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ABSTRACT
Title of Dissertation: The 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; Associate 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 entry. Some studies suggest Contact Precautions may increase the
occurrence of hospital adverse events. However, few studies have examined the effect of
Contact Precautions on adverse events using a standard definition and accounting for the
effect of severity of illness. We assessed whether Contact Precautions exposure was
associated with patient adverse events in both ICU and non-ICU settings.
Methods: The relationship between universal use of Contact Precautions (universal glove
and gown use for all patient contact, regardless of colonization) and adverse events in the
intensive care unit (ICU) was studied using medical record review of 1800 randomly
sampled patients equally distributed over a 20 ICU cluster randomized trial. To reduce
the influence of severity of illness, eligible patients could not be colonized or infected
with antibiotic resistant bacteria. Within a non-ICU setting, a prospective cohort of 296
patients at the University of Maryland Medical Center (UMMC) matched on initial 3 day
length of stay and admission location was 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 the rates of adverse events among patients in

universal glove and gown ICUs were not statistically different (IRR, 0.91; 95% CI, 0.591.42; p=0.68). The UMMC prospective cohort observed significantly fewer noninfectious
adverse events among patients exposed to traditional Contact Precautions compared to
unexposed patients (IRR, 0.70; 95% CI, 0.51-0.95; p=0.02).
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.
In non-ICU settings Contact Precautions were associated with fewer noninfectious
adverse events. Concerns about adverse events resulting from either universal glove and
gown use or traditional use of Contact Precautions were not supported.
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I.

BACKGROUND AND OBJECTIVES

A. Specific Aim 1
Determine if adverse events (also known as adverse safety events) are more common in
patients in intensive care units (ICUs) randomized to universal glove and gown compared
to control patients. Additionally, determine which subtypes of adverse events are more
common.

1. Specific Aim 1.1
Determine if overall frequency of adverse events is associated with universal
glove and gown use.
Hypothesis 1.1: Patients in ICUs randomized to use universal glove and gown
have a higher rate of adverse events than patients in 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 1.2: Preventable adverse events are more common for patients in
ICUs randomized to universal glove and gown compared to control patients.

1

3. Specific Aim 1.3
Determine if frequency of infectious adverse events (acquisition of healthcareassociated infections) is associated with universal glove and gown use.
Hypothesis 1.3: Infectious adverse events 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 adverse 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 use compared to control patients (cardiovascular, respiratory, renal or
endocrine, hematologic, gastrointestinal, neurologic, hospital-acquired infection,
and surgical events).
Hypothesis 1.5: Certain types of adverse events (cardiovascular, respiratory, renal
or endocrine, hematologic, gastrointestinal, neurologic, and surgical events) are
more common in universal glove and gown use compared to controls. Adverse
events that are hospital-acquired infections are less common in universal glove
and gown use compared to controls.

2

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 Aim 2.1
Determine if overall frequency of 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 2.2
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 on Contact Precautions.

3. Specific Aim 2.3
Determine if frequency of infectious adverse events (acquisition of healthcareassociated infections) is associated with use of Contact Precautions.
Hypothesis 2.3: Infectious adverse events are more common for patients on
Contact Precautions compared to patients not on Contact Precautions.
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4. Specific Aim 2.4
Determine if frequency of severe adverse events is associated with the use of
Contact Precautions.
Hypothesis 2.4: Severe adverse events are more common for patients on Contact
Precautions compared to patients not on Contact Precautions.

5. Specific Aim 2.5
Describe which types of adverse events are most common among general ward
patients (cardiovascular, respiratory, renal or endocrine, hematologic,
gastrointestinal, neurologic, hospital-acquired infection, and surgical events).
Hypothesis 2.5: Certain types of adverse events (cardiovascular, respiratory, renal
or endocrine, hematologic, gastrointestinal, neurologic, hospital-acquired
infection, and surgical events) are more 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, the following 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
and not due to a patient’s underlying condition.1 These events are all-encompassing types
of harm (i.e. they do not exclude special subtypes of events such as adverse drug events).
Preventable adverse events are adverse events that are considered as probably or
4

definitely preventable by current practice standards, technology, and knowledge. Severe
adverse events are adverse events which result in death, life-threatening, or serious harm
to the patient. An example of a serious adverse event is one that results in organ
dysfunction and life-threatening 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 hospitalacquired infection), which 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 incorrect medication, the correct medication at too high or low of a dose, and
medication-induced “side effects” (e.g. a patient with a bleeding event following
treatment with warfarin). Preventable adverse drug events are a subtype of adverse drug
event that are 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
In the healthcare setting, the term “adverse events” or, alternatively, “adverse
safety events” refers to unintended physical injury resulting from or contributed to by
medical care and not a patient’s underlying disease.1-4 The landmark study which
investigated the frequency of hospital adverse events was the Harvard Medical Practice
Study (HMPS).5 Using a conservative estimate, this study estimated that among
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hospitalized patients 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 estimate 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.6 While the figures have been controversial so far as under- or overestimating the
exact frequency of adverse events,7-9 the 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 days.10 Among these, 9.1% of harms resulted in death or permanent
disability and one-third were preventable. A systematic review examining studies of
hospital adverse 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 3-4%).11 Of all studies included in the systematic review, approximately 7% of
the adverse events resulted in death (another 7% received a permanent disability) and the
majority of adverse events were operation- (39.6%) or drug-related (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 events increases with age with geriatric patients
experiencing adverse events from 5.3% to 60% of patients.12 This range occurs based on
whether extremely conservative definitions of “adverse” event are used and increases
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when traditional medication-related adverse events such as falls or delirium are
included.12 A study of hospitalized Medicare patients 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 event.13 The 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 medical adverse
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
in the United States.14 The study’s estimates are based on a wide range of estimates in the
literature. The cost of preventable inpatient injuries in 2006-adjusted dollars has been
estimated at $6.7 billion and the total social cost of hospital adverse events resulting in
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 events.13 There 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 relationships, as in the Harvard Medical Practice
Survey, where the mean number of adverse events were 1.5 times more common among
middle age patients (45-64 years) compared to young adults (16-44 years).5 The mean
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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 hospital and
primary care settings, where elderly patients have more than five times as many adverse
events as younger patients.12,15-17 Age has been associated with subtypes of hospital
adverse events, the adverse drug event (ADE) and preventable ADEs.18,19 Aside from
increased risk of adverse events, once an ADE occurs, increased age is also associated
with risk of mortality and prolonged length of stay.20
In contrast to age, sex does not appear to be a risk factor for adverse events in
most studies.21,22 However, women may have 1.8 times higher odds of an adverse drug
event than men.19 The number, type, and severity of patient comorbidities also influence
the risk of adverse events. A Danish study of changes in adverse event rate over time
reported that certain ICD-9 diagnosis groups have almost 1.5 to 2.5 times increased odds
of experiencing an adverse event compared to the baseline of patients with circulatory
system diagnoses.21 Examples 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 of adverse
events 8.5 times.15 The extent of comorbidity was measured by categorizing the number
of Expanded Diagnosis Clusters (EDCs) represented by a patient’s conditions into “low,”
“moderate,” and “high” although the study authors did not specify the number of EDCs
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 drug event increase between 70 and 90 percent for each additional patient
comorbid condition.19 However, each of these studies with comorbidities and adverse
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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, patients who experience
an adverse event have a 3.6 point higher mean Acute Physiology and Chronic Health
Evaluation (APACHE) II score than patients with no adverse event.16 The APACHE II 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 significantly 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 complication.17
Among patients in two French medical ICUs, admission with organ failure of at
least 2 systems had almost five times higher odds of non-ADE adverse events than
patients admitted without such severe illness.4 Also, in a three tertiary-care hospital study,
case mix index (average hospital patient acuity) was significantly higher among patients
who experienced an adverse event compared to patients who did not (1.78 versus 1.18;
p<0.0001).22 However, the authors reported this only in bivariable analysis and it is
unclear how much the difference in case mix index is reflective of resources used to treat
patients once the adverse event occurs, rather than a difference in patient severity of
illness on admission.22
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In addition to being an 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 additional hospital day.19 In another study, in bivariable analysis, patients
experiencing an adverse event had, on average, a five day longer length of stay than
patients that did not experience an adverse event.16 However, 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 versus community hospital) and type of admission severity
(ICU versus non-ICU).
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 gynecological service, and high risk of harm (based on ICD-9 code
groupings within the study period).23 However, estimates of the magnitude and direction
of effect for each of these variables were not reported. Thus, 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 for adverse event detection through a structured patient chart review.1 The
trigger tool is designed for reviewing patient charts in a 20-minute timeframe and has a
recommended order for chart review, beginning with discharge 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 remaining.1 The tool consists of
several “triggers” that cover aspects of cares (e.g. patient falls or pressure ulcers),
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 of subject matter experts, literature reviews, and triggers identified from
prior versions of trigger tools designed for specific types of adverse events.1,24,25 These
triggers were field-tested in hospitals and triggers with issues such as low positive
predictive value were removed. The triggers 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 related adverse 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 who reviews the 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 adverse event frequency used estimates primarily derived from
chart reviews5,11 although Forster and colleagues used a combination of direct
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observation, chart review, and voluntary reporting10 and the study of Medicare patients13
used Present on Admission indicators, a modified Global Trigger Tool, 30-day
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 used.22,23,26 Similarly, estimates of adverse event rates among general ward
patients are between 68.1 and 91.0 events per 1000 patient-days22,26 and the estimated rate
rises to 113.0 adverse events per 1000 patient-days for ICU patients when measured
using the IHI Global Trigger Tool.27 Approximately 27% to 39.8% of patient charts
reviewed in these studies contain at least one adverse event.22,26,28,29 These trigger toolderived 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 non-trigger tool methodologies, so are unlikely to be conflated
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 report.30 The 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% of cases 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 provider-reported 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 Tool.31 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 49% and 94%
for reviewers internal to an institution and 34% and 93% among external reviewers.32
However, this report used “experienced reviewers” with the IHI Global Trigger Tool as
the gold standard rather than a different detection method to calculate sensitivity and
specificity.
Classen et al. conducted a larger, better-designed study for comparing adverse
event detection with the IHI Global Trigger Tool to the AHRQ patient safety indicators
and hospital incident reporting.22 Using the “pooled” approach where an adverse event
detected by any of the three methods was used as the comparison method, the IHI Global
Trigger Tool was found to have sensitivity and specificity of 94.9% and 100%,
respectively. In contrast, the next best method—AHRQ patient safety indicators—had 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
methodologies. The trigger tool also provides more standardized training and less
subjective approach for determining adverse event occurrence compared to traditional
chart review. Currently, the IHI Global Trigger Tool is the strongest option for data
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on frequency 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 non-ICU hospital patients, comparing
results between studies in ICU populations is made difficult by the wide variation in
study outcomes, ranging from “complications” which include but are not limited to
adverse events, to adverse events only, or both potential adverse events and events which
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 differ. In addition, ICU patients
with complications are 2.5 times more likely to die than their ICU counterparts without
complications and have 21% excess mortality.17 This excess mortality related to
complications among ICU patients is at least double the mortality discussed previously
among non-ICU patients or mixed study populations.10,11
Over a ten-month study period, 14% of medical intensive care unit patients had at
least one complication17 which 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 adverse event types were severe hypotension, respiratory distress,
pneumothorax, or cardiac arrest.4
Among patients in either 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).33 Of these adverse events, 19% were respiratory adverse events, 15%
infectious, 12% cardiovascular, and 9% skin or soft tissue-related. Rothschild et al. argue
that the higher rates of adverse events among ICU patients may be due to a variety of
factors uniquely found in the ICU.33 Among such factors, Rothschild and colleagues
discuss the pace, physician training, case complexity, and high-risk decisions often made
in situations with limited information.
The type of unit 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 to patients admitted to non-surgical units.21 Adverse drug event rates also
appear to be far higher in medical ICUs (19.4 ADEs per 1000 patient-days) compared to
medical general care units (10.6 ADEs per 1000 patient-days; p<0.05) and nonsignificantly higher among surgical ICU patients than surgical general care units (10.5
ADEs per 1000 patient-days versus 8.9, respectively).10 When adjusted for the number of
drugs ordered in a day for each unit, medical ICUs still have a higher rate of ADEs (15.3
ADEs per 1000 patient-days) than either type of general care unit (approximately 13 per
1000 patient-days for both). Interestingly, when adjusted for the number of drugs ordered
in a day for each unit, the rate for surgical ICUs (SICUs) decreases to below 9 ADEs per
1000 patient-days, very different from the rates observed in both types of general care
units. Similarly, the rate of preventable ADEs and potential ADEs combined is almost
two times higher among MICUs and SICUs, compared to medical and surgical general
care units until adjusted for the number of drugs used since admission.34 Once 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 investigators to compare adverse event
rates between ICU and general medicine units, as opposed to ADEs alone.10 The authors
compared adverse event rates in a cardiac surgical ICU, non-cardiac ICU, a general
medicine unit, and an obstetrics unit and found a statistically significant difference in rate
between the units. Both the cardiac and non-cardiac ICUs experienced rates of
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 patient-days) were lower. The
types and frequencies of adverse events observed also differed by unit type. In the cardiac
ICU, surgical complications (47%), hospital-acquired infections (19%), and procedural
complications (11%) occurred most often while hospital-acquired infections (25%),
procedural complications (24%), and therapeutic errors (19%) were the adverse events
observed most often among non-cardiac 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 (between 3-5%) than among general medicine patients
(0.4%).10
In light of the different rates 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 non-ICU hospital patient population are
generalizable to the very different ICU patient population. Studies 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 transmission-based infection control method
recommended by the Centers for Disease Control and Prevention.35 The approach
requires patients known to be colonized or infected with antibiotic resistant organisms to
be placed in a single room or cohorted 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 organisms 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 contact isolation. Contact Precautions may be used in additional
situations but these uses were not the exposure focus for our studies.
In a review, Gammon emphasized the potential unintended psychological
consequences of Contact Precautions in the late 1990s, highlighting that a mere five
studies had investigated the psychological effects and most were descriptive in nature.36
Among the potential effects a patient might experience, Gammon mentioned loss of
control, distress, depression, anxiety, decreased social interaction, stigmatization, and
behavioral changes in response to these effects. Since then, studies such as a crosssectional study in a rehabilitation unit have suggested significantly higher depression and
anxiety but not anger exist among patients on Contact Precautions compared to non-
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Contact Precautions patients.37 A matched cohort compared patients on Contact
Precautions to non-Contact Precautions and reported significantly higher anxiety and
depression scores among patients on Contact Precautions.38 However 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 Precautions but found no association with anxiety and measured
prevalent rather than incident depression.39 A larger recent study has reported that while
patients on Contact Precautions are admitted with higher mean 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 patients.40
One narrative-based, 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 Precautions.41 In 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
harms 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 failure.42
This study captured attention both for being one of the first studies to quantitatively
assess the question of Contact Precautions 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 2.2fold higher rate of adverse events compared to patients not on Contact Precautions and a
striking, almost 7 times 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 study had several limitations. Among the limitations was an
atypical definition of “adverse event” and a large fraction of the observed adverse events
were actually due to events such as pressure ulcers or electrolyte imbalances. The
mechanism by which Contact Precautions 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 patients 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 illness and 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 ICU-based study within a larger cluster randomized trial on
patient safety, unadjusted rate ratios indicated that hypoglycemia, hyperglycemia,
thromboembolic events, hemorrhage, and drug resistant ventilator-associated pneumonia
(VAP) were adverse events occurring at a higher rate among patients on Contact
Precautions.43 Hazard ratios adjusted for age, transfer, patient type, chronic disease,
immune suppression, patient acuity, diabetes symptoms on admission, and ICU staffing
at admission indicated 1.5-fold 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 events than patients 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 study was based on a select number of adverse events, which may
not accurately represent the associations for all adverse events and used a non-standard
definition of “adverse event.” Additionally, the data were collected from a larger study
designed to improve patient safety and thus has limited generalizability to all hospital
adverse events.
Karki et al. employed a case-crossover design comparing patients on Contact
Precautions for vancomycin-resistant enterococci (VRE) to themselves in an earlier
period of the same hospitalization where they were not exposed to Contact Precautions.44
While the study found the overall rate of adverse events was not significantly different
for periods exposed to Contact Precautions versus not exposed (rate ratio = 1.04, p=0.70),
it did find that falls and self-injury (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 results of Stelfox et al.42 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 between Contact
Precautions and adverse events. A matched case-control (matched on admission
diagnosis of either heart failure or chronic obstructive pulmonary disease) compared
methicillin-resistant Staphylococcus aureus (MRSA) carriers to non-carriers on adverse

20

event frequency.45 The authors found no difference in the median number of
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 vs. 64.8; p = 0.40). The
safety analysis for a cluster randomized trial on universal glove and gowning (Benefits of
Universal Glove and Gown, BUGG) also found no difference in mean rate of overall
adverse events when the mean rate of adverse events per 1000 patient days at-risk for 10
intervention ICUs were compared to 10 control ICUs.46 The 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 permit control of
patient level factors such as acuity and age). Additionally, the safety analysis considered
all adverse events together, without removing hospital-acquired infections (HAIs). This
matters as, if universal glove and gowning is effective at preventing transmission 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 non-infectious adverse event rate compared to control ICUs, the opposing
trends could mask any effect on adverse events and result in the observed findings.
Finally, a quasi-experimental study examining the effect of discontinuing Contact
Precautions for MRSA and VRE reported higher rates of falls and pressure ulcers among
patients colonized with MRSA or VRE.47 As 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 Precautions, 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 results,42-46 partly
due to methodological issues42,44 and atypical definitions of adverse event.42-45 The studies
in this dissertation examined the association between Contact Precautions and adverse
event rates and address a meaningful lack of consensus in the current patient safety
literature. Furthermore, only one study has examined non-ICU patients without
intermixing ICU patients.45 Given established knowledge that adverse event rates,
types, and confounding variables may differ between ICU and non-ICU
settings,4,10,11,17,21,33 it was important to address these 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 Weinstein reported 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 Precautions.48 The average length of each interaction
was non-significantly increased among Contact Precautions patients (4.5 minutes)
compared to non-isolated patients (2.8 minutes). This increased contact time in spite of
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fewer healthcare visits has been described as “bunching”49 where the decreased frequency
of visits leads to more tasks to complete per visit, increasing contact time.
Similarly, Saint and colleagues found that patients on Contact Precautions were
half as likely to be examined by attending physicians as non-Contact Precautions patients
(35% of the time versus 73%, respectively).50 Among surgical unit patients (ICU and
non-ICU), patients on Contact Precautions received 5.3 visits per hour from healthcare
workers compared to 10.9 visits per hour for non-Contact Precautions patients.51
Healthcare workers also spent less time with these patients each hour, even though
patients on Contact Precautions had significantly greater severity of illness. A patient
chart review for a matched case-control study where patients were matched on heart
failure or chronic obstructive pulmonary disease led to similar conclusions.45 Patients on
Contact Precautions received 850 visits per 1000 patient-days from healthcare workers
while non-isolated patients received over 980 visits per 1000 patient-days.
In a four-site cohort study, Morgan et al. also reported that patients on Contact
Precautions received 36.4% fewer healthcare worker visits and almost 18% less contact
time with healthcare workers each hour.49 Finally, 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.46
It has been suggested that this decreased frequency of healthcare worker contact is
the mechanism through which Contact Precautions usage may lead to an increased rate of
adverse events.48,49,51 Stelfox et al. observed a significant reduction in quality of care and
process measures among patients on Contact Precautions within the same study that
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established a 2.4 times increase in adverse event rate compared to non-isolated patients.42
While not irrefutable evidence of causality, the authors argued that the study strongly
associated measures 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 can have severe ramifications for patients, up to and including permanent disability
and death.5,6,10-12 Even temporary harms may prolong hospitalization and thus increase
patient risk for additional adverse events.19 In addition to physical and emotional costs to
patients, adverse events have high economic costs each year.13,14 Healthcare workers are
known to visit patients on Contact Precautions less frequently than patients not on
Contact Precautions,45,46,48-51 which may be the route through which adverse events could
occur more frequently among patients on Contact Precautions. To date, limited numbers
of studies have investigated the potential association between Contact Precautions and
adverse events.42-46 Notably, the cohort study by Stelfox and colleagues found a doubling
in rate of adverse events and a 7-fold increase in rate of preventable adverse events
among patients on Contact Precautions compared to non-Contact Precautions patients.42
However, the few other studies examining the issue have either found no association45,46
or an increased rate of adverse events among different categories of adverse event from
Stelfox et al.43,44 The body of current literature on Contact Precautions and adverse events
is inconclusive and some of the studies have uncontrolled confounding by indication42
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while others use non-standard definitions of adverse event42-45 which makes interpretation
and comparison of results difficult.
The aims of the current study addressed an important, unresolved question
regarding Contact Precautions and adverse events. Additionally, the first aim provided
improvements in methodology such as randomization and exclusion of known colonized
or infected patients. These measures helped reduce concerns of uncontrolled confounding
that affected some of the previous studies. Also, both aims used a standard definition for
adverse event which aids in interpretation of results and comparison with current and
future adverse event literature. Both aims represent the largest studies to date of the
research question. Furthermore, data collection on adverse event occurrence used the IHI
Global Trigger Tool in both aims. The IHI Global Trigger Tool was a strong choice for
adverse event detection as it detects more adverse events than other methods,22,30-32 is 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 different rates of adverse event, types of potential
adverse event, and different confounding variables. In light of these differences, it would
have been inappropriate to assume that associations between Contact Precautions and
adverse event rate in the ICU were generalizable to general ward patients and vice versa.
Yet, little attention had previously been given to the relationship between Contact
Precautions and adverse events within non-ICU settings specifically. The current two
study aims separately examined the 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 1 was a secondary analysis of a cluster-randomized trial that involved twenty
study ICUs across the United States (Benefits of Universal Glove and Gown, BUGG).
The study included 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 from study ICUs among patients not 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 likely to experience adverse events52,53 and patients with antibiotic
resistant bacteria are exposed to glove and gown use, which can result in a non-causal
association between glove and gown use and adverse events. Excluding colonized or
infected patients from the study helped address this concern of confounding by
indication. The analysis was conducted at the patient level although the analysis
accounted for clustering by study site.

2. Outcomes
The main outcome for both Aim 1 and Aim 2 was the rate of patient adverse
events, where adverse events were defined according to the IHI trigger tool definition:
“unintended physical injury resulting from or contributed to by medical care”1 and the
injury was not a result of the patient’s underlying condition. Adverse events were
identified using the IHI Global Trigger Tool (detailed below) which involved a structured
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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 events was expressed as the number of adverse events
experienced in the ICU divided by total person-time at-risk (ICU length of stay in days).
As patients were at-risk 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 of stay during the readmission was included in the total denominator time atrisk.

IHI Global Trigger Tool
In the first aim, the IHI Global Trigger Tool was modified so that at each study
site, a trained reviewer conducted the initial review and submitted the de-identified
discharge summaries to the BUGG study coordinator 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 relevant medication 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 then met to discuss and came 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 occurrence of 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).1,54 The five categories of the MERP index relating to harm and used by the
trigger tool range from “temporary harm to the patient and required intervention”
(Category E on the MERP index) to “patient death” (Category I). Both study aims
separated the measures of severity and consequence to the patient as has been done
previously.18,33,55,56 Severity was measured by a five-point Likert scale (minimal, clinically
significant, serious, life threatening, death). Examples of the meanings of these categories
are detailed in Appendix A. The measure of consequence to the patient was also a fivepoint Likert scale and included: limited, prolonged, temporary disability, permanent
disability, death. Limited consequence is an indication that additional hospitalization time
was less than one day, in contrast to “prolonged” which represented more than one day
prolonged hospitalization or persistence of symptoms. The three additional adverse event
classification schemes are displayed in the table below.

Table 1. Adverse Event Classification Schemes
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The study also added a four-point Likert scale to the data collection tool, as has
been used previously to assess preventability.18,23,33 This scale ranking is shown in the
above table and included the categories definitely, probably, probably not, and definitely
not preventable.

Secondary Outcomes
As stated previously, the main outcome for both dissertation aims was the rate of
adverse events (an unintended physical injury resulting from or contributed to by medical
care but not a result of underlying illness). The occurrence of adverse events was
identified through patient chart review using the IHI Global Trigger Tool.
Secondary outcomes included: severe adverse events, preventable adverse events,
infectious adverse events, and noninfectious adverse events. Severity was dichotomized
to severe (serious, life threatening, death) and non-severe (significant, minimal).
Preventability was dichotomized to include the “probably” and “definitely” preventable
categories with non-preventable adverse events similarly collapsed to a single category of
“non-preventable” for analysis. Infectious adverse events were defined as any adverse
events categorized “hospital-acquired infection” during chart review (e.g. catheter-related
bloodstream infection, ventilator-associated pneumonia, etc.). A full list of infections
considered “hospital-acquired” is available in Appendix B. Noninfectious adverse events
included all other categories of adverse events, excluding the hospital-acquired infections
from analysis. Noninfectious adverse events were examined separately from infectious
events as use of Contact Precautions is intended to decrease transmission of bacteria to
other patients and may have had a separate impact on noninfectious adverse events
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compared to infectious. As with the primary outcome, the secondary outcomes were
expressed as adverse event rates (the number of the specific type of adverse events
experienced in the ICU divided by total person-time at-risk, ICU length of stay in days).
The final secondary outcome was the system affected when an adverse event
occurred. The systems of interest were: cardiovascular, respiratory, renal or endocrine,
hematologic, gastrointestinal, neurologic, hospital-acquired infection, and surgical.
Specific descriptions for which types of harms were categorized within a particular
system are included in Appendix B. These categories of systems are the standard way of
presenting general adverse event data23 and 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 was whether the patient was in an ICU randomized to universal
glove and gown or not. This was a binary exposure variable.

4. Covariates
The data for Aim 1 were from a randomized trial so confounding variables should
have been distributed fairly evenly. However, exploratory analysis of potential
confounding variables examined: type of ICU (medical or surgical), hospital type
(academic versus non-academic), geographic location, size of ICU (number 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 illness, the hospital case mix index was
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obtained for each of the 20 sites. The Centers for Medicare and Medicaid (CMS) case
mix index is a measure for average patient acuity of a hospital.57,58 The case mix index
uses the Medicare Severity Diagnosis Related Groups (DRGs) to categorize patients by
principal and secondary diagnosis, age, procedures, comorbidities, complications,
discharge status, and 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 number of patients (discharged within the past year). All of the aforementioned
factors were considered as potential confounders for each of the sub-aims of Aim 1.

5. Effect Modification
Four biologically plausible factors were considered a priori as potential effect
modifiers for Aim 1 by adding an interaction term to the final model. Type 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 interaction terms were removed
from the regression model.

6. Study Sample
The dataset for Aim 1 used adverse event data collected from the BUGG study.
There were 20 ICUs (MICU, SICU, or combined MICU-SICU) in the BUGG study from
across the United States. The study period was 10 months long (January 2012 to October
2012). ICU sites were excluded from the study if the hospital was performing active
surveillance for methicillin-resistant Staphylococcus aureus (MRSA) or vancomycin-
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resistant enterococci (VRE). The ICUs were pair-matched on 3-month baseline MRSA or
VRE composite acquisition rates and then randomized to the intervention or control
group within the pair-match for the 10 month study period. The intervention group
healthcare workers wore gloves and gowns prior to any room 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 resistant 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 review, 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 resistant bacteria. Figure 1 below illustrates patient selection for
Aim 1.
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Figure 1. Patient Chart Selection for Aim 1.

7. Statistical Analysis
For all sub-aims, univariate and bivariate analysis was conducted to examine the
distributions of the study variables. Means and standard deviations, medians and
interquartile ranges, histograms, etc. were used to examine the distributions of continuous
variables. Categorical variables were examined using counts and percentages. Bivariate
analysis was used to examine whether variables were potential confounders by checking
for association of the variable with both Contact Precautions and occurrence of adverse
event.

Aim 1a
The data for Aim 1 were from a cluster randomized trial which was clustered by
ICU. The unit of analysis was individual patients. All exploratory and multivariable data
analysis was conducted without consideration of the pair-match. Breaking the pair-
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matching for analysis was appropriate as the pair-matched variables were unrelated to the
research question and breaking the pair-match provided greater power. In the BUGG
study, sites were pair-matched on 3-month baseline MRSA and VRE transmission. As the
overall adverse event rate that was examined in Aim 1a was separate from the infectious
adverse event rate analysis, the noninfectious adverse events were unlikely to be
associated with baseline transmission rate. The pair-matching was done with respect to
exposure status (treatment group assignment) and not based on outcome (noninfectious
adverse events). As a result, conducting the analysis without accounting statistically for
the pair-matching did not result in bias.
Bivariate analysis examined study variable distributions and number of missing
values by treatment group (intervention versus control ICUs). The multivariable analysis
reflected clustering by using a generalized linear mixed effects model with ICU as the
clustering variable. The unit of analysis was individual patients. The outcome of adverse
event rate was expressed as count of patient adverse events divided by ICU length of stay
(LOS). As a result, a Poisson regression model was used in the mixed effects approach to
model the log rate among individuals in the ICUs with universal glove and gown. The
model offset was the ICU-specific length of stay. Individual patients within each cluster
(site) were unordered so compound symmetry was the within-cluster variance-covariance
matrix structure used. While standard bivariate analysis to examine confounding was
conducted, these approaches did not account for the ICU level clustering. Bivariate
analysis was considered based on magnitude of effect rather than statistical significance
or confidence interval widths since they were incorrect due to clustering. Thus,
confounding was also assessed by including covariates in a model with universal glove
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and gown. The covariate was included into the model if the magnitude of the log rate
ratio estimate for universal glove and gown changed meaningfully. Regardless of
statistical significance or magnitude of change in the log rate ratio, patient acuity (CMS
case mix index) and study site was included in the regression model.

Aims 1b, 1c and 1d
This study was powered for the primary aim (Aim 1a); Aims 1b, 1c, and 1d were
exploratory analyses. The bivariate and multivariable analysis for preventable adverse
events was conducted in the same manner as described for Aim 1a. The outcome
modeled was rate of preventable adverse events (ratings of probably and definitely
preventable) among patients in intervention ICUs compared to control ICUs. To examine
Aim 1c, infectious adverse event outcomes were analyzed the same way as all other aims.
The outcome modeled was the rate of all HAI adverse events among patients in universal
gown and glove ICUs compared to patients in ICUs randomized to standard precautions.
Similarly, the rate of noninfectious adverse events was modeled (all observed adverse
events except HAIs). The rate of severe adverse events (serious, life-threatening, and
death) was also modeled.

Aim 1e
The secondary outcomes outlined previously in the “Outcomes” section of the
methods were bivariate, descriptive analysis only. The count and percent of adverse
events in each of the eight pre-specified systems23 were reported by treatment group
(universal glove and gown or control ICU). Statistical testing of the difference in
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proportion used either a chi-square or Fisher’s exact test, as required by expected cell
counts. The subtypes of adverse events within each system were presented 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 by ICU. Individual patient level was the unit of
analysis. Rates and size of effect were based on previous research noted below (adverse
event rate among universal glove and gown patients: 17 per 1000 patient days; adverse
event rate among Standard Precautions patients: 7 per 1000 patient days).42 Within the
BUGG study, the average ICU length of stay among intervention ICUs was 4.52 days
(900 patients * 4.52 days = 4068 patient days at risk). The total time at risk among
Standard Precautions patients was 3951 patient days (900 patients * 4.39 day average
ICU length of stay among control ICUs). We calculated power under two assumptions of
within-cluster correlation assuming both a within-cluster correlation of 0.01 (the most
conservative estimate for ICC from Platt, et al.)59,59 and an ICC of 0.001. With 90
observations per ICU, our calculated design effects were 1.89, assuming an ICC of 0.01,
and 1.089 for an ICC of 0.001.
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Table 2: Power Calculations for Rate of Adverse Events among Patients in ICUs
Randomized to Universal Glove and Gown Use Compared to Rate of Adverse
Events among Patients in ICUs Randomized to Usual Care

*Rate ratio observed among non-congestive heart failure patients in study by Stelfox, et al.42

Thus, using the intraclass correlation used by Platt et al.59 and assuming a twosided test with alpha of 0.05, the study was able 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% power (Table 2). Under a much more
conservative estimate of the intraclass correlation (ICC = 0.01), the power to detect a rate
ratio of 2.0 was lower. However, even under this most conservative intraclass correlation
estimate by Platt and colleagues, the study still had 82% power to detect a rate ratio of
2.4. This was still a reasonable expected effect size as it is the effect size reported
previously by Stelfox and colleagues among the non-congestive heart failure patients of
their cohort.42 A two times increase in the rate of adverse events among patients on
universal glove and gown compared to Standard Precautions represents a clinically
relevant increase that should prompt investigation into methods of reducing the
occurrence of adverse events in patients on universal glove and gown. Limited power to
detect smaller differences was a limitation of using previously collected data. However,
this was the 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
The second aim used a preexisting University of Maryland Medical Center
(UMMC) cohort to conduct a 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 (non-ICU patients). The cohort consisted of
148 patients on Contact Precautions individually matched to 148 non-Contact Precautions
patients by floor location and an initial three-day length of stay. Patient charts were
reviewed to identify adverse events that occurred during the patient’s stay.

2. Outcomes
For the second aim, the standard method for the IHI Global Trigger Tool was
used. For specifics of the IHI Global Trigger Tool measurement method, please see
description of Aim 1 methods (Chapter II.A.2.IHI Global Trigger Tool). The PhD student
and two physician reviewers received trigger tool training and were the three unblinded
primary reviewers for the 296 cohort members. Each physician reviewer reviewed 148 of
the cohort members (each half of the cohort contained both patients exposed and
unexposed to Contact Precautions). Initial reviewers had access to the patient charts of
cohort members and reviewed all relevant sections of the record, not just the discharge
summaries. The dissertation chair, Dr. Daniel Morgan, was the final physician reviewer
and made the final determination for any disagreements on events between primary
reviewers. As in Aim 1, the final reviewer was provided with the patient discharge
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summary and relevant information on medication or laboratory values when an adverse
event was identified outside of the discharge summary.

Secondary Outcomes
As stated previously, the main outcome for both aims was the rate of adverse
events (an unintended physical injury resulting from or contributed to by medical care but
not a result of underlying illness). For Aim 2, the rate of adverse events was expressed as
the total number of adverse events experienced during hospitalization (regardless of floor
location) divided by total person-time at-risk (hospital length of stay in days). The
occurrence of adverse events was identified through patient chart review using the IHI
Global Trigger Tool.
Secondary outcomes included: severe adverse events, preventable adverse events,
infectious adverse events, and noninfectious adverse events. Severity was dichotomized
to severe (serious, life threatening, death) and non-severe (significant, minimal).
Preventability was dichotomized to include the “probably” and “definitely” preventable
categories. Infectious adverse events were considered as any adverse events categorized
“hospital-acquired infection” during chart review (e.g. catheter-related bloodstream
infection, ventilator-associated pneumonia, etc.). A full list of infections considered
“hospital-acquired” is available in Appendix B. Noninfectious adverse events included all
other categories of adverse events, excluding hospital-acquired infections from analysis.
Noninfectious adverse events were examined separately from infectious events as use of
Contact Precautions is intended to decrease transmission of bacteria to other patients and
may have had a separate impact on noninfectious adverse events compared to infectious.
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As with the primary outcome, the secondary outcomes were expressed as adverse event
rates (the number of the specific type of adverse events experienced during hospital stay
divided by total person-time at-risk, hospital length of stay in days).
The final secondary outcome was the system affected when an adverse event
occurred. The systems of interest were: cardiovascular, respiratory, renal or endocrine,
hematologic, gastrointestinal, neurologic, hospital-acquired infection, and surgical.
Specific descriptions for which types of harms were categorized within a particular
system are included in Appendix B. These categories of systems are the standard way of
presenting general adverse event data23 and 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 was whether the individual patient was on Contact Precautions 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 was enrolled in the
matched cohort at three days after admission, the exposure status of patients did not
change (non-Contact Precautions patients did not become Contact Precautions-exposed).
The predictor was a binary exposure (Contact Precautions: yes or no). Patients on Contact
Precautions were matched to patients not on Contact Precautions on enrollment location
and initial three-day length of stay.
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4. Covariates
For Aim 2, age (in years), gender, minority status, socioeconomic status, marital
status, and education were assessed as potential confounding variables. In addition,
patient Charlson comorbidity score was examined as a potential confounding variable as
patients on Contact Precautions tend to have more illnesses and those with more
comorbidities may also be at higher risk of adverse event(s). Additional confounding
variables may have existed but were not collected from study participants. Each of the
listed variables were analyzed as potential confounding variables for all of the sub-aims
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 used a preexisting University of Maryland Medical Center
(UMMC) cohort to conduct a 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 (non-ICU 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 non-Contact Precautions
patients by floor location and an initial three-day length of stay. However, individual
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patient length of stay was permitted to differ following the initial three-day length of stay
eligibility criterion.
All exposure information and confounding variables were collected as part of the
original prospective cohort study. However, information on the primary and secondary
outcomes were collected as described above in the “Outcome” and “IHI Global Trigger
Tool” sections.

7. Statistical Analysis
For all sub-aims, univariate and bivariate analysis were conducted to examine the
distributions of the study variables. Means and standard deviations, medians and
interquartile ranges, histograms, etc. were used to examine the distributions of continuous
variables. Categorical variables were examined using counts and percentages. Bivariate
analysis was used to examine whether variables were 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 2 was also a rate and was expressed as the count
of patient adverse events divided by patient length of stay. As with Aim 1, the measure of
association was a 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 outcome was a rate but the data were not clustered, a Poisson
regression modeling approach was used. Exploratory data analysis was conducted as
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described above. Decisions about covariates to include were made by including
covariates identified in exploratory analysis one at a time in a model with Contact
Precautions. The covariate was included in the regression model if a meaningful change
in magnitude of the log rate ratio for Contact Precautions was observed. As no examined
covariates produced 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 model included the
matching variable of floor that a patient was recruited from as a covariate. The matched
patients had the same initial length of stay (a cohort eligibility criterion) but length of
stay subsequent to cohort entry could differ between the matched patients. As the UMMC
cohort was individually matched on enrollment location, the multivariable model was
adjusted for the enrollment location, regardless of statistical significance. This was the
primary modeling approach since admission service is not a “close” matching variable
like genetic variables would be.60 The model offset was patient-specific time at risk
(hospital length of stay in days) and standard errors were corrected using the scaled
deviance approach.

Aims 2b-2e
The analysis used multivariable Poisson regression instead of clustered analysis.
The bivariate and multivariable analysis for preventable adverse events was conducted in
the same manner as described for Aim 2a. The outcome modeled was rate of preventable
adverse events (ratings of probably and definitely preventable) among patients on
Contact Precautions compared to patients not on Contact Precautions. To examine Aim
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2c, infectious adverse event outcomes were analyzed the same way as all other aims. The
outcome modeled was the rate of all HAI adverse events among patients on Contact
Precautions compared to patients not on Contact Precautions. The rate of noninfectious
adverse events was modeled similarly (all observed adverse events except HAIs). The
rate of severe adverse events (serious, life-threatening, death) was also modeled but was
adjusted only for matching due to small numbers of events.
Aim 2e used only descriptive analysis by Contact Precautions exposure status for
the secondary outcomes outlined in the “Outcomes” section of Chapter II.B.2.Secondary
Outcomes. Statistical testing of the difference in proportion used either a chi-square or
Fisher’s exact test, as required by expected cell counts. The subtypes of adverse events
within each system were presented as number and percent only, with no statistical testing
performed.

8. Power and Sample Size
The power for the sample size in the UMMC cohort was calculated for a rate ratio
without clustering. Prior research on rates of adverse events among general medical
inpatients23 has reported 25 adverse events per 100 admissions. Applying this to the
average length of stay among patients on standard precautions in the UMMC cohort (4.7
days), the rate of adverse events among patients 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. Similarly, there 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 two-sided test and alpha of 0.05, the study had 84% power to detect an 80%
increase in adverse event rate (Table 3). For a smaller magnitude effect size, the study
still had 75% power to detect a 70% higher rate of adverse events among patients on
Contact Precautions (RtR = 1.7). These were reasonable magnitudes of effect in light of
the previous higher estimate (RtR = 2.2) of Stelfox et al.42 Also, an 80% increase in the
rate of adverse events among patients on Contact Precautions represented a clinically
relevant increase. As in Aim 1, the limited power to detect smaller effect sizes than this
was a limitation of using previously collected data. However, this was still the largest
study to date and represented an improvement over previous studies in the ability to
control for confounding factors.

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

*Rate ratio observed in study by Stelfox, et al. among non-congestive heart failure cohort
members.42
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III. THE EFFECT OF UNIVERSAL GLOVE AND GOWN USE ON ADVERSE
EVENTS IN INTENSIVE CARE UNIT (ICU) PATIENTS1

Abstract

BACKGROUND No randomized trials have examined the effect of Contact Precautions
or universal glove and gown 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 the 20-site
Benefits of Universal Gloving and Gowning 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 antibiotic-resistant bacteria and
reviewed for adverse events using the Institute for Healthcare Improvement Global
Trigger Tool.

RESULTS 447 patients (24.8%) had ≥1 ICU adverse event. Adverse events were not
associated with universal glove and gown use (incidence rate ratio (IRR) 0.81; 95% CI,
0.48-1.36). This did not change with adjustment for ICU type, severity of illness,
academic hospital status, and ICU size, adverse event rates, IRR 0.91 (95% confidence
interval [CI], 0.59-1.42; p=0.68). Rates of infectious adverse events also did not differ
after adjusting for the same factors, IRR 0.75 (95% CI, 0.47-1.21; p=0.24).

1

Lindsay Croft, Anthony D. Harris, Lisa Pineles, Patricia Langenberg, Michelle Shardell, Jeffrey C. Fink,
Linda Simoni-Wastila, Daniel J. Morgan; Benefits of Universal Glove and Gown (BUGG) Investigators.
Clinical Infectious Diseases, 2015 [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 events resulting from universal glove and gown use were not
supported. Similar considerations may be appropriate regarding use of Contact
Precautions.
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Background
Healthcare-associated infections (HAIs) are an important cause of morbidity and
mortality in hospitalized patients61 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 are not due to an underlying
condition.1 Within hospital settings, approximately one in four patients experience at least
one adverse event.28 Adverse events may result in temporary harm, prolonged
hospitalization, permanent disability, or death.5,10,11 The Office of the Inspector General
reported that 27% of Medicare patients experienced an adverse event.13 An estimated
15,000 Medicare patients per month will experience an adverse event that contributes to
their death.13 In addition, preventable adverse events cost the U.S. $6.7 billion each
year.14
The Centers for Disease Control and Prevention (CDC) recommend use of
Contact Precautions (glove and gown use prior to patient room entry) for patients
colonized or infected with antibiotic-resistant bacteria to reduce transmission of these
bacteria and subsequent HAIs.35 However, Contact Precautions may increase the
frequency of adverse events.42,44 Healthcare workers visit patients on Contact Precautions
less often than other patients.46,48,50 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 from the emergency room or discharge from the hospital to a nursing
home because of the need for a private room.62-64 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 (MRSA) by 40% without impacting vancomycin-resistant
enterococci (VRE) acquisition rates.46
Contact Precautions may cause psychological harm to patients37,38 but physical
harm remains unresolved. In a retrospective study, Stelfox et al. reported twice the rate of
overall adverse events and seven times as many preventable adverse events in patients on
Contact Precautions compared to patients not on Contact Precautions.42 Within the ICU
setting, Zahar et al. reported a 1.5 times increase in rates of hypo- and hyperglycemia
among patients on Contact Precautions.43 In contrast, a recent case-crossover study on the
use of Contact Precautions for patients with VRE found no overall difference in adverse
events.44
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 severely ill,52,53 which increases overall risk of adverse
events. Further, some studies used unconventional definitions of adverse events including
electrolyte imbalances or select types of events.42,43,45 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 gown use increased
the rate of patient adverse events compared to usual care.
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Methods
Study Design
This was a secondary analysis of a 20-site cluster randomized trial in adult (≥18
years of age) ICUs across the United States (BUGG) with institutional review board
approval.46 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
antibiotic-resistant bacteria, per CDC guidelines.35 Hospitals were recruited via the
Society for Healthcare Epidemiology Research Network. The study period was January
2012 to October 2012. The ICUs were pair-matched on three-month 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 review for adverse events (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 study ICU for at least 24 hours. Rates of adverse events seen in patients in
the control arm (those not colonized or infected with antibiotic-resistant 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 antibiotic-resistant
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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 “unintended physical injury resulting from or
contributed to by medical care that requires additional monitoring, treatment, or
hospitalization or that results in death,” according to the Institute for Healthcare
Improvement (IHI) Global Trigger Tool.1 Events due to the patient’s underlying
condition were not recorded as adverse events. Infectious adverse events were defined as
infections that occurred in the ICU but were not present or incubating on patient ICU
admission (hospital-acquired infections). Infectious events were determined by two
infectious disease physicians (D.J.M. and A.D.H.) by applying CDC 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 person-time at-risk (patient-specific ICU length of stay in days).
Adverse events were identified using the IHI Global Trigger Tool to conduct
structured patient chart reviews,1 which is designed for completion of chart review within
twenty minutes. Ninety 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 in-person 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 feedback 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 “gold standard” experienced reviewers23 and Sharek et al. have reported
inter-reviewer kappas ranging from 0.64 to 0.93 when the IHI Global Trigger Tool is
used to identify adverse events.32
Secondary outcomes included rates of severe and preventable adverse events and
type of harm categorized by physiological system affected.23 Severity of adverse events
was measured with a five-point Likert scale (minimal, clinically significant, serious, lifethreatening, fatal) as modified from the National Coordinating Council for Medication
Error Reporting and Prevention severity index.1,54 Best 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 short description of the event(s), and discharge
summary on a standardized, de-identified data extraction sheet sent to the study
coordinator at the University of Maryland. Records were received, blinded to site
identity, and two physician reviewers (A.D.H and D.J.M) independently reviewed the
discharge summaries. Physician reviewers met to discuss and come to consensus on
disagreements for occurrence of an adverse event (inter-physician reviewer percent
agreement 89.5% prior to consensus). Reviewers 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 events that began prior to
or after the admission would not be the result of exposure 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 versus non-academic),
and size of ICU (continuous number of beds). In addition, as a measure of severity of
illness, the Centers for Medicare and Medicaid (CMS) case-mix index (CMI) for each
hospital was obtained for the fiscal year prior to randomization (2011). The CMI is a
measure of average patient acuity of a hospital.57,58 Studies of risk of patient falls among
ICU patients have previously used hospital level CMS CMI as a measure of average
patient acuity.65

Statistical Power
We used a previously reported effect size for increase in adverse events due to
Contact Precautions for an incidence rate ratio (IRR) of 2.4 among patients in universal
glove and gown ICUs compared to patients in control ICUs.42 We accounted for ICU
level clustering using an intraclass correlation coefficient of 0.001.59 For a two-sided test
with 5% type I 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 treatment allocation 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, random-intercept models with ICU site included as 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 that
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 physiological 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 a chi-square test.
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Results
Patients from intervention and control ICUs were similar with respect to ICU
characteristics (Table 4). However, patients in the intervention group were more likely to
be admitted to medical ICUs (MICUs) and combined medical-surgical ICUs (MICUSICUs) (60.0% and 30.0%, respectively) compared to control patients (50.0% in MICUs
and 10.0% in MICU-SICUs). 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 gowns).46
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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.
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In unclustered, descriptive analyses that did not examine rates given small
absolute numbers of adverse events in each category, there was no significant increase in
adverse events among intervention ICU patients for any physiological system (Table 5).
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 surgery-related 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.a
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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.a (continued)
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There was no statistically significant difference in unadjusted rate of
noninfectious adverse events between patients in intervention ICUs compared to control
ICU patients (46.3 per 1000 patient-days versus 56.5 per 1000 patient-days; IRR= 0.81;
95% confidence interval [CI], 0.48-1.36; p=0.42). In unadjusted analysis, there was also
no significant difference in infectious adverse events among patients in intervention ICUs
(IRR= 0.57; 95% CI, 0.31-1.04; p=0.07). No evidence of effect modification was found
among covariates investigated.
Adjusted for type of ICU, CMS case-mix index, hospital setting, and ICU bed
size, the rate of 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% CI, 0.59-1.42; p=0.68; Table 6). Similarly, we found no statistically significant
difference in the rate of infectious adverse events (IRR= 0.75; 95% CI, 0.47-1.21;
p=0.24) when adjusted for clustering and confounding (Table 6). Severe noninfectious
adverse events were less common among patients in intervention ICUs than among
patients in control ICUs, but the finding was not statistically significant (IRR= 0.82; 95%
CI, 0.42-1.59; p=0.56) after adjustment for the same covariates (Figure 2). Universal
glove and gown use was not significantly associated with preventable noninfectious
adverse events (IRR= 1.26; 95% CI, 0.69-2.30; 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.
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Figure 2. Adjusted Rate of Adverse Eventsa Among 900 Patients in Universal Glove
and Gown (UGG) Use Compared With 900 Patients in Control ICUs by Subtype of
Adverse Event.b
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Discussion
We found that universal glove and gown use did not have an impact on 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
Precautions.46,48,50 However, despite observing one less HCW visit per hour in universal
glove and gown ICUs (universal use of Contact Precautions),46 we 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
contribute to patients on Contact Precautions having more adverse events.62-64
To our knowledge, 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 a retrospective 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 Precautions.42 This 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 illness52,53 which
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 severity of illness. Furthermore, the non-standard 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 control groups reported no overall difference in the rate of adverse events.44,45
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 healthcare-associated 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 cared for 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 attention 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 variation (as 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 VRE or MRSA despite the significant decrease reported for MRSA acquisition
alone.46 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 organisms.
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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 al.42 Despite having four times as many patients as Stelfox
et al.,42 the study was not powered to detect a smaller increase in adverse events because
of accounting for clustering at different sites. Clustering occurs when patients 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 risk of adverse events from universal
glove and gown use. Second, despite standardized training and two-physician blinded
review for final counts, differences in initial site chart review could have occurred. These
differences would likely have been nondifferential in nature 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 adverse events.23 These adverse events also would have
been all-cause harms and not limited to those plausibly resulting from universal glove
and gown use.
Our study has strengths including using a random sample of patient charts from a
cluster randomized trial comparing universal glove and gown use to usual care. This,
combined with exclusion of patients known to have antibiotic-resistant bacteria, helps
minimize uncontrolled confounding that occurred in past observational 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 workers donned 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 adverse events. 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. Differences Between ICU and General Ward Patients
As was discussed in detail earlier, there are marked differences between ICUs and
general wards. This is apparent both in the types of patients and care needs of patients as
well as the frequency and types of adverse events that occur in each location. Patients in
ICUs are often reliant on artificial support for respiratory, renal, or cardiovascular needs,
are frequently sedated or otherwise unaware of their surroundings and rarely are
ambulatory or able to attend to their own needs. In contrast, on a general ward, patients
tend to be more mobile and alert and are better able to communicate with healthcare
personnel about their care. Rather than oversedation or pressure ulcers such as might be
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 not be. Further, patients
in general ward locations require a differing intensity of care from ICU patients, altering
the type and frequency of care they receive as well as the dynamic of how healthcare
workers interact with the patients. Within the ICU, nurse to patient staffing ratios tend to
be 2:1 or even 1:1 so a nurse may be caring for fewer patients but case 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 hospital both in the frequency and severity of adverse events based on
whether patient care occurs in the intensive care unit or in a non-ICU location

67

(approximately 5.0 adverse events per 100 patient-days versus 1.5 adverse events per 100
patient-days).10 Death or disability as the result of an adverse event occurs twelve times
more often among ICU patients compared to internal medicine patients (4.9% of adverse
events vs. 0.4% of adverse events). Furthermore, surgical or procedural complications
and hospital-acquired infections account for the majority of adverse events experienced
by ICU patients while adverse drug events are the most common type of adverse event
among ward patients.10 Some have argued that there are many unique aspects to care in
the ICU and how it is delivered and that this may be responsible for the differences
observed in adverse event rate between ICU and non-ICU settings.33 Adverse event
frequency, outcome, and major types of adverse events differ between the two settings. In
addition, Contact Precautions are hypothesized to affect adverse event occurrence based
on how its use impacts delivery of care, something which already differs between ICU
and floor locations regardless of Contact Precautions exposure. Thus, it is important to
separately examine the potential association between 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 to investigate the association between Contact Precautions
and adverse events in both ICU and non-ICU 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 regardless 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 organisms (approximately 1030% of patients) rather than for all patients. Contact Precautions are used in nearly all US
hospitals and thus potential harms associated with Contact Precautions use are more
useful for informing current policy debates than the infrequently used universal gowning
and gloving.
Additionally, since all patients in universal gloving and gowning setting are cared
for similarly, differential wait times or other hospital flow factors 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 patients with a history of
colonization with MRSA66 or any multidrug resistant organism64 have significantly longer
wait times for admission from the emergency department than patients who are not
similarly colonized. As differences in the delivery of care are a possible mechanism for
how Contact Precautions could result in adverse events it is important to examine the
potential association between Contact Precautions and adverse events separate from
universal glove and gown use.

C. Conclusion
Due to these differences among patients between floor and ICU locations and in
intensity of exposure between universal glove and gown use and Contact Precautions, the
second study was necessary to examine any association between Contact Precautions and
adverse events among non-ICU patients.
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V. THE EFFECT OF CONTACT PRECAUTIONS ON FREQUENCY OF
HOSPITAL ADVERSE EVENTS1

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 non-intensive 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 initial 3-day
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 during the patient’s stay using the
standardized Institute for Healthcare Improvement’s Global Trigger Tool.

1

Lindsay D. Croft, Michael Liquori, James Ladd, Hannah Day, Lisa Pineles, Elizabeth Ramos, Ryan
Arnold, Preeti Mehrotra, Jeffrey C. Fink, Patricia Langenberg, Linda Simoni-Wastila, Eli Perencevich,
Anthony D. Harris, Daniel J. Morgan. Submitted to: Infection Control and Hospital Epidemiology. 2015.
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RESULTS. 148 patients 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 noninfectious adverse events (rate ratio [RtR], 0.70; 95% confidence interval
[CI], 0.51-0.95; p=0.02) and non-statistically significant fewer severe adverse events
(RtR, 0.69; 95% CI, 0.46-1.03; p=0.07). Preventable adverse events (RtR, 0.85; 95% CI,
0.59-1.24; 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 hospital stay than patients
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 condition.1 Adverse events include healthcare-associated infections
(HAIs) as well as delirium, falls, renal injury, and other noninfectious adverse events.23
One to 2.4 million hospital adverse events are estimated to occur each year in the US14
and contribute to 98,000 inpatient deaths annually.6 In the United States, preventable
adverse events are estimated to cost between $17 and $29 billion per year.6
Contact Precautions are a transmission-based infection control method
recommended by the Centers for Disease Control and Prevention (CDC). Contact
Precautions require donning gowns and gloves prior to 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.35
There may be unintended consequences of Contact Precautions. For example,
healthcare personnel have consistently been shown to visit patients on Contact
Precautions significantly less often than patients unexposed to Contact Precautions.48,49,62
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 of patients unexposed to Contact
Precautions and experienced seven times more preventable adverse events.42 However, a
case-crossover study found no significant difference in adverse events when patients on
Contact Precautions were compared to the same patients in an earlier time period when
Contact Precautions were not used.44 Other studies have reported significant associations
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only between Contact Precautions and very specific subtypes of adverse events such as
hyperglycemia.43
Past studies of the adverse effects associated with Contact Precautions have been
limited by use of non-standard definitions of adverse events (for example, electrolyte
imbalances or very specific subtypes of events).42,43 Whether Contact Precautions are
associated with the occurrence of any adverse events remains unresolved.
To investigate whether Contact Precautions are associated 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 medical and surgical 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 between Contact Precautions
and depression, anxiety, and patient satisfaction.40,67 Patients on Contact Precautions were
individually matched to patients unexposed to Contact Precautions by a minimum threeday hospital length of stay and by admission service (to limit bias related to patients on
Contact Precautions having longer length of stay and more 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 study period. 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 non-white race) and marital status were collected at study enrollment, while
Charlson comorbidity score and length of stay were obtained from the hospital central
data repository. We defined adverse events as “unintended physical injury resulting from
or contributed to by medical care that requires additional monitoring, treatment, or
hospitalization or that results in death” as used by the Institute for Healthcare
Improvement (IHI) Global Trigger Tool.1 We did not consider events due to the patient’s
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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 minutes.1 The trigger tool detects more adverse
events than approaches such as the Agency for Healthcare Research and Quality (AHRQ)
Patient Safety Indicators or hospital reporting systems.22,28 Three initial reviewers used
the trigger 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 method.1 All
reviewers received training on using the IHI Global Trigger Tool and practiced with
standardized sample charts.46 Reviewers 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 events that began 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 preventable and severe
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 adverse events with
infectious events excluded. We rated adverse event severity using a 5-point Likert scale
(minimal, clinically significant, serious, life-threatening, fatal) using a severity index
modified from the National Coordinating Council for Medication Error Reporting and
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Prevention.1,54 Adverse events that were serious (e.g., organ dysfunction), life-threatening
(death possible within a few hours without intervention), or fatal were classified as severe
events. Similarly, preventability was measured on a 4-point Likert scale (definitely,
probably, probably not, or definitely not preventable) as has been used previously.23,32,33
Preventability was determined based on whether the event was considered preventable by
current knowledge, practice standards or technology.33 Finally, adverse events were also
categorized by the primary physiological system affected (cardiovascular, respiratory,
renal or endocrine, hematologic, gastrointestinal, neurologic, hospital-acquired infection,
and surgical).23 Rates of adverse events were calculated as the number of a specific
adverse event type divided by total person-time at risk (patient-specific hospital length of
stay in days).

Statistical Analysis
Distribution of demographic variables, such as age or gender, by exposure to
Contact Precautions was analyzed using t-tests for continuous variables and chi-square
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 matching variable 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 one at a time to 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 meaningfully changed 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 noninfectious 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 adverse events by Contact Precautions exposure
status were recorded and bivariate analysis was conducted using chi-square or Fisher’s
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 admissions)23 to the average length of stay
among the current study’s patients unexposed to Contact Precautions, the expected rate of
adverse events among unexposed patients was 53.2 adverse events per 1000 patient-days.
For a two-sided test and α=0.05, we had 84% power to detect an 80% increase in adverse
event rate among patients on Contact Precautions 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). There were 77.3 adverse events per 1000 patient-days within the entire
cohort (62.8 events per 1000 patient-days among patients on Contact Precautions and
92.8 per 1000 patient-days among unexposed patients). Patients on Contact Precautions
did not significantly differ from patients unexposed to Contact Precautions with respect
to age, gender, Charlson comorbidity score (Table 7). However, patients on Contact
Precautions were less likely to have at least some college education (37.8%) compared to
patients unexposed 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 (Table 8). 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
distribution of 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 Precautions vs.
Patients Unexposed to Contact Precautions.
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Table 8. Frequency of Specific Adverse Events in Patients on Contact Precautions
vs. Patients Unexposed to Contact Precautionsa
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Table 8. Frequency of Specific Adverse Events in Patients on Contact Precautions
vs. Patients Unexposed to Contact Precautionsa (continued)

a

162 total adverse events occurred (68 among patients on Contact Precautions; 94 among patients
unexposed to Contact Precautions)
b
Pearson chi-square test unless otherwise indicated
c
Other hospital-acquired infection events include: bronchitis; oral Candida albicans
d
Fisher’s exact test
e
Other renal or endocrine events include: hyponatremia and hypovolemia due to diuresis
f
Other hematologic events include: chemotherapy-induced thrombocytopenia; chemotherapy-related
decrease in white blood cell count; thrombophlebitis from IV requiring vein excision; postoperative
thrombophlebitis
g
Other gastrointestinal events include: medication-related gastrointestinal upset
h
Other surgical events include: postoperative itching and insomnia; intraoperative anesthesia-induced
increases in transaminases and bilirubin; acute on chronic pancreatitis secondary to ERCP
i
Other type events include: graft versus host disease and nausea/vomiting; medication-induced restless
leg; chemotherapy related mucositis, nausea/vomiting, and acute renal failure; itching due to pain
medication; itching at patch site
j
Not included in total events count for the rest of the table as these events are not mutually exclusive of
physiological system affected
k
Severe events include: adverse events which are serious (organ dysfunction); life-threatening (death
possible without therapy within a few hours); death
l
Preventable events are adverse events considered probably or definitely preventable by current practice
standards, knowledge, and/or technology
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In unadjusted analyses, Contact Precautions were significantly associated with a
lower rate of noninfectious adverse events (rate ratio [RtR], 0.69; 95% confidence
interval [CI], 0.51-0.94; p=0.02) and a lower rate of infectious adverse events (rate ratio
[RtR], 0.56; 95% confidence interval [CI], 0.34-0.94; p=0.03). There was a trend toward
fewer severe noninfectious adverse events (RtR, 0.69; 95% CI, 0.46-1.03; p=0.07).
Unadjusted results did not differ when adjusted for matching. Adjusted for gender, prior
hospitalization, and Charlson comorbidity score, there was a significant 30% relative
reduction in rate of noninfectious adverse events with exposure to Contact Precautions
(RtR, 0.70; 95% CI, 0.51-0.95; p=0.02; Table 9). There was no significant association
between Contact Precautions and preventable noninfectious adverse events (RtR, 0.85;
95% CI, 0.59-1.24 p=0.41) after adjusting for gender and Charlson comorbidity score.
Males were 27% less likely to experience an adverse event compared to females (RtR,
0.73; 95% CI, 0.54-0.99).
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Table 9. Adjusted Rates of Noninfectious Adverse Events Among Patients on
Contact Precautions vs. Patients Unexposed to Contact Precautions.
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Discussion
In our prospective cohort study, we found significantly fewer noninfectious
adverse events for patients exposed to Contact Precautions compared to patients
unexposed to Contact Precautions. Our findings should be interpreted relative to past
studies. Stelfox and colleagues conducted a prospective cohort study of adverse events
and Contact Precautions in general medicine and congestive heart failure patients.42 They
reported that patients on Contact Precautions experienced more than twice the rate of
adverse events as patients unexposed to Contact Precautions and seven times the rate of
preventable adverse events. However, that study used a non-standard definition of
adverse events which included abnormal laboratory values without requirement for harm
(the majority of adverse events observed by Stelfox et al. belonged to this adverse event
subtype) and likely had confounding by inappropriate matching. We identified an
opposite effect.
More recent studies found a smaller impact of Contact Precautions. A casecrossover study by Karki et al. compared patients on Contact Precautions for
vancomycin-resistant enterococci to earlier time periods when each patient was not on
Contact Precautions. They observed no increase in adverse events during the periods of
Contact Precautions use (RtR 1.04; p=0.70).44 Another study using patients matched on
admission diagnosis found no significant difference in the mean number of complications
per patient when patients on Contact Precautions were compared to unexposed patients.45
Similarly, the safety analysis for a cluster randomized trial of universal glove and gown
use in intensive care units (universal use of Contact Precautions for all patient contact)
found no significant association with adverse events, although there was a consistent
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trend towards fewer adverse events with universal Contact Precautions.46 This
randomized trial used the same definition of adverse events and the same data collection
tool, the IHI Global Trigger Tool, as in the current study.
This study has limitations. Chart reviews using the IHI Global Trigger Tool may
fail to identify less severe adverse events. However, each patient chart was reviewed by
two trained reviewers to help ensure all possible adverse events were identified. The IHI
Global Trigger Tool has also been shown to identify more adverse events than other
methods for measuring adverse events.22,31 We had limited ability to control for severity
of illness because measures such as the Acute Physiology and Chronic Health Evaluation
tool were unavailable for these patients outside of the intensive care setting. However, we
did match study participants on admission service, as well as using the Charlson score to
control for comorbidities. Furthermore, residual confounding from severity of illness
would be expected to inflate risk estimates of the association between Contact
Precautions and adverse events rather than result in a lower rate of adverse events as was
observed in this study since patients indicated for Contact Precautions are more severely
ill52 and more severely ill patients are more likely to experience adverse events.19,21
The observed effect of Contact Precautions was unexpected and in the opposite
direction of our hypothesized increase in risk. It remains unclear why hematologic and
surgical adverse events, as well as noninfectious adverse events overall, might be lower
in those patients on Contact Precautions. Patients on Contact Precautions appear to
consistently receive fewer healthcare personnel visits.48,49 Fewer adverse events in this
isolated group may reflect a protective effect from fewer healthcare personnel visits. Less
healthcare personnel contact has been proposed to improve patient care and satisfaction.68
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Alternatively, the cognitive process required for considering room entry with Contact
Precautions may have prompted more thoughtful assessment of patient needs resulting in
the observed reduction in noninfectious adverse events.
Our study is a sizeable matched cohort with 148 patients in each group and
Contact Precautions exposure was known to precede occurrence of adverse events.
Additionally, our study used a standard definition of adverse event1 which aids in
interpretation of our results and comparison with the existing literature. Finally, we
identified adverse events using a standardized and validated data collection tool.24,28,32
Hospital ward patients on Contact Precautions for antibiotic resistant organisms
were less likely to experience noninfectious adverse events than patients unexposed to
Contact Precautions and do not experience significant changes in preventable or severe
noninfectious adverse events. Concerns that use of Contact Precautions may result in
adverse events should not limit their implementation.
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VI. DISCUSSION
This dissertation involved two separate studies, one a cluster randomized trial and
the other a prospective cohort, to investigate the association between Contact Precautions
and the occurrence of hospital adverse events. For the cluster randomized trial, the
exposure was universal use of Contact Precautions (i.e. universal glove and gown use for
all patient contact), whereas in the cohort study Contact Precautions was used in a
traditional sense for patients colonized with MDROs. The cluster randomized trial
identified no difference in rate of adverse events with patient exposure to universal glove
and gown use (a statistically non-significant trend toward fewer adverse events was noted
in patients on universal gowning and gloving). The cohort study found a significant
reduction in noninfectious adverse events with Contact Precautions exposure. These
results are consistent and both reject the hypothesis that Contact Precautions lead to more
adverse events.

A. Universal Glove and Gown Use (Universal Contact Precautions) is Not
Associated With Rate of Adverse Events Among ICU Patients
No randomized studies have examined the effect of Contact Precautions or
universal glove and gown use on the occurrence of adverse events among hospitalized
adult patients. Given that patients normally placed on Contact Precautions for antibiotic
resistant organisms have a greater severity of illness and severity of illness is itself
associated with adverse event occurrence, many previous observational studies of
Contact Precautions and adverse events may have been confounded by this non-random
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exposure to Contact Precautions. Conversely, in our study, we examined the effect of
random allocation of universal glove and gown use at the ICU level on rate of patient
adverse events. To isolate the effect of Contact Precautions, we only included patients not
indicated for Contact Precautions use due to colonization or infection with antibiotic
resistant organisms.
In this study, we observed that almost one-quarter (24.8%) of all ICU patients
experienced at least one adverse event that began in the ICU. However, when the
frequency of adverse events was compared based on exposure to universal glove and
gown use, patients exposed to universal gloving and gowning had no difference in rate of
noninfectious adverse events (IRR 0.91; 95% CI, 0.59-1.42; p=0.68). Similarly, the rates
of infectious adverse events and preventable or severe noninfectious adverse events did
not differ between patients in universal glove and gown use ICUs and control ICUs.
While not statistically significant, there was a consistent pattern of lower rates of adverse
events among patients in universal glove and gown ICUs. These results suggest that ICU
patients exposed to universal glove and gown use are not at an increased risk of
experiencing adverse events during their hospital stay and universal glove and gown use
should not be avoided due to concerns of patient harm. While universal gloving and
gowning has different effects on hospital flow from traditional use of Contact
Precautions, and as a result, is not an identical exposure, these findings might be relevant
considerations for the traditional use of Contact Precautions among ICU patients as well.
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B. Contact Precautions are Associated With Significantly Lower Rate of Adverse
Events Among Hospital Ward Patients
Current evidence on the association between Contact Precautions and adverse
events is mixed, with some authors reporting large increases in adverse events with
exposure to Contact Precautions and other authors finding no association. In part, these
different conclusions may be attributed to methodologic issues and use of non-standard
measures and definitions of adverse events. We conducted a prospective cohort study of
296 patients at the University of Maryland Medical Center to determine whether hospital
ward patients exposed to Contact Precautions experience a higher rate of adverse events
compared to unexposed patients. Our study found a 30% significant reduction in
noninfectious adverse event rate among patients on Contact Precautions compared to
patients unexposed to Contact Precautions (IRR, 0.70; 95% CI, 0.51-0.95; p=0.02).
However, there was no significant difference in the rate of preventable or severe
noninfectious adverse events for patients exposed to Contact Precautions.
This second study also indicates Contact Precautions do not increase the risk of
adverse events, so concerns regarding adverse events should not limit the implementation
of Contact Precautions. Surprisingly, a decrease in noninfectious adverse events was
observed with use of Contact Precautions. However, we conducted a conservative
sensitivity analysis limiting each patient to only one adverse event and, while the
reduction was no longer statistically significant due to the decrease in an already limited
number of events, we observed a consistent result of fewer adverse events among patients
on Contact Precautions. The subtypes of adverse events that were less common in
patients on Contact Precautions were postoperative bleeding and hematologic events and
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were considered non-preventable. There is no obvious reason why Contact Precautions
would lead to fewer of these events.

C. National Level Changes Which Could Have Affected Study Results
Our findings that adverse event rate does not increase with Contact Precautions
use were unexpected. It is possible that there were other concurrent changes in national
patient safety policies or in the epidemiology of pathogens that commonly cause
infectious adverse events and that these time effects contribute to the observed
differences between early adverse event studies and more recent literature, including our
studies. For example, in the past decade, there has been a substantial shift in the
epidemiology of methicillin-resistant Staphylococcus aureus infection. Initially, MRSA
was almost solely a hospital-acquired infection but now many infections with MRSA are
community-acquired,69 which is a generally healthier population than hospital patients.
As MRSA is one of the primary organisms patients are indicated for Contact Precautions
for in the United States, this shift in patients exposed to Contact Precautions could be
meaningful. If patients on Contact Precautions for community-acquired MRSA are
healthier than the hospital patient population indicated for Contact Precautions and
severity of illness is associated with higher risk of adverse events,16,17,21 it is possible that
confounding by indication present in older studies is less of an issue in more recent
studies. This is one potential explanation for our finding of no (or decreased) association
of Contact Precautions with adverse events compared with older literature.
In addition, policies at the national level that were targeted at decreasing specific
types of adverse events may have affected the frequency of adverse event occurrence as
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well as the associations observed in our studies with Contact Precautions compared to
studies conducted in the early 2000’s. For example, the CDC, Joint Commission, and
AHRQ have all recommended the use of care checklists for prevention of central lineassociated bloodstream infections.70-72 However, the use of checklists to prevent this type
of infection began in the mid-2000’s73 and only recently became more widespread in
use.72 Compliance with hand hygiene was also a continuing focus of the Joint
Commission over these time periods.74 Also over this period of time, there was an
increasing awareness of the role that environment plays in the transmission of antibiotic
resistant organisms in the hospital setting75-77 and that improved environmental cleaning
practices potentially decrease rates of hospital-acquired infections.78 Further, the practice
of chlorhexidine bathing79,80 was introduced and became widely adopted in recent years.
All of these national level interventions and policies were targeted at decreasing
transmission of antibiotic resistant organisms, as Contact Precautions are also intended to
do. It is possible that these approaches for decreasing infectious adverse events and
similar policy changes for other adverse event types impacted the frequency of adverse
events, contributing to the differences observed between our studies and older work.
However, these changes occurred on a national level and were not targeted specifically to
patients on Contact Precautions. Thus, a differential effect in decreasing adverse event
occurrence among only patients exposed to Contact Precautions would not be expected
but would be necessary to observe the results our studies report. Further, all of these
interventions were designed to reduce adverse events but our unadjusted adverse event
rates were higher than those reported in the 2003 Stelfox study.42 This higher event rate is
likely due to the higher sensitivity of the trigger tool in detecting adverse events than
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other methods22,28 and is similar to rates previously reported by Landrigan and colleagues
using the IHI Global Trigger Tool.23 Finally, studies of adverse events suggest no change
in rates between the early time period of prior studies and 2010 (the time period patients
in our second study were assessed for adverse events).23 Therefore, it is unlikely that
national level period effects explain our findings of no increase in adverse events and
Contact Precautions use.

D. Potential Reasons for No Increase in Adverse Events with Contact Precautions
(and Possibly Fewer Adverse Events)
As previously stated, our finding of no increase in the rate of adverse events with
universal gloving and gowning or traditional Contact Precautions was unexpected. While
in the study of universal glove and gown use there was no significant reduction in overall
rate of noninfectious adverse events, there were significantly fewer cardiovascular events
(primarily hypotension and arrhythmias or conduction abnormalities), surgical events,
respiratory events, and severe noninfectious events among patients in universal glove and
gown use ICUs. Within the cohort study of floor patients, significantly fewer
noninfectious adverse events occurred among patients on Contact Precautions. By
subtype, there were significantly fewer hematologic and surgical events (primarily
postoperative hemorrhage), although there were small numbers of hematologic events.
Notably, within both studies there were significantly fewer surgical noninfectious adverse
events with exposure to either universal glove and gown use or traditional Contact
Precautions than among unexposed patients. It is not readily apparent what mechanism
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could plausibly result in a significant reduction of surgical events with universal glove
and gown or Contact Precautions use.
However, with respect to the other types of adverse events, the finding that
Contact Precautions do not increase the rate of adverse events might be explained by how
Contact Precautions use modifies healthcare worker behavior rather than by glove and
gown use itself. As has been previously reported, the cluster randomized study from
which the data for the first aim of this dissertation was obtained, observed a significant
reduction in frequency of healthcare worker visits (a decrease of approximately one visit
per hour) among patients in ICUs randomized to universal glove and gown use.46
Similarly, in a study including patients at the University of Maryland Medical Center,
there were significantly fewer healthcare worker visits and shorter contact time each hour
among patients on Contact Precautions.49
It is possible that our primary results of either no increase or a significant
reduction in noninfectious adverse events with Contact Precautions use may be explained
by this decrease in visits from healthcare personnel. Both of our studies and the trigger
tool instrument itself1 were designed to measure errors of commission; that is, active
harms from delivered care rather than harm due to care that should have been delivered
and was not. Fewer visits from healthcare workers may translate into fewer interventions,
overmedication, or unnecessary tests for patients on Contact Precautions and thus fewer
encounters where patients are at risk of an active harm. Less healthcare worker contact
has been proposed to improve patient care and satisfaction.68
Conversely, while fewer visits to patients on Contact Precautions may have either
no effect or significantly decrease the risk of harm due to errors of commission, a
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decrease in visits from healthcare personnel may increase the risk of events due to errors
of omission (care a patient should have received but did not). For example, much of the
increase in adverse events reported by Stelfox et al. were pressure ulcers,42 which is more
an indication of repeated failure to change a patient’s positioning than an actively caused
harm. Similarly, Karki and colleagues reported no increase in overall adverse events for
periods of Contact Precautions exposure compared to earlier unexposed time periods.44
However, they did observe a more than three times increase in rate of injuries from falls
or self-harm during periods of Contact Precautions exposure. Finally, a study of adverse
events among ICU patients found an increase in only hypo- and hyper-glycemic adverse
events among patients on Contact Precautions, which could be related to less frequent
care and monitoring, but the authors did not observe increases in other types of adverse
events (i.e., harms due to errors of commission).43
Aside from Contact Precautions exposure resulting in fewer visits from healthcare
workers, which may decrease the risk of harms due to errors of commission, our findings
of no increase or fewer noninfectious adverse events may be driven by another unknown
effect of gown and glove use on healthcare worker behavior.

E. Strengths and Limitations
1. Limitations
In Aim 1 examining the effect of universal glove and gown use on rate of adverse
events, the study was powered to detect a significant increase in rate of adverse events
and not a statistically significant decrease. However, the inability to determine whether
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universal glove and gown use is associated with fewer adverse events in the absence of a
plausible mechanism for its reduction of surgical adverse events, may not be as important
as not observing an increase in adverse events. Further, the key question surrounding
current policy debates is whether gown and glove use significantly increases risk of
adverse events. Our study is able to address this clinically relevant question and found no
increase in adverse event rate with universal glove and gown use. Also, by chance,
slightly fewer surgical intensive care units were randomized to universal glove and gown
use than control which could have impacted the lower number of surgical events reported
among patients exposed to universal glove and gown use. However, the prospective
cohort matched patients based on enrollment location (including surgery or transplant
service). After this matching and an adjusted analysis which accounted for the enrollment
location, the cohort study still found a significant reduction in surgical events with
Contact Precautions exposure. This consistency with the results of the prospective cohort
lends credence to the result of the universal glove and gown study.
In both of our studies, there is the potential for differences in how initial
reviewers identified adverse events, however all reviewers received standardized training
and feedback on practice medical records and were blinded to use of contact precautions.
Also, the final determination in adverse event occurrence was made by the same
physician reviewer and only adverse events confirmed in final review were used for
analysis. If misclassification of events did occur, it was likely to be nondifferential in
nature since final reviewers in the study of universal glove and gown use were blinded to
exposure status of patients and this also would not explain a significant reduction in rate
of adverse events in the second study, contrary to our hypothesis of increased risk. In
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addition, within the prospective cohort study, inter-reviewer agreement between initial
reviewers was high (reviewer 1-reviewer 2 agreement: 74.3%; reviewer 1-reviewer 3
agreement: 75%).
As discussed in the manuscripts above, there is the possibility of nondifferential
underreporting of less severe adverse events as the IHI Global Trigger Tool is not
designed to detect every event and it is possible that not all adverse events were recorded
in a patient’s medical record. However, the IHI Global Trigger Tool is still the current
gold standard for event detection, as the tool detects more adverse events than other
approaches, such as the AHRQ Patient Safety Indicators or hospital reporting systems.22,31
Finally, in the prospective cohort study, there was a limited ability to control for
severity of illness of patients as most severity of illness measures such as the Acute
Physiology and Chronic Health Evaluation tool are unavailable for patients outside of the
intensive care setting. While they are imperfect surrogates for severity of illness, patients
were matched on ward location and adjusted for both location the patient was enrolled on
and Charlson comorbidity score. Further, residual confounding from severity of illness
would be expected to introduce an increase in rate of adverse events and would not
explain the significant reduction in noninfectious adverse events identified in the study.

2. Strengths
Beyond the limitations just discussed, our studies have several strengths. To our
knowledge, the study of universal glove and gown use is one of the largest studies of
adverse events and gown and glove use to-date. The study also observed significantly
fewer healthcare worker visits46 which is consistent with prior literature.48,49,51 This
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reproduction of prior findings for associations with Contact Precautions adds to our
confidence that our findings of no increased risk of noninfectious adverse events are real
and not an artifact of the study population or design.
A key strength of the universal glove and gown study is that patients indicated for
Contact Precautions (patients with antibiotic resistant organisms) were excluded from
both arms of the study to better examine the effect of universal glove and gown use on
adverse event occurrence, separate from the effect of severity of illness which is
interlinked with colonization or infection with antibiotic resistant organisms. Further
addressing this issue, the exposure of universal glove and gown use was randomized and
within the larger study, a random sample of patients were selected for review for adverse
events at each site, further limiting the effect that selecting patients based on individual
characteristics would have had. An additional strength of excluding patients indicated for
Contact Precautions from both arms of the study was that this permitted blinding of the
final physician reviewers so that adverse event determination occurred while masked to
universal glove and gown exposure status.
More generally, both of our studies employed a standard definition of adverse
event which aids in evaluating our work in the context of prior studies as well as the
relevance of the types of adverse events measured. This definition also permitted the
examination of a wider range of adverse events of concern, unlike prior studies which
selected small subsets of event types such as hypoglycemia and hemorrhage,43 which may
not be representative of the full effect (or lack of effect) of Contact Precautions on
adverse event occurrence. Moreover, both of our studies of adverse events utilized a
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standardized and validated measurement tool rather than relying on subjective reviews
and definitions encountered with the traditional, unstructured chart review.

F. Contribution of Current Work to Ongoing Debate over the Use of Contact
Precautions
Currently within the field of hospital epidemiology and infection control, a debate
is occurring over the role for Contact Precautions in infection prevention, especially over
whether it should be implemented for endemic MRSA and VRE. This ongoing policy
discussion affects a large number of hospital patients. The most basic detection and
implementation effort for MRSA or VRE results in 5-10% of patients being placed onto
Contact Precautions and that increases to 20-25% of inpatients when more expansive
active surveillance methods are followed.81 Despite the large numbers of inpatients
placed onto Contact Precautions, there is limited evidence that even universal glove and
gown use, a “maximum” type of Contact Precautions,81 successfully prevents
transmission of VRE, with only slightly more evidence for MRSA.46,82
In addition, some have begun arguing for replacing Contact Precautions for
MRSA and VRE with other infection control methods and focusing on other horizontal
prevention approaches, such as improving hand hygiene.83 Others argue for restricting
Contact Precautions to certain limited situations.81,84 This argument has been augmented
by reports of Contact Precautions for MRSA and VRE being discontinued without any
subsequent increase in rates of these organisms.47,83 Currently, more than 30 major US
hospitals do not use Contact Precautions for endemic MRSA or VRE81,85 and this decision
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is partly attributed to concerns about increases in the risk of adverse events influencing
the risk-benefit assessment of Contact Precautions use.81,84,85
The results of both of our studies, that Contact Precautions and universal glove
and gown use do not increase adverse event rates, are important findings for informing
accurate assessments of the risk-benefit comparison when deciding Contact Precautions
policy. It is unclear in our prospective cohort study whether there are truly significantly
fewer adverse events with Contact Precautions exposure since a plausible mechanism for
this finding has not yet been identified. However, both of our studies provide consistent
results with respect to no increased risk of adverse events with traditional or universal
Contact Precautions use. Prior to questions of increased risk of physical injury with
Contact Precautions, concern focused on the psychological impacts of Contact
Precautions, specifically whether exposure to gowning and gloving resulted in depression
and anxiety among isolated patients.36,38 Recently, a prospective cohort study using the
same cohort as Aim 2 of this study, established that while patients on Contact Precautions
are admitted with more depression and anxiety, exposed patients did not develop
depression or anxiety during hospitalization any more often than patients unexposed to
Contact Precautions.40 Similarly, our studies use sound methodology and clearly establish
that Contact Precautions (or universal glove and gown use) are not associated with an
increase in adverse events.
Additional concerns about the effects of Contact Precautions still exist. These
concerns range from the effect Contact Precautions have on hospital flow by increasing
time to bed assignment,63-64 time to receive computer-aided tomography scans,86 and time
to discharge to an extended care facility87 to negative impacts on patient satisfaction with
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care.67 These concerns are part of the ongoing Contact Precautions policy discussion.
However, the findings of the studies included in this dissertation consistently found that
Contact Precautions are not associated with increased risk of adverse events. These
results should limit future concerns about adverse events as the debate surrounding
Contact Precautions continues.
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VIII. APPENDIX II: LIST OF SPECIFIC ADVERSE EVENT CATEGORIES
Cardiovascular system
Cardiac arrest
Hypotension
Hypertension
Shock
Arrhythmias or conduction abnormality
Myocardial ischemia
Other cardiovascular event

Neurologic system
Oversedation
Delirium or encephalopathy
Seizure
Stroke or intracerebral hemorrhage
Inadequate analgesia
Withdrawal symptoms
Other neurologic event

Respiratory system
Acute respiratory failure
Respiratory distress, not acute failure
Pneumothorax
Atelectasis
Bronchospasm
Aspiration
Pulmonary embolus
Need for re-intubation
Other respiratory event

Hospital-acquired infection
Catheter-related bloodstream infection
Sepsis or bacteremia unrelated to catheter
Ventilator-associated pneumonia
Nosocomial pneumonia, not ventilatorrelated
Urinary tract infection
Surgical-site infection
Endometritis
Clostridium difficile colitis
Other hospital-acquired infection

Renal or endocrine system
Fluid overload
Dehydration or oliguria
Acute renal failure
Metabolic acidosis
Hyperglycemia
Hypoglycemia
Hyperkalemia
Other renal or endocrine event
Hematologic system
Hemorrhage
Thromboembolic venous event
Hematoma
Other hematologic event
Gastrointestinal system
Nausea or vomiting
Diarrhea
Constipation
Gastric distension
Pancreatitis
Ileus
Other gastrointestinal event

Surgical event
Postoperative hemorrhage
Postoperative hematoma
Laceration or other organ injury
Unplanned removal of organ after
intraoperative injury
Vascular injury
Nerve injury
Surgical anastomosis failure
Wound dehiscence
Failed procedure
Unplanned return to surgery
Other surgical event
Other types of harm
Hypothermia
Pyrexia
Alcohol or drug withdrawal
Allergic reaction
Fall
Pressure ulcer
Rash
Catheter complication
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IX. APPENDIX III: ADMISSION SERVICES OF PATIENTS FOR AIM 2

CANCER CENTER-BMT
CANCER CNTR ONCOLOG
CARDIAC SURGERY
CARDIOLOGY
DAS HOSPITALIST
FAMILY MEDICINE
GENERAL SURGERY
GENERL INTERNAL MED
HOSPITALIST SERVICE
MED
MEDICAL SUBSPECIAL
MEDICINE TRANSPLANT
NEPHROLOGY
NEUROLOGY
NEUROSURGERY
OBSTETRICS
ORGAN TRANSPLANT
ORTHOPEDIC
SHOCK TRAUM-TEAM A
SHOCK TRAUMA-TEAM B
SHOCK TRAUMA-TEAM C
SOFT TISSUE STC
SURGICAL ONCOLOGY
THORACIC SURGERY
VASCULAR
VIROLOGY
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X. GLOSSARY
Adverse event (adverse safety event): unintended physical injury resulting from or
contributed to by medical or surgical care and not due to a patient’s underlying condition

Adverse drug event: subtype of adverse event resulting from medical intervention with a
medication

Death: subtype of severe adverse event which results in (or contributes to) patient death

Infectious adverse event: subtype of adverse event that is a hospital-acquired infection
(an infection that occurs in the hospital setting but that was not present or incubating on
admission)

Life-threatening adverse event: subtype of severe adverse event which could result in
death within a few hours without treatment

Preventable adverse event: subtype of adverse event that is considered probably or
definitely preventable by current practice standards, technology, and knowledge

Preventable adverse drug event: subtype of adverse drug event which is considered
probably or definitely preventable by current practice standards, technology, and
knowledge

Serious adverse event: subtype of severe adverse event which results in organ
dysfunction (e.g. delirium, pulmonary embolism, myocardial infarction)

Severe adverse event: subtype of adverse event which results in death, life-threatening, or
serious harm to the patient
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