length of stay is a marker of sicker patients, a risk factor for adverse events, and the
consequence of an adverse event occurring. In addition, length of stay can be a marker of
practice setting (i.e. academic wvesscommunity hospital) and type of admission severity
(ICU versus nofiCU).

In one of the few multivariable analyses of adverse events, Landrigan and
colleagues adjusted for age, sex, race, insurance group, admission to surgical unit,
obstetrical or gynestogical service, and high risk of harm (based on-EC&bde
groupings within the study perio#)However, estimates of the magnitude and direction
of effect for each of these variables were not repoiiteds, it remains unclear the extent

to which each of those factors is related to adverse event rate.

4. Standardized Trigger Tool Method to Detect Adverse Events
The Institute for Healthcare Improvement (IHI) Global Trigger Tool is designed
as a method faadverse event detection through a structured patient chart reViesv.
trigger tool is designed for reviewing patient charts in-an2@ute timeframe and has a
recommended order for chart review, beginning withldisge codes and summary,

administered medications, and laboratory results, followed by other sections (operative
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records, nursing and progress notes, etc.) if there is time remaiFtiegtool consists of
severiaggdtso that cover aspects of <cares
medications, surgery, or ICU factors that are often associated with adverse event
occurrence (Appendix A). The triggers included on the tool were identified using a
combination dsubject matter experts, literature reviews, and triggers identified from
prior versions of trigger tools designed for specific types of adverse évéfifEhese

triggers were fieldested in hospitals and triggers with issues such as low positive
predictive value were removed. Thiggers themselves do not necessarily represent
adverse events but serve as a signal that an adverse event may have occurred. When
triggers are identified, chart reviewers then examine that part of the patient record more
closely for evidence of a relatadverse event.

The established method for use of the IHI Global Trigger Tool is the use of two
reviewers that independently review the same patient records and provide the discharge
summary for a third reviewer. The third reviewer is a physician whowswiee medical
record discharge summary and makes a final determination regarding adverse event
occurrence. This third reviewer is also responsible for deciding whether an adverse event

occurred in the case of disagreement between initial reviewers.

5. Trigger Tool-Derived Estimates of Adverse Event Frequency
Estimates of adverse event frequency are generally higher when the IHI Global
Trigger tool is used to identify adverse events compared to traditional chart review. The
previous discussion of adversesavfrequency used estimates primarily derived from

chart reviews™ although Forster and colleagues used a combination of direct
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observation, chart review, and voluntary reporfiagd the study of Medicare patiefits
used Present on Admission indicators, a modified Global Trigger Todlag0
readmission, and physician review to identify adverse events.

Among general hospitalized patients, estimates for the frequency of adverse
events range between 18.1 and 50.8 adverse events per 100 admissions when the Global
Trigger Tool is use&-****Similarly, estimates of adverse event rates among general ward
patients are between 68.1 arid®events per 1000 patietays>*°and the estimated rate
rises to 113.0 adverse events per 1000 patiays for ICU patients when measured
using the IHI Global Trigger Todl.Approximately 27% to 39.8% of patient charts
reviewed in these studies contain at least one adverse 81t These triggetool-
derived estimates are higher than previously discussed estimates derived from other
approaches. However, the definitions used to identify an adverse event are the same, or
more stringent, than netnigger tool methodologies, so are unlikely to baftaied
estimates.

When methods of detecting ADEs are compared, 65% of ADEs are detected when
chart reviews are performed, as compared to 45% with computer monitoring and 4%
from stimulated voluntary repoitThe number of adverse events identified by a method
was compared to the total number of adverse events detected by any of the three methods.
In only 12.3% ofcases are ADEs detected from chart review also detected by computer
monitoring. This suggests that the IHI Global Trigger Tool, a form of patient chart
review, may detect more adverse events than other methods.

In a study comparing the performance of pdewireported events, patient safety

indicators from the Agency for Healthcare Research and Quality (AHRQ), and the IHI
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Global Trigger Tool at detecting adverse events, 95.6% of the events were detected using
the Global Trigger Toot: In contrast, only three of the 68 adverse events were identified

by one of the other two methods but not the Global Trigger Tool. Sharek and colleagues
report that the sensitivity and specificity of the IHI Global Trigger Tool are d94®4%

for reviewers internal to an institution and 34% and 93% among external reviéwers.

However, this report used fiexperienced revie

the gold standard rather than a different detection method to calculate sensitivity and
specificity.

Classen et al. conducted a larger, betesignedstudy for comparing adverse
event detection with the IHI Global Trigger Tool to the AHRQ patient safety indicators
and hospital incident reportifUs i ng t he fApool edd approach
detected by any of the three methods was used as the comparison method, the IHI Global
Trigger Tool was found to have sensitivity apkcificity of 94.9% and 100%,
respectively. In contrast, the next best meth@dHRQ patient safety indicatadshad a
sensitivity of 5.8% and specificity of 98.5% while the hospital incident reporting system
had a sensitivity and specificity of 0% and 100%.

The IHI Global Trigger Tool does not detect every adverse event that occurs
among hospitalized patients. However, the trigger tool performs relatively well compared
to older chart review practices and detects far more adverse events than other
methodobgies. The trigger tool also provides more standardized training and less
subjective approach for determining adverse event occurrence compared to traditional

chart reviewCurrently, the IHI Global Trigger Tool is the strongest option for data
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on frequeng of adverse events; the tool detects more adverse events than other

methods and is less subjective than traditional chart review

6. Frequency of Adverse Events: ICU versus General Ward Patients

As with adverse event studies among-hGb hospital patientscomparing
results between studies in ICU populations is made difficult by the wide variation in
study outcomes, ranging from Acomplicationso?o
adverse events, to adverse events only, or both potential adverse evavwsmsdvhich
actually occurred. However, the limited numbers of studies investigating adverse event
frequency among ICU patients suggests that not only is adverse event frequency higher in
ICU patients but that the types of adverse events may diffedditian, ICU patients
with complications are 2.5 times more likely to die than their ICU counterparts without
complications and have 21% excess mortalifhis excess mortality related to
complications among ICU patients is at least double the mortality discussed previously
among norCU patients or mixed study populatiofis:

Over a teamonth study period, 14% of mieal intensive care ungatients had at
least one complicatidhwhich is a higher frequency than reported among studies of
general ward patients. Another estimate, which excluded adverse drug events from the
outcome, estimated that 41% of ICU patients experienced an adverse event and almost
80% of the major adveesevent types were severe hypotension, respiratory distress,
pneumothorax, or cardiac arrést.

Among patients inither a medical intensive care unit (MICU) or coronary care

unit (CCU), adverse events occurred in 20.2% of patients (45% of which were
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preventable§’ Of these adverse events, 19% were respiratory adverse events, 15%
infectious, 12% cardiovascular, and 9% skin or soft tissleged. Rothschild et al. argue
that the higher rates of adverse events among ICU patientbeday to a variety of
factors uniquely found in the IC8 Among such factors, Rothschild and colleagues
discuss the pace, physician training, case complexity, anerigsigbecisions often made
in situations with limited information.

The type of uit a patient is admitted to influences adverse event occurrence;
patients admitted to a surgical unit have 2.6 times greater odds of experiencing an
adverse event and more than three times the odds of experiencing a preventable adverse
event compared togtients admitted to nesurgical units® Adverse dug event rates also
appear to be far higher in medical ICUs (19.4 ADEs per 1000 pal#ss) compared to
medical general care units (10.6 ADEs per 1000 patiays$; p<0.05) and nen
significantly higher among surgical ICU patients than surgical geneebcits (10.5
ADESs per 1000 patierdays versus 8.9, respectivet{)Vhen adjusted for the number of
drugs ordereth a day for each unit, medical ICUs still have a higher rate of ADEs (15.3
ADEs per 1000 patierdays) than either type of general care unit (approximately 13 per
1000 patiendays for both). Interestingly, when adjusted for the number of drugs ordered
in a day for each unit, the rate for surgical IQ88CUs)decreases to below 9 ADEs per
1000 patientdays, very different from the rates observed in both types of general care
units. Similarly, the rate of preventable ADEs and potential ADEs combinedastalm
two times higher among MICUs and SICUs, compared to medical and surgical general
care units until adjusted for the number of drugs used since admtsSinoe adjusted

for medication use, the unit types no longer significantly differ. However, severity of the
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preventable ADEs and potential ADEs is statistically greater among ICUs than general
care units.

So far, Forster and colleagues are the only iny&®rs to compare adverse event
rates between ICU and general medicine units, as opposed to ADES’ dlbaauthes
compared adverse event rates in a cardiac surgical ICtLardrac ICU, a general
medicine unit, and an obstetrics unit and found a statistically significant difference in rate
between the units. Both the cardiac and-nardiac ICUs experienced ratafs
approximately 5.0 adverse events per 100 patient days while the general internal
medicine and obstetrics rates (1.8 and 1.5 events per 100 joitietwere lower. The
types and frequencies of adverse events observed also differed by unit typeaiihe
ICU, surgical complications (47%), hosp#atquired infections (19%), and procedural
complications (11%) occurred most often while hosgatajuired infections (25%),
procedural complications (24%), and therapeutic errors (19%) were the adweatse ev
observed most often among roardiac ICU patients. In the general care unit, ADEs
(30%), therapeutic errors (24%), and procedural complications (12%) occurred most
frequently. Further, death or permanent disability as a result of an adverse event was
more common in either ICU (betweerb36) than among general medicine patients
(0.4%)™°

In light of the different rees of adverse events, as well as types of events
experienced by patients in ICUs compared to general ward settings, it is inappropriate to
assume that risk factors identified among the-i@d hospital patient population are

generalizable to the very déffent ICU patient populatiostudies investigating the
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association between Contact Precautions and adverse events should consider these

populations separately.

7. Contact Precautions and Adverse Events

Contact Precautions are a transmisgiased infectiorcontrol method
recommended by the Centers for Disease Control and Prevé&rfioa.approach
requires patients known to be colonized or infected with antibiesistant organisms to
be placed in a single room aslerted with other patients that have the same organism.
Additionally, prior to room entry, healthcare workers must don gowns and gloves and
remove them before room exit. These precautions are primarily intended to prevent
transmission of resistant orgamis to other patients via the hands and clothing of
healthcare workers, rather than to protect the patient on Contact Precautions themselves.
Contact Precautions may also be referred to as source isolation, barrier precautions,
barrier nursing, or contactalation. Contact Precautions may be used in aohdiki
situations but these usesn@aot the exposure focus four studies.

In a review, Gammon emphasized the potential unintended psychological
consequences of Contact Precautions in the late 19908ghtgg that a mere five
studies had investigated the psychological effects and most were descriptive if®nature.
Among the potential effects a patient might experience, Gammon mentioned loss of
control, distress, @pression, anxiety, decreased social interaction, stigmatization, and
behavioral changes in response to these effects. Since then, studies such as a cross
sectional study in a rehabilitation unit have suggested significantly higher depression and

anxiety lut not anger exist among patients on Contact Precautions compared to non
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Contact Precautions patierit?d matched cohortompared patients on Contact
Precautions to ne@ontact Precautiorend reported significantly higher anxiety and
depression scores among patients on Contact Precatititémsever both studies

included small numbers of patients and did not attempt to adjust for confounding
variables A more recent matched cohort reported increased odds of depression among
patients on Contact Ecautions but found no association with anxiety and measured
prevalent rather than incident depressioh largerrecent study has reported that while
patients on Contact Precautions are admitted withenighean depression and anxiety
scores, patients did not develop more depression, anxiety, or negative moods such as
anger, sadness, worry, or confusion after exposure to Contact Precautions compared to
unexposed patient8.

One narrativebased, qualitative study of 26 healthcare workers reported that
nurses felt that connections with patients and physical contact with them decreased when
patients were on Contact Precautiénis. addition, nurses reported waiting to see a
patient on Contact Precautions last and concern for patient injury due to delays in having
to don gowns and gloves first.

More recently, attention has broadened in scope to include potential physical
hams as unintended consequences of Contact Precautions use. However, a limited
number of studies have investigated the possible association between Contact Precautions
and physical adverse events to date. A key study by Stelfox et al. included both general
admission patients and patients with an admitting diagnosis of congestive heart#ailure.
This study captured attention both for being one of the first studies to quantitatively

assess the question of Contact Butions and adverse events and for the extremely large
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effect sizes it reported. The study found that patients on Contact Precautions had a 2.2
fold higher rate of adverse events compared to patients not on Contact Precautions and a
striking, almost 7 time higher rate of preventable adverse events among patients on
Contact Precautions. These results provided evidence that physical harms may be another
unintended consequence of Contact Precautions use and that many of them were

preventable. However, the digihad several limitations. Among the limitations was an

atypical definition of fAadverse evento and

were actually due to events such as pressure ulcers or electrolyte imbalances. The
mechanism by which ContaPrecautions would result in electrolyte imbalances is
unclear. Pressure ulcers may be more common because of less nursing contact and less
attention to pressure ulcer prevention. Furthermore, the study had limited characterization
of consequences for pants experiencing adverse events and confounding by indication
for Contact Precautions. This is an issue since patients colonized or infected with
antibiotic resistant organisms are more likely to experience adverse events associated
with chronic illnessand are also assigned to Contact Precautions. The failure to address
this confounding by indication in the Stelfox study is a major concern.

In a more recent ICibhased study within a larger cluster randomized trial on
patient safety, unadjusted rate oatindicated that hypoglycemia, hyperglycemia,
thromboembolic events, hemorrhage, and drug resistant ventikgociated pneumonia
(VAP) were adverse events occurring at a higher rate among patients on Contact
Precaution$® Hazard ratios adjusted for age, transfer, patient type, chronic disease,
immune suppression, patient acuity, diabetes symptoms on admesioiGU staffing

at admission indicated }bld increased rates of hypoglycemia and hyperglycemia
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among patients on Contact Precautions. The analysis accounted for the idea that patients
discharged alive have more time at risk of additional adverse éhentpatients who die
while admitted. This would not completely address the confounding by indication issue
discussed for the Stelfox et al. paper but improves the quality of inferences that may be
drawn. However, the studyasbased on a select numberaolverse eventsvhich may
not accurately represent the associations for all adverse events dadhogstandard
definition of fAadver s werezollectedfronda lakgbrdsiudyi onal |y,
designed to improve patient safety and thus hasedhgeneralizability to all hospital
adverse events.

Karki et al. employed a caseossover design comparing patients on Contact
Precautions for vancomyeiesistant enterococci (VRE) to themselves in an earlier
period of the same hospitalization whereyt were not exposed to Contact Precautibns.
While the study found the overall rate of adverse events was not significantly different
for periods exposed to Contact Precautions versuexposed (rate ratio = 1.04, p=0.70),
it did find that falls and selhjury (rate ratio = 3.24) and medication administration
errors (rate ratio = 1.55) were more common during Contact Precautions exposure
periods. This partially conflicts with the rdwsuof Stelfox et af? but there were many
statistical tests employed (unadjusted for multiple tests) which were often based on small
numbers.

Other studies have not found any significant association betweeadCont
Precautions and adverse events. A matchedamseol (matched on admission
diagnosis of either heart failure or chronic obstructive pulmonary disease) compared

methicillin-resistant Staphylococcus aureus (MRSA) carriers tecaoriers on adverse
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event frequency?’ The authors found no difference in the median nurober
complications and there was no statistically significant difference in unadjusted rate of
complications per 1000 patient days, although the rate was actually lower among patients
on Contact Precautions (52.2 complications per 1000 patient days v 640840). The
safety analysis for a cluster randomized trial on universal glove and govangfits of
Universal Glove and GowBUGG) also found no difference in mean rate of overall
adverse events when the mean rate of adverse events per 1000pgBestisk for 10
intervention ICUs were compared to 10 control ICUEhe study also found no
statistical difference in adverse event rate when preventability and severity of events were
considered, despite using an accepted definition for adverse events. However, these
results were for a safety analysis of the trial and thus did not consider several factors:
First, the study tested a group effect of universal glove and gown and adverse events
rather than conducting an individual level analysis (which would also perntrotof
patient level factors such as acuity and age). Additionally, the safety analysis considered
all adverse events together, without removing hospitgluired infections (HAIS). This
matters as, if universal glove and gowning is effective at prexgtransmission of
resistant organisms, the adverse event rate for HAIs would be expected to decrease
among patients in intervention ICUs. However, if universal glove and gown use also
increased the nemfectious adverse event rate compared to controk|Ghé opposing
trends could mask any effect on adverse events and result in the observed findings.
Finally, a quasexperimental study examining the effect of discontinuing Contact
Precautions for MRSA and VRE reported higher rates of falls and predsars among

patients colonized with MRSA or VREAs the rates of adverse events and the rates of
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MRSA or VRE colonized patients did not change between the periods before and after
the discontinuation of Contact Peettions, the authors argued that something other than
Contact Precautions is responsible for adverse events among patients indicated for
Contact Precautions.

There are limited numbers of studies and they have conflicting ré&tigsrtly
due to methodological issfé¥ and atypical definitions of adverse evé&it. The studies
in this dissertation examingde association between Contact Precautions and adverse
event ratesindaddress aneaningful lack of consensus in the current patient safety
literature. Furthermore, only one study has examinedl@bhpatients without
intermixing ICU patient$> Given established knowledge that adverse event rates,
types, and confounding variables may differ between ICU and netCU

settings*'***1"?*%jt was important to address hese questions in both populations.

8. Contact Precautions and Healthcare Workers: Suspected Mechanism for

Increased Adverse Events

In one of the first studies to examine the effects of Contact Precautions on
healthcare worker behavior, Kirkland and Weinsteported that MICU healthcare
workers entered the rooms of patients on Contact Precautions half as often (3.9 versus 7.9
times per hour) and also touched these patients only half as often (2.1 versus 4.2 times
per hour) as patients not on Contact Priéoag.”® The average length of each interaction
was nonsignificantly increased among Contact Precautions patients (4.5 minutes)

compared to nowsolated patients (2.8 minutes). This increased contact time inopite

22



fewer healthcare visit s*whastheleceaseddregseacyi b e d
of visits leads to more tasks to complete per visit, increasing contact time.

Similarly, Saint and colleagues found tpatients on Contact Precautions were
half as likely to be examined by attending physicians asGuntact Precautions patients
(35% of the time versus 73%, respectivéiyAmong surgical unit patients (ICU and
nontICU), patients on Contact Precautions received 5.3 visits per hour from healthcare
workers compared to 10.9 visits per hour for4@ontact Precautions patienits.
Healthcare workers also spent less time with tipasients each hour, even though
patients on Contact Precautions had significantly greater severity of illness. A patient
chart review for a matched casentrol study where patients were matched on heart
failure or chronic obstructive pulmonary diseasktte similar conclusion®.Patients on
Contact Precautions receiv880 visits per 1000 patiewiays from healthcare workers
while nonisolated patients received over 980 visits per 1000 padieyd.

In a foursite cohort study, Morgan et al. also reported that patients on Contact
Precautions received 36.4% fewer healtieovorker visits and almost 18% less contact
time with healthcare workers each h&UEinally, the cluster randomized trial of
universal glove and gown use, BUGG, observed a significant decrease of one room entry
by healthcare workers each hour among ICUs randomized to universal gown and glove
use, compared to control ICUs.

It has been suggested that this decreased frequency of healthcare worker contact is
the mechanism through which Contact Precautions usage may lead to arethcagasf
adverse event§**!Stelfox et al. observed a significant reduction in quality of care and

process measures among patients on Contact Precautionstivitiiame study that
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established a 2.4 times increase in adverse event rate compareddolaiaa patient&.
While not irrefutable evidence of causality, the authors argued that the study strongly
associated easures of healthcare worker behaviors and higher adverse event rate among

patients on Contact Precautions and discussed the findings in mechanistic terms.

9. Rationale

Adverse events occur frequently among hospitalized patients in the United States
and carhave severe ramifications for patients, up to and including permanent disability
and deathi®°*2 Even temporary harms may prolong hospitalization and thus increase
patient risk for additional adverse evetitk1 addition to physical and emotional costs to
patients, adverse events have high economic costs eacti'yetmalthcare workers are
known to visit patients on Contact Precautions less frequently than patients not on
Contact Precautiorfs;**** which may be the route through which adverse events could
occur more frequently among patients on Contact Precautions. Tdirdédes] numbers
of studies have investigated the potential association between Contact Precautions and
adverse event€’® Notably, the cohort study by Stelfaxd colleagues found a doubling
in rate of adverse events and-&ltl increase in rate of preventable adverse events
among patients on Contact Precautions compared t€natact Precautions patierits.
However, he few other studies examining the issue have either found no assétiation
or an increased rate of adse events among different categories of adverse event from
Stelfox et al***The body of current literature on Contact Precautions and adverse events

is inconclusive and some of the studies have uncontrolled confounding by indfcation
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while others use nestandard defitions of adverse eveft® which makes interpretation
and comparison of results difficult.

Theaimsof the current studgddresedan important, unresolved question
regarding Contact Precautions and adverse ev&dtstionally, thefirst aim provided
improvements in methodology such as randomization and exclusion of known colonized
or infected patients. These measuresduipduce concerns of uncontrolled confounding
that affecedsome of the previous studies. Also, both aimslasstandard definibin for
adverse event whichids in interpretation of results and comparison with current and
future adverse event literatureoth aims represent the largest studies to date of the
research question. Furthermore, data collection on adverse event occurreribe uUsé
Global Trigger Tool in both aims. The IHll&al Trigger Tool wa a strong choice for
adverse event detectioniagletects more adverse events than other mefdtisis less
subjective than traditional chart review or voluntary reporting mechanisms, and uses a
commonly accepted definition of adverse event. Finally, the ICU and general ward are
very different environments with differerates of adverse event, types of potential
adverse event, and different confounding variables. In light of these differences, it would
havebeeninappropriate to assume that associations between Contact Precautions and
adverse event rate in the ICU wegeneralizable to general ward patients and vice versa.
Yet, little attention hd previouslybeen given to the relationship between Contact
Precautions and adverse events within-ilold setings specifically. The current two
study aimsseparately examigehe association between Contact Precautions and adverse

events among these two unique patient settings.
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II. STUDY METHODS
A. Aim 1

1. Study Overview

Aim 1wasa secondary analysis of a clustandomized trial that involved twenty
study ICUs across the Unil States (Bene§itof Universal Glove and GowBUGG).
The study include 90 randomly selected patients from each ICU (1800 patients total)
that were reviewed during the study for the occurrence of adverse events. These patients
were sampled fromtudy IAJs among patientsot colonized with antibiotic resistant
bacteria. This selection criterion was included in order to minimize confounding by
indication. More severely ill patients (such as those colonized with antibiotic resistant
bacteria) are more likglto experience adverse evéatdand patients with antibiotic
resistant bacteria are exposed to glove and gown use, which cainresutincausal
association between glove and gown use and adverse events. Excluding colonized or
infected patients from the study helped addressabieern oiconfounding by
indication.The analysiswas conducted at the patient leathoughthe analyss

accoungdfor clustering by study site.

2. Outcomes
The main outome for both Aim 1 and Aim 2 wake rate of patient adverse
events, where adverse evewsse defined according to the IHI trigger tool definition:
Afunintended physomadr i agnmutrryi b ets dahdthem gb f r me d i
injurywas not a result of the patiewaredbs under |l yi

identified using the IHI Global Trigger Tool (detailed below) which invdlaestructued
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review of patient charts followed by a physician review of the initial chart review. For
Aim 1, the rate of adverse evemiasexpressed as the number of adverse events
experienced in the ICU divided by total pergone atrisk (ICU lengthof stay indays).

As patients wee atrisk of an adverse event during all time spent in an ICU, if a patient
was readmitted to an ICU during the same hospital stay as the index ICU admission, the
ICU length ofstay during the readmission wiasluded in the total demminator time at

risk.

IHI Global Trigger Tool

In the first aimthelHI Global Trigger Tool was modified so that at each study
site, a trained reviewer conducted the initial review and submitted foeified
discharge summaries to the BUGG studgrdmator at the University of Maryland.
After records were received, two physician reviewers independently reviewed the
discharge summaries to determine agreement with the findings of the initial reviewer.
Discharge summaries were augmented with relevealication or laboratory values
when the initial reviewer identified an adverse event outside of the discharge summary.
The physician reviewers were blinded to identity of the site (and thus universal gown and
glove use). The two physician reviewers thest o discuss andame to consensus on
any disagreements for adverse event occurrence. This modification was made to follow
IRB requirements that no identifiable patient information was received by the University
of Maryland.

In addition to the occurrena# an adverse event, the Global Trigger Tool

categorizes severity of each adverse event using categories previously established by the
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National Coordinating Council for Medication Error Reporting and Prevention

(MERP)**The five categories of the MERP index relating to harm and used by the

trigger tool range from fitemporary harm to t
(Category E on phei MERPdenat & xsjudy@est Bgory | ).
separatd the measures of severity and consequence to the patient as has been done
previously:®3**>*®Severity wasneasured by a fivpoint Likert scale (minimallinically

significant, serious, life threatening, death). Examples of the meanings of these categories

are detailed in Appendix A. The measure of consequence fmatient was alsa five-

point Likert scale andhcluded: limited, prolonged, temporary dibility, permanent

disability, death. Limited consequence is an indication that additional hospitalization time

was | ess than onenday,0 iwhi cdore thanoredagmt ®fpr ol o
prolonged hospitalization or persistence of symptoms tfitee additional adverse event

classification schemes are displayed in the table below.

Table 1. Adverse Event Classification Schemes

1. Severity
Minimal
Clinically significant
Serious
Life-threatening
Death

2. Consequence for Patient
Limited
Prolonged
Temporary
Permanent
Death

3. Preventability
Definitely preventable
Probably preventable
Probably not preventable
Definitely not preventable
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Thestudyalso adeda fourpoint Likert scale to the data collection tool, as has
been used previously to assess preability!*****This scale ranking is shown in the
above table anohcludedthe categories definitely, probably, probably not, and definitely

not preventable.

Secondary Outcomes

As stded previously, the main outcome for badiksertatioraims waghe rate of
adverse events (an unintended physical injury resulting from or contributed to by medical
care but not a result of underlying illness). The o@nce of adverse events was
identified through patient chart review using the IHI Global Trigger Tool.

Secondary outcomes inclutlesevere adverse events, preventable adverse events,
infectious adverse events, and noninfectious adverse events. Sewadtighotomized
to severe (seriousife threatening, death) and nsevere (significant, minimal).
Preventabiltyvasd i chot omi zed to include the Aprobabl
categories with nopreventable adverse events similarly collapsed to a single category of
Anemrventabe 6 f or anal ysi s. wdrendéfirechs anpadverseadv er s e ¢
events cat egaaqguwierde di hiomsfpe cttailon o durelatedg char't
bloodstream infection, ventilat@ssociated pneumonia, etc.). A full list of infections
cosi dered-afospeetdal i s av aininfedidugadierse epeptp e ndi X
included all other categories of adverse events, excluthefospitatlacquired infections
from analysis. Nomfectious adverse events weseamined separately from intesus
events as use of Contact Precautions is intended to decrease transmission of bacteria to

other patients and may halkrada separate impact on noninfectious adverse events
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compared to infectious. As with the primary outcothe secondary outcomes wer

expressed as adverse event rates (the number of the specific type of adverse events

experienced in the ICU divided by total pergone atrisk, ICU length of stay in days).
Thefinal secondary outcome wése system afféed when an adverse event

occured The sgtems of interest we: cardiovascular, respiratory, renal or endocrine,

hematologic, gastrointestinal, neurologic, hosgatajuired infection, and surgical.

Specific descriptions for which types of harmsracategorized within a particular

system are included in Appendix B. These categories of systems are the standard way of

presenting general adverse event datiad provide clinicians with information on what

types of effects exposures mawhaand which ones may be most amenable to

intervention and prevention efforts.

3. Predictor
The predictor was/hether the patient was in an ICU randomized to universal

glove and gown or not. Thisaga binary exposure variable.

4. Covariates
The data for Am 1 werefrom a randomized trial so confounding variables should
have beenlistributed fairly evenly. However, exploratory analysis of potential
confounding variableexaminedtype of ICU (medical or surgical), hospital type
(academic versus neacademic)geographic location, size of ICU (humber of beds), and
intervention period average ICU length of stay (in days) as a surrogate for severity of

illness. As an additional measure of severity of iliness, the hospital case mixaslex
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obtained for each ohe 20 sites. The Centers for Medicare and Medicaid (CMS) case

mix index is a measure for average patient acuity of a hospitdlhe case mix index

uses the Medicare Severity Diagnosis Related Groups (DRGS) to categorize patients by
principal and secondary diagnosis, age, procedures, comorbidities, complications,
discharge statugnd gender. Each of these DRGs has been assigned a standard weight by
CMS for hospital use across the country. The case mix index represents the average
patient acuity for a hospital by using the sum of the DRGs (for the past year) and dividing
by the nunber of patients (discharged within the past year). All of the aforementioned

factors wereconsidered as potential confounders for each of thasnb of Aim 1.

5. Effect Modification
Four biologically plausible factors wecensidered a priori gsotentialeffect
modifiers for Aim1 by addng an interaction termnto the final modelType of ICU, case
mix index, academic hospital setting, and ICU bed size were the four factors considered.
In the absence of any identified effect modification, the intera¢erms were removed

from the regression model.

6. Study Sample
The dataset for Aim 1 udexdverse event data collected from the BUG@E\tu
There were 20 ICUs (MICWBICU, or combined MICUSICU) in the BUGG studfrom
across the United States. The study pewad 10 months long (January 2012 to October
2012). ICU sites were excluded from the study if the hospital was performing active

surveillance for methicillirresistant Staphylococcus aureus (MRSA) or vancomycin
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resistant enterococci (VRE). The ICUs weré@{maatched on 3nonth baseline MRSA or
VRE composite acquisition rates and then randomized to the intervention or control
group within the paimatch for the 10 month study period. The intervention group
healthcare workers wore gloves and gowns prior yoraom entry (regardless of patient
colonization with antibiotic resistant organisms). The control group observed current
standard of care, donning gloves and gowns prior to room entry only for patients known
to be colonized or infected with antibiotic igant organisms. For seven months, 10 to
14 patient charts were randomly selected each month, per site, for review for adverse
events using the Global Trigger Tool (a total of 90 charts per site, 1800 charts overall).
For a patient to be eligible for rew, the patient had to have stayed at least 24 hours in
the study ICU and have been discharged more than 30 days prior to the time of chart
review. Additional inclusion criteria were that patients were those known not to be
colonized with antibiotic resiaht bacteria. Figure 1 below illustrates patient selection for

Aim 1.
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Figure 1. PatientChart Selection for Aim 1.

20 ICUs enrolled in study
20 completed baseline data collection

/

10 ICUs randomized to
glove and gown

0 ICUs lost to follow-up

e

10 ICUs randomized to
control group

0 ICUs lost to follow-up

90 patient charts (per site) randomly
selected from patients:
» with >24 hour ICU length of stay
* not known to be colonized with
antibiotic resistant organism
+ discharged >30 days prior

90 patient charts (per site) randomly
selected from patients:
» with >24 hour ICU length of stay
* notknown to be colonized with
antibiotic resistant organism
* discharged >30 days prior

7. Statistical Analysis
For allsubaims, univariate and bivariagéaalysis wagonducted to examine the
distributions ofthe study variables. Means and standard deviations, medians and
interquartileranges, histograms, etc. werged to examine the distributions of continuous
varialdes. Categorical variables wesgamined using counts and pemtages. Bivariate
analysisvasused toexamine whether variablegere potential confounders by checking
for association of the variable with both Contact Precautions and occurrence of adverse

event.

Aim la
The data for Aim Ivere from a cluster randomized trial which was clustered by
ICU. The unit of analysis wasdividual patients. All exploratory and niiariable data

analysis wagsonducted without consideration of the paiatch. Breaking the pair
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matching for analysis/as appropriat@s the paimatched variables we unrelatedd the
research questiomd breaking the paimatchprovided greater power. In the BUGG

study, sites were pamatched on 3nonth baseline MRSA and VRE transmission. As the
overall adverse event rate theds examined in Aim 1a waeparate from the infeotis
adverse event rate analysis, the noninfectious adverse exeeatanlikely to be

associated with baseline transmission rate. Therpaiching was done with respect to
exposure status (treatment group assignment) and not based on outcome (narsnfectio
adverse events). As a result, conducting the analysis without accounting statistically for
the pairmatchingdid not result in bias.

Bivariate analysigxaminel study variable distributions and number of missing
values by treatment group (interventigrsus control ICUs). The multivariable analysis
refleciedclustering by using a generalized linear mixed effects model with ICU as the
clustering variable. The unit of dgais wasindividual patients. The outare of adverse
event rate waexpressed as oat of patient adverse events divided by ICU length of stay
(LOS). As a result, Roisson regression model wased in the mixed effects approach to
model the log rate among individuals in the ICUs with universal glodegawn. The
model offset washe ICU-specific length of stayndividual patiats within each cluster
(site) wee unorderedo compound symmetry wése withincluster varianc&ovariance
matrix structure used. While standard bivariate analysis to examine confowading
conducted, these ppaches dishot account for the ICU level clusieg. Bivariate
analysis wasonsidered based on magnitude of effect rather than statistical significance
or confidence interval widths since they veeincorrect due to aktering. Thus,

confounding was alsassessed by including covariates in a model with universal glove
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and gown The covariate wascluded into the model if the magnitude of the log rate
ratio estimate founiversal glove and gown changaeaningfully. Regardless of
statistical significancer magnitude of change in the log rate ratio, patient acuity (CMS

casemix index) and study site wascluded in the regression model.

Aims 1b, 1c and 1d

This study wa powered for the primary aim (A 1a); Aims 1b, 1c, and 1d were
exploratory analysed.he bivariate and multivariable analysis for preventaberse
events wagonducted in the same manner as described for Airnilie outcome
modeled vasrate of preventable adverse events (ratings of probably and definitely
preventable) among patientsiitiervention ICUs compared to control ICU$0o examine
Aim 1c, infectiows adverse event outcomes waralyzed the same way as all othersa
The outcome modeled w#se rate of all HAI adverse events among patients in universal
gown and glove ICUs compeat to patients in ICUs randomized to standard precautions.
Similarly, the rate of nonifectious adverse events wasdeled (all observed adverse
events except HAIs). The rate of severe adverse events (saf@tisdatening, and

death) waslso modeled.

Aim le

The secondary outcomes outl isemedi pme wif o u $le
methods werdivariate, descriptive analysis only. The count and percent of adverse
events in each of the eight ppecified systemidwerereported by treatment group

(universal glove and gown or control ICU). Statistical testing efdifference in
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proportionusel eitherachis quar e or Fi sherds exact test

counts. The subtypes of adversems within each system wegreesented as number and

percent only, with no statistical testing performed.

8. Power and Sample Size
The power for the sample size of chart reviews collected in the BUGG data was

calculated for a rate ratio with clustering byddndividual patient level wathe unit of
analsis. Rates and size of effectn@dased on previous reseantdtedbelow (adverse
event rate among universal glove and gown patients: 17 per 1000 patient days; adverse
event rate among Standard Precautjmatgents: 7 per 1000 patient da$/s)Vithin the
BUGG studythe average ICU length of stay among intervention ICUs was 4.52 days
(900 patients * 4.52 days = 4068 patient days at ridhg.total time at risk among
Standard Precautions patients was 3951 patient(8@9spatiets * 4.39 day average
ICU length of stay among control ICU$).e calculated power under two assumptions of
within-cluster correlatiomssunng both a withincluster correlation of 0.01 (threost
conservative estimate for ICC from Platt, et’at)andan ICC of0.001 With 90
observations per ICU, our calculated design effects werg ds8aming an ICC of 0.01

and 1.089 forma ICC of 0.001.
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Table 2: PowerCalculations for Rate of Adverse Events amon@atients in ICUs
Randomized to Universal Glove and Gown Use Compared ®ate of Adverse
Events amongPatients in ICUs Randomized to Usual Care

Rate Ratio (Auniversal glove and gowu/;vstandard precautionx) Power Power
@CC =0.01) | (ICC =0.001)
2.0 0.58 0.82
2.1 0.63 0.87
2.2 0.71 0.91
23 0.76 0.94
24° 0.82 0.97

*Rate ratio obsernaamong norcongestive heart failure patienitsstudy by Stelfox, et &f

Thus, using the intraclass correlation used by Platt°8aal assuming a two
sided test wh alpha of 0.05the study waable to detect a 2.0 times higher rate of
adverse events among patients in ICUs randomized to universal glove and gown than
patients on Standard Precautions with 82% pdWable 2) Under a much more
conservative estimate tfe intraclass correlation (ICC = 0.01), the poteedetect a rate
ratio of 2.0 wa lower. However, even under this most conservative intraclass correlation
estimate by Platt and colleagues, the study stll82206 power to detect a rate ratio of
2.4.This was still a reasonable expected effect size as it isffieet size reported
previouslyby Stelfox and colleaguesnong the norwongestive heart failure patients of
their cohort? A two times increase in thate of adverse events among patients on
universal glove and gown compared to Standard Precautions repeesénically
relevant increase that should prompt investigation into methods of reducing the
occurrence of adverse events in patients on univgi®a: and gownLimited power to
detect smaller differencegas a limitation of using previously colited data. However,
this wasthe largest study to date and randomization of glove and gown use is a particular

strength compared to past studies.
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B. Aim 2

1. Study Overview

Thesecond aim used preexisting University of Maryland Medical Center

(UMMC) cohortto conducia prospective cohort study. The UMMC cohort was
prospectively enrolled between 1/1/2010 and 11/17/2010 to investigate the association
between @ntact Precautions and depression and anxiety. All patients were recruited
from general and surgical admission services i@ patients) The cohort consisteof
148 patients on Contact Precautions individually matched to 14&€antact Precautions
patients by floor location and an initial threlay length of stay. Patienharts were

reviewed to identify adverse events that occ

2. Outcomes
For the second aim, the standard method for the IHI Global Triggemwisol

used. Fospecifics of the IHI Global Trigger Tool measurement method, please see
descrigion of Aim 1 methods (Chapter.A.2.1HI Global Trigger Tool)The PhD student
andtwo physician reviewenseceived tigger tool training and werhe threaunblinded
primaryreviewers for the 296 cohort membeEsch physician reviewer reviewed 148 of
the cohort member®ach half of the cohort contained both patients exposed and
unexposed to Contact Precautiprisitial reviewers hadccess to the patientanfts of
cohort menbers andeviewedall relevant sections of the record, not just the discharge
summaries. The dissertationasr, Dr. Daniel Morgan, wakefinal physician reviewer
and mae the final determination for any disagreements on events between primary

reviewers As in Am 1, the final reviewer wagrovided with the patient discharge
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summary and relevant information on medication or laboratory values when an adverse

eventwas identified outside of the discharge summary.

Secondary Outcomes

As stated previouslyhe main outcome for both aims wtse rate of adverse
events (an unintended physical injury resulting from or contributed to by medical care but
not a result of underlying illnes$jor Aim 2, the rate of adverse events was expressed as
the total numbeof adverse events experienced during hospitalization (regardless of floor
location) divided by total persetime atrisk (hospital length of stay in day3)he
occurence of adverse events wesentified through patient chart review using the IHI
Global Tigger Tool.

Secondary outcomascluded: severe adverse events, preventable adverse events,
infectious adverse events, and noninfectiadgerse events. Severity wadishotomized
to severe (serious, life threatening, death) andsawere (significantninimal).
Preventabiltywasl i chot omi zed to include the fAprobabl
categoriesinfectious adverse events weansidered as any adverse events categorized
Ahos-pacgaired infectiono dureldtedbfpodstieaanr t r evi ew
infection, ventilatorassociated pneumonia, etc.). A full list of infections considered
Ahos-pacgailredo i s avaininedidusadiense edeptpledaldli x B. No
other categories of adverse events, excluding hosgtalired ifiections from analysis.
Noninfectious adverse eventgreexamined separately from infectious events as use of
Contact Precautions is intended to decrease transmission of bacteria to other patients and

may havehada separate impact on noninfectious adeergents compared to infectious.
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As with the primary outcomehe secondary outcomes wesgressed as adverse event
rates (the number of the specific type of adverse events experoiumegl hospital stay
divided by total persctime atrisk, hospitallength of stay in days).

The final secondary outcomeasthe system affected when an adverse event
occured. The systems of interestn@ecardiovascular, respiratory, renal or endocrine,
hematologic, gastrointestinal, neurologic, hosgaiajuired infeabn, and surgical
Specific descriptionfor which types of harms werategorized within a particular
system are included in Appendix B. These categories of systems are the standard way of
presenting general adverse event datiad provide clinicians with information on what
types of effects exposures may have and which ones may be most amenable to

intervention and prevention efforts.

3. Predictor
The predictor wasvhether the individual patient was on Contactcautions or

not, as obtained from a daily admissions list from the UMMC Central Data Repository
(CDR). At UMMC, Contact Precautions involve donning of disposable gown and glove
prior to entry and removal prior to exiting the room. Once a patient wabeghin the
matched cohort at three days after admission, the exposure status of patients did not
change (norContact Precautions patients did not become ContactiRi@taexposed).
The predictor wa a binary exposure (Contact Precautions: yes oPadients on Contact
Precautions were matched to patiemison Contact Precautions on enrollment location

and initial threeday length of stay.
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4. Covariates

For Aim 2, ge (in years)gendey minority status, socioeconomic status, marital
status, and edutian wereassessed as potential confounding variables. In addition,
patient Clarlson comorbidity score wasamined as a potential confounding variable as
patients on Contact Precautions tend to have more illnesses and those with more
comorbidities may atsbe at higher risk of adverse event(s). Additional confounding
variables mayaveexisedbut were not collected from study participants. Each of the
listed variablesvereanalyzed as potential confounding variables for all of theasmis

of Aim 2.

5. Effect Modification

No variables were considered a priori as effect modifiers for the second aim.

6. Study Sample
This second aim usedl preexisting University of Maryland Medical Center

(UMMC) cohortto conducia prospective cohort study. The UMMC cohort was
prospectively enrolled between 1/1/2010 and 11/17/2010 to investigate the association
between Contact Precautions and depression and anxiety. All patients were recruited
from general and surgical admission services (i@ patients). The admission services
of the matched cohort participants are listed in Appendix C. The cohort consists of 148
patients on Contact Precautions individually matched to 148 umtact Precautions

patients by floor location and an initial thrday length of stay. However, inddual
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patient lendt of stay was permitted ttiffer following the initial threeday length of stay
eligibility criterion.

All exposure information and confounding variablesrecollected as part of the
original prospective cohort study. However, information the primary and secondary
outcomesverec ol | ect ed as descri bed above in t

Tool 0 sections.

7. Statistical Analysis
For all subaims, univariag and bivariate analysis werenducted to examine the
distributions of thestudy variables. Means and standard deviations, medians and
interquartileranges, histograms, etc. werged to examine the distributions of continuous
variables. Cagorical variables werexamined using counts and percentages. Bivariate
analysiswas usd toexamine whether variablegre potential confounders by checking
for association of the variable with both Contact Precautions and occurrence of adverse

event.

Aim 2a

The outcome variable from Aim\#as also a rate and waspressed as the count
of patient adverse events divided by patient length of stay. As with Aine iméasure of
association waa rate ratio comparing the adverse event rate in patients exposed to
Contact Precautions versus the adverse event rate among patients not on Contact
Precautions. As the outconvess a rateébut the data wereot clustered, a Poisson

regression modeling approaslasused. Exploratory data analysissconducted as
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described above. Decisions about covariates to ineliedemade by including

covariates idertfied in exploratory analysis one at a time in a model with Contact

Precautions. The covariat@asincluded in the regression model if a meaningful change

in magnitude of the log ratatio for Contact Precautions walsservedAs no examined

covariates prduced meaningful changes in the coefficient estimate, we included

biologically plausible variables such as age and Charlson comorbidity score regardless.
To address the matched nature of the cohort, the regression modeldrtbride

matching variable ofldor that a patient was recruited from as a covariate. The matched

patientshadthe same initial length of stay (a cohort eligibility criterion) but length of

stay subsequent to cohort entgulddiffer between the matched patiers.the UMMC

cohort wasndividually matched omnroliment locationthe multivariable modetas

adjusedfor theenrollment locationregardless of statistical significance. Thigsthe

primary modeling approach since admission se

like genetic variables would B8 The model offset was patiespecific time at risk

(hospital length of stay in days) and standard errors were corrected using the scaled

deviance approach.

Aims 2b-2e

The analysis el multivariable Poisson regression instead of clustered analysis.
The bivariate and multivariable analysis for preventaberse events wasnducted in
the same manner as described for AimT2ee outcome modeledasrate of preventable
adverse evenisatings of probably and definitely preventable) among patmts

Contact Precautionrsompared tgatients not on Contact Precautiofs examine Aim
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2c¢,infectious adverse event outcomes wanalyzed the same way as all other aims. The
outcome modeled asthe rate of all HAI adverse events among patients on Contact
Precautions compared to patients not on Contact Precauflumsate of nomfectious
adverse events wasodeledsimilarly (all observed adverse events except HAIS). The
rate of severe advergvents (serious, Iftreatening, death) agalso modeledyut was
adjusted only for matching due to small numbers of events

Aim 2e usé only descriptive analysis by Contact Precautions exposure status for
the secondary outcomes outihe i n t hes & Os &@haptaollB.2.9etondary
Outcomes Statistical testing of the difference in proportiondisgher a chisquare or
Fi sherdos exact test, asThersubiypes of aglkrseeyente x pect e d
within each systemerepresenedasnumber and percent only, with no statistical testing

performed.

8. Power and Sample Size

The power for the sample size in the UMMGhortwas calculated for a rate ratio
without clusteringPrior reseach on rates of adverse events amgageral medical
inpatient$® has reporte@5 adverse events per 100 admissidpplying thisto the
average length of stay among patients on standard precautions in the UMMC cohort (4.7
days), the rate of adverse events aghpatients on standard precautions would be 53.2
adverse events per 1000 patient days. With 148 patients and an average hospital length of
stay among patients of 5.5 days, there were 814 patient days at risk among patients on
Contact Precautions. Similarlihere were 695.6 total patient days at risk of adverse

events among patients on standard precautions within the UMMC cohort.
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For a twasided test and alpha of 0.05, 8tady hadB4% power to detect an 80%
increase in adverse event rafalfle 3. For asmaller magnitudeffect sizethe study
still had75% power to detect a 70% higher rate of adverse events among patients on
Contact Precautions (R=1.7).These wee reasonable magnitudes of effect in light of
the previous higher estimatefR= 22) of Stelfox et al'* Also, an 80% increase in the
rate of adverse events among patients on Contact Precautions reyrasdinically
relevant increase. As in Aim 1, the limited pawo detect smaller effect sizién this
was a limitation of using previously collected data. However wlasstill the largest
study to date and represedain improvement over previous studies in the ability to

control for confounding factors.

Table 3: Power Calculationsfor Rate of Adverse Events among Patients on Contact
Precautions Compared to Rate of Adverse Events among Patients Unexposed to
Contact Precautions

Rate Ratio (Acontact precautions / hstandard Power
precanﬁons)
1% 0.75
1.8 0.84
2.0 0.94
24° 0.996
2.5 0.998

*Rate ratio observed in study by Stelfox, etaahong nofcongestive heart failure cohort
memberg?

45



lll. THE EFFECT OF UNIVER SAL GLOVE AND GOWN U SE ON ADVERSE

EVENTS IN INTENSIVE CARE UNIT (ICU) PATI ENTS?

Abstract

BACKGROUND No randomized trials have examined the effect of Contact Precautions
or universal glove andogvn use on adverse events. We assessed if gloves and gowns for

all patient contact in the intensive care unit (ICU) changes adverse event rates.

METHODS From January 2012 to October 2012, intervention ICUs of thst80
Benefits of Universal Gloving andowning cluster randomized trial required healthcare
workers use gloves and gowns for all patient contact. We randomly sampled 1800
medical records of adult patients not colonized with antibieststant bacteria and
reviewed for adverse events using bgitute for Healthcare Improvement Global

Trigger Tool.

RESULTS447 patients (24.8%) had O1 1 CU adverse
associated with universal glove and gown use (incidence rate ratio (IRR) 0.81; 95% ClI,

0.481.36). This did not chaye with adjustment for ICU type, severity of iliness,

academic hospital status, and ICU size, adverse event rates, IRR 0.91 (95% confidence

interval [Cl], 0.591.42; p=0.68). Rates of infectious adverse events also did not differ

after adjusting for the sae factors, IRR 0.75 (95% CI, 04721; p=0.24).

Y indsay Croft, Anthony D. Harris, Lisa Pineles, Patricia Langenberg, Michelle Shardell, Jeffrey C. Fink,
Linda SimoniWastila, Daniel J. Morgan; Benefits of Universal Glove and Gown (BUGG) Investigators.
Clinical Infectious Disease2015 [epub ahead of print]:doi: 10.1093/cid/civ315
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CONCLUSIONS In ICUs where healthcare workers donned gloves and gowns for all
patient contact, patients were no more likely to experience adverse events than in control
ICUs. Concerns of adverse eventsuléng from universal glove and gown use were not
supported. Similar considerations may be appropriate regarding use of Contact

Precautions.
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Background

Healthcareassociated infections (HAIs) are an important cause of morbidity and
mortality in hospitaized patient¥ but comprise only one type of adverse safety event
experienced by hospitalized patients. Adverse events are unintended injuries resulting
from or contributed to by medical or surgical care that arelmeto an underlying
condition? Within hospital settings, approximately one in four patients e&peei at least
one adverse evefftAdverse events may result in temporary harm, prolonged
hospitalizationpermanent disability, or deatt’** The Office of the Inspector General
reported that 27% of BHicare patiets experienced an adverse evén estimated
15,000 Medicare patients per month will experience an adversetbaenontributes to
their death? In addition, preventable adverse events tostJ.S. $6.7 billion each
year

The Centers for Disease Control and Prevention (CDC) recommend use of
Contact Precautions (glovecagown use prior to patient room entry) for patients
colonized or infected with antibioti@sistant bacteria to reduce transmission of these
bacteria and subsequent HAl$However, Contact Precautions may increthge
frequency of adverse everttd! Healthcare workers visit patients on Contact Precautions
less often than other patierit§®>*°When Contact Precautions are used for all patients, the
practice is called universal glove and gown use. Differences between Contact Precautions
and universal glove and gown are few but include Contact Precautions causing delays in
hospital admission fromhe emergency room or discharge from the hospital to a nursing
home becausef the need for a private rooi’* A cluster randomized trial among

intensive care units (Benefits of Universal Gloving and Gowning, BUGG) found that
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universal use of gloves and gowns decreased acquisition of methicillin resistant
Staphylococcus aureus R&A) by 40% without impacting vancomyeiasistant
enteococci (VRE) acquisition rates.

Contact Precautions may caymss/chological harm to patierts®but physical
harm remains unresolved. In a retrospective study, Stelfox et al. reported twice the rate of
overall adverse evengd seven times as many preventable adverse events in patients on
Contact Precautions compared to @ats not on Contact PrecautidasVithin the ICU
setting, Zahar et al. reported a 1.5 times increase inoBlsgo and hyperglycemia
among patients on Contact Precautitiris contrast, a recent caseossover studyrothe
use of Contact Precautions for patients with VRE found no overall difference in adverse
events*

A major limitation of these studies is that they could not completely account for
greater severity of illness among patients on Contact Precautions. Patients identified with
MRSA or VRE generally are more severelyift* which increases overall risk of adverse
events. Further, some studies used unconventional definitions of adverse events including
electrolyte imbalances or select types of ev&rfd*Thus, the role of Contact
Precautions in patient adverse events remains unclear.

Within a cluster randomized trial of universal glove and gown use (universal use
of Contact Precautions) we examined whether universal glove and gowrcresesed

the rate of patient adverse events compared to usual care.
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Methods

Study Design

This was a secondary analysisofa20t e cl uster randomized

years of age) ICUs across the United States (BUGG) with institutional revied boar
approval’® Healthcare workers in ICUs randomized to the intervention donned gloves

and gowns prior to all patient contact, while healthcare workers randomized to the control
arm (usual care) did this only for patients known to be colonized or infected with
antibioticresigant bacteria, per CDC guidelin€sHospitals were recruited via the

Society for Healthcare Epidemiology Research Network. The study period was January
2012 to October 2012. The ICUs were gamtched on thremonth baseline composite
acquisition of MRSA or VRE and randomized to intervention or control group within
pair-matches. During the study period, 10 to 14 patient charts per site were randomly
selected (via random number generator) each month for reviewersadevents (90

patients per site and 1800 patients overall). No historical data on adverse event rates was

available.

Recruitment and Eligibility Criteria

Individual patient charts were eligible for sampling and review if the patient
stayed in the stly ICU for at least 24 hours. Rates of adverse events seen in patients in
the control arm (those not colonized or infected with antibietsistant bacteria on ICU
admission and not on Contact Precautions at any point in stay) were compared to rates for

patients in the intervention arm (also not colonized or infected with antHpesdistant
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bacteria but on universal glove and gown). This allowed a randomized method to assess
the effect of Contact Precautions on patients with similar characteristics.
Outcomes
The primary outcomes were counts of noninfectious and infectious adverse
events. Adverse events were defined as fAunin
contributed to by medical care that requires additional monitoring, treatment, or
hospitalz at i on or that results in death, o0 accord
Improvement (IHI) Global Trigger TooEvent s due to the patientos
condition were not recorded as adverse events. Infectioessedevents were defined as
infections that occurred in the ICU but were not present or incubating on patient ICU
admission (hospitahcquired infections). Infectious events were determined by two
infectious disease physicians (D.J.M. and A.D.H.) by apglgDC National Healthcare
Safety Network criteria. All other adverse events were classified as noninfectious. Rates
of adverse events were expressed as the number of a specific ICU adverse event type
divided by total persotime atrisk (patientspecificlCU length of stay in days).
Adverse events were identified using the IHI Global Trigger Tool to conduct
structured patient chart revieyvahich is designed for completion of chart review within
twenty minutes. Niaty patient charts were reviewed at each site by a primary reviewer.
Primary site reviewers were clinical research staff unaffiliated with study ICUs who were
unaware of the secondary study question and hypothesis. Site reviewers received
standardized uperson and webinar training on the IHI Global Trigger Tool. Prior to
study period data collection, site reviewers received training with 10 standardized sample

charts and an additional 10 reviews on patient charts from their own institution.
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Personalized fdback on training chart reviews was provided (by D.J.M) to each of the
site reviewers. Landrigan and colleagues have reported 81% agreement between
reviewers and fAgol d s t®amd8harekedal maxepepartéde nced r e
inter-reviewer kappas ranging from 0.64 to 0.93 when the IHI Global Trigger Tool is
used to identify adverse everits

Secondary outcomes included rates of severe and preventable adverse events and
type of harm categorized by physiological system affectBaverity of adverse events
was measured with a fivgoint Likert scale (minimal, clinically significant, serious, life
threatening, fatal) as modified from the National Coordinating Council for Medication
Error Reporting and Prevention severity indékBest fit to a category was assigned by
final physician reviewers.

Site reviewers examined patient charts for adverse events and recorded events,
severity and preventability ratings, a shadescription of the event(nddischarge
summary on a standardized;identified data extraction sheet sent to the study
coordinator at the University of Maryland. Records were received, blindatto
identity, and two physician reviewers (A.D.H andJIM) independently reviewed the
discharge summaries. Physician reviewers met to discuss and come to consensus on
disagreements for occurrence of an adverse event-ghysician reviewer percent
agreement 89.5% prior to consens&®viewers determinedhether each adverse event
initially began before, during, or after the admission of interest. Analysis was restricted to
adverse events which began during the index admission only as events that began prior to

or after the admission would not be the restikxposure to universal glove and gown.
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Covariates

Covariates considered in the analysis included: type of ICU (medical, surgical, or
combined), hospital type (academic hospital with a medical school versiasademic),
and size of ICU (continuous nudoar of beds). In addition, as a measure of severity of
iliness, the Centers for Medicare and Medicaid (CMS)-acaigzendex (CMI) for each
hospital was obtained for the fiscal year prior to randomization (2011). The CMI is a
measure of average patient aguif a hospitaf”*® Studies of risk of patient falls among
ICU patients havereviously used hospital level CMS CMI as a measure of average

patient acuity”®

Statistical Power

We used a previously reported effect size for increase in adverse events due to
Contact Precautions for an ineitce rate ratio (IRR) of 2.4 among patients in universal
glove and gown ICUs compared to patients in control lEWge accounted for ICU
level clustering using an intraclass correlation coefficient of G:0Bar a twesided test
with 5% type | error, with 900 patients in each arm of the study, we had 91% power to
detect a 2.4 times higher rate of adverse events among patients in intervention ICUs

compared to control ICUs.

Statistical Analysis
Randomization and the intervention occurred at the ICU level. Analysis of
adverse events was conducted at the patient level, accounting for clustering by study site.

Outcomes for this secondary analysis were unrelated to treatlogatian so pair
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matching by baseline MRSA and VRE was not maintained for this study analysis.
Noninfectious, infectious, preventable, and severe adverse event rates were modeled
using Poisson mixed effects, randamtercept models with ICU site includes the
clustering variable and a compound symmetry covariance structure. The model offset was
the log of patient ICU length of stay. Models of severe and preventable adverse event
rates were constructed only for noninfectious adverse events. Covariates tha
meaningfully changed the log rate ratio estimate for universal glove and gown by
approximately 10% or more owing to chance imbalances were included in the model. The
covariates meeting this criterion included type of ICU, CMI, academic setting, and ICU
bed size. Effect modification by biologically plausible variables such as CMI, academic
hospital setting, and ICU bed size was considered by introducing interaction terms into
the model and testing for statistical significance.

The analysis of harm by phiplogical system affected was descriptive in nature.
Counts of adverse events by intervention group were recorded and a bivariate analysis

that did not account for clustering by ICU was performed using-aquiare test.
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Results

Patients from interverdn and control ICUs were similar with respect to ICU
characteristics (Tabl). However, patients in the intervention group were more likely to
be admitted to medical ICUs (MICUs) and combined medinagical ICUs (MICU
SICUs) (60.0% and 30.0%, respechyecompared to control patients (50.0% in MICUs
and 10.0% in MICUSICUSs). Within the larger BUGG randomized trial, compliance with
universal use of Contact Precautions on room entry was high in intervention ICUs (86.2%

for gloves and 85.1% for gown?¥)
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Table 4. Patient and Hospital Characteristics of Adverse Event Review in Intensive
Care Units (ICUs) Randomized to Universal Glove and Gown Use vs. Usual Care.

Universal glove and

gown ICUs Control ICUs

Characteristic N=900 N=900
ICU size (# of beds), mean (SD) 19.00 (4.8) 18377
ICU type, N (%0)

MICU 540 (60.0) 449 (50.0)

SICU 90 (10.0) 361 (40.0)

NICU/SICT 270 (30.0) 90 (10.0)
CMS ChI2 1.88 (1.75-2.01) 1.83 (1.77-2.07)

Hospital Setting

Non-academic 180 {20.0) 270 (30.0)

Academic 720 (80.0) 630 (70.0)
ICT average length of stay (days) * 4.62 (3.98-4.70) 3.93 (3.78-5.06)
Region

Midwest West 450 (50.0) 180 {20.0)

South 270 (30.0) 269 (29.9)

East 180 {20.0) 451 (50.1)
Number of noninfectious adverse 212 274
events
Number of patient-days at nisk 4582 4846
Unadjusted noninfectious adverse event 46.3 56.5
rate % ¢

Abbrewations: ICU, intensive care unit, SD, standard dewiation; MICU, medical intensive care

unit; SICU, surgical intensive care unit; CWS CMI, Center for Medicare Services case-mix

index.

*median (interquartile range).

Y Unadjusted adverse event rate calculated as number of noninfectious adverse events/1000
patient-days at risk.

¢ Due to chance imbalance in ICU type between study arms, the effect of excluding surgical
events from unadjusted analysis of noninfectious adverse events was investigated. Direction of
effect remained the same (40.6 noninfectious adverse events per 1000 patient-days among
universal glove and gown ICU patients versus 45.4 per 1000 patient-days among control ICT
patients).
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In unclustered, descriptive analyses that did not examine rates given small
abolute numbers of adverse events in each category, there was no significant increase in
adverse events among intervention ICU patients for any physiological systemJ)lable
However, there were significantly fewer cardiovascular and surgical adverse events
among intervention ICU patients. For example, 21 adverse events affecting the
cardiovascular system of patients in intervention ICUs occurred versus 39 in control ICU
patients (p=0.02). Patients in intervention ICUs experienced 26 strejatgd adverse

events versus 54 such events among patients in control ICUs (p=0.001).
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Table 5. Frequency of Specific Adverse Events in Patients in Universal Glove and
Gown Intensive Care Units (ICUs) Compared to Control ICUS.

Type of Adverse Event Total Universal Glove Control P
Events and Gown ICUs ICUs value
N=200 N=900

Infectious adverse event 149 54 95 =0.001

Central venous catheter-related 11 5 6
bloodstream infection
Ventilator-assoctated pneumonia 34 10 24
Nosocormial pneumonia, not ventilator- 32 15 17
related
Urinary tract infection 28 8 20
Surgical site infection 14 6 8
Clostridium difficile colitis 13 5 3
Other hospital-acquired mfection ® 17 5 12

Cardiovascular system 60 21 39 0.02
Cardiac arrest 7 4 3
Hypotension 23 6 17
Arrhythmias or conduction abnormality 21 7 14
Myocardial 1schemia/infarction 9 4 5

Respiratory system 78 31 47 0.06
Acute respiratory failure 32 14 18
Pneumothorax 8 1 7
Atelectasis 4 1 3
Aspiration 17 9 8
Pulmonary embolus 3 2 1
Need for remntubation 11 4 7
Other respiratory event® 3 0 3

Renal or endocrine system 86 49 37 0.18
Fluid overload 7 4 3
Acute renal falure 33 18 15
Metabolic acidosis 1 1 0
Hyperglycemia 7 2 5
Hypoglycemia 28 22 6
Hyperkalemia 2 0 2
Other renal or endoctine event ¢ 8 2 ]

Hematologic system 58 27 31 0.59
Hemorrhage 21 11 10
Thromboembolic venous event 29 11 18
Hematoma 3 2 1
Other hematologic event® 5 3 2

Gastrointestinal system 25 10 15 0.31
Nausea or vomiting 8 4 4
Diarrhea 5 2 3
Constipation 2 1 1
Pancreatitis 1 0 1
Ileus f 1 5
Other gastrointestinal eventf 3 2 1
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Table 5. Frequency of Speific Adverse Events in Patients in Universal Glove and
Gown Intensive Care Units (ICUs) Compared to Control ICUS. (continued)

Type of Adverse Event Total Universal Glove Control P
Events and Gown ICUs ICUs value
N=900 N=000
Neurologic system 58 30 28 0.79
Oversedation 11 8 3
Delirtum or encephalopathy 36 18 18
Seizure 1 0 1
Stroke or intracerebral hemorrhage 4 2 2
Inadequate analgesia 4 0 4
Other neurologic event 2 2 2 0
Surgical event 80 26 54 0.001
Postoperative hemorrhage 26 13 13
Postoperative hematoma 10 4 é
Laceration or other organ injury 6 2 4
Vascular injury 9 1 8
Surgical anastomosis failure 2 1 1
Wound dehiscence 2 0 2
Failed procedure 11 2 9
Unplanned returm to surgery 8 1 7
Other eventh 6 2 4
Other types of harm 41 18 23 0.43
Allergic reaction 10 4 6
Fall 1 1 0
Pressure ulcer 23 10 13
Rash 1 0 1
Catheter complication 3 2
Other i 1 0 1
Severe noninfectious eventsJ.! 303 130 173 0.007
Preventable noninfectious events*! 211 98 113 0.27

2635 total adverse events occurred (266 in universal glove and gown; 369 in control ICUs).

b Other hospital-acquired infection events include: bronchitis; sinusitis secondary to nasal intubation;
petitonitis; tracheobronchitis, some requiting intubation; tracheitis; ventriculoperitoneal shunt infection;
cellulitis; peripheral vein IV site cellulitis.

¢ Other respiratory eventsinclude: failure to reposition or needto exchange endotrachealtube (ETT);
hypoxia.

4 Other renal or endoctine events include: postoperative urinary retention; patient remowval of Foley
catheter resulting in trauma and hematutia; catheter-related trauma on Coumadin requiting blood
transfusion; multiple electrolyte abnormalities secondarytomedical management; hyponatremia due to
fluid resuscitation.

¢ Other hematologic eventsinclude: hepatin-induced thrombocytopenia.

f Other gastrointestinal events include: mucositis requiting parenteral nutrition; medication-related
impaired liver function; dysphagia.

€ Other neurologic eventsinclude: hospital or ICU myopathy.

hQOther surgical eventsinclude: delayed extubation postoperatively; failed placement of nasogastric tube,
becoming stuck on removal attempt; bladder dysfunction following spine surgery; postoperative
transplant rejection.

10ther type eventsinclude: gout.

I Bevere eventsinclude: adverse events which are serious (organ dysfunction); life-threatening (death
possible without therapy within a few houts); death.

k Preventable events are adverse events considered probably or definitely preventable by cutrent practice
standards, knowledge, andfor technology.

I Not included in total events count for the rest of the table as these events are not mutually exclusive of
physiological system affected.
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There was no statistically significant difference in unadjusted rate of
noninfectious adverse events between patientdemiention ICUs compared to control
ICU patients (46.3 per 1000 patiesdys versus 56.5 per 1000 patidays; IRR= 0.81;
95% confidence interval [CI], 0.48.36; p=0.42). In unadjusted analysis, there was also
no significant difference in infectious adse events among patients in intervention ICUs
(IRR=0.57; 95% CI, 0.31.04,; p=0.07). No evidence of effect modification was found
among covariates investigated.

Adjusted for type of ICU, CMS casuix index, hospital setting, and ICU bed
size, the ratef noninfectious adverse events among patients in intervention ICUs did not
significantly differ from the rate of adverse events among patients in control ICUs (IRR=
0.91; 95% ClI, 0.59..42; p=0.68; Tablé). Similarly, we found no statistically significen
difference in the rate of infectious adverse events (IRR= 0.75; 95% Ci1247
p=0.24) when adjusted for clustering and confounding (T@)blBevere noninfectious
adverse events were less common among patients in intervention ICUs than among
patiens in control ICUs, but the finding was not statistically significant (IRR= 0.82; 95%
Cl, 0.421.59; p=0.56) after adjustmemtrfthe same covariates (Figure Bniversal
glove and gown use was not significantly associated with preventable noninfectious

adverse events (IRR= 1.26; 95% CI, 0-B30; p=0.46)Figure 2.
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Table 6. Adjusted Rates of Noninfectious and Infectious Adverse Events Among
Patients in Intensive Care Units (ICUs) Randomized to Universal Glove and Gown
Use vs. Usual Care.

Characteristic Rate 95% Confidence
Ratio Interval 2 P value
Noninfectious adverse events™*®
Patients in universal glove and gown 0.91 (0.59, 1.42) 0.68
ICUs vs. control ICU patients
Type of ICU
WICU/SICU 0.94 (0.55, 1.60) 0.82
SICU 1.23 (0.71,2.12) 0.46
MICT 1.00 [Reference]
CMI <1.834 0.77 (0.48, 1.25) 0.29
Non-academic hospital setting 1.01 {0.58, 1.75) 0.97
ICT size (per bed) 1.03 {1.00, 1.06) 0.06

Infectious adverse events ©

Patients in universal glove and gown 0.75 (047, 1.21) 0.24
ICUs vs. control ICU patients
Type of ICU
WMICU/SICTU 0.49 {0.22, 1.10) 0.08
SICU 1.65 (1.05, 2.61) 0.03
MICT 1.00 [Reference]
CMI <1.831¢ 1.20 (0.83, 1.73) 0.33
Non-academic hospital setting 0.93 (0.52, 1.67) 0.81
ICTU size (per each additional bed) 1.00 {0.97, 1.04) 0.85

Abbreviations: ICU, intensive care unit; MICU, medical intensive care unit; SICU, surgical intensive care unit,
MICU/BICU, combined medical-surgical intensive care unit; CMI, case-mix index.

295% confidence intervals were producedusing sandwich estimator robust variances to account for excess zeroes
b Noninfectious adverse events were also modeled using the negative binomial which produced comparable results
to the Poissonmixed effects model presentedhere.

¢ intraclass cotrelation coefficient= 0.018

4 median split of hospital CMS CMI

¢ intraclass correlation coefficient=0.006

61



Figure 2. Adjusted Rate of Adverse EvenfsAmong 900 Patients in Universal Glove
and Gown (UGG) Use Compared With 900 Patients in Control ICUs by Subtype of
Adverse Event”

Fewer Adverse More Adverse
Events in UGG Events in UGG
Infectious adverse events &
Noninfectious adverse events o &
Preventable =
Severe L3
0 0.5 1 1.5 2 2.5
Rate Ratio

*each adverse eventmodel is adjustedfor: ICU type (combined medical-surgical ICTU [MICU-3ICU], SICU only
[reference: MICT only]), case-mix index = 1.83, non-academic hospital setting, ICU bed size

bhoxes represent rate ratio point estimate andlines represent93% confidence intervals
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Discussion

We found that universal glove and gown use did not have pacinon overall
rate of adverse events, including subtypes of infectious, noninfectious, preventable or
severe adverse events. We also observed fewer adverse events among patients in
universal glove and gown ICUs for surgical and cardiovascular systems.

Previous observations of healthcare worker (HCW) behavior found that HCWs
visit patients on Contact Precautions less often than those not on Contact
Precaution$®*®**°However, despite observing one less HCW visit per hour iveusal
glove and gown ICUs (universal use of Contact Precautféns found no evidence of
increased risk of adverse events. Other changes to hospital flow with Contact Precautions
but not universal glove and gown use (delayed admission or discharge) could still
contributeto patients on Contact Precautions having more adverse &#nts

To ourknowledge, this is the first study to examine risk of adverse events in
patients randomly exposed to universal glove and gown use. Past observational studies of
Contact Precautions and adverse events have reported mixed results. Stelfox et al.
completed aetrospective cohort study of general medicine and congestive heart failure
patients, finding 2.2 times as many adverse events and 7.0 times as many preventable
adverse events among patients on Contact Precafibhis difference may be
explained by greater severity of illness among patients on Contact Precautions. Patients
identified with MRSA or VRE generally have a greater severity of ilfiéSshich
increases risk of adverse events. In contrast, our study excluded patients who would be on
Contact Precautions to better examine the effect of universal glove and gown use,

separate from seveyiof illness. Furthermore, the n@tandard definition of adverse
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event used by Stelfox et al. included fluid and electrolyte imbalances as adverse events
(without requirement for harm). Similar to our results, two studies that had more closely
matched cotrol groups reported no overall difference in the rate of adverse é¥/&nts

The observation that universal glove and gown use may result in fewer adverse
events was unanticipated. Universal glove and gown use could potentially have led to a
decrease in healthcaassocted infections by serving as a barrier to acquiring new
bacteria both through physical use of gloves and gowns as well as fewer healthcare
worker visits and better hand hygiene. A suggestion of improvement in noninfectious
adverse events in patients ahfer by universal glove and gown use would not be an
obvious result of the physical use of gloves and gowns and, if real, would likely be due to
a change in healthcare worker behavior during the intervention (bundling activities or
different level of attetion to care). That noninfectious adverse events which were less
common with gown and glove use were not considered preventable, raises the question of
whether the trend towards fewer adverse events with gown and glove was the result of
random variationgs absolute number of preventable adverse events trended in the
opposite direction). In contrast, our finding of no significant change in infectious adverse
events is compatible with the primary BUGG study result of no significant reduction in
composite VEE or MRSA despite the significant decrease reported for MRSA acquisition
alone® In addition, MRSA represents only one kind of infectious adverse event and
contaminated healthcare personnel clothing and hands may have a larger role in

transmission of MRSA than for other orgsms.
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This study has some limitations. First, our study was powered to detect at least
twice the rate of adverse events with universal glove and gown use, similar to the
increase reported by Stelfox et‘@aDespte having four times as many patients as Stelfox
et al,* the study was not powered to detect a smaller increase in adverse events because
of accounting for clustering at different sites. Clustering occurs waeents in the same
ICU are more similar to one another than to patients in the other ICUs and results in a
marked decrease in statistical power. However, our findings of lower or similar rates of
adverse events suggest that there is no increased ridkesta events from universal
glove and gown use. Second, despite standardized training afpdhysician blinded
review for final counts, differences in initial site chart review could have occurred. These
differences would likely have been nondifferentmhature as site reviewers were
unaware of adverse event reporting by other sites. Finally, despite being the gold standard
for adverse event detection, the IHI Global Trigger Tool may have led to nondifferential
underreporting of less severe adversenes/@ These adverse events also would have
been allcause harms and not limited to those plausibly resulting from universal glove
and gown use.

Our study has strengths including using a random samplatieint charts from a
cluster randomized trial comparing universal glove and gown use to usual care. This,
combined with exclusion of patients known to have antibi@sgistant bacteria, helps
minimize uncontrolled confounding that occurred in past olasemnal studies on
Contact Precautions. We also used a standard definition of adverse events and final
physician reviewers were blinded to the exposure status of patients during chart review

for adverse events.
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Patients in ICUs where healthcare workersroed gloves and gowns for all
patient contact were no more likely to experience noninfectious or infectious adverse
events than when healthcare workers did not use gloves and gowns. In fact, patients in
universal glove and gown ICUs had fewer overall aslv@vents. Concerns that universal
glove and gown use could contribute to adverse events should not be a limiting factor for

implementation.
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IV. DIFFERENCES BETWEEN ICU VERSUS GENERAL WARD PATIENTS

AND UNIVERSAL GLOVE AND GOWN VERSUS CONTACT PRECAUTIONS

A. DifferencesBetween ICU and General Ward Patients

As was discussed in detail earlier, there are marked differeet@sen ICUs and
general wards. This is apparent both in the types of patients and care needs of patients as
well as the fequency and types of adverse events that occur in each location. Patients in
ICUs are often reliant oartificial support for respiratory, renar cardiovascular needs
arefrequentlysedated or otherwise unaware of their surroundings and rarely are
ambulatory or able to attend to their own needscdntrast, on a general wapatients
tend to be more mobile and alartd are better able to communicate with healthcare
personnel about their cafather than oversedation or pressure ulcers such aslmeight
more common among ICU patients, general ward patients may be at increased risk of
mobility-related harms such as falls in a way ICU patients may néither, patients
in general ward locationgquire a differing intensity of care from ICU patieraitering
the type and frequency of care they receive as well as the dynamic of how healthcare
workers interact with the patient#/ithin the ICU, nurse to patient staffing ratios tend to
be 2:1 or even 1:40 a nurse may be caring for fewer patientschge complexity is
higher and closer monitoring as well as a greater number of interventions are more likely
among ICU patients than floor patients.

Additionally, the types of adverse events that occur differ in these very different
areas of the hospitabthin the frequency and severity of adverse evbated on

whether patient care occurs in the intensive care unit or in-4didhocation
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(approximately 5.0 adverse events per 100 patlags versus 1.5 adverse events per 100
patientdays):° Death or disabilityas the result ofin adverse eveotcustwelve times

more often among ICU patients compared to intemedicine patients (4.9% of adverse
events vs. 0.4% of adverse even&)rthermore, surgical or procedural complications
and hospitabcquired infections account for the majority of adverse events experienced
by ICU patients while adverse drug eventstaeemost common type of adverse event
amongward patients™® Some have argued that there are many unique aspeattm c

the ICU and how it is delivered and that this nbayesponsible for the differences
observedn adverse event rate between ICU and-i@d settings?® Adverse event
frequency, outcome, and major types of adverse events differ between the two settings. In
addition, Contact Precautions are hypothesineaffect adverse event occurrence based
on how its use impacts delivery of care, something which already differs between ICU
andfloor locatiors regardless of Contact Precautions exposure. Thus, it is important to
separately examine the potential assammbietween Contact Precautions use and

adverse event occurrence in both the ICU and general ward environments.

B. Universal Glove and Gown versus Contact Precautions

In addition to the need iovestigatehe association between Contact Precautions
and adveseevents in both ICU and nd€U settings, the second study of this
dissertation focuses on the role for Contact Precautions rather than universal glove and
gown use in adverse event occurrence. Universal gloving and gowning for all patient
contact regatless of patient colonization with a resistant organism is a high intensity use

of Contact Precautions which is used in a limited number of circumstances. In contrast,
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Contact Precautions require gown and glove use for patient contact only for patients
known to be colonized or infected with antibiotic resistant organ{gqmgroximately 10
30% of patientsjather than for all patients. Contact Precautianmsused in nearly all US
hospitalsandthus potential harms associated with Contact Precautions us®ige
usefulfor informing current policy deatesthan the infrequently used universal gowning
and gloving

Additionally, since all patients in universal gloving and gowning setting are cared
for similarly, differentialwait times or other hospital flovattors that may impact
occurrence of adverse events may not occur as might be the case with Contact
Precautions. For example, some studies have suggested that patreatkistory of
colonizationwith MRSA®® or ary multidrug resistant organisfrhave significantly longer
wait times for admission from the emergency department than patients who are not
similarly colonized. As differences thedelivery of care are aggsiblemechanism for
how Contact Precautiort®uld result in adverse everit$s important to examine the
potential association between Contact Precautions and adverse events separate from

universal glove and gown use.

C. Concluson

Due tothesedifferencesamong patientbetween floor and ICU locations aimd
intensity of exposure between universal glove and gown use and Contact Precautions, the
second studyvas necessary to examine aggociation between Contact Precautions and

adverse events among nRtOU patients.
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V. THE EFFECT OF CONTAC T PRECAUTIONS ON FREQUENCY OF

HOSPITAL ADVERSE EVE NTS!

Abstract

OBJECTIVE. To determine whether use of Contact Precautions on hospital ward

patients is associated with patient adverse events

DESIGN. Individually-matched prospective cohort study.

SETTING. The University of Maryland Medical Center, a tertiary care hospital in

Baltimore, Maryland.

METHODS. A total of 296 medical or surgical inpatients admitted to-imb@nsive care

unit hospital wards were enrolled at admission from January to November 2010. Patients

on Contact Precautions were individually matched by hospital unit after an irdegl 3

length of stay to patients not on Contact Precautions. Adverse events were detected by

physician chart review and categorized as noninfectious, preventable and severe
noninfectious, and infectious adverse events

standardized Institute for Healthcare | mproyv

YLindsay D. Croft, Michael Liquori, James Laddathah Day, Lisa Pineles, Elizabeth Ramos, Ryan
Arnold, Preeti Mehrotra, Jeffrey C. Fink, Patricia Langenberg, Linda Siasitila, Eli Perencevich,
Anthony D. Harris, Daniel J. Morgasubmitted tolnfection Control and Hospital Epidemiolog®015.
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RESULTS. 148 patiets on Contact Precautions at admission were matched to 148
patients not on Contact Precautions. Of the total 296 subjects, 104 (35.1%) experienced at
least one adverse event during their hospital stay. Contact Precautions were associated
with fewer noninfetious adverse events (rate ratigRR 0.70; 95% confidence interval

[CI], 0.51-0.95; p=0.02) and nestatistically significant fewer severe adverse events

(RR, 0.69; 95% ClI, 0.44.03; p=0.07). Preventable adverse evenfR,(R85; 95% CI,
0.591.24;p=0.41) did not significantly differ between patients on Contact Precautions

compared to unexposed patients.

CONCLUSIONS. Hospital ward patients on Contact Precautions were less likely to

experience noninfectious adverse events during their hospitahstapatients

unexposed to Contact Precautions.
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Introduction

Adverse events are unintentional injuries related to medical or surgical care not
due to an underlying conditiorAdverse events include Heecareassociated infections
(HAIs) as well as delirium, falls, renal injury, and other noninfectious adverse évents.
One to 2.4 million hospital adverse events are estimated to occur each year iff'the US
and contribute to 98,000 inpatient deaths anndatiythe United States, preventable
adverse events are estimated to cost between $17 ariillgth per yeaf.

Contact Precautions are a transmisgiased infection control method
recommended by the Centers for Disease Control and Prevention (CDC). Contact
Precautions require donning gowns and gloves poi room entry for patients known to
be colonized or infected with antibiotic resistant organisms, in addition to cohorting or
placing the patient in a single room.

There may be unintended consequences of CoRtacautions. For example,
healthcare personnel have consistently been shown to visit patients on Contact
Precautions significantly less often than patients unexposed to Contact Prec¢atitténs.
In addition, adverse events may occur more frequently among patients on Contact
Precautions. Stelfox and colleagues reported that patients on Contact Precautions
experienced more than twice the rate of adverse events aitpatieexposed to Contact
Precautions and experienced seven times more preventable advers& eimmeser, a
casecrossover study found no significant difference in adverse events when patients on
Contact Precaigns were compared to the same patients in an earlier time period when

Contact Precautions were not ué&@ther studies have reported significant associations
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only between Contact Prad#ons and very specific subtypes of adverse events such as
hyperglycemid?

Past studies of the adverse ef$eassociated with Contact Precautions have been
limited by use of norstandard definitions of adverse events (for example, electrolyte
imbalances or very specific subtypes of evetit§)Vhether Contact Precautions are
associated with the occurrence of any adverse events remains unresolved.

To investigate whether Contact Precautions aseaated with the occurrence of
adverse events, we conducted a prospective cohort study of patients on Contact

Precautions matched to patients unexposed to Contact Precautions.
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Methods
Study Design

The study was a prospective cohort of general medighlsurgical patients
recruited at the University of Maryland Medical Center, an academic tertiary care
hospital. The patients in this study were initially recruited between January 2010 and
November 2010 for a prospective study of the relationship bat®@eatact Precautions
and depression, anxiety, and patient satisfaétitiPatientson Contact Precautions were
individually matched to patients unexposed to Contact Precautions by a minimum three
day hospital length of stay and by admission service (to limit bias related to patients on
Contact Precautions having longer length of stayraock severe illness). Study
participants on Contact Precautions remained on Contact Precautions for the duration of
their hospital stay and patients unexposed to Contact Precautions also did not change
Contact Precautions exposure status during the gierdlyd. This study was approved by

the Institutional Review Board of the University of Maryland, Baltimore.

Measurements and Outcomes

Demographic data such as age, gender, education, minority status (Hispanic
and/or noawhite race) and marital status werollected at study enroliment, while
Charlson comorbidity score and length of stay were obtained from the hospital central
data repository. We defined adverse events a
or contributed to by medical care thatuggs additional monitoring, treatment, or
hospitalization or that results in deatho as

Improvement (IHI) Global Trigger TooWe di d not consider events
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underlying condition as adverse events. Adverse events were identified using the IHI
Global Trigger Tool which is a standardized method for completion of structured medical
record reviews within approximately 20 minuté&he trigger tool detects more adverse
events than approaches such as the Agency for Healthcare Research and Quality (AHRQ)
Patient Safety Indicators or hospital reporting systéiig.hree initial reviewers used

the trigge tool to review the patient charts of all members of the cohort for adverse

events. One initial reviewer (L.D.C.) reviewed the records of all 296 cohort members and
two initial physician reviewers (M.L. and J.L.) each reviewed half (N=148) of the cohort.

A final physician reviewer (D.J.M.) adjudicated any disagreements on adverse event
occurrence between initial reviewers, per the IHI Global Trigger Tool méthbd.

reviewers received training on using the IHI Globagger Tool and practiced with
standardized sample chatt®eviewers determined whether each adverse event initially
began before, during, or after the admission of interest. Analysis was restricted to adverse
events which began during the index admission only as etlettsegan prior to or after

the admission may not be the result of exposure to Contact Precautions.

Our primary outcomes were noninfectious and infectious adverse event rates
considered separately and the secondary study outcomes were preventablerand sev
noninfectious adverse events. Infectious adverse events were defined as infections that
occurred in the hospital that were not present or incubating on admission while
noninfectious adverse events that occurred in the hospital were all adversenvibents
infectious events excluded. We rated adverse event severity usipgitt Likert scale
(minimal, clinically significant, serious, liféhreatening, fatal) using a severity index

modified from the National Coordinating Council for Medication Erropéténg and
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Prevention:** Adverse events that were serious (e.g., organ dysfunctiorhté#atening

(death possible within a few hours without intervention), or fatal were classified as sever
events. Similarly, preventability was measured orpaiht Likert scale (definitely,

probably, probably not, or definitely not preventable) as has been used pretidiisly.
Preventability was determined based on whether the event was considered preventable by
current knowledge, practice standards or technoldginally, adverse events were also
categorized by the primary physiological system affected (cardiovasmgpiratory,

renal or endocrine, hematologic, gastrointestinal, neurologic, heapdaired infection,

and surgicalf’ Rates of adverse events were calculated as the number of a specific
adverse everiype divided by total persetime at risk (patierspecific hospital length of

stay in days).

Statistical Analysis

Distribution of demographic variables, such as age or gender, by exposure to
Contact Precautions was analyzed usitegts for continuougariables and cksquare
tests for categorical variables. An initial multivariable, scaled deviance Poisson
regression model for noninfectious adverse events was constructed by including Contact
Precautions exposure status and adjusting for the matchiraphe of admission service
(grouped as oncology, general medicine, or surgery). More than one adverse event was
allowed per patient. The model offset was the log of patient length of stay. An adjusted
model was constructed by adding covariates oneiateatd the initial model in order of
the greatest magnitude change produced in the log rate ratio of the Contact Precautions

estimate until no meaningful change (less than 10%) occurred with the addition of new
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covariates. As no covariates meaningfullyraiped the coefficient, we included

biologically plausible variables such as age and Charlson comorbidity score. Models of

severe and preventable adverse events were constructed for noninfectious adverse events

only. Model building for preventable noninfemtis adverse events followed the same

approach as for noninfectious adverse events. Due to few severe noninfectious adverse

events, we constructed a model for severe adverse events adjusted only for matching. For

each physiological system, counts of advengents by Contact Precautions exposure

status were recorded and bivariate analysis was conducted ussgichiar e or Fi sher
exact test, as appropriate. All analyses were conducted using SAS version 9.3 (SAS

Institute, Cary, NC).

Power Calculation

Applying a previously reported frequency of adverse events among general
medical inpatients (25 adverse events per 100 admisSitm#f)e average length of stay
among the current s tGootactdPecaptians,ithe expesteduate®fx p o s e d
adverse events among unexposed patients was 53.2 adverse events per 10@apstient
Foratwes i ded test and U=0.05, we had 84% power

event rate among patients on ContaeicButions compared to patients unexposed to

Contact Precautions.
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Results

Of the 296 patients in the cohort, 35.1% (104/296) experienced at least one
adverse event (49 patients on Contact Precautions and 55 patients unexposed to Contact
Precautions). The were 77.3 adverse events per 1000 patlaps within the entire
cohort (62.8 events per 1000 patielatys among patients on Contact Precautions and
92.8 per 1000 patiefttays among unexposed patients). Patients on Contact Precautions
did not significatly differ from patients unexposed to Contact Precautions with respect
to age, gender, Charlson comorbidity score (TZplélowever, patients on Contact
Precautions were less likely to have at least some college education (37.8%) compared to
patients uneposed to Contact Precautions (57.4%), p<0.001. In descriptive analysis, we
observed a trend toward a fewer number of adverse events among patients on Contact
Precautions for all physiological systems except respiratory, neurologic, and renal or
endocrine Table8). We examined the trigger tool reviews of the thirteen patients with
postoperative hemorrhage in depth as it event type driving a significant reduction in
surgical adverse events among patients on Contact Precautions. There was an even
distributionof patients experiencing postoperative hemorrhage by enrollment location (6
general medicine locations and 7 surgery or transplant locations). The majority of these
adverse events were decreases in hemoglobin or hematocrit values during or immediately
following surgery which required transfusion rather than harms caused during

postoperative care.
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Table 7. Demographic Characteristics for Patients on Contact Precautiongs.
PatientsUnexposed toContact Precautions.

Contact Precautions
Yes No
Characteristic N=148 N=148 P
Age (years), mean+ SD 52.0+13.8 52.3+14.6 0.87
Male 86 (53.4) 75 (46.6) 0.20
Education (some college) 56 (37.8) 85 (57.4) 0.001
Married or living with partner 57 (38.5) 74 (50.0) 0.05
Minority 82 (55.4) 62 (41.9) 0.02
Charlson comorbidity score >2 73 (49.3) 63 (42.6) 0.24
Admission to ICU during hospitalization 8(5.4) 14 (9.5) 0.18
Prior hospital stay in past 30 days 50 (58.8) 35 (41.2) 0.05
Enrollment location -
General medicine 96 96
Surgery/Transplant 34 34
Oncology 18 18
Length of hospital stay (days), median (IQR) 4.7 (3.3-7.1) 5.5 (3.7-8.1) 0.16

NOTE. Data are no. (%) of patients, unless otherwise indicated. SD, standard deviation; IQR,
interquartile range; ICU, intensive care unit.
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Table 8. Frequency ofSpecific Adverse Events in Patients on Contact Precautions
vs. Patients Unexposed to Contact Precautiofis

80




















































































