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Abstract
Title of Dissertation: The impact of order set use on pneumococcal vaccination at the
time of admission and at the time of discharge for adult patients in an acute inpatient
setting.
Rekha Mathew, Doctor of Philosophy, 2012
Dissertation Directed by: Eun-Shim Nahm, Ph.D, RN, FAAN
Associate Professor and Program Director
University of Maryland School of Nursing
Background: In 2009, 1.1 million people in the U.S. were hospitalized with pneumonia
and more than 50,000 people died from the disease. The Centers for Disease Control and
Prevention recommend that PV be administered to all patients 65 years or older as well as
to younger patients with chronic diseases. Many hospitals are struggling to achieve the
National Healthy People 2010 target of a 90% vaccination rate. Computerized provider
order entry with use of order sets can help to achieve compliance with vaccine guidelines.
In an acute teaching hospital, in an effort to improve PV rates, Pneumococcal Vaccine
and Screening Orders (PVSO) were incorporated into the Admission Order Set (AOS) on
September 15th, 2008. Before this time period, PVSO was part of the Discharge Order Set
(DOS).
Purpose: The major goal of this study was to compare the impact of the use of PVSO on
pneumococcal vaccination when used at the time of admission and when used at the time
of discharge for adult patients in an acute inpatient setting. The secondary goal was to
examine factors associated with vaccination with both types of order sets.
Methods: A retrospective pre and post design was used for this study. Patients who were
discharged from 7 medical inpatient units during the months of March 2008 and March
2009 were included. The sample included 420 DOS cases and 420 AOS cases. Data were

analyzed using descriptive statistics to describe the sample’s vaccination status using
PVSO at admission and at discharge. Chi-square tests were conducted to compare the
effect of the use of PVSO between AOS and DOS on PV. Logistic regression was used to
examine the influence of patient demographic variables, discharging unit, primary
diagnosis, and type of order set on PV administration status. The influence of age group,
sex, race, length of stay, and order set type on PV status was also evaluated using
generalized estimating equations to adjust for dependency within units.
Results: The findings suggest that there is no difference in rate of vaccine administration
between vaccines ordered at the time of admission or at the time of discharge. Age and
race were significant predictors of vaccine administration. Patients who were 65 or older
were more likely to receive vaccination than younger patients. Minorities were more
likely to get vaccinated than Caucasians. Rates of PV differed in the different units.
Conclusion: Recent advancement in health information systems can have positive impact
on clinical practice. When those technologies are implemented, their outcomes must be
assessed. This study examined the impact of changes in PV ordering practice assisted by
order sets. Findings showed no significant difference in PV according to time of ordering
the vaccine. PV rates, however, were influenced by patients’ age and race. Providers may
need education to identify risk factors in younger adults and training to use appropriate
ordersets.Vaccine compliance rate was not evaluated as the exact number of eligible
patients could not be determined for DOS. Findings suggest that a combination of
technology and human factors are needed to successfully implement vaccine guidelines.
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CHAPTER 1: THE PROBLEM
Introduction
Clinical practice guidelines help to promote evidence based medicine and have
the potential to improve patient care on a large scale. They not only improve patient
outcomes, but also save money and are very popular with health maintenance
organizations and government agencies that fund health care (Sartin & Rydmark, 2007).
In order to ensure quality care to patients, The Joint Commission has mandated that
hospitals implement specific guidelines, such as administering pneumococcal vaccination
to all patients who are at risk for developing pneumonia, and hospitals have employed
several strategies to ensure compliance with these guidelines. Computerized provider
order entry (CPOE) has the ability to direct providers and in some cases force providers
to place appropriate orders or procedures using functionalities like order sets and decision
support systems. So CPOE has been found to be an effective tool for implementing
clinical guidelines. CPOE allows caregivers to place patient orders for medications, labs
and procedures electronically using a computer or other handheld devices. The concept is
receiving an increasing level of attention because the Institute of Medicine (IOM) notes
that CPOE holds potential for decreasing the number of medical errors in health care
organizations and recommends full-fledged implementation (Aarts, Ash, & Berg, 2007).
The development of standardized order sets in CPOE can facilitate compliance with
clinical guidelines.
Significance of the problem
Pneumococcal vaccination guidelines are important as Streptococcus pneumoniae
accounts for one third of all hospitalizations for community-acquired pneumonia and in
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2009, 1.1 million people in the U.S. were hospitalized with pneumonia and more than
50,000 people died from the disease (www.cdc.gov). In light of an increased risk of
pneumococcal disease with advancing age, the costs associated with infection, and the
rising rates of drug resistance, vaccination has emerged as a public health priority (U.S.
Department of Health and Human Services, 2000). The Centers for Disease Control and
Prevention recommend that pneumococcal vaccination be administered to all patients 65
years of age or older as well as to younger patients with chronic medical illnesses or
immunosuppression (www.cdc.gov). Hospitals struggle to achieve compliance with these
guidelines.
Surveys indicate that only 28.7% of persons 65 years of age or older and 5% to
7% of younger persons with chronic illnesses or immunosuppression have been
vaccinated in the 1970-1990 time period (Centers for Disease Control and Prevention,
1995). For people aged 65 years or more, the pneumococcal vaccination coverage
increased from 14.1% in 1989 to 60.1% in 2008. On average, vaccination coverage
increased by 3.5% annually during 1989–2000 and had an increase of only1.0% during
2001–2008 (Lu & Nuorti, 2010). This is well below the National Healthy People 2010
target of 90%. In 2010, the percentage of adults aged 65 and over who had ever received
a pneumococcal vaccination was 59.4%, which was lower than, but not significantly
different from, the 2009 estimate of 60.6% (www.cdc.gov).
Researchers have proposed that low rates may be due to difficulty in identifying
people at risk. Lower rates may also indicate missed opportunities on the part of
providers, lower emphasis on younger age group by public health services and less
awareness among this age group of the importance of immunization. Some of the
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characteristics independently associated with increased likelihood of receiving
pneumococcal vaccination include higher age, female, non-Hispanic white race/ethnicity,
not employed, higher education level, more provider visits in the past year, hospitalized
within past year, having Medicare and other supplemental health insurance, and having a
chronic medical condition (Lu & Nuorti, 2010).
Clinical Decision Support (CDS) systems have been effective in improving
patient care but this technology has not penetrated effectively into health care settings.
Standing orders, provider reminders, and pre-selected provider orders over three
influenza seasons were evaluated in a study and the results showed that providers were
increasingly likely to accept pre-selected vaccination orders but vaccine administration
by nurses was suboptimal (Gerard et al., 2008). Another study evaluated the effectiveness
of a nurse initiated, provider-reminder system at the time of patient discharge on
pneumococcal vaccination rates in inpatient areas. This reminder system used a
preprinted screening and order form. Significantly higher proportions of high-risk
patients were vaccinated using this method but significant proportions of patients did not
receive the vaccine owing to the provider’s failure to order it (Shevlin, Summers-Bean,
Thomas, Whitney, Todd, & Ray, 2002).
An effective strategy to improve compliance with guidelines is in absolute need
and CPOE with use of order sets might help to achieve compliance with vaccine
guidelines. Modules with specific guidelines can be incorporated into order sets and can
be ordered at hospital admission, discharge or other stages of hospital stay as needed.
Such modules can be embedded within the order sets as mandatory and this in turn will
force the providers to be compliant with specific guidelines.
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The Johns Hopkins Hospital (JHH) implemented two different strategies to
improve compliance with guidelines for pneumococcal vaccinations for patients at risk.
The first strategy was the inclusion of a pneumococcal vaccination screening and order
for vaccine (PVSO), in the discharge order set (DOS), which was a mandatory order set
that providers were required to complete at the time of patient discharge. (See Appendix
1 for screen shots of the DOS). Pneumococcal vaccine (PV) was then ordered based on
the screening completed by the providers. The hospital, however, did not see much
improvement in administering PV to the patients who were in need. In an effort to
improve the PV screening and vaccination as needed, the PVSO was incorporated into
the admission order sets (AOS). At this time, a specific Vaccine Screening Order Set
(VSO) was developed (See Appendix 2 for screen shots of the VSO) and was included as
a part of all admission order sets, which are mandatory. This must be completed by
providers upon a patient’s admission to a medicine unit.
Purpose of the study
The major goal of this study was to compare the impact of the use of the PVSO
on pneumococcal vaccination when used at the time of admission and when used at the
time of discharge for adult patients in an acute inpatient setting in one department in a
large tertiary care academic medical center. The secondary goal was to examine factors
associated with vaccination with both types of order sets.
Specific aims
(1) To describe the study sample’s status of pneumococcal vaccination (PV) using the
pneumococcal vaccine screening and order (PVSO) at admission (including screening
for specific risk factors for developing pneumonia; identification of need for PV;
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number of conditional orders activated; and vaccine administration during the
inpatient stay)
(2) To describe the study sample’s status of pneumococcal vaccination using the
pneumococcal vaccine screening and order (PVSO) at discharge according to
evidence of screening for PV, orders for PV and vaccine administration during the
inpatient stay.
(3) To describe the reasons for patients who were exposed to the PVSO and at risk/in
need of vaccinations but did not receive PV during the inpatient stay at both time
periods (i.e., PVSO with the admission order set and PVSO with the discharge order
set)
(4) To compare the effect of use of pneumococcal vaccine screening and order (PVSO)
between the AOS and the DOS on pneumococcal vaccination (PV) administered for
adult patients in an acute inpatient setting.
(5) To examine the influence of selected patient demographic variables (age, sex, and
race), discharging unit, primary diagnosis, and the type of order set, on pneumococcal
vaccination administration rate for patients in an acute inpatient setting.
(6) To determine if selected inpatient unit characteristics and the administration of
pneumococcal vaccination vary significantly by individual nursing care units.
Research hypotheses
(1) There will be an increase in the pneumococcal vaccination administration rate for all
patients with the use of the PVSO at admission compared to the use of the PVSO at
discharge in an inpatient setting.

5

(2) There will be an increase in the pneumococcal vaccination administration rate for
patients aged 21 to 64 years, with the use of the PVSO at admission compared to
PVSO at discharge in an inpatient setting.
(3) There will be an increase in the pneumococcal vaccination administration rate for
patients aged 65 years or older, with the use of the PVSO at admission compared to
PVSO at discharge in an inpatient setting.
Assumptions of the study
This study assumes that admission order sets and discharge order sets are used for
all patients for the selected time periods and providers are familiar with these order sets
and requirements. This study also assumes that vaccinations administered are recorded in
the EMAR of the CPOE application during the study periods.
Theoretical model
In this study, the impact of order set use on pneumococcal vaccination at the time
of admission and at the time of discharge is being tested by measuring the outcome
variable of rate of patients who received the pneumococcal vaccination during
hospitalization. The Socioecological model provides an overarching framework for the
cognitive, behavioral and environmental influences on health behaviors (McLeroy,
Bibeau, Steckler, & Glanz, 1988). In this model, patterned behavior is the outcome of
interest, and behavior is viewed as being determined by the following factors: (a)
Intrapersonal factors– characteristics of the individual such as knowledge, attitude,
behavior, self-concept, skills etc; (b) Inter-personal processes –formal and informal social
network and social support systems, including the family, work group, and friendship
networks; (c) Institutional factors–social institutions with organizational characteristics,
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formal and informal rules and regulations for operation; (d) Community factors–
relationship among organizations, institutions and informal networks within defined
boundaries; and (e) Public policy– local, state and national laws and policies. The factors
in this model pertaining to this study are the institutional, community and policy factors.
Intrapersonal factors include the individual characteristics of the provider such as
age, gender, and computer experience of the provider using the order sets. For example,
providers who are younger and have more computer experience might accept and use the
order set more easily and comfortably than providers who are older and have less
computer experience (Ash, Gorman, Lavelle, Payne, Massaro, Frantz & Lyman, 2003).
Knowledge and attitude regarding pneumococcal vaccination (Nichol & Zimmerman,
2001), and skill in using CPOE and order sets also influence the ordering of
pneumococcal vaccine with order sets. The patient’s race and ethnicity are other factors
that could influence provider behavior in ordering vaccinations (Marsteller, Tiggle,
Remsburg, Bardenheier, Shefer & Han, 2008). Most providers at JHH are computer
literate and all providers are required to undergo CPOE training which includes training
on how to use order sets. In this study, the intrapersonal factors cannot be assessed as the
data collection was done by patient chart review only. Inter-personal factors include
formal and informal networks within the providers. For instance, providers who are
satisfied with the order set will prefer to use the order set and might recommend it to
others and encourage its use. In this study, such factors were also not assessed as the data
collection was done by patient chart review only.
The health and health related behaviors of individuals are greatly influenced by
institutional structures and processes (McLeroy, Bibeau, Steckler & Glanz, 1988). In this
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study, institutional factors refer to the hospital and the processes inside the hospital to
facilitate compliance with pneumococcal vaccination. The hospital utilizes a (CPOE)
application for provider orders and documentation and hospital administration undertook
an initiative to increase pneumococcal vaccination rate by mandating the use of a vaccine
screening order set in CPOE.
Each individual nursing unit also has distinct characteristics which could
influence the vaccination rate. A better nurse patient ratio, nurses with higher level of
education, and nurses with more years of experience are also factors positively
influencing patient outcomes (Lang et al., 2004). The physicians and nurses in the units
interact with the order sets in the CPOE application, and the order sets enable them to
place orders for the patients.
The presence of the Vaccine Screening Order Set in the admission order sets will
ensure that screening of patients for risk is completed at the time of admission. In this
study, the number of PVSO ordered will determine the number of patients screened for
risk. All patients who are screened for risk may not receive PV as it is the nurse who has
to screen for need for vaccine, activate the vaccine order in the Electronic Medication
Administration Record (EMAR) and chart the task as done. Therefore, the completion of
the vaccine administration task in EMAR by the nurse will determine the outcome
variable of the rate of patients in need who received the pneumococcal vaccine.
Community can be thought of as relationships within an organization and groups
within a defined area (McLeroy, Bibeau, Steckler & Glanz, 1988). If one hospital
succeeds in improving compliance with vaccination, the process can be shared among
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other hospitals in the community. This will result in an overall increase in vaccination
rate of patients within the community.
In 1997, the Centers for Disease Control and Prevention (CDC) Advisory
Committee on Immunization Practices recommended providing pneumococcal vaccine to
all adults aged 65 and older and to persons aged 2 to 64 years with chronic illnesses that
place them at higher risk for pneumococcal disease (Advisory Committee on
Immunization Practices, 1997). The Joint Commission has adopted policies that require
hospitals to provide pneumococcal vaccinations to patients who are in need. In the study
hospital, the method of ordering vaccine at the time of discharge using a discharge order
set did not improve the compliance rate for vaccine administration. This was likely due to
lack of time at discharge, as nurses have a very short window of time to screen patients
for need and administer the vaccine. In addition, the patient is often in a hurry to go
home and the patient may have already left by the time the nurse sees the order. As a
result, the organization changed this policy and created a Vaccine Screening Order Set
and embedded it as a module into every admission order set. This change in policy
enhances the identification of patients who need vaccination and the nurses will have
more time to screen and administer vaccine any time during the patient’s hospital stay.
The factors in this model pertaining to this study are the institutional, community and
policy factors. Figure 1 depicts the factors influencing the outcome variable in this study.
The factors are represented as concentric circles, one within the other, and each circle
represents only one factor. The outcome variable, in this case, is the rate of patients in
need who received pneumococcal vaccinations.
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Figure 1
Socioecological Model Guiding the Study
Public policy (Joint Commission)

Community factors (relationships within organization)

Institutional factors (Order sets)

Inter-personal processes

Intrapersonal factors

Health (Rate
of patients
who received
PV )
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Operational definition of terms
(1) Case - electronic medical record of a patient who was admitted to the selected
department of medicine unit during the study period.
(2) Demographic patient variables - name of patient, age, date of birth, sex, and race.
(3) Patient clinical profile - patient’s primary diagnosis and disease related data
which includes risk factors for developing pneumonia.
(4) Discharging unit –nursing unit from where the patient was discharged.
(5) Unit characteristics –number of admissions, number of discharges, average length
of stay for patients, and nurse patient ratio.
(6) Pneumococcal vaccine screening and orders (PVSO) - hospital-defined standard
set of orders for PV screening and vaccine order.
Figure 2
Pneumococcal Vaccine Screening and Orders in Discharge Order Set
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Figure 3
Pneumococcal Vaccine Screening and Orders in Vaccine Screening Order Set.

(7) Discharge Order Set (DOS) - This mandatory order set in CPOE was used for
discharging patients from the Department of Medicine units. DOS documented in
charts of patients discharged during the time period of March 1st to March 31st of
2008 is used for data collection in this study and will represent the PV compliance
rate associated with discharge processes.
(8) Vaccine Screening Order Set (VSO) - This is an order set which is embedded as a
required module in all admission order sets in the Department of Medicine and is
designed to identify patients at risk for developing pneumonia and to order a
nurse screen and vaccine for patients identified as at risk.
(9) Admission Order Sets (AOS) - Admission order sets are ordered by providers at
the time of patient’s admission to a hospital inpatient unit. These order sets are
specific for each department and include orders such as vital signs, activity,
nursing orders, peripheral IV insertion and maintenance orders, lab orders,
12

radiology orders, and medication orders. The Vaccine Screening Order Set is
embedded in the department of medicine AOS as a mandatory module. AOS
documented in charts of patients discharged in March 2009 is used for data
collection in this study, and will represent the PV compliance rate associated with
admission processes.
(10) Contraindications for pneumococcal vaccine - having received PV twice
previously; having allergy/sensitivity to PV; being on terminal and comfort
measures only; or having a temperature greater than 38.1 C (101 F) in previous 24
hours.
(11) Being screened for PV - The criteria for screening for PV is different in DOS
and in AOS. In DOS, there is no separate screening for risk factors and need for
vaccine. The screening is done only by providers. In AOS, screening is a two step
process. The first step is to screen for risk factors by providers. The second step is
screening for need for vaccine by nurses before administration of the vaccine.
(11.1.) PVSO in the DOS: The DOS had one question “Pneumococcal
Vaccine Ordered?” with a list of indications for PV. A patient was considered to
be screened if the provider answered Yes or No to the question “Pneumococcal
Vaccine Ordered?” With DOS there was no separate screening for risk factors and
need for vaccine.
(11.2.) PVSO in the AOS: Patient is considered to be screened for risk
factors if the Vaccine Screening Order Set is completed in the CPOE application
and a “Pneumococcal Risk Assessment Completed” item is displayed in the order
summary in the orders tab of the patients chart in CPOE. Patient is considered
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being screened for need for vaccine if the task for nurse screen is completed in the
Electronic Medication Administration Record (EMAR).
(12) Pneumococcal vaccine administration - The EMAR has a record of the vaccine
administered to the patient.
(13) Chart review- Review of patient’s electronic medical record in Sunrise CPOE
application
Acronyms
AOS - Admission Order Set
CDS - Clinical Decision Support
COPD- Chronic Obstructive Pulmonary Disease
CPOE – Computerized Provider Order Entry
DOS - Discharge Order Set
EMAR - Electronic Medication Administration Record
JHH - Johns Hopkins Hospital
PV - Pneumococcal Vaccination
PVSO - pneumococcal vaccine screening and order
VSO - Vaccine Screening Order Set
Order set process using PVSO at the time of discharge
During the study time period of March 1st through March 31st, 2008, the PVSO
was embedded as items within the DOS. The DOS was ordered by providers for all
patients when they were ready for discharge. Along with the other discharge orders and
discharge destination, this order set displayed indications for pneumococcal vaccination
which helped the providers to screen the patients for risk factors. Indications included

14

were -- “patient is 65 or older or has chronic illness (e.g. COPD, diabetes, alcoholism,
cerebrospinal fluid leak) and is unvaccinated, or was vaccinated over 5 years ago. Do not
vaccinate if patient refuses, or had a previous hypersensitivity reaction.”
The DOS had a required question of “Pneumococcal vaccine ordered?” The
provider had to choose “Yes” or “No” and if the selection was “No,” a reason was
required. The reasons provided were: (1) patient received vaccine in the past; (2) patient
refused vaccine during this admission; (3) patient has a documented
allergy/hypersensitivity to vaccine; (4) patient received bone marrow transplant within
past 12 months; (5) receiving/has received a scheduled course of chemotherapy or
radiation therapy during this admission; (6) patient less than 65 years of age; and (7)
patient expired.
If the selection was “Yes” the provider was forced to order the pneumococcal
vaccination. This order created a task in the EMAR and the nurse charted it as done or
not done with reasons. Department of Medicine stopped using this order set when a new
discharge order for medicine units was implemented in CPOE and the Vaccine
Screening Order Set was implemented for PV screening and vaccine.
Order set process using PVSO at the time of admission
Since September 15, 2008, PVSO was included in all AOS in the medicine units.
For this study purpose, a new Vaccine Screening Order Set was created and implemented
within AOS. The Vaccine Screening Order Set is an order set which is designed to screen
for patients at risk for developing pneumonia. This order set is embedded as a required
module in all admission order sets in the Department of Medicine and is also available in
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the browser as a free standing order set. If an admission order set is used, the provider is
forced to address the vaccine screening order set as it is a required module.
The first step in using Vaccine Screening Order Set involves the screening of
patients for risk factors which is done by providers using the Vaccine Screening Order
Set. If a patient is identified as at risk, the next step is for the nurse to perform another
screening for the need for vaccine as all patients who have risk factors are not eligible to
receive the vaccine.
The risk factors identified in the order set are: (1) Chronic diseases (e.g.
cardiovascular diseases, chronic pulmonary diseases, diabetes mellitus, chronic liver
diseases etc.); (2) Immunocompromised conditions (e.g. HIV infection, leukemia,
lymphoma, and/or receiving immunosuppressive medications); (3) Chronic care facility
resident ; (4) Alaskan native/Native American; (5) Cochlear Implants; and (6)
Cerebrospinal fluid leaks. If a risk factor is identified by the provider, the order set will
recommend ordering a nurse screen to assess the patient for need for the vaccine. Along
with the nurse screen order, the provider is also forced to order the vaccine. The vaccine
is ordered as a conditional order which the nurse can activate after screening the patient
for need. When the order set is submitted in CPOE, along with the vaccine order, a task
for nurse screen will appear in the EMAR for the nurse.
The conditions on the nurse screen indicating not to administer the vaccine are:
(1) Pneumococcal vaccine given twice previously; (2) Allergy/sensitivity to
pneumococcal vaccine; (3) Terminal and comfort measures only; (4) Patient refused
pneumococcal vaccine; and (5) Temperature greater than 38.1 degree C (101 degree F) in
previous 24 hours. If the patient did not have any of these conditions and has not had a
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vaccine or does not know the status, the recommendation is to activate the conditional
order and to administer the vaccine.
After assessing the patient for need, the nurse marks the task on the EMAR as
done. If the vaccine is needed, the conditional order for vaccine is activated and the
vaccine is administered to the patient. If the vaccine is not needed, the nurse completes
the task as done with the reason for not giving the vaccine and the order for vaccine stays
inactive.
Summary
This chapter presented the back ground/significance, purpose, theoretical
framework, operational definition of terms, specific aims, hypotheses, and study
assumptions. Order sets have found to be effective tools in achieving compliance with
clinical guidelines. The primary goal of this study is to compare the impact of using the
Vaccine Screening Order set at the time of admission to the impact of using the Vaccine
Screening Order set at the time of discharge for adult patients in an acute inpatient
setting. The secondary goal is to examine variables associated with vaccination with both
types of order sets. The socioecological model is used as the theoretical framework for
this study.
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CHAPTER II: REVIEW OF LITERATURE
Introduction
Computerized Provider Order Entry applications are becoming increasingly
popular in hospitals around the country and they play a major role in improving
compliance with clinical guidelines, patient care and safety. Computerized Provider
Order Entry (CPOE) is defined as the process by which physicians or their surrogates
directly enter medical orders into a computer application (Aarts & Koppel, 2009).
Computerized physician order entry also refers to a variety of computer-based systems
that share the common features of automating the medication ordering process and that
ensure standardized, legible, and complete orders (Kaushal, Shojania,& Bates, 2003).
Order sets within CPOE applications play a significant role in achieving these goals. This
study will evaluate the impact of order set use on the completion of the risk assessment
and the administration of the pneumococcal vaccination. The literature review will
primarily focus on CPOE applications, its functionalities, order sets and the role of order
sets role in achieving compliance with guidelines.
The first section of this chapter will be devoted to the CPOE application,
including a description of CPOE applications, its advantages and disadvantages, and
different methods of order entry in CPOE. The second section will review literature
related to order sets within CPOE. This section will include a description of order sets, its
advantages and disadvantages, and compare paper and electronic versions of order sets.
Studies assessing the impact of order sets in improving compliance with guidelines will
also be discussed in this section. The third section will be devoted to the outcome
variable, pneumococcal vaccination status. This section will include a review of literature
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regarding the importance of pneumococcal vaccinations, studies assessing past and
current pneumococcal vaccination rates, factors influencing pneumococcal vaccination
rates, and strategies currently used to improve vaccine delivery for patients.
The fourth section will focus on literature pertaining to the socio ecological
model, the model chosen to guide this study. This section will include studies focusing on
the intrapersonal factors, interpersonal factors, organizational factors and public policies
influencing pneumococcal vaccination. This section will also include the various
strategies that are currently used to improve vaccine administration.
CPOE Application
Traditionally in the hospital setting, clinical documentation as well as physician,
nursing and ancillary orders were written in paper charts, and were then sent to the
medical records department for future reference. With advances in health care and
technology, there is an increase need for a more efficient way of entering clinician orders.
CPOE was first implemented in the early 1970s mainly as a way to influence cost savings
by limiting choices to approved formularies. It quickly became evident that it offered
many other advantages (Aarts & Koppel, 2009). This concept is receiving an increased
level of attention because the Institute of Medicine (IOM) noted that CPOE holds the
potential to decrease the number of medical errors in health care organizations and has
recommended its implementation (Aarts, Ash, & Berg, 2007). According to the KLAS
2009 CPOE Digest Report, 3.5% of US hospitals reported some level of CPOE use in
2003, 6.8% in 2007, and 9.6% in 2008. An estimated 17.5% of large hospitals used
CPOE in 2009 (Ash, Gorman, Seshadri, & Hersh, 2004; McCarthy, 2009; Jha, et al.,
2009). Some of the possible reasons for the slow adoption of CPOE include high
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implementation costs and technical barriers to adapting or expanding existing systems.
Organizational barriers, including resistance to technology, fear of technology failure,
and fear of workflow disruption, are also cited as causes for slow adoption (Campbell, et
al., 2008; Maslove, Rizk, & Lowe, 2011).
CPOE is a software application that initiates and guides patient care through
orders for medications, therapy and procedures (Kini & Savage, 2004). CPOE assists
clinicians to order tests, medications, and treatments. CPOE also helps to streamline the
workflow as information is transferred electronically to other ancillary areas such as
laboratories and pharmacies. CPOE is part of the electronic Medical Record (EMR);
however, not all EMRs have the advanced features of CPOE (Rehm & Kraft, 2001).
CPOE systems commonly exist as one of many integrated clinical applications in larger
institutions’ information systems; the other applications offer complementary
functionalities such as real-time clinical decision support, on-line clinical documentation,
and electronic message transmission (Campbell, Sittig, Ash, Guappone, & Dykstra,
2006). CPOE is one of the most important information system-based changes a
healthcare institution can make to improve the quality of healthcare, while
simultaneously reducing costs (Franklin, et al., 1998). In hospitals that have CPOE,
management frequently mandates the use of CPOE for clinicians. In approximately half
of hospitals that use CPOE, over 90% of physicians use CPOE; in one-third of them, over
90% of orders done by physicians are entered through CPOE (Ash, Gorman, Sheshadri,
Hersh, 2004).
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Advantages of CPOE
Paper based medical records make it difficult for physicians to share their
patients’ medical information with other providers unless the paper records are mailed,
faxed or hand carried to the other provider or clinic (Goldsmith, Bluementhal, & Rishel,
2003). Such constraints can cause significant barriers for physicians in providing timely
services for their patients such as ordering medications and laboratory tests. Sometimes
lab tests and other diagnostic tests are repeated because results of previous tests are not
available or accessible. CPOE promotes sharing of patient information between providers
and physicians, which can provide timely services to their patients. Accessing vital
information like allergies through CPOE enables providers to initiate immediate life
saving measures and also helps to prevent medication errors (Goldsmith, Bluementhal, &
Rishel, 2003).
A study conducted at the Brigham and Women’s Hospital, and affiliate of
Harvard Medical School, found that the rate of serious medication errors was reduced by
55 percent after the introduction of a CPOE system (Bates et al., 1998). CPOE helps to
eliminate illegible and incomplete prescriptions and it can identify contraindications and
potentially dangerous treatments (Rehm & Kraft, 2001). A systematic review conducted
to analyze the relative risk reduction on medication error and adverse drug events (ADE)
by CPOE revealed a significant relative risk reduction. Out of the 25 studies that
analyzed the effects of the medication error rate, 23 of them showed a significant relative
risk reduction of 13% to 99%. Six of the nine studies that analyzed the effects on
potential ADEs showed a significant relative risk reduction of 35% to 98%
(Ammenwerth, Schnell-Inderst, Machan, & Siebert, 2008).
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The average additional cost for an adverse drug related event among inpatients is
$2500, and the average liability claim for an adverse drug related incident is $376,000
(Kini & Savage, 2004). The Institute of Medicine Report (2006) estimated the
preventable adverse drug events by looking at results from several studies and concluded
that there are at least 1.5 million preventable ADEs that occur in the United States each
year. Thus CPOE not only reduces medication errors but also eliminates ambiguous
handwriting and also offers rapid, direct connections to pharmacies. This can prevent
errors associated with similar drug names, can easily integrate information into medical
records, and can also produce cost savings (Aarts & Koppel, 2009).
Along with decreasing medical errors, CPOE also has helped providers to
increase patient safety using functionalities such as allergy checking, drug interaction
warnings, and improve workflow efficiency and increase quality of care by obtaining
relevant patient information and clinical knowledge at the moment of ordering
medications (Eslami, Kaizer & Abu-Hanna, 2008; Rahimi & Vimarlund, 2007). In a
survey of 101 physicians to determine their perception of benefits of CPOE, most
physicians agreed with items related to safety and regulatory issues in the survey (Allenet
et al., 2011). Physicians often identify efficiency as the most important expected benefit
of CPOE to their daily workflow (Bobb, Payne, & Gross, 2007). CPOE with clinical
decision support (CDS) has a number of benefits such as ensuring legibility and allowing
faster transmission of orders, but perhaps its greatest area of potential is the opportunity
in offering physicians’ online information support. For example, when a physician orders
the medication Digoxin, the system can check recent results of relevant tests such as
serum potassium, creatinine, and digoxin level, and display the information on the screen.
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The system can also perform multiple checks on orders, such as alerting the physician if a
patient has a known allergy to the drug being ordered. Providing online information with
CPOE also has the potential to reduce costs. For example, the computer can notify
physicians about redundant or low-yield test ordering (Lee, Teich, Spurr, & Bates, 1996).
Intensive care unit specific order sets has also shown to decrease the cognitive
workload and thereby improve user acceptance (Ali et al., 2005; Mekhjian et al., 2002;
Maslove, Rizk & Lowe, 2011). Use of computerized guidelines for ordering H-2
blockers, subcutaneous heparin and intravenous antiemetics at the Brigham and Women’s
Hospital resulted in increased and widespread adoption of recommended prescribing
practices for these medications (Teich, Merchia, Schmiz, Kuperman, & Bates, 2000).
CPOE applications have the ability to display various types of alerts for
clinicians. Some examples are allergy checking, drug interaction checking, duplication of
medications, and inappropriate dose ordering. A systematic review of 67 studies
evaluating CPOE systems in hospitalized patients found that the impact of CPOE systems
has demonstrated a positive impact in adherence to clinical practice guidelines, alerts and
appropriateness of alerts, costs and organizational efficiency, and user satisfaction and
system usability (Eslami, Kaizer & Abu-Hanna, 2008).
In another study, (Koppel et al., 2005) the researchers summarized the advantages
of CPOE as:


Free of handwriting identification problems



Faster to reach the pharmacy



Less subject to error associated with similar drug names



More easily integrated into medical records and decision-support systems
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Less subject to errors caused by use of apothecary measures



Easily linked to drug-drug interaction warnings



More likely to identify the prescribing physician



Able to link to adverse drug events (ADE) reporting systems



Able to avoid specification errors, such as trailing zeros



Available and appropriate for training and education



Available for immediate data analysis, including postmarketing reporting



Claimed to generate significant economic savings. With online prompts, CPOE
systems can link to algorithms to emphasize cost-effective medications



Reduce underprescribing and overprescribing of medications



Reduce incorrect drug choices
Disadvantages of CPOE
Despite the potential benefits of CPOE, many implementations have failed or met

with high levels of user resistance. For example, implementation of CPOE at University
of Virginia (UVA) Medical Center resulted in widespread discontent among physicians,
and led to a boycott of CPOE by residents until changes were made. The residents were
required to use CPOE and they complained that it took too much time (Massaro, 1993).
Some of the reasons for CPOE implementation failures are lack of sensitivity to users’
suggestions and the large workflow change that CPOE brings. CPOE implementation at
Cedars-Sinai Hospital in Los Angeles, was a failure due to design flaws that stemmed
from not consulting with front-line practitioners (Connolly, 2005).
One of the disadvantages regarding CPOE is that it may take longer to enter
orders. A study done by Bates, Shu and Narasimhan (2000) showed that interns spent
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9.0% of their time ordering with CPOE, compared to 2.1% before implementation of
CPOE. They also noted that while CPOE has many benefits, it represents a major process
change, and organizations must factor this in when they implement it. Another study
(Han et al., 2005) reported an increase in infant mortality after the introduction of a
CPOE system. This was attributed to increased time to enter orders, reduced
communication among nurses and doctors, and the loss of advance information
previously radioed in from the transfer team before patients arrived at the hospital.
Campbell, Sittig, Ash, Guappone, and Dykstra, (2006) divided the unintended
adverse consequences of CPOE into nine major categories (in order of decreasing
frequency): 1) more or new work for clinicians; 2) unfavorable workflow issues; 3) never
ending system demands; 4) problems related to paper persistence; 5) untoward changes in
communication patterns and practices; 6) negative emotions; 7) generation of new kinds
of errors; 8) unexpected changes in the power structure; and 9) overdependence on the
technology. Clinical decision support features introduced many of these unintended
consequences. CPOE may create new work for clinicians by requiring the entry of
information, such as justification for selecting treatments which were not previously
required. Clinicians may also have to respond to excessive alerts that may contain nonhelpful information like non-specific medication interactions with no application to the
current patient. They also have to spend extra time in completing non-routine, complex
orders like selecting among differing doses and types of insulin to be administered at
different times for a diabetic patient. When CPOE computational models do not reflect
actual clinical practices, it can lead to ineffective or dysfunctional workflows. When the
needs of all the individual role players interacting with CPOE are not taken into account,
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it will lead to shifting work to others and thereby leading to resentment and ineffective
work activity synchronization. The hardware and software purchases, implementation
tasks, and maintenance issues lead to never-ending system demands. The technical staff
has the heavy burden of tuning, upgrading, testing, and backing up the system regularly.
Even though CPOE reduced the need for direct and indirect communications, the
providers commented to the researchers that the likelihood of errors due to
miscommunications increased. This was because of delayed initiation and execution of
orders, and fewer team wide discussions regarding planning and coordination of care.
In a study done to evaluate nurses' attitudes toward the impact of a paper based
medication system versus a CPOE system on their communication in medication related
activities, CPOE was shown to improve prescription legibility and completeness.
However, it introduced many workflow impediments which resulted in error inducing
conditions. For example, physicians could not be sure whether nurses had retrieved and
filled prescription orders that were sent through the system. The system could not inform
nurses that new prescriptions had been printed out. So physicians had to inform nurses
directly or through phone calls that new prescriptions had been issued. CPOE systems
have to support the level of communication which is necessary to integrate the work of
nurses and physicians (Pirnejad, Niazkhani, Van der Sijs, Berg, & Bal, 2009).
Different Methods of Order Entry in CPOE
In CPOE there are different ways a provider can enter orders into the system. One
method is the direct entry of each order as a single order in the browser (Ash, Gorman,
Sheshadri & Hersh, 2004). The provider will search for the order in the browser window
by typing the first few letters, select the appropriate order, complete all the required fields
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and submits the order. This method is easy if the provider has only a few orders to place
at that time. The disadvantage is if the provider has a need for a lot of orders to be placed
at the same time, this method is very time consuming. Another disadvantage is difficulty
in finding the appropriate order. If the provider does not know how the order is
catalogued in the system, valuable time will be wasted trying to find the order. For
example, if the provider is looking to order a basic chemistry panel for a patient using the
vernacular “BMP”, but in the system it is named a “Basic Metabolic Panel”, the
laboratory test may not appear in the browser. To overcome this issue, there are
synonyms added for most orders that contain the most common names and abbreviations.
Another method of order entry in CPOE is the use of personal sets. Functionality
in CPOE allows the users to create a group of orders and name them as they choose. For
example, a provider can create a personal set for admission which includes all labs, tests
and medications ordered on admission for a specific diagnosis. When an admission
arrives on the unit, the provider can access this personal set and complete order entry
very easily without browsing for individual orders. The personal set created is available
only to that provider unless he or she wishes to share it with others. However, doing so
potentially removes the evidence-based nature of such order sets, and introduces other
maintenance issues. For example, clinicians may not keep their own “private” order sets
up to date with the frequency that the institution keeps global order sets current
(Campbell, Sittig, Ash, Guappone, & Dykstra, 2006).
Another method of order entry is using standardized order sets. Order sets are
defined as a group of orders that reflect the best practices for a given procedure or
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diagnosis (Hulse, Del Fiol, Bradshaw, Roemer, & Rocha, 2008). These are standardized
groups of orders which are provided by the vendors or developed by the organization.
Order Sets
Importance of Order Sets
Order sets can provide clinical decision support within computerized provider
order entry systems (Bobb, Payne & Gross, 2007). They are much faster than writing
single orders and are delivered in real time. Evidence-based practices can be incorporated
into order sets and they are easy to update. They also support coverage of multiple
problems through linkages among order sets. Unlike personal sets, order sets can be made
available to all providers using the system. Preconstructed orders or order sets can
increase the accuracy and completeness of the order entered, therefore, reducing the time
required by the performing services like pharmacy. They can also be used as a tool to
guide the ordering clinician toward an accurate, safe order (Payne, Hoey, Nichol &
Lovis, 2003).
Order sets are necessary to facilitate physician utilization and promote clinical
standardization of care (Ahmad, Teater, Bently, Kuehn, Kumar, Thomas, et al., 2002).
Order sets can be of different types. One type is an order set that consist of orders that are
generally included for a defined patient condition or diagnosis. Another type is an order
set consisting of predefined orders, such as orders used to prevent contrast induced
nephropathy. Order sets can be further categorized as admission, preoperative,
postoperative, transfer orders, and chemotherapy orders. Order sets can also be restricted
to locations, departments, or to a specific age group of patients if needed.
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Disease-specific order sets are created based on evidence-based clinical practice
guidelines that are reviewed and approved by clinicians. Each order set should be
reviewed for cost effectiveness, best practice, and order clarity. The challenges associated
with this approach include significant time commitment and support by expert staff. The
responsibility of developing the order sets is mostly vested with the clinical leaders. Once
the content of the order sets is established, the technical staff of the information
technology department translates the content into the computerized order entry system
format. Nurse informaticians play a vital role as coordinators by obtaining clinical
content from clinicians and helping the application analysts to create technical
specifications for the order sets. They also assist with system development and system
implementation (Murphy, 2011). Once the order sets are created in the system, it
undergoes further clinician review and approval from clinician leaders before it is made
available to the clinician users. Some of the factors that make an order set user friendly
are: the preservation of the current provider ordering model, the ability to review all
orders in one screen, inclusion of check boxes and drop down menus to select answers
and also a user-centered design (Chan, Shojania, Easty & Etchells, 2010). User-centered
design considers the needs and limitations of end users into each stage of the design
process, and this approach uses methods such as heuristic evaluations, cognitive
walkthroughs, field studies, task analyses and usability testing (Kushniruk & Patel,
2004).
One institution identified the lack of order sets as a factor in delayed care that
potentially contributed to increased mortality in critically ill patients. Certain tests or
medications may be difficult to prescribe due to limited search capabilities or difficult
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timing issues. As a result, the benefits of grouped orders with appropriate defaulted
details cannot be underestimated (Bobb, Payne, & Gross, 2007).
Many hospitals use general and disease specific admission order sets. It has been
demonstrated that use of these order sets will reduce the time and effort needed to place
common orders and reduce the possibility of missing important orders that improve
patient safety and compliance with regulated processes, such as core measures. Studies
have demonstrated that such admission order sets can improve immunization rates, which
are part of the pneumonia core measure set (Robke & Woods, 2010). Adherence to
guidelines and pathways has been found to improve processes and outcomes including
mortality (Menendez, et al., 2005). It can also decrease length of stay for patients
admitted to inpatient units. One study tested whether the addition of intensive clinical
case management to standardized order sets with clinical guidelines could lead to a
reduction in length of stay for patients with community acquired pneumonia (CAP). The
results showed that there was a substantial reduction in length of stay while maintaining
quality in the treatment of CAP (Fishbane, et al., 2007).
Integration of disease-specific order subsets into a single general admission order
set can significantly improve the overall adoption of order sets by clinicians. In a study
conducted to evaluate the effects of integrating order subsets for the most common
medical diagnoses into a general medical admission order set, results demonstrated that
the total number of order sets used by clinicians in all departments increased fivefold
during the 16 month period following the implementation of the integrated order sets
(Munasinghe, Arsene, Abraham, Zidan & Siddique, 2011). Thus, integrating order sets
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provide health care organizations with the opportunity to implement evidence-based care
in clinical practice and also to improve patient safety.
A retrospective study conducted to evaluate the use of evidence-based
computerized order sets in a pediatric setting (McAlearney, Chisolm, Veneris, Rich, &
Kelleher, 2006) demonstrated that trends in order set utilization varied by disease
condition. For example, use of the asthma and post-appendectomy order sets were
associated with factors such as admission unit and case complexity. Utilization of the
community acquired pneumonia order set was associated with case complexity but not
admission source. Unlike demographic characteristics, patients’ clinical conditions were
strongly associated with physicians’ decisions to use order sets. It was also noted that in
the cases of asthma and appendectomy, admissions to units that admit large numbers of
patients with that given condition were more likely to result in order set utilization.
Researchers recommended that organizations looking to implement computerized order
sets consider the different factors that may influence the use of each order set rather than
relying on a one size fits all implementation strategy. Researchers also stressed the
importance of training for attending physicians and making them aware of the available
order sets, which makes them more likely to recommend their use to residents. Other
major factors that influence order set utilization are level of physician involvement in
order set development and consensus around order set content (McAlearney, Chisolm,
Veneris, Rich, & Kelleher, 2006).
Several studies have demonstrated that the integration of evidence-based decision
support, practice guidelines, and disease specific order sets into CPOE can result in
reduction of medical errors, shorter order turn-around times, and greater overall
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efficiency of care. The development of standard evidence-based protocols and order sets
supported through CPOE is one vehicle which can be used to reduce order volumes. As
the order volumes decrease, it is likely that clinician workload also will be significantly
reduced (Ali et al., 2005; Mekhjian et al., 2002). Additionally, another study conducted in
an emergency department found that physicians at all levels of training indicated that the
electronic version of an order set was superior to the paper version of order sets (Asaro,
Sheldahl & Char, 2005).
Disadvantages of Order Sets
The presence of order sets in a system does not guarantee that clinicians will use them.
One organization developed 513 order sets and reported that only 13% were used one or
more times in a 6 month period (Payne, Hoey, Nichol & Lovis, 2003). Many electronic
medical record vendor products provide order sets in their applications, but all of the
build and maintenance of the individual order sets takes place at the organization level.
For organizations that lack personnel resources and time, some vendor companies supply
order set templates with linked evidence that may be customized to fit the hospital’s
needs. Thus, purchasing order sets from outside vendors may speed order set content
development, but converting or customizing them according to the organization’s needs
is an arduous, and sometimes painful process. In addition, unfortunately, electronic
exchange of order sets between sites is rarely possible as they use different applications.
Whether vendor-supplied or organization-specific, the initial amount of work required to
design and build order sets will depend on various factors and can be overwhelming.
Though most hospitals have paper-based order sets to begin with, extensive changes may
be required if standardization and consistency across order sets are part of the
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organization’s goals (Bob, Payne &Gross, 2007). See Table 1 for differences between
paper ordersets and electronic ordersets.
Table 1
Difference between paper order sets and electronic order sets
Paper Order Sets

Electronic Order Sets

Difficult to find

Readily accessible from anywhere

Clinician unaware the order set exists

Real time prompts when appropriate

Physical change to order set lags behind
practice change

Order sets can be updated more easily when
practice changes

Difficult to remove all old versions of
paper form from patient care areas or
nursing stations and clinicians might use
old version instead of new version

Old version is replaced entirely with the
new version

Patient may need more than one order set

Ability to link order sets for standardized
elements of care
Can be linked to the evidence-based
literature

Possibly evidence-based
(Bob, Payne & Gross, 2007)

Impact of CPOE and Order Sets in Improving Compliance with Guidelines
Computerized physician order entry and clinical decision support systems may
have an additional important role for the prevention of noncompliance in the future
(Russmann, Curkovic, & Huber, 2010). Order sets can provide guidelines or
recommendations to physicians in choosing the appropriate treatment. For example, in an
order set for patients admitted with pneumonia, instructional text can inform clinicians of
recommended choices for empiric antimicrobial therapy and also make it easy to follow
the recommendation (Payne, Hoey, Nichol & Lovis, 2003).
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Computer based clinical decision support systems are particularly useful for the
prevention of acute, potentially life-threatening disorders among hospitalized patients,
such as venous thromboembolism. A study about physician compliance with advanced
electronic alerts for preventing venous thromboembolism among hospitalized
medical patients reviewed 1027 hospitalized medical patients and demonstrated that the
introduction of an advanced eAlert system accompanied by continuing medical education
about the prevention of venous thromboembolism (VTE) resulted in a substantial
increase in the rate of appropriate prophylaxis being ordered among hospitalized medical
patients (Kucher, Puck, Blaser, Bucklar, Eschmann & Lüscher, 2009).
At WellStar Health System, CPOE was implemented and order outlines, which
are similar to order sets, were used to implement guidelines to improve care of patients
with sepsis (McCarthy, 2009). The Surviving Sepsis Campaign, a partnership of the
Society of Critical Care Medicine, the European Society of Intensive Care Medicine and
the International Sepsis Forum, set a goal of reducing sepsis mortality by 25% within five
years of its inception in 2004. Using order lines, physicians were able to order the right
antibiotic and the right dose, coupled with support that warns of allergies or potential
drug interactions. WellStar achieved significant improvements in patient safety, showed
significant decline in the ratio of observed-to-expected deaths, reduced risk-adjusted
mortality index for septic shock, reduced length of stay for severe sepsis and septic
shock, and decreased the cost per case for severe sepsis and septic shock (McCarthy,
2009).
A CPOE order set with acute coronary syndrome (ACS) guidelines was
implemented in an emergency department setting and a survey was conducted to compare
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the paper and computerized order sets. The results demonstrated that even though
physicians used the order sets, and liked the CPOE order sets better than the paper
version, guideline compliance did not improve. The researchers believed that the cultural
and organizational issues as well as limitations in the functionality of the commercial
system had limited the effectiveness of the implementation (Asaro, Sheldahl & Char,
2005). Structural and organizational issues can become prominent barriers to successful
implementation of guidelines using order sets. Attending physicians may not agree with
guideline recommendations and this issue is often cited by resident physicians as a barrier
to successful implementation of guidelines. Attending physician variability may have a
trickle-down effect resulting in inconsistency in guideline adherence among resident
physicians. This occurs particularly in departments where the attending physician is more
directly involved in decision-making throughout the patient encounter (Asaro, Sheldahl
& Char, 2005). Physicians’ knowledge and perceptions regarding the guidelines are also
critical factors for successful implementation (Heidrich, Behrens, Raspe, & Keila, 2005).
Attending physicians may be slower to adopt new processes into their clinical practices.
Pneumococcal Vaccination Status
Importance of Pneumococcal Vaccination
Streptococcus pneumonia or pneumococcal pneumonia is the most common cause
of bacterial pneumonia acquired outside of hospitals. The bacteria can multiply and
cause serious damage to healthy individual lungs, and can lead to bacteremia and
meningitis, especially when the body's defenses are weakened. It is estimated that
175,000 cases of pneumococcal pneumonia occur each year, with a fatality rate of 5-7%,
or higher among the elderly (http://www.lung.org/lung-disease/influenza/in-depth-
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resources/pneumonia-fact-sheet.html). S. pneumonia accounts for one-third of all
hospitalizations for community-acquired pneumonia and is the most frequently isolated
organism among patients with COPD in whom pneumonia or acute exacerbations
develop (Eller, et al., 2007). In light of an increased risk of pneumococcal disease with
advancing age, the costs associated with infection, and the rising rates of drug resistance,
vaccination has emerged as a public health priority (U.S. Department of Health and
Human Services, 2000). The rapid emergence of drug-resistant S. pneumonia organisms
presents new therapeutic challenges for physicians and reemphasizes the need for
aggressive promotion of pneumococcal vaccination (Breiman, et al., 1994). The Centers
for Disease Control and Prevention recommend that pneumococcal vaccination be
administered to all patients 65 year of age as well as to younger patients with chronic
medical illnesses (Eller, et al., 2007). In one study, receipt of pneumococcal and
influenza vaccines was associated with a 72% reduction in hospitalization and an 82%
reduction in mortality among people with chronic lung disease (Nichol, Baken,
Wuorenma, & Nelson, 1999).
Pneumococcal Vaccination Rates
Surveys indicate that only 28.7% of persons 65 years of age or older and 5% to
7% of younger persons with chronic illnesses or immunosuppression were vaccinated in
the 1970-1990 time period (CDC, 1995). For people aged 65 years or more, the
pneumococcal vaccination coverage increased from 14.1% in 1989 to 60.1% in 2008. On
average, vaccination coverage increased by 3.5% annually during 1989–2000, but only
increased by 1.0% during 2001–2008. This is well below the National Healthy People
2010 target of 90% (Lu & Nuorti, 2010). Researchers have proposed that low rates may
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be due to difficulty in identifying people at risk. Lower rates may also indicate missed
opportunities on the part of providers, lower emphasis on the younger age group by
public health services and less awareness among this age group of the importance of
immunization. Patients’ refusal for vaccination is also another reason for decreased
vaccination rates. Even though inpatients are assessed appropriately and offered vaccine,
the vaccination rates may remain low due to health concerns leading them to decline
vaccination. One of the factors leading to patient refusal of vaccination is the requirement
of signed patient consents. Consent forms not only increase administrative burdens, but
also increase patient concerns as other medication administrations do not need consent
forms (Kissam, Gifford, Patry & Bratzler, 2004).
Some of the patient characteristics independently associated with increased
likelihood of receiving pneumococcal vaccination include higher age, being female,
being of non-Hispanic white ethnicity, higher education level, more physician visits in
the past year, hospitalized within past year, having Medicare and other supplemental
health insurance, and having a chronic medical condition (Lu & Nuorti, 2010). Older age
was likely associated with higher vaccination coverage because age is correlated with
increased opportunities to receive the vaccine (Jackson, & Janoff, 2008). In addition, it
was also found that the elderly population had more frequent contacts with medical
providers. Studies have shown that vaccination coverage among non-Hispanic whites was
consistently higher than among non-Hispanic blacks and Hispanics (Jackson, Baxter, et
al., 2009; Marsteller, Tiggle, Remsburg, Bardenheier, Shefer & Han, 2008; Howard,
Sentell, et al., 2006).
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The number of physician contacts and the presence of chronic illness were
strongly associated with receiving vaccinations. Physician contact and recommendation
of vaccinations has also been shown to play an important role in adult vaccination uptake
(Singleton, Santibanez, & Wortley, 2005). Another study showed that people aged 65
years or more who had supplemental health insurance received more tertiary preventive
services than those without supplemental coverage (Saag, Doebbeling, Rohrer, et al.,
1998).
People with education beyond some college were signifıcantly more likely to
receive vaccination than those with less education. People with less education may be
unaware of the availability of preventive services and also may experience more barriers
to receiving care (Peterson, Saag, Wallace, & Doebbling, 1999; CDC Morbidity and
Mortality Weekly Report, 2003).
Scioecological Model
McLeroy et al. (1988) proposed a socioecological model with five levels of
influence that can affect health behavior. This includes intrapersonal factors,
interpersonal factors, institutional or organizational factors, community factors, and
public policy factors. This study used socioecological model as a general framework. But
given that data were obtained through chart reviews, only institutional factors are
measured in this study. The following paragraphs describe the socioecological model and
its various factors that can influence the outcome variable of pneumococcal vaccination
rates.
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Intrapersonal Factors Influencing Pneumococcal Vaccination Rates
Intrapersonal factors influencing vaccination rates in this study are the
characteristics of the provider. The individual characteristics of the provider such as age,
gender and computer experience can influence vaccination rates. For example, providers
who are younger and have more computer experience might accept and use the order set
more easily and comfortably than providers who are older and have less computer
experience (Ash, Gorman, Lavelle, Payne, Massaro, Frantz & Lyman, 2003).
Knowledge and attitude regarding pneumococcal vaccination, and skill in using CPOE
and order sets also influence the ordering of pneumococcal vaccine with order sets
(Nichol & Zimmerman, 2001). The patients’ race and ethnicity are other factors that
could influence provider behavior in ordering vaccinations (Marsteller, Tiggle,
Remsburg, Bardenheier, Shefer & Han, 2008).
Provider education is another major factor influencing the pneumococcal
vaccination rate for eligible patients. It is assumed that provider knowledge about
vaccinations will affect physician behavior in a positive way (Shefer, et al., 1999).
Provider education can motivate providers to educate patients so that the patients are
more aware of and demand vaccinations. Provider education can also motivate providers
to implement other interventions such as reminder recall systems or standing orders.
Another study demonstrated that although most physicians thought that it was
very important to vaccinate high risk patients, only 81% and 64% of generalists and
subspecialists, respectively, very strongly recommended pneumococcal vaccinations to
their elderly patients (Nichol & Zimmerman, 2001). This study also found that factors
significantly associated with strongly recommending vaccinations to elderly patients
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included female sex of the provider, the provider’s beliefs about vaccine effectiveness
and cost effectiveness, a patient’s risk for illness, and ease of targeting patients. Also
generalists were more likely than subspecialists to strongly recommend pneumococcal
vaccinations to their patients. .
Inter-Personal Factors Influencing Pneumococcal Vaccination Rates
Along with individual factors, there are inter personal factors like formal and
informal networks within the electronic health record system that influences vaccination
rates. The perceived ease of using a system might be influenced by the extent to which a
user believes that there is a strong shared belief in the organization that it will be
beneficial (Amoako-Gyampah & Salam, 2003).
One study demonstrated that both training and project communication influence
the shared beliefs that users form about the benefits of the technology and that the shared
beliefs influence the perceived usefulness and ease of use of the technology (AmoakoGyampah & Salam, 2003). The decision to adopt a system or functionality most likely
arises from senior managers. The information about the benefits of the technology flows
from these individuals to others only through effective communication. This leads to an
increase in the shared beliefs about the benefits of the system or functionality (Klein &
Sorra, 1996).
One study demonstrated that patient awareness about the need for the vaccine and
physician recommendations were the leading factors reported by patients in receiving a
vaccination (Wong-Beringer, Brodetsky & Quist, 2003). In another study that was
conducted to determine the factors that influence pneumococcal vaccine compliance in
the aged, the results showed that the single most important factor for not accepting
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vaccination was lack of information and unawareness that the immunization was
necessary (81%) (Ganguly, Vargas, & Schler, 1998). Fear of shots and side effects was
the next most important reason (15%). Lack of transportation (12%) and not having an
interest in prophylactic immunization (8%) were some of the other reasons.
Healthcare providers should recommend and encourage eligible patients to
receive pneumococcal vaccination when those people have opportunities to visit them or
access healthcare settings (Poland, Shefer, McCauley, et al., 2003). Studies have shown
that there were frequent missed opportunities for pneumococcal vaccination (Lu &
Nuorti, 2010; Kyaw, Greene, Schaffner, et al., 2006). Many people aged 65 years or
older, who had visited their physicians at least 10 times in the past year, did not receive a
vaccination. These studies demonstrate that more than 90% of unvaccinated individuals
missed at least one potential opportunity to get vaccinated.
Institutional Factors Influencing Pneumococcal Vaccination Rates
The socioecological model found that health and health related behaviors,
including vaccination status are greatly influenced by institutional structures and
processes. In this model, CPOE and order sets are used as measures of institutional
structures and processes, and influence the delivery of pneumococcal vaccinations.
Description of CPOE and order sets as used in this study is provided in earlier
paragraphs.
Organizational and Public Policy Factors Influencing Pneumococcal Vaccination Rates
Organizational structures and processes can have a substantial influence on the
health and health related behaviors of individuals. Organizational change is an essential
component of creating an organizational culture supportive of health issues, and
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organizational changes are necessary prerequisites for the adoption, implementation, and
institutionalization of health promotion programs (McLeroy et al., 1988).
Structural and organizational issues can become barriers to successful
implementation of new functionalities or guidelines. Variability in attending physician
agreement with guideline recommendations is often cited as a contributing factor by
resident physicians. In academic institutions, attending physician variability may have a
trickle-down effect resulting in inconsistency with guideline adherence among resident
physicians (Asaro, Sheldahl, & Char, 2005). Inconsistencies in hospital-wide adoption of
the clinical guidelines or recommendations may further contribute to decrease
compliance with those guidelines and recommendations (Ash, Gorman, & Lavelle, 2003;
Kuperman & Gibson, 2003).
Ash, Gorman, Hersh, Lavelle, & Poulsen (2003) identified other positive
organizational factors leading to the adoption of order entry applications and
functionalities. These include presence of clinician champions and house staff
committees, support by department chairs, good faculty-resident relations, listening to
house staff, good communication, and excellent leadership at the institutional and house
staff levels. Thus organizational factors play a vital role in adopting new functionalities
and guidelines in improving compliance with pneumococcal vaccination administration.
The Centers for Disease Control and Prevention recommended providing
pneumococcal vaccine to all adults aged 65 and older and to persons aged 2 to 64 years
with chronic illnesses that place them at higher risk for pneumococcal disease (Advisory
Committee on Immunization Practices, 1997). The Joint Commission also has adopted
policies that require hospitals to provide pneumococcal vaccinations to patients who are
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in need. One of The Joint Commission standards for infection control is to make
influenza and pneumococcal vaccine protocols an integral part of resident preventive
health care. The need for pneumococcal vaccine should be assessed at admission and
offered as soon as possible (Nowalk, et al., 2003).
One study reviewed the state immunization laws for health care workers and
patients in a variety of health care settings in all 50 states and Washington DC (Lindley et
al., 2007). The study revealed that over half of states had laws for health care workers
while few states had laws for patients. Researchers suggested that vaccination
requirements that are properly implemented and enforced should be an effective tool in
future efforts to reduce infections and increase overall quality of medical care.
Although consistency in legislative requirements for vaccination could prove
beneficial, enforcement of requirements are necessary to increase levels of vaccination
coverage. Even though there is a legal requirement to offer influenza and pneumococcal
vaccinations, lack of enforcement was hypothesized as an important reason for not
attaining compliance with vaccinations (Hempstead, Bresnitz, Howell-White, Crabtree, &
Scotto, 2004; Lindley et al., 2007).
Strategies Currently Used to Improve Vaccine Delivery
Studies have found that opportunities to provide pneumococcal vaccination were
missed in up to 80% of hospitalized patients (Kyaw, Greene, Schaffner, et al., 2006;
CDC, 1997). Currently several strategies have been implemented to improve vaccination
coverage in office, hospital or long term care settings. Some of the interventions that
increased vaccination rates included advertising (Weaver, Goldstein, et al., 2003;
Schluter, Ralston, Delanet, et al., 1999), provider and patient mailings (Weaver,
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Goldstein, et al., 2003; Nichol, 1998), registry based telephone calls (Kempe, Daley,
Barrow et al., 2005), patient and staff education (Schluter, Ralston, Delanet, et al., 1999),
standing orders coupled with standardized forms (Nichol, 1998), targeting of syringe
exchange customers for difficult to reach populations like injection drug users (Stancliff,
Salomon, Perlman, et al., 2000), and visiting nurses (Dalby, Sellors, Fraser et al., 2000).
In the literature, hospitals generally focus on the providers with standing orders
for influenza and pneumococcal vaccinations in addition to reminders for hospital staff.
Use of the standing orders program has shown to have a positive impact on improving
vaccination coverage. Standing orders programs authorize nurses and pharmacists, where
allowed by state law, to administer vaccinations without the need for physician’s
examination or direct order. Optimal coverage may be attained when standing orders
programs are more widely implemented (CDC, 2003; Coyle & Currie, 2004). A study
which included 761 elderly patients in a tertiary care hospital, reported that
implementation of a standing order for influenza vaccinations increased vaccination
coverage from 45% prior to admission to 67% after the inpatient intervention (Lawson,
Baker, Au, et al. 2000). Almost 40% of unvaccinated patients were vaccinated by this
strategy. Another study was conducted in a veterans’ hospital and the researchers did a 10
year evaluation of a vaccination program (Nichol, 1998). They reported that after
implementing standing orders and standardized forms, vaccination coverage increased
from 79% to 86%.
Reminder systems have also been evaluated for their role in improving vaccine
coverage. One study assessed a computerized reminder system by conducting a
randomized controlled trial with 6,371 patients who were discharged from six general
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medicine wards in an urban hospital during an 18 month period. Results showed that
vaccination coverage was 51.4% among eligible patients in the intervention group
compared with 1% in the control group (Dexter, Perkins, Overhage, et al., 2001). Another
study evaluated fax reminders to primary care physicians encouraging vaccination before
discharge (Bloom, Wheeler, & Linn, 1999). Reminders were sent to 103 physicians
serving 153 patients aged 65 years or older. The study results showed that the vaccination
rate before discharge was less than 2%.
At Cedars-Sinai Medical center, the POE system was designed to send an alert to
the physician prior to discharge when a patient was eligible for pneumococcal
vaccination (Shabot, 2004). The physician then clicked on the hotlink and was able to see
the specific recommendation. The physician was able to place orders for the vaccination
based on the recommendation.
Another study reviewed 56 studies that reported on interventions or programs
aimed at vaccinating high risk populations (Ompad, Galea & Vlahov, 2006). This review
of published literature revealed that the common reasons physicians gave for not
vaccinating before discharge included the following: patient vaccinated prior to
hospitalization (85%), patient discharged prior to completion of treatment (47%), and
acute-care setting not appropriate to give vaccinations (40%). Establishing a standing
orders program is seen to be difficult as physicians may object to having the decision
taken out of their hands, and nurses may object to the additional responsibility (Schulz,
Metersky, & Mathur, 1996).
The structured setting of hospitals and tertiary-care facilities provides an
important opportunity for vaccination. Even though standing orders and reminders appear
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to improve vaccination rates, they still did not meet the goal of 90% vaccination coverage
for adults aged 65 years and 60% for high-risk adults aged 18–64 years (Ompad, Galea &
Vlahov, 2006).
Some studies evaluated the effectiveness of pharmacy-based vaccination
programs in inpatient settings. These programs have shown to be effective because many
pharmacists routinely perform the tasks required to identify vaccine-eligible patients and
Medicare reimburses for pneumococcal vaccination and permits standing orders for its
administration to Medicare patients (CDC, 1997). Robke & Woods (2010) conducted a
study at a tertiary care referral hospital and examined the use of pharmacists on
pneumococcal vaccination rates through incorporation of vaccination assessment into
selected critical pathways. Pharmacists were assigned to screen and educate patients on
chosen pathways and the pharmacists would contact the physicians for authorization to
vaccinate when eligible patients were identified. The success of this study led to several
changes in the hospital’s pneumococcal vaccination program. The vaccination assessment
was moved from selected critical pathways to the admission database of all patients. A
collaborative practice agreement was also developed to authorize pharmacists to write
pneumococcal and influenza vaccine orders for eligible patients per the program's
protocol. These two changes led to a dramatic improvement in overall screening and
documentation rates of pneumococcal vaccination for patients with community acquired
pneumonia and for other at-risk patients.
Another study reported that a pharmacist managed immunization program for
adult inpatients significantly increased vaccination rates among patients at high risk for
influenza and pneumococcal infection (Bourdet, Kelley, Rublein & Williams, 2003).
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However, such programs require an increased number of clinical pharmacists to be
involved in screening each service or a team of pharmacists would need to be designated
as responsible for screening for eligible patients.
Summary
The review of the literature shows that CPOE and order sets can be an important
vehicle in the delivery of vaccine administration and is increasingly becoming popular in
hospitals around the country. CPOE and order sets have shown to improve compliance
with clinical guidelines and thereby improving pneumococcal vaccination administration
rates. Literature pertaining to the advantage and disadvantages of CPOE and order sets,
importance of pneumococcal vaccination, various factors in the socioecological model
influencing vaccination rates, and strategies currently used to improve vaccine delivery
are reviewed in this chapter.
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CHAPTER III: METHODOLOGY
Introduction
The major goal of this study was to compare the impact of using a pneumococcal
vaccine screening and order (PVSO) on pneumococcal vaccination when used at the time
of admission and when used at the time of discharge for adult patients in an acute
inpatient setting. The secondary goal was to examine factors associated with vaccination
with both types of order sets. This chapter will describe the research methodology used in
this study including a description of the study design, sample, data collection, data
collection process and statistical analysis.
Design
A retrospective pre and post design was used for this study. Pneumococcal
Vaccination Screening and Order (PVSO) were incorporated into the Admission Order
Set (AOS) in the department of medicine inpatient units on September 15th, 2008. Before
this time period, PVSO was part of the Discharge Order Set (DOS). The electronic
medical records of patients who were discharged from selected medical inpatient units
during the months of March of 2008 (6 months before the implementation of PVSO in
AOS) and March of 2009 (6 months after the implementation of PVSO in the AOS) were
included.
Sample
Patients who were discharged from seven medical inpatient units providing
nursing care to patients at The Johns Hopkins Hospital (JHH) were included in this study
(Halsted 5, 6, and 8, Nelson 3 and 4, Osler 4 and 5). A stratified random sample of
medical records of patients’ who were discharged from these units was used to obtain
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patient level data. Characteristics of each unit during the study periods also were
associated with the patients who were discharged from each unit in the corresponding
study period.
Setting
The Department of Medicine at JHH operates a total of 222 beds and is comprised
of 8 inpatient acute care units, 2 intermediate care units and 2 critical care units. As most
patients admitted to the intermediate care units and critical care units are transferred to
the inpatient acute care units once their condition improves, and as vaccination is not a
priority for patients who are critically ill, the intermediate care and the critical care units
were excluded from this study. As a stratified random sampling based on age was used as
sampling method, one acute care unit (Osler 8) was not included in the study because the
majority of patients in this dedicated HIV/AIDS unit are less than 65 years old. Table 3.1
includes a brief description of included units.
Table 3.1
Description of Inpatient Units Included in the Study
Name of
Type of patients
unit
UNIT-1
Cardiac diseases, interventional and
diagnostic cardiac procedures
UNIT-2
Congestive heart failure, pneumonia,
asthma, cellulitis, GI- and cancerrelated problems, new onset diabetes,
hematologic disorders.
UNIT-3
General medical care
UNIT-4
General medical care
UNIT-5
General medical care
UNIT-6
General medical care
UNIT-7
Research patients and overflow from
Nelson 3, Osler 4, Halsted 8 and
Nelson 4
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Bed
capacity
21

Average length
of stay
2.4 days

17

4 days

18
24
26
20
14

4.5 days
4.6days
5 days
4 days
3.5 days

Unit-3, Unit-4, Unit-5, and Unit-6 are medicine units with a total capacity of 94
beds. These units offer general medical care to acutely ill patients. Unit-7 is a 14 bed
research unit and takes overflow from the medicine units. Unit-1 is a 21 bed unit caring
for patients with cardiac diseases. Unit-2 has 17 beds and admits patients with general
medical illnesses such as congestive heart failure, pneumonia, asthma, diabetes etc.
Sampling Frame
Pneumococcal Vaccination Screening and Order (PVSO) were incorporated into
the Admission Order Set (AOS) in the department of medicine inpatient units on
September 15th, 2008. Before this time period, PVSO was part of the Discharge Order Set
(DOS). A time frame of 6 months before and 6 months after the implementation of PVSO
in the AOS was chosen for the study and duration of 1 month was chosen for each time
period to obtain adequate sample size. A report run by the research department of JHH
using the inclusion and exclusion criteria, obtained a list of all patients who were
discharged from the selected 7 medicine units during the time frame of March 1st - March
31st, 2008 and March 1st- March 31st, 2009. This report contained 1766 cases which were
used as the sampling frame.
Inclusion criteria
Patients 21 years or older who were discharged from one of the 7 selected units
during the time frames of March 1st- March 31st, 2008 and March 1st- March 31st, 2009
were included.
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Exclusion criteria
Patients were excluded from this study if they were admitted to the selected units
during the specified time period, but died, left against medical advice or transferred to
other hospitals or facilities during the study period. For patients who had readmissions to
one of the selected units during the study period, only the first admission during the study
period was considered and the subsequent admissions were excluded from this study.
Sample Size
In this study, the outcome variable pneumococcal vaccination status is a
categorical variable with “1” coded as vaccine administered and “0” coded as vaccine not
administered. Sample sizes were estimated using nQuery Advisor, statistical software for
power and sample size calculation. A test significance level of 0.05 was used for
calculating sample size. A two-sided test was used for estimates so that the possibilities
of the relationships between variables were tested in both directions regardless of the
direction of the relationship hypothesized in the study. In this calculation, the power was
set for 80%.
Sample size was estimated with different proportions. If the estimated proportion
of number of patients who got vaccinated in 2008 March is 0.6 and the estimated
proportion for March 2009 is 0.8, using a test significance of 0.05 and 2 sided test, the
odds ratio is 2.667. This means the patients discharged during the time period of March
2009 is 2.7 times more likely to be vaccinated than patients who were discharged during
March 2008 time frame. The sample size needed for each time period using these
proportions is 82. For this study, the number of patients who got vaccinated for March
2008 was estimated to be 80% (p1 = 0.8) and for March 2009 was estimated to be 90%
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(p2 = 0.9). Sample size (n) obtained using the program was 199 per group. Therefore a
total of 398 patient charts were needed for this study. To make calculations easier, total
sample size estimated was 400 with 200 for each time period.
A larger sample size is preferred so that it provides more power, increases validity
and provides more patients in each group for subgroup analyzes. As this study looked at
the pneumococcal vaccine administration rate for patients in different age groups (21-64
years old and 65 years or older), a stratified random sample using age as the stratum was
appropriate. An estimate was obtained for the number of patients discharged per unit per
month and also for the number of patients for each age group (Table 3.2). An equal
number of cases from both age groups were selected from each medicine unit selected for
the study.
Table 3.2
Estimated Discharges per Unit
UNIT
2008 (March 1st-31st)
< 65 years 65 years and >
UNIT-1 99
64
UNIT-2 88
39
UNIT-3 70
48
UNIT-4 106
39
UNIT-5 115
44
UNIT-6 74
59
UNIT-7 35
32
Total
587
325

2009 (March 1st-31st)
Total
145
159
163
127
118
133
67
912

< 65 years
119
116
93
82
82
73
43
608

65 years and >
40
35
67
37
36
48
21
284

Total
159
151
160
119
118
121
64
892

As there were 3 categorical independent variables (age, sex, and race) for a single
binomial dependent variable (pneumococcal vaccination status), in order to do chi-square
analysis, a minimum of 5 cases per cell were required for each subgroup. This means,
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sample should include a minimum of 30 cases for each age group from each unit for each
time period. As there were 7 medicine units selected for this study, 420 cases for 2008
March time period and 420 cases for 2009 March time period were selected. So the grand
total for sample size was 840 cases.
Units varied in the number of patients discharged per month. In order to have a
representative sample from each unit, this study used a sample proportional to the size of
the unit (see Table 3.3). Cases were selected from each unit proportionate to the total
number of discharges for each time period. The total cases selected from each unit were
again divided into equal numbers for the age groups 21-64 years and 65 years and older.
Table 3.3
Number of Cases Selected per Unit
Number of cases selected (March 2008) Number of cases selected (March 2009)
< 65 years 65 years and >
Total
< 65 years 65 years and >
Total
UNIT-1
37
37
74
38
38
76
UNIT-2
29
29
58
28
28
56
UNIT-3
27
27
54
28
28
56
UNIT-4
33
33
66
37
37
74
UNIT-5
39
39
78
35
35
70
UNIT-6
30
30
60
29
29
58
UNIT-7
15
15
30
15
15
30
Total
cases
210
210
420
210
210
420
Sample Selection
The estimated sample size was 420 for each time period, and there were 7 units
selected for the study. The cases from each unit were divided into 2 groups based on age
(21-64 years and 65 years or more) and cases were selected randomly from each unit. The
number of cases selected from each unit was proportionate to the number of cases
discharged from the unit in the month. Unique identification numbers were given to each
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subject and the document that stored the linkage between the subject IDs and their names
was kept in a separate place. Only the PI and members of the research team had access to
the patient identification data.
Measures
Most of the demographic data were obtained from a report run by Dr David
Thiemann in the research department of Johns Hopkins Medical Institute and given to the
researcher on January 20th, 2012. This report included the name of patient, medical
record number, age, date of birth, sex, admission date, and discharge date and medical
service. The remaining data were extracted from the electronic medical records using two
data collection sheets, one for AOS and another for DOS (Appendix 3). The variables and
their coding are included in Table 3.4. The extracted data included demographic data
(e.g. age, sex and race), admission/discharge data (e.g. date of admission, date of
discharge, and length of stay), health related data (e.g. primary diagnosis and risk
factors), and vaccine data (e.g. vaccine ordered, vaccine status and reasons for not
administering vaccine).
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Table 3.4
Variables and Their Coding
Variables

Coding

Demographic data

Age group

1-65 or older; 0-21- 64 years

Sex

1-Male, 0-Female

Race
Race (recoded)

1-Caucasian/White, 2-African
American, 3-Other
1-Minority, 0- Caucasian

Date of admission

month/date/year

Date of discharge

month/date/year

Medical service

1-ACS Barker, 2-ACS Janeway,
3- ACS Longcope, 4- ACS Thayer,
5- Cardiology, 6-Gastroenterology,
7- General Medicine, 8-Hospitalist
Service, 9- Internal Medicine,
10- Pulmonary, 11- Renal Diseases,
12- MEG, 13- Assistant Chief
Service, 14-Rheumatology,
15-Infectious Diseases ,
16- Neurology, 17- Other.
numeric

Admission/
Discharge data

Length of stay in days

Health related data

Discharging unit

1-HAL5, 2- HAL6, 3- HAL8,
4-NEL3, 5-NEL4, 6-OSL4, 7-OSL5

Primary diagnosis

1- Cardiovascular, 2- GI disease,
3- Respiratory disease, 4- Renal
disease, 5-Genitourinary tract
disease, 6- Oncology, 7-Psych/
Behavioral, 8- Neurological,
9- Other.

Screened for risk factors

1-yes, 0-no

Risk present

1-yes, 0-no

Type of risk factor

1- Chronic diseases,
2- Immunocompromised, 3- Chronic
care facility resident, 4- Cochlear
implants, 5-Alaskan native/native
American, 6- CSF leaks, 7- Age > or
= 65 years, 8- No risk factors.
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Order Set

Type of order set

1-DOS, 0-AOS

Vaccine data (AOS) Vaccine Indicated

1-yes, 0-no

Vaccine ordered

1-yes, 0-no

Conditional order activated

1-yes, 0-no

Vaccine status

1-vaccine administered
0- vaccine not administered

Reasons for not
administering vaccine

1-given previously
2-allergy/sensitivity to vaccine
3-terminal/comfort measures
4-temp greater than 38.1C in
previous 24 hours
5-patient refused
999-not applicable

Vaccine data (DOS) Vaccine Indicated

1-yes, 0-no

Vaccine ordered

1-yes, 0-no

Vaccine status

1-vaccine administered
0- vaccine not administered
1-given previously,
2-received chemotherapy/radiation
during admission
3-patient refused
4-patient is less than 65 years old
5-no reason given
999- not applicable

Reasons for not
administering vaccine

Description of Variables
Demographic data
Demographic data included age, sex, and race. Age was coded into 2 groups, age
21-64 years and 65 years or more. Race was initially coded as Caucasians, African
Americans and “Other”. As there were only 33 cases in the “Other” group, race was
recoded into 2 groups of Caucasians and Minorities.
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Admission/Discharge data
Admission/Discharge data included patients’ length of stay in days, medical
services, and discharging units. The medical service to which each patient was admitted
was obtained from the electronic medical record during data collection and was coded
into 17 categories for analysis.
Primary diagnosis
Primary diagnosis was coded into 9 categories for analysis based on categories
available from the history and physical template used in CPOE. They are: (1)
Cardiovascular; (2) GI disease; (3) Respiratory disease; (4) Renal disease; (5)
Genitourinary tract disease; (6) Oncology; (7) Psych/Behavioral; (8) Neurological; and
(9) Other.
Risk factors for developing pneumonia
The risk factors included:1) Chronic diseases (e.g. cardiovascular diseases,
chronic pulmonary diseases, diabetes mellitus, chronic liver diseases etc.); 2)
Immunocompromised conditions (e.g. HIV infection, leukemia, lymphoma, and/or
receiving immunosuppressive medications); 3) Chronic care facility resident; 4) Alaskan
native/Native American; 5) Cochlear Implants; 6) Cerebrospinal fluid leaks; and 7) Age >
or = 65 years (www.cdc.gov). Risk factors for patients in the AOS group were
determined by physicians using a screening tool in the AOS. As there was no screening
tool available in DOS, risk factors for patients in DOS group were determined by chart
review by the researcher, mainly by reviewing the primary and secondary diagnoses.
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Vaccine data
Vaccine data for AOS included: Vaccine indicated, vaccine ordered, conditional
order for vaccine activated, vaccine status, and reasons for not administering vaccine.
Vaccine data for DOS was slightly different from the AOS as it did not have conditional
orders to be activated and the reasons for not administering the vaccine also differed from
AOS. Vaccine data for DOS included: Vaccine indicated, vaccine ordered, vaccine status
and reasons for not administering the vaccine. The main outcome for vaccine data was
the vaccine status, whether vaccine was administered or not administered.
Procedures
Identification of Cases
After receiving approval from Johns Hopkins University and University of
Maryland, Baltimore IRBs, a report was generated from the Computerized Provider
Order Entry (CPOE) application by the research department personnel of Johns Hopkins
Medical Institute using the inclusion and exclusion criteria specified for the study. This
report included a list of all patients who were discharged from the selected medicine
inpatient units during the time period of March 1st - March 31st 2008 (DOS Sample), and
for the time period of March 1st - March 31st 2009 (AOS Sample). All patients who died,
left against medical advice, transferred to other hospitals or facilities or patients who
were less than 21 years old were excluded in this report. The report provided to the
researchers was in an Excel spreadsheet format and included patient’s name, medical
record number, age, date of birth, sex, discharging unit, day of admission and day of
discharge. The report was saved in a password protected electronic database located on a
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secure server of Johns Hopkins IT Department. Only the researchers had access to the
report and data.
Data Collection
Two data collection tools, one for DOS and another for AOS were created. To
ensure that the researcher could extract required data from the patients’ medical records
and complete the data collection fields appropriately using the instructions provided,
these tools were pilot tested on sample patients in one of the study units (Osler 5).
Patient Data
Patient data were extracted from the electronic medical record (EMR) of each
patient using the data collection tool. As the researcher works for Johns Hopkins
Medicine Clinical Information System Department, the CPOE application was accessed
using the researcher’s existing username and password and the method was approved by
the IRB. Patients’ records were searched using their medical record numbers in the CPOE
application. For DOS, demographic data, admission and discharge information were
obtained from the “Patient Information” tab (i.e., tab= section of the EMR), primary
diagnosis and risk factors from the “Documents” tab, and vaccine information from the
“Orders” tab in CPOE. For AOS, demographic data, admission and discharge information
were obtained from the “Patient Information” tab, primary diagnosis from the
“Documents” tab, risk factors from the admission order set VSO module, and vaccine
information from the “Orders” tab. Inclusion and exclusion criteria were also reviewed
and 10% of the collected data were validated by the Principal Investigator.
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Unit-specific Data
To assess the unit characteristics, the researcher generated a report of unit specific
data using existing functionality in CPOE. This report included:


Number of admissions in each unit during March 2008 and March 2009.



Number of discharges in each unit during March 2008 and March 2009.



Average length of stay for patients in each unit during March 2008 and March
2009.
The daily patient census information for the study periods was obtained from the

Johns Hopkins Intranet site: http://jhbbappw1/DischargeTracking/Main.aspx. This site
leads to the hospital census reporting system where the current and archived statistics are
available. The data for number of beds occupied per day per unit during March 2008 and
March 2009 were accessed from this site by the researcher.
Nursing staffing data
For staff schedules, data were obtained from the Workforce Management System
(Nightingale) software that is currently used by all Johns Hopkins inpatient units. This
web based application allows clinicians and administrative staff to manage schedules,
payroll, contracted staff invoice payment, and staff credentialing. This system provides a
mechanism to generate consistent unit-level data which can be aggregated to hospitallevel information and assist with decision-making. Routine administrative tasks such as
producing staff schedules, time and attendance, credential tracking, and meeting daily
staff requirements are streamlined using this system. A report was generated by the
Nursing administration personnel and this report included the average number of RNs per
shift in each unit during March 2008 and March 2009.
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Data Analysis
Data Screening
An SPSS dataset (PASW Statistics 18 version) was created with the variables
relevant to the study. The data from the data collection tools were transcribed into this
database. Prior to analyses, database was inspected for missing and out of the range
values.
Analyses of Specific Aims
Aim 1 (Describe the study sample’s status of pneumococcal vaccination (PV)
using the pneumococcal vaccine screening and order (PVSO) at admission): Descriptive
data were summarized in tabular form as counts, frequencies and rates as appropriate.
Aim 2 (Describe the study sample’s status of pneumococcal vaccination using the
pneumococcal vaccine screening and order (PVSO) at discharge): Analysis was similar to
specific aim one. Descriptive data were summarized in tabular form as counts,
frequencies and rates as appropriate.
Aim 3 (Describe the reasons for patients who were exposed to the PVSO and at
risk/in need of vaccinations but did not receive PV during the inpatient stay during each
time period): The reasons for not administering pneumococcal vaccination were analyzed
for AOS and DOS separately using cross tabs. Results for each time period were
summarized in tabular form as, counts, frequencies and rates.
Aim 4 (Compare the effect of use of pneumococcal vaccine screening and order
(PVSO) between the AOS and the DOS on pneumococcal vaccination (PV) administered
for adult patients in an acute inpatient setting): This specific aim was addressed using
three hypotheses.

61



Hypothesis 1 (There will be an increase in the pneumococcal
vaccination administration rate for all patients with the use of the PVSO
at admission compared to the use of the PVSO at discharge in an
inpatient setting): The data were cross tabulated and a Chi-square test
was used to evaluate the significance of the difference in likelihood of
vaccine administration according to order set type.



Hypothesis 2 (There will be an increase in the pneumococcal
vaccination administration rate for patients aged 21-64 years with the
use of the PVSO at admission compared to with PVSO at discharge in
an inpatient setting): Analysis for hypothesis two was similar to the
analysis of hypothesis one with the difference of including only 21-64
years age group in the analysis. To compare the effect of use of PVSO
between the AOS and DOS for the age group 21-65 years old, the
frequency of administration of pneumococcal vaccination during the use
of the AOS and the DOS were calculated. The data were cross tabulated
and a Chi-square test was used to evaluate the significance of the
difference in likelihood of vaccine administration according to order set
type.



Hypothesis 3 (There will be an increase in the PV administration rate for
patients aged 65 years or older, with the use of the PVSO at admission
compared to with PVSO at discharge in an inpatient setting): The
analysis was similar to the analysis of hypothesis two with the difference
of including only the older adult group in the analysis.
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Aim 5 (Examine the influence of patient demographic variables (age group, sex,
and race), discharging unit, primary diagnosis, and type of order set on pneumococcal
vaccination administration rate for patients): The outcome variable of rate of patients who
received the pneumococcal vaccination during hospitalization were presented in tabular
form by socio-demographic variables. Logistic regression was conducted to examine the
influence of patient demographic variables (age, sex, and race), discharging unit, primary
diagnosis, and the type of order set variables, on the outcome variable pneumococcal
vaccination administration status
The influence of age group, sex, race, length of stay, and order set type on
pneumococcal vaccination status was evaluated using generalized estimating equations
(GEE) to adjust for the dependency within units. Bivariate correlations were run to
determine if any of the variables had a significant correlation to vaccination
administration. Generalized estimation equations extend the general linear model to allow
for correlated observations. They measure differences in the response for a unit change
in the predictor, averaged over the whole sample. GEE models are thus particularly
suitable when the correlation is of no substantive interest and is merely a nuisance
parameter. This method accounts for the correlation between observations in generalized
linear regression models by use of empirical (sandwich/robust) variance estimator.
Aim 6 (Determine if selected inpatient unit characteristics and the administration
of pneumococcal vaccination vary significantly by individual nursing care units): The
contributions of the characteristics of a nursing care unit for both time periods that were
evaluated as contributors to vaccination status were the number of admissions per month,
the number of discharges per month, average beds occupied per day, and the number of
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patients per nurse. A GEE analysis to determine dependencies within the units could not
be performed due to limited number of units and time periods. Bivariate correlations were
run to determine if any of the variables had a significant correlation to vaccination
administration. The vaccination rate for each unit for both time periods was calculated by
obtaining the proportion of the number of vaccines administered in the unit to the total
number of patients in the unit. This variable was used as the outcome variable in this
analysis.
Human Subject Considerations
In order to protect privacy and confidentiality, a unique identifier was given to
each case in the sample and the document that stored the linkage between the subject IDs
and their names were kept in a separate place. Data were stored in a password protected
database that was only accessible to the investigators. There were no direct benefits to the
subjects for participating in this study.
Summary
In summary, a retrospective pre and post design was used to compare the impact
of a pneumococcal vaccine screening and order (PVSO) on pneumococcal vaccination at
the time of admission and discharge for adult patients in an acute inpatient setting. From
a sample frame of patients discharged from seven inpatient medical units at The Johns
Hopkins Hospital (JHH), a stratified random sample was selected. Medical records of
sampled patients provided demographic, health, and vaccination information at the
patient level. Additionally, characteristics of each inpatient medicine unit used in the
study were also obtained. Statistical analyses were done using SPSS (PASW Statistics 18
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version) and research aims were addressed through simple cross tabulations with chisquare tests to logistic regression and hierarchical modeling.
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CHAPTER 4: FINDINGS
Introduction
This chapter will present a description of the study results, including the
characteristics of the sample and findings from the analysis of data according to the
research questions.
Description of the Sample
A report run by the research department of Johns Hopkins Hospital using the
inclusion and exclusion criteria, resulted in a list of all patients who were discharged
from the selected 7 medicine units during the time frame of March 1st - March 31st, 2008
and March 1st- March 31st, 2009. This report contained 1766 cases which were used as
the sampling frame. The estimated sample size was 420 for each time period. The cases
from each unit were divided into 2 groups based on age (21-64 years old and 65 or more).
A proportionate number of cases were randomly selected from each unit.
Demographic Data
A total of 840 cases were used in the analysis for this study (see Table 4.1) -: 1)
420 cases used the order set DOS during the time frame of March 1, 2008 through March
31, 2008; and 2) 420 cases used the order set AOS at the time of admission during the
time frame of March 1, 2009 through March 31, 2009. Out of 840 cases, 386 (46%) were
male and 454 (54%) were female. As a stratified random sampling method based on age
group was used for sample selection strata, 420 (50%) cases were 21-64 years old and
420 (50%) cases were 65 years or older. There were 371(44.2%) Caucasian cases, and
436 (51.9%) African American cases and 33 (3.9%) Other race cases. Cases identified as
African American or Other were combined into a “Minority” group for all analyses. The
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medical services represented in the sample were Assistant Chief of Service (ACS) Barker
(10.4%), ACS Janeway (11.9%), ACS Longcope (9.9%), ACS Thayer (10.4%),
Cardiology (14.6%), Gastroenterology (5.7%), Hospitalist Service (16.5%), Internal
Medicine (5.8%), Pulmonary (7.7%), Renal Diseases (2.7%), Mary Elizabeth Garrett
(MEG) (1.5%), Assistant Chief Service (0.8%), Rheumatology (1.0%), Infectious
Diseases (0.2%), Neurology (0.1%), and Other (0.6%). Table 4.2 is a comparison of the
demographic characteristics of the cases included in the AOS and DOS order sets.
Analysis showed that there were no significant differences in the demographic variables
between the AOS and DOS order set type groups except for the medical service
(χ2=45.202, p= .000).
Health Related Data
The health related data characteristics of the cases in the study are listed in Table
4.3. The comparison of health characteristics of the patients discharged during use of the
AOS and DOS Order sets are included in Table 4.4. The primary diagnoses were divided
into 9 categories. The primary diagnoses represented in the sample were: cardiovascular
(37.1%), gastrointestinal disease (16.4%), respiratory disease (13%), renal (5.8%),
genitourinary (3.6%), cancer (2.4%), psych/behavioral (3.1%), neurological (2.9%), and
other (15.7%). The risk factors were divided into 8 categories: chronic diseases (36.7%),
immunocompromised conditions (5%), chronic care facility resident (0.1% ), cochlear
Implants, Alaskan native/Native American, cerebrospinal fluid leaks, age greater than or
equal to 65 years (50%), and no risk factors (9.9%).
For the health related characteristics, there was a significant difference only for
the number of patients who had chronic diseases in the AOS and DOS data collection
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periods. The number of cases with chronic diseases that might increase the need for
vaccination (Lu & Nuorti, 2010) was obtained from the Vaccine Screening Order Set
(VSO) in the Computerized Provider Order Entry (CPOE) for the cases that were
hospitalized when the AOS was in use and by chart review by the researcher for cases
that were hospitalized when the DOS was in use. There were123 (29.3%) patients with
chronic disease in AOS and 185 (44%) patients with chronic disease in DOS (χ2=19.706,
p= .000). There were more patients with chronic diseases in the AOS than the DOS.
As previous studies have shown that vaccination rate is related to the presence of
chronic disease and also to the race of the patient, analysis was done to compare presence
of chronic disease in Caucasians and Minorities (Lu & Nuorti, 2010; Jackson, Baxter, et
al., 2009; Marsteller, Tiggle, Remsburg, Bardenheier, Shefer & Han, 2008; Howard,
Sentell, et al., 2006). Table 4.5 shows the difference in presence of chronic disease in
Caucasians and Minority races for the whole sample and Table 4.6 shows the difference
in presence of chronic disease in Caucasians and Minority races separately for the AOS
and DOS Order Sets. Out of 420 cases, 113 (30.5%) Caucasians had chronic disease and
195 (41.6%) Minorities had chronic disease (χ2=11.029, p= .000). More patients in the
minority race group were identified as having chronic diseases than Caucasians. Presence
of chronic disease in Caucasians and Minority races was analyzed separately for the AOS
and DOS Order Sets. For AOS, chronic disease was present for 50 (25.3%) Caucasians
and 73 (32.9%) minority patients. There was no significant difference in the presence of
chronic disease for the Caucasians and minorities for the AOS (χ2=2.942, p= .08). For
DOS, chronic disease was present for 63 (36.4%) Caucasians and 122 (49.4%) Minority
patients (χ2=6.951, p= .008). There was a significant difference in the presence of chronic
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disease for the Caucasians and minorities for the DOS (χ2=6.951, p= .008). Minorities
had more chronic diseases than Caucasians in DOS.
Table 4.1
Demographic Characteristics of the Total Sample (N=840)
Gender
Age group
Race

N
386
420
371
436
33

Male
21-64 years old
Caucasians
African Americans
Other

%
46
50
44.2
51.9
3.9

Table 4.2
Difference in Demographic Characteristics of the Patients Discharged During Use of the
AOS and DOS Order Sets (N=840)
AOS (n=420) DOS (n=420)
Variable

Mean

Age
Variable

63.29 18.56
N
%

Sex
Age group
Race

Male
21-64 years old
Caucasians
African Americans
Other
Other
AOS= Admission Order Set
DOS= Discharge Order Set

183
210
198
206
16
3

69

SD

43.6
50
47.1
49.0
3.8
0.7

Mean

SD

64.8
N

18.59
%

203
210
173
230
17
2

48.3
50
41.2
54.8
4.0
0.5

Chisquare
64.897
Chisquare
1.917
.000
3.036

P
.739
P
.166
1.000
.219

Table 4.3
Health Characteristics of the Total Sample (N=840)
N
%
Primary Diagnosis
Cardiovascular disease
312
37.1
GI disease
138
16.4
Respiratory disease
109
13.0
Renal disease
49
5.8
Genitourinary tract disease
30
3.6
Cancer
20
2.4
Psych/behavioral
26
3.1
Neurological
24
2.9
Other
132
15.7
Risk Factor Present* Chronic disease
308
36.7
Immunocompromised
42
5
Chronic care facility resident
1
0.1
Age 65 or older
420
50
No risk factors
83
9.9
*Some cases had more than one risk factor; thus, percentage does not sum to 100.
Table 4.4
Difference in Health Characteristics of the Patients Discharged During Use of the AOS
and DOS Order Sets (N=840)
AOS
DOS
(n=420)
(n=420)
N
%
N
%
Chi- P
square
Primary Diagnosis
Cardiovascular disease
156 37.1 156 37.1 9.654 .290
GI disease
72
17.1 66 15.7
Respiratory disease
59
14
50 11.9
Renal disease
23
5.5
26
6.2
Genitourinary tract disease 20
4.8
10
2.4
Cancer
8
1.9
12
2.9
Psych/behavioral
13
3.1
13
3.1
Neurological
14
3.3
10
2.4
Other
55
13.1 77 18.3
Risk Factor Present* Chronic disease
123 29.3 185 44.0 19.706 .000
Immunocompromised
19
4.5
23
5.5
.401 .527
Chronic care facility
1
0.2
0
0
1.001 .317
resident
*Some cases had more than one risk factor; thus, percentage does not sum to 100.
Risk factors for DOS group were collected by researcher using chart review and
providers identified risk factors for AOS group.
AOS= Admission Order Set
DOS= Discharge Order Set
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Table 4.5
Difference in Presence of Chronic Disease in Caucasians and Minority Races (N=840)
N
%
Chi-square
P
Chronic Disease Present Caucasians
113
30.5
11.029
.001
Minority
195
41.6

Table 4.6
Difference in Presence of Chronic Disease in Caucasians and Minority Races During
Use of the AOS and DOS Order Sets (N=840)
AOS (n=420)
Caucasian Minority
N

%

DOS (n=420)
Caucasian Minority

N

Chronic
50
25.3
disease present
AOS= Admission Order Set
DOS= Discharge Order Set

% ChiP
square
73 32.9 2.942 .08

N

%

63

36.4

N

%

ChiP
square
122 49.4 6.951 .008

Data Screening
An SPSS dataset was created using data collected with the data for AOS and
DOS. Prior to analysis, all variables were examined using SPSS for missing values,
frequencies and normal distribution. There were no missing data. All the variables used
for analysis were categorical variables except for length of stay which was a continuous
variable.
Data Analysis for Research Aims
This study was designed to address the following specific aims: 1) Describe the
study sample’s status of pneumococcal vaccination using the PVSO at admission.
2) Describe the status of pneumococcal vaccination using the PVSO at discharge.
3) Describe the reasons for patients who were exposed to the PVSO but did not receive
pneumococcal vaccination during the inpatient stay at both time periods. 4) Compare the
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effect of use of pneumococcal vaccine screening and order (PVSO) between the AOS and
the DOS on pneumococcal vaccination administered for adult patients in an acute
inpatient setting. 5) Examine the influence of patient demographic variables (age, sex,
and race) discharging unit, primary diagnosis, and type of order set, on pneumococcal
vaccination administration rate for patients in an acute inpatient setting. 6) Determine if
selected inpatient unit characteristics and the administration of pneumococcal vaccination
vary significantly by individual nursing care units.
Specific Aim One: Describe the study sample’s status of pneumococcal vaccination using
the PVSO at admission.
Descriptive analysis was done and the number of patients needing the vaccine, the
number of vaccines ordered as conditional orders, the number of conditional vaccine
orders activated, and the number of patients who received pneumococcal vaccination was
tabulated. Patients who did not receive vaccination before and had risk factors were
included in the number of patients needing the vaccine. Patients who received
vaccination previously, patients whose conditions were not appropriate to receive
vaccination, patients who received chemo/radiation during admission, patients on
terminal/comfort measures and patients who refused vaccination were included in the
number of patients not needing vaccination. The percentage of patients with each of the
described outcomes was calculated (see Table 4.7). Out of 420 cases, the number of
vaccines ordered as conditional orders was 309 (73.6%), the number of patients who
were identified as needing the pneumococcal vaccine was 82 (19.5%), the number of
patients for whom conditional order was activated was 55 (13.1%), and the number of
patients who received vaccination was 37 (8.8%).
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Table 4.7
Status of Pneumococcal Vaccination at Admission for AOS Group
Vaccination status at admission
N
Percent
Total number of cases
Number of vaccine ordered as conditional
Number of cases identified as needing PV
Number of conditional orders activated
Number of vaccines administered

420
309
82
55
37

100
73.6
19.5
13.1
8.8

AOS=Admission Order Set
Specific Aim Two: Describe the study sample’s status of pneumococcal vaccination
using the PVSO at discharge.
The sample selected for analysis included all cases which used the order set type
of DOS and were discharged during the time frame of March 1st through March 31st,
2008. For DOS, as there was no screening tool for risk factors and vaccine eligibility, the
number of patients needing vaccination was identified by researcher using chart review.
The percentage of patients with each of the described outcomes was calculated (see Table
4.8). Out of 420 cases, the number of patients who were identified by the researcher as
needing the pneumococcal vaccine was 201 (47.9%), the number of patients for whom
vaccine was ordered was 108 (25.71%), and the number of patients who received
vaccination was 41 (9.8%).
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Table 4.8
Status of Pneumococcal Vaccination at Discharge for DOS Group
Vaccination status at admission
N
Percent
Total number of cases
Number of cases identified as needing PV
Number of vaccines ordered
Number of vaccines administered
DOS=Discharge Order Set

420
201
108
41

100
47.9
25.7
9.8

Specific Aim Three: Describe the reasons for patients who were exposed to the PVSO
but did not receive PV during the inpatient stay in each period.
The reasons for not administering pneumococcal vaccination were analyzed for
AOS and DOS separately (see Table 4.9). For DOS, 149 (35.5%) patients received
vaccination previously and did not need vaccination. Fifty eight (13.8%) patients refused
vaccination, 123 (29.3%) were noted as less than 65 years old and it was entered as the
reason for not administering vaccination. The patient’s condition was not appropriate for
vaccination for 2 (0.5%) patients and 1patient (0.2%) had received chemotherapy and or
radiation during the admission. No reason was documented for 46 (11%) patients.
For AOS, 167 (39.8%) patients received vaccination previously and did not need
vaccination. Ninety one (21.7%) patients refused vaccination and not having any risk
factor was the reason for 73 patients (17.4%). One (0.2%) patient was on
terminal/comfort measures, 3 (0.7%) patients had temperatures of more than 38.1 degree
C in the past 24 hours, and 7 (1.7%) patients did not have an order or order set in CPOE.
Patient’s condition was not appropriate for vaccination for 3 (0.7%) patients.
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Table 4.9
Reasons for Not Administering Pneumococcal Vaccination Among Patients in the AOS
(n =420) and DOS (n=420)
N
%
DOS
Given previously
149
35.5
Patient refused
58
13.8
Patient is < 65 years of age
123
29.3
Patient condition not appropriate
2
0.5
Received chemo/radiation during admission
1
0.2
No reason given
46
11.0
AOS
Given previously
167
39.8
Patient refused
91
21.7
No order/order set present
7
1.7
Patient condition not appropriate
3
0.7
Temp > 38.1C in previous 24 hours
3
0.7
Terminal/comfort measures only
1
0.2
AOS= Admission Order Set
DOS= Discharge Order Set
Specific Aim Four: Compare the effect of use of pneumococcal vaccine screening and
order (PVSO) between the AOS and the DOS on pneumococcal vaccination.
Hypothesis One: There will be an increase in the PV administration rate for
patients with the use of the PVSO at admission compared to with the use of the PVSO at
discharge.
The number of patients who received PV was calculated separately for AOS and
DOS. As the method of data collection was different to identify patients who were
eligible for the vaccine when the two different order sets were used and as there was a big
difference in the number of patients identified as eligible for vaccination in both groups,
the number of patients who were eligible for the vaccine was not used in further analyses.
As the two groups did not have any significant differences in mean age, age group, sex,
race and primary diagnosis, (Table 4.2 and Table 4.4) all cases in the sample discharged
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during the respective periods were used as the denominator to determine the percentage
of patients who were administered vaccination in while AOS and DOS were used.
The data for the number of patients who were administered pneumococcal
vaccination were cross tabulated and a Chi-square test was used to evaluate the
significance of the difference in rates of administration according to order set type (Table
4.10). All 840 cases were used in the analysis. For DOS, 41 (9.8%) patients were
administered pneumococcal vaccination. For AOS, 37 (8.9%) patients received
pneumococcal vaccination. The analysis showed that there was no significant difference
in vaccine administration between the two order sets (χ2=.226, p=.634).
Table 4.10
Vaccine Administered for Patients in AOS and DOS Groups (N=840)
AOS (n=420)
DOS (n=420)
Vaccination status
N
%
N
%
Chi-square
Vaccine Administered
AOS= Admission Order Set
DOS= Discharge Order Set

37

8.8%

41

9.8%

.226

P
.634

Hypothesis Two: There will be an increase in the pneumococcal vaccination
administration rate for patients aged 21-64 years with the use of the PVSO at admission
compared to with PVSO at discharge in an inpatient setting.
Analysis for hypothesis two was similar to the analysis of hypothesis one with the
difference of including only the age group 21-64 years for the analysis. To compare the
effect of use of PVSO between the AOS and DOS for this age group, the difference in
frequency and rates between the AOS and the DOS for the number of patients who were
administered pneumococcal vaccination, were calculated.
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Patients who were in the age group of 21-64 years old were included in the
analysis. The numbers of patients who were administered pneumococcal vaccinations and
who were not administered pneumococcal vaccinations for each order set type
(AOS/DOS) were recorded. The data were cross tabulated and a Chi-square test was used
to evaluate the significance of the difference in rates of administration according to order
set type (see Table 4.11). For the DOS, in the age group 21-64 years old, 19 (9.0%)
patients were administered pneumococcal vaccination. For the AOS, 13 (6.2%) patients
were administered pneumococcal vaccination. The analysis showed that there was no
significant difference in patients who were administered vaccination between the two
order sets (χ2=1.218, p=.270).
Table 4.11
Vaccine Administered for Patients Aged 21-64 Years (N=420)
AOS (n=210)
DOS (n=210)
Vaccination status
N
%
N
%
Vaccine Administered
AOS= Admission order Set
DOS= Discharge Order Set

13

6.2%

19

9.0%

Chi-square
1.218

P
.270

Hypothesis Three: There will be an increase in the PV administration rate for
patients aged 65 years or older, with the use of the PVSO at admission compared to with
PVSO at discharge in an inpatient setting.
Analysis for hypothesis three was similar to the analysis of hypothesis two with
the difference of including only 65 years or older age group in the analysis. To compare
the effect of use of PVSO between the AOS and DOS for this age group, the number of
patients who were administered pneumococcal vaccination was calculated separately for
each group.
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Patients who were 65 years or older were included in the analysis. The numbers
of patients who were administered pneumococcal vaccinations and who were not
administered pneumococcal vaccinations for each order set type was recorded. The data
were cross tabulated and a Chi-square test was used to evaluate the significance of the
difference in rates of administration according to order set type (see Table 4.12). For
DOS, 22 (10.5%) patients were administered pneumococcal vaccination. For AOS, 24
(11.4%) patients were administered pneumococcal vaccination. The analysis shows that
there was no significant difference in patients who were administered vaccination
between the two order sets (χ2=0.98, p=.755).
Table 4.12
Vaccine Needed and Vaccine Administered for Patients Aged 65 or Older (N=420)
AOS (n=210)
DOS (n=210)
Vaccination status
N
%
N
%
Chi-square
Vaccine Administered
AOS= Admission order Set
DOS= Discharge Order Set

24

11.4%

22

10.5%

0.98

P
0.755

Specific Aim Five: Examine the influence of patient demographic variables (age, sex,
and race), discharging unit, primary diagnosis, and type of order set on pneumococcal
vaccination administration rate for patients.
Logistic regression analyses were done to examine the independent contributions
of age group, sex, race, discharging unit, primary diagnosis, and type of order set to
pneumococcal vaccine status. The outcome variable of the model, pneumococcal
vaccination status was coded as a binomial variable (0/1), with 1 coded as vaccine
administered and 0 coded as vaccine not administered. The sample used for this analysis
included all patients in the sample. The GEE hierarchical models were used to adjust for
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dependencies within the units. The influence of patient demographic variables (age, sex,
and race), primary diagnosis, and order set type, on pneumococcal vaccination
administration status for patients was examined using the GEE model.
(5a) Do age group, sex and race of the patients predict pneumococcal vaccination
status of patients?
The dependent variable was pneumococcal vaccination status which was a
dichotomous variable with values of vaccine administered and vaccine not administered.
Age group, sex and race were used as the independent variables. A logistic regression
analysis was used to determine the odds ratios for, and significance of the contributions
of these variables to pneumococcal vaccination status. A total of 840 cases were included
in the analysis (see Table 4.13). The results showed that the odds of patients who were 65
years or older receiving a vaccination were on average 64 percent greater than for
patients who were 21-64 years old (p < .05) given equivalent race and sex. Race was also
found to be a significant predictor of vaccination administration. The odds of patients
belonging to the minority group receiving pneumococcal vaccination were on average
double the odds of patients who were Caucasians (p < .01). Sex had no significant
influence on vaccine administration.
Table 4.13
Logistic Regression on Pneumococcal Vaccination Administration of Patients with Age
Group, Sex and Race as Predictors (N=840)
Predictors
B
S.E
Wald
df Sig.
Exp(B)
Age group 65 and older
.494
.245 4.068 1
.044
1.639
Sex
Female
-.087
.242 .129
1
.720
Race
Caucasian
-.709
.260 7.419 1
.006
Constant
-2.230 .236 89.159 1
.000
Reference groups: Age group- 21-64 years old; Sex- Male; Race-Minority.
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.917
.492
.108

(5b) Does the discharging unit predict pneumococcal vaccination status of
patients after controlling for age group, sex and race?
Data from charts of patients discharged from seven department of medicine units
were used as sample for this analysis. As there were seven discharging units, the unit
with the least number of vaccinations administered was used as the unit for comparison
(see Table 4.21). Logistic regression was done initially with discharging unit as the
independent variable and pneumococcal vaccination status as the dependent variable. The
sample included all 840 cases (see Table 4.14). The UNIT-1 had the lowest vaccination
rate with only 3.3% of patients received vaccination and so this unit was used as the
reference group. Binary logistic regression was used for the analysis. The predictor
variables used in the model were age group, race, sex, and discharging unit. The
dependent variable was vaccination status. The results showed that the odds of patients
who were 65 years or older receiving pneumococcal vaccination were on average 59
percent higher than patients who were 21-64 years old (p < .05) controlling for race and
sex. The odds of patients belonging to the minority group receiving pneumococcal
vaccination were on average double the odds than patients who were Caucasians (p <
.05). Sex was not a significant factor in this analysis. The discharging unit as a whole was
significant but only two units (UNIT-2 and UNIT-3) had significant influence on the
outcome variable pneumococcal vaccination status. The odds of patients admitted to
UNIT-2 receiving vaccination were 6.8 times as great as patients admitted to UNIT-1.
The odds of patients admitted to UNIT-3 receiving vaccination were 3.6 times as great as
patients admitted to UNIT-1. UNIT-1 is a 21 bed unit caring for patients with cardiac
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diseases and UNIT-2 and UNIT-3 are medicine units offering general medical care to
acutely ill patients.
Table 4.14
Logistic Regression on Pneumococcal Vaccination Administration of Patients with Age
Group, Sex, Race and Discharging Unit as Predictors (N=840)
95% C.I. for
Predictors
EXP(B)
N=840
B
S.E. Wald df Sig. Exp (B) Lower Upper
Age 21-64 yrs -.520 .250 4.324 1 .038
.594
-.520
.250
Group
old
Sex

Male

.150

.246

.370

1

.543

1.162

.150

.246

Race

Minority

.654

.269

5.907

1

.015

1.923

.654

.269

Unit

UNIT-1
UNIT-2
UNIT-3
UNIT-4
UNIT-5
UNIT-6
UNIT-7

24.821 6 .000
1.910 .516 13.692 1 .000 6.754 1.910
.516
1.289 .547 5.560 1 .018 3.628 1.289
.547
.740 .561 1.740 1 .187 2.096
.740
.561
.215 .604 .127
1 .722 1.240
.215
.604
.913 .564 2.622 1 .105 2.491
.913
.564
1.173 .618 3.609 1 .057 3.233 1.173
.618
Constant
-3.478 .501 48.209 1 .000
.031 -3.478
.501
Reference groups: Age group- 65 years or older; Sex- Female; Race-Caucasian; UnitUNIT-1.
UNIT-1 is a cardiac care unit. UNIT- 2, UNIT-3, UNIT-4, UNIT-5 and UNIT-6 are
general medical care units and UNIT-7 is a research unit.
In the next step of analysis, to determine if discharging unit contributed to
pneumococcal vaccine status beyond age group, race and sex, a hierarchical model was
used with age group, sex and race in the first block, and discharging unit variables in the
second block. The order set type was entered in the third block (Table 4.15). The results
showed that the first block was significant (χ2=10.675, df=3, p=0.14). Age group and race
were significant, but sex was not a significant predictor in this model. In the second
block, discharging unit was added as a predictor. It made an additional significant
contribution to the prediction (χ2=25.910, df=6, p=.000). Order set type was added in the
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third block. It did not add any significance to the prediction of vaccine administration
(χ2=0.91, df=1, p=.763).
In summary, the results from the final model showed that that the odds of patients
who were 65 years or older receiving a vaccination were on average 59 percent higher
than patients who were less than 65 years old (p < .05) given equivalent race and sex. The
odds of patients belonging to the minority group receiving pneumococcal vaccination
were on average double the odds than patients who were Caucasians (p < .05) after
controlling for age group and sex. Discharging unit as a whole was a significant predictor
of vaccination status. But UNIT-2 and UNIT-3 were the only units that were significant.
The odds of patients admitted to UNIT-2 receiving vaccination were 6.8 times as great as
patients admitted to UNIT-1 after controlling for age group, sex, and race. The odds of
patients admitted to UNIT-3 receiving vaccination were 3.6 times as great as patients
admitted to UNIT-1 after controlling for age group, sex, and race.
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Table 4.15
Logistic Regression on Pneumococcal Vaccination Administration of Patients with Age
Group, Sex, Race and Discharging Unit as Predictors- Hierarchical Model (N=840)
95% C.I.for
Exp
EXP(B)
B
S.E.
Wald
df
Sig.
(B) Lower Upper
Block 1 21-64 years old
-.494
.245
4.068
1
.044 .610 -.494 .245
Male
.087
.242
.129
1
.720 1.090 .087
.242
Minority
.709
.260
7.419
1
.006 2.032 .709
.260
Constant
-2.532 .259 95.879
1
.000 .080 -2.532 .259
Block 2 21-64 years old
Male
Minority
UNIT-1
UNIT-2
UNIT-3
UNIT-4
UNIT-5
UNIT-6
UNIT-7
Constant
Block 3 21-64 years old
Male
Minority
UNIT-1
UNIT-2
UNIT-3
UNIT-4
UNIT-5
UNIT-6
UNIT-7
DOS
Constant

-.520
.150
.654

.250
.246
.269

1.910
1.289
.740
.215
.913
1.173
-3.478

.516
.547
.561
.604
.564
.618
.501

-.521
.147
.649

.250
.247
.270

1.910
1.290
.744
.215
.914
1.174
.074
-3.512

.516
.546
.561
.603
.564
.618
.245
.514

4.324
.370
5.907
24.821
13.692
5.560
1.740
.127
2.622
3.609
48.209

1
1
1
6
1
1
1
1
1
1
1

.038
.543
.015
.000
.000
.018
.187
.722
.105
.057
.000

.594
1.162
1.923

-.520
.150
.654

.250
.246
.269

6.754
3.628
2.096
1.240
2.491
3.233
.031

1.910
1.289
.740
.215
.913
1.173
-3.478

.516
.547
.561
.604
.564
.618
.501

4.334
.357
5.797
24.785
13.691
5.576
1.759
.127
2.628
3.613
.091
46.641

1
1
1
6
1
1
1
1
1
1
1
1

.037
.550
.016
.000
.000
.018
.185
.722
.105
.057
.763
.000

.594
1.159
1.914

-.521
.147
.649

.250
.247
.270

6.753
3.634
2.105
1.240
2.494
3.236
1.077
.030

1.910
1.290
.744
.215
.914
1.174
.074
-3.512

.516
.546
.561
.603
.564
.618
.245
.514

Reference groups: Age group- 65 years or older; Sex- Female; Race-Caucasian; UnitUNIT-1; Type of Order set- AOS.
UNIT-1 is a cardiac care unit. UNIT- 2, UNIT-3, UNIT-4, UNIT-5 and UNIT-6 are
general medical care units and UNIT-7 is a research unit.
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(5c) Does the primary diagnosis predict pneumococcal vaccination status of
patients after controlling for age group, sex and race?
Logistic regression was done initially with only 2 sets of variables, dummy
variables for primary diagnosis as the independent variables and pneumococcal
vaccination status as the dependent variable (see Table 4.16). The results showed that
primary diagnosis had no significant influence on pneumococcal vaccine administration.
Table 4.16
Logistic Regression on Pneumococcal Vaccination Administration of Patients with
Primary Diagnosis as Predictor (N=840)
95% C.I.for
Exp
EXP(B)
Predictors
B S.E. Wald df Sig. (B) Lower Upper
Primary Diagnosis Cardiovascular
9.238 8 .323
GI
-.725 .432 2.821 1 .093 .484 .208 1.129
Respiratory
-.331 .413 .643
1 .423 .718 .319 1.614
Renal
.713 .415 2.954 1 .086 2.040 .905 4.597
Genitourinary
-.435 .756 .331
1 .565 .647 .147 2.849
Cancer
.470 .654 .516
1 .473 1.600 .444 5.766
Psych/Behavioral -.281 .760 .136
1 .712 .755 .170 3.350
Neurological
.258 .646 .160
1 .689 1.295 .365 4.589
Other
-.010 .348 .001
1 .978 .990 .501 1.959
Constant
-2.204 .189 135.669 1 .000 .110
Reference group: Cardiovascular
In the next step of analysis, to determine if primary diagnosis contributed to
pneumococcal vaccine status beyond age group, race and sex, a hierarchical model was
used with age group, sex and race in the first block and primary diagnosis variable in the
second block. The order set type was entered in the third block (see Table 4.17).
The first block was significant (χ2=10.675, df=3, p=0.14). Age group and race
were significant, but sex was not significant in this model. In the second block, primary
diagnosis was added as a predictor. It did not add any significant contribution to the
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prediction (χ2=8.316, df=8, p=.4030). Order set type was added in the third block. It did
not add any significance to the prediction of vaccine administration (χ2=0.24, df=1,
p=.877). The model containing all the predictors was not significant for predicting
vaccine administration (χ2=19.015, df=12, p=0.88).
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Table 4.17
Logistic Regression on Pneumococcal Vaccination Administration of Patients with Age
Group, Sex, Race and Primary Diagnosis as Predictors- Hierarchical Model (N=840)
95% C.I.for
EXP(B)
B
S.E. Wald df
Sig.
Exp(B) Lower Upper
Block 1 21-64 years old -.494 .245 4.068
1
.044
.610
-.494
.245
Male
.087 .242
.129
1
.720
1.090
.087
.242
Minority
.709 .260 7.419
1
.006
2.032
.709
.260
Constant
-2.532 .259 95.879 1
.000
.080
-2.532
.259
Block 2 21-64 years old -.456 .253 3.259
1
.071
.634
-.456
.253
Male
.057 .245
.054
1
.817
1.058
.057
.245
Minority
.708 .265 7.152
1
.007
2.030
.708
.265
Cardiovascular
8.206
8
.414
GI
-.675 .436 2.402
1
.121
.509
-.675
.436
Respiratory
-.329 .417
.621
1
.431
.720
-.329
.417
Renal
.641 .420 2.335
1
.126
1.899
.641
.420
Genitourinary -.611 .762
.644
1
.422
.543
-.611
.762
Cancer
.527 .662
.635
1
.425
1.695
.527
.662
Psych/Behavioral -.117 .773
.023
1
.879
.889
-.117
.773
Neurological
.160 .651
.061
1
.805
1.174
.160
.651
Other
Constant

.018

.352

-2.464 .297

.003

1

.959

1.018

.018

.352

68.778

1

.000

.085

-2.464

.297

Block 3 21-64 years old -.456 .253 3.260
1
.071
.634
-.456
.253
Male
.056 .245
.052
1
.820
1.057
.056
.245
Minority
.706 .265 7.069
1
.008
2.025
.706
.265
Cardiovascular
8.131
8
.421
GI
-.674 .436 2.389
1
.122
.510
-.674
.436
Respiratory
-.327 .417
.615
1
.433
.721
-.327
.417
Renal
.641 .420 2.328
1
.127
1.898
.641
.420
Genitourinary -.605 .763
.628
1
.428
.546
-.605
.763
Cancer
.525 .662
.629
1
.428
1.690
.525
.662
Psych/Behavioral -.117 .773
.023
1
.879
.889
-.117
.773
Neurological
.164 .652
.064
1
.801
1.179
.164
.652
Other
.015 .353
.002
1
.967
1.015
.015
.353
DOS
.038 .243
.024
1
.877
1.038
.038
.243
Constant
-2.481 .317 61.076 1
.000
.084
-2.481
.317
Reference Groups: Age group- 65 years or older; Sex- Female; Race-Caucasian; Primary
Diagnosis- Cardiovascular; Type of Order set- AOS.
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(5d) Does the type of order set contribute to vaccination status after taking into
account for age group, sex and race?
Logistic regression was done initially with only 2 sets of variables, type of order
set as the independent variable and pneumococcal vaccination status as the dependent
variable (see Table 4.18) The results showed that the model was not significant (χ2=.226,
df=1, p=.634) and the order set type had no significant influence on pneumococcal
vaccine administration after controlling for age group, sex, and race.
Table 4.18
Logistic Regression on Pneumococcal Vaccination Administration of Patients with Order
Set Type as Predictor (N=840)
95% C.I. for
EXP(B)
Exp
Predictor
B
S.E.
Wald
df
Sig.
(B) Lower Upper
Order Set Type AOS
-.113
.238
.226
1
.635 .893 .560 1.424
Constant
-2.224
.164
Reference group: Order set Type- DOS.

182.991

1

.000

.108

The influence of order set type on pneumococcal vaccination status was evaluated
using generalized estimating equations (GEE) to adjust for the dependency within units.
GEE models using independent, autoregressive, exchangeable, and unstructured
correlation matrixes were compared using the quasi likelihood under independence model
criterion (QIC) and corrected quasi likelihood under independence model criterion
(QICC) goodness of fit statistics. Dependent variable was pneumococcal vaccination
status which was a dichotomous variable. The predictor variables age group, sex, race,
and order set type were entered simultaneously into the model. Length of stay was
entered as a covariate. The exchangeable model with the lowest QIC was selected as the
best model. The degrees of association between the dependent and the independent
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variables were represented as odds ratios. Analysis showed that order set type had no
significant influence on pneumococcal vaccine administration given equivalent group,
sex, race, and length of stay (see Table 4.19). Race and age group were significant
predictors of vaccination. The odds of patients who were 65 years or older receiving a
vaccination were on average 61 percent greater than patients who were less than 65 years
old (p < .01) given equivalent race and sex. The odds of patients belonging to the
minority group receiving pneumococcal vaccination were on average double the odds
than patients who were Caucasians (p < .01) given equivalent age group and sex. Sex and
length of stay were found to have no significant influence on vaccine administration.
GEE results were similar to the logistic regression results even after considering
relationships within units.
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Table 4.19
GEE Model Parameter Estimates for Pneumococcal Vaccination Administration of
Patients Who Were Indicated as Vaccine Needed with Age Group, Sex, Race, Order Set
Type and Length of Stay as Predictors (N=840)

95% Wald CI

95% Wald CI
for Exp (B)

Hypothesis Test
Wald
Std.
ChiExp
Parameter
B
Error Lower Upper Square df Sig. (B) Lower Upper
(Intercept) 2.126 .3539 1.433 2.820 36.088 1 .000 8.383 4.189 16.776
21-64 yrs old -.494 .1590 -.806 -.183 9.666 1 .002 .610 .447
.833
Male
.129 .1459 -.156 .415
.787
1 .375 1.138 .855 1.515
Minority
.631 .1138 .408 .854 30.729 1 .000 1.880 1.504 2.349
DOS
.076 .2398 -.394 .546
.101
1 .750 1.079 .675 1.727
LOS
.006 .0096 -.013 .025
.375
1 .540 1.006 .987 1.025
Dependent Variable: Vaccine status
Model: (Intercept), UNDER_65, MALE, MINORITY, TYPE_DOS, LOS
Reference Groups: Age group- 65 years or older; Sex- Female; Race-Caucasian; Type of
Order set- AOS
AOS= Admission order Set
DOS= Discharge Order Set
LOS=Length of stay
Specific Aim Six: Determine if selected inpatient unit characteristics and the
administration of pneumococcal vaccination vary significantly by individual nursing care
units.
The contributions of the characteristics of a nursing care unit for both time
periods that were evaluated as contributors to vaccination status were the number of
admissions per month, the number of discharges per month, average beds occupied per
day, and the number of patients per nurse (see Table 4.20). A GEE analysis to determine
dependencies within the units could not be performed as there were only 7 units and 2
time periods. The vaccination rate for each unit for both time periods was calculated as
the proportion of total patients in that unit who had received vaccination (see Table 4.21).
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Bivariate correlations were run to determine if any of the variables had a significant
correlation to vaccination administration rate (see Table 4.22). Analysis showed that none
of the selected variables had a significant correlation with vaccine administration rate.
The average beds occupied per day was positively correlated with all variables except
vaccine administration rate. The patients per nurse variable was correlated to average
beds occupied per day (r=.62, p < .05), admissions per month (r=.54, p <.05) and
discharges per month (r=.56, p <.05). Correlations between unit characteristic variables
(beds per day, nurses per day, patients per nurse, admissions per month, and discharges
per month) and vaccine administration rate were determined for AOS and DOS time
periods (see Table 4.23). None of the variables had a significant correlation with vaccine
administration rate for both AOS and DOS time periods.
Table 4.20
Characteristics of Medical Inpatient Units During the AOS and DOS Time Periods
(N = 14)
AOS (n=7)
DOS (n=7)
Unit characteristics
Mean
SD
Mean
SD
Average Beds Per Day
17.414
5.9987
19.629
5.7451
Nurses Per Day
6.143
1.7943
5.500
1.1489
Patients Per Nurse
2.786
.3132
3.529
.4680
Admissions Per Month
129.86
32.876
135.29
34.932
Discharges Per Month
126.14
33.224
131.29
34.160
AOS= Admission Order Set
DOS= Discharge Order Set
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Table 4.21
Number of Vaccines Administered by Discharging Unit During the AOS and DOS Time
Periods (N = 14)
AOS (n=7)
DOS (n=7)
N
%
N
%
Total
%
UNIT-1
2
2.6
3
4.1
5
3.3
UNIT-2
10
17.9
13
22.4
23
20.2
UNIT-3
10
17.9
4
7.4
14
12.7
UNIT-4
7
9.5
4
6.1
11
7.9
UNIT-5
3
4.3
4
5.1
7
4.7
UNIT-6
4
6.9
7
11.7
11
9.3
UNIT-7
1
3.3
6
20
7
11.7
AOS= Admission order Set
DOS= Discharge Order Set
UNIT-1 is a cardiac care unit. UNIT- 2, UNIT-3, UNIT-4, UNIT-5 and UNIT-6 are
general medical care units and UNIT-7 is a research unit.
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Table 4.22
Correlations Between Unit Characteristic Variables
Beds
Patient Adm
Per
Nurses
Per
Per
Discharge
Day Per Day Nurse Month Per Month
Beds Per
Pearson
1
.835**
.619* .689**
.682**
Day
Correlation
Sig. (2-tailed)
.000
.018
.006
.007

Vaccine
Given
-.387
.172

N

14

14

14

14

14

14

Nurses Per Pearson
Day
Correlation
Sig. (2-tailed)

.835**

1

.098

.532*

.510

-.102

.738

.050

.063

.729

N

14

14

14

14

14

14

Patients Per Pearson
Nurse
Correlation
Sig. (2-tailed)

.619*

.098

1

.537*

.559*

-.501

.018

.738

.048

.038

.068

N

14

14

14

14

14

14

Admission Pearson
Per Month Correlation
Sig. (2-tailed)

.689**

.532*

.537*

1

.997**

-.377

.006

.050

.048

.000

.184

N

14

14

14

14

14

14

Discharges Pearson
Per Month Correlation
Sig. (2-tailed)

.682**

.510

.559*

.997**

1

-.367

.007

.063

.038

.000

N

14

14

14

14

14

14

-.387

-.102

-.501

-.377

-.367

1

.172

.729

.068

.184

.197

14

14

14

14

14

Vaccine
Given

Pearson
Correlation
Sig. (2-tailed)
N

.000

**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2- tailed)
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.197

14

Table 4.23
Correlations Between Unit Characteristic Variables and Vaccine Administration Rate for
AOS and DOS Time Periods (N=14)
AOS (n=7)
Pearson

DOS (n=7)

Sig. (2-tailed)

Correlation

Pearson

Sig. (2-tailed)

Correlation

Beds per day

-.171

.713

-.295

.521

Nurses per day

-.117

.802

-.467

.291

Patients per day

-.008

.986

.145

.756

Total admission

.049

.917

.258

.576

Total discharge
.033
.944
.299
**. Correlation is significant at the 0.01 level (2-tailed).
Dependent Variable: Vaccine administration rate
AOS= Admission Order Set
DOS= Discharge Order Set

.515

Summary
The findings from this study suggest that there is no difference in rate of vaccine
administration whether vaccine is ordered at the time of admission or at the time of
discharge. The findings of the study also suggest that age and race were significant
predictors of the administration of pneumococcal vaccination. Patients who were 65 or
older were more likely to receive vaccination than younger patients. Minorities were
more likely to get vaccinated than Caucasians. Sex, primary diagnosis, and length of stay
were not significant predictors of vaccine administration. Discharging unit as a whole
was significant but only 2 units contributed significantly to vaccine administration. Unit
characteristics did not have a significant correlation with pneumococcal vaccination rate.
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CHAPTER 5: DISCUSSIONS, RECOMMENDATIONS, AND CONCLUSION
Introduction
This chapter discusses important findings of the current study, study limitations,
and provides specific recommendations for nursing practice. It also highlights potential
areas for future research.
This study focused on the following specific aims:
1. Describe the study sample’s status of pneumococcal vaccination (PV) using the
Pneumococcal Vaccine Screening and Order (PVSO) at admission ;
2. Describe the study sample’s status of pneumococcal vaccination using the PVSO
at discharge;
3. Describe the reasons for patients who were exposed to the PVSO but did not
receive PV during the inpatient stay in each period;
4. Compare the effect of the use of PVSO between the Admission Order Set (AOS)
and the Discharge Order Set (DOS) on pneumococcal vaccination;
5. Examine the influence of selected patient demographic variables (age, sex, and
race), discharging unit, primary diagnosis, and the type of order set, on
pneumococcal vaccination administration rate for patients;
6. Determine if selected unit characteristics (number of admissions per month,
number of discharges per month, average length of stay for patients, nurse patient
ratio per day averaged per month), and the administration of pneumococcal
vaccination vary significantly by individual nursing care units.
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Description of the Sample
Specific Aim One: Describe the study sample’s status of pneumococcal vaccination using
the PVSO at admission.
A total of 420 cases were included in the Admission Order Set (AOS) group. A
Vaccine Screening Order set (VSO) embedded in the AOS assisted the physicians in
performing an initial screening, and if any risk factor was selected in the VSO, a nurse
screening order and a conditional order for the vaccine were initiated by the CPOE
application. A conditional order for the vaccine is an order that remains inactive in the
Electronic Medication Administration Record (EMAR) until it is activated by the nurse.
Once the order for the nurse screening was initiated, the nurse performed the screening
for vaccine eligibility and determined if the vaccine was indicated for the patient. If the
vaccine was indicated and the patient was willing to receive the vaccine, the nurse
activated the conditional order for the vaccine in the EMAR and administered the vaccine
to the patient.
After the initial physician screening, the vaccine was ordered as a conditional
order for 309 (73.6%) patients. The nurse screened the patients using eligibility criteria
for vaccination, and 82 (19.5%) patients were identified as requiring the vaccine. Once a
patient was willing to receive the vaccine, the next step for the nurse was to activate the
conditional order and administer the vaccine. The results showed that out of 82 patients
who were identified as eligible for the vaccine by the CPOE application, conditional
orders were activated for only 55 (67%) patients and the vaccine was administered to
only 37 (45%) patients. This vaccine administration rate is well below the National
Healthy People 2010 target of 90% (http://healthypeople.gov/2020/ topicsobjectives
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2020/pdfs/Immunization.pdf). For the entire sample, out of the 420 patients, the vaccine
was administered to only 37 patients (8.8%). These findings showed less vaccines
administration rates than the data obtained from a vaccine compliance report run by the
nursing administration. The hospital report displayed vaccine compliance rate of 80% to
90% in most units for patients identified as vaccine eligible while this study looked at the
vaccine administration rate for all patients included in the sample. It was also expected
that more patients will be vaccinated in the AOS group as the vaccine order was placed at
the time of admission and nurses had more time during the patient’s length of stay to
screen, and to administer the vaccine. No data was available to analyze why the
conditional orders were not activated for patients who were identified as vaccine eligible
after the nurse screening. The vaccine was also not administered to all patients for whom
conditional orders were activated. For these patients, nurses activated the conditional
orders without making sure that the patients were willing to receive the vaccine. These
patients refused the vaccine, and the orders remained active.
Specific Aim Two: Describe the study sample’s status of pneumococcal vaccination
using the PVSO at discharge.
The study sample included patients for whom the Discharge Order Set (DOS) was
used. The DOS did not have any nurse screening associated with a vaccine order. Unlike
AOS, a vaccine order was placed as an active order and not as a conditional order. The
nurse administered the vaccine and documented it in the EMAR. All patients who were
65 or older and had not received vaccination previously were considered as at risk for
developing pneumonia and were eligible for vaccination. For the age group 21-64 years,
patients who had chronic disease and/or immunocompromised conditions were
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considered as at risk for developing pneumonia. As there was no screening tool for risk
factors on the Discharge Order Set, physicians used their judgment to identify patients for
vaccination. As there was no specific data on the specific risk factors in EMAR which
they identified a patient as vaccine eligible for the 21-64 age group, the researcher
reviewed the EMAR of such patients to identify the above stated risk factors to determine
if the patient required the vaccine. The researcher used only the primary and secondary
diagnoses documented in the patient’s discharge summary to identify chronic or
immunocompromised conditions.
Out of 420 cases in the DOS, the number of patients who were identified as
requiring the vaccine was 201 (47.9%). This is a much higher number when compared to
the number of patients identified by providers as eligible for vaccination in the AOS
(N=82). This discrepancy could have arisen from differing data collection methods in the
AOS and DOS groups. The term chronic disease is quite vague, and the physicians and
the researcher could have used different criteria in identifying patients based on chronic
disease.
As the patients who used AOS and those who used DOS were similar in age
group, gender, race and primary diagnosis, the number of patients who were eligible for
vaccine could also be similar. As there was a large difference in the number of patients
who were identified as eligible for vaccine in both AOS and DOS, and as the method of
data collection was different, the number of patients identified as eligible for vaccine was
not used in further analyses.
In DOS, the vaccine was ordered for 108 patients (25.7%). Out of the 420
patients in the sample, the vaccine was administered to 41 patients (34.3%), compared to
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the AOS administration to 37 patients (45%). This result was also unexpected as the AOS
group was expected to have much more vaccines administered, as clinicians would have
had more time to order and screen the patient.
Specific Aim Three: Describe the reasons for patients who were exposed to the PVSO
but did not receive PV during the inpatient stay at both time periods.
The reasons for not administering pneumococcal vaccination were analyzed for
AOS and DOS separately. For DOS, out of 420 cases, 149 (35.5%) patients had received
vaccination previously and thus did not need vaccination. For AOS, 167 (39.8%) patients
had received vaccination previously. If the vaccine was administered previously and
documented in the electronic medical record, it was displayed in the AOS for physicians
to see the date of last administration. For DOS, the providers had to rely on a patient’s
verbal account, or manually look for previous vaccine administrations in the patient’s
medical record. So the design of AOS assisted providers in easily identifying patients
who had received vaccination previously.
For DOS, out of 420 patients, 58 (13.8%) patients had refused vaccination,
compared to 91 (21.7%) for AOS. Even though both groups were similar in age, gender,
race and primary diagnosis, AOS had a higher number of refusals. The time factor could
be a reason for more refusals in AOS. At the time of admission, patients could be worried
more about their current diagnoses and vaccination may not be a priority, and for DOS,
people did not have time to refuse as they are discharged. But no data was available to
analyze why patients refused vaccination in both groups. This is an area for further
research, as a significant number of patients refused vaccination.
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For DOS, 123 (29.3%) patients had “less than 65 years old” entered in the system
as an exclusion criterion for vaccination. Patient’s age being under 65 years is not an
appropriate criterion for declining to administer the pneumococcal vaccine
(http://www.cdc.gov/vaccines/vpd-vac/pneumo/in-short-both.htm#who). It shows that the
providers in DOS were focusing more on the older population. For AOS, the physicians
were forced to screen those under 65 as well for risk factors and therefore the reason “less
than 65 years old” was not an exclusion criterion.
Furthermore, no reason was documented for 46 (11%) patients in DOS. For AOS,
no reason was documented for patients who did not have an AOS order set in CPOE.
Even though physicians were asked to use the AOS to enter admission orders for all
patients in the medicine department, seven (1.7%) patients did not have an order/order set
in CPOE. This occurred as some providers used other order sets to enter admission orders
which did not have the Vaccine Screening Order set (VSO) module embedded in it. Even
though the VSO was mandatory in AOS, there was no functionality in CPOE to make
AOS mandatory for entering admission orders. Providers in the Department of Medicine
were trained to use the AOS to enter admission orders for patients. Choosing
inappropriate order sets did not happen with DOS as the order to discharge the patient
was embedded along with the vaccine orders, and physicians had no other orders or order
sets available to discharge patients from the unit.
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Findings on Vaccination in AOS and DOS Groups
Specific Aim Four: Compare the effect of the use of Pneumococcal Vaccine Screening
and Order (PVSO) between the AOS and the DOS on pneumococcal vaccination.
It was hypothesized that 1) There will be an increase in the PV administration
rate for patients when the PVSO was used at admission, compared to with the use of the
PVSO at discharge; 2) There will be an increase in the pneumococcal vaccination
administration rate for patients aged 21-64 years with the use of the PVSO at admission
compared to with PVSO at discharge in an inpatient setting; 3) There will be an increase
in the pneumococcal vaccination administration rate for patients aged 65 years or older
with the use of the PVSO at admission, compared to with PVSO at discharge in an
inpatient setting.
Analyses were conducted separately for the 65 and older age group and the 21-64
years age group. PV administration rate was calculated by obtaining the proportion of the
number of vaccines administered to the total number of patients. For denominator, the
total number of patients (patients who were eligible for vaccine and patients who did not
require vaccination) was used (i.e., physicians’ judgment vs. the researcher’s data
collection based on primary and secondary diagnoses) was different to identify patients in
need of vaccine in AOS and DOS. The total number of patients was also used as the
denominator for comparing the effect of use of PVSO between the AOS and the DOS,
and also to examine the influence of patient demographic variables (age, sex, and race),
discharging unit, primary diagnosis, and type of order set on pneumococcal vaccination
administration rate for patients. Results from the analyses showed that there were no
significant differences between AOS and DOS in vaccine administration. This result was
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quite unexpected, as the main purpose of creating the VSO module and embedding it into
AOS was to improve vaccination rates. Based on hospital compliance report for
pneumococcal vaccination, which looked at the vaccine administration rate for eligible
patients, it was expected that ordering the vaccine earlier during the time of admission
would give nurses sufficient time to screen the patients and to administer the vaccine. On
the contrary, ordering the vaccine earlier did not improve vaccination rates.
Unfortunately, no data were available to explain the results. One of the reasons could be
the nurses may not have considered vaccination as a priority at the time of admission.
Another reason could be the absence of alerts or reminders for the nurses to activate
conditional orders if patients were eligible for vaccination. Another potential factor is a
flaw in the order set design. Currently, active orders display as overdue in the EMAR if
they are not administered within a prescribed time. As the vaccines were ordered as
conditional orders, there were no alerts or reminders for the nurse to activate an order.
More research is needed to identify the reasons for ordering the vaccine earlier do not
improve vaccination rates.
Predictors of Vaccination
Specific Aim Five: Examine the influence of patient demographic variables (age, sex,
and race), discharging unit, primary diagnosis, and the type of order set on pneumococcal
vaccination administration rate for patients.
The analyses to address this aim were conducted in several steps. All patients in
the sample (N=840) were included in the analyses. In order to find out if demographic
variables (age group, sex, and race) discharging unit, primary diagnosis, and the type of
order set could predict pneumococcal vaccination status of patients, logistic regression
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analyses were conducted with pneumococcal vaccination status as the dependent variable
and the other parameters entered as independent variables. The influence of order set
type on pneumococcal vaccination status was also evaluated using generalized estimating
equations (GEE) to adjust for the dependencies within units.
The results showed that the odds of patients who were 65 years or older receiving
a vaccination were on average 64 percent higher than for patients who were 21-64 years
old (p < .05) given equivalent race and sex. Not many studies are available on
pneumococcal vaccination coverage in younger adults with chronic conditions. One study
compared vaccine status of age group less than 65 years with patients who are 65 and
older, and found that vaccine coverage was substantially higher for the older age group
(Jackson et al., 2009). The results from this study support their finding. One of the
reasons coded into the DOS order set for not administering the vaccine was “age less than
65 years”. This reason was inappropriate to be included among the list of reasons and
could be considered as a flaw in the design of DOS. When providers chose “age less than
65 years” as a reason for not ordering the vaccine, it shows that the providers were either
not educated regarding vaccine guidelines or they did not give the younger age group the
same importance as the 65 and older age group in 2008. The latter group was easily
identifiable as ‘at risk’ in both AOS and DOS. This might have contributed to more
patients being identified in the 65 and older age group as eligible for vaccination, and
thereby more from this group got vaccinated.
Race was also found to be a significant factor in vaccine administration in this
analysis. The odds of patients belonging to the minority group receiving pneumococcal
vaccination were on average double the odds for patients who were Caucasians (p < .01).
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The majority of previous studies (Jackson, Baxter, et al., 2009; Marsteller, Tiggle,
Remsburg, Bardenheier, Shefer & Han, 2008; Howard, Sentell, et al., 2006) that
examined the impact of race on vaccine administration status showed that African
Americans were less likely to get vaccinated, compared to Caucasians. This study’s
results contradict the previous findings and shows that minorities including African
Americans are more likely to get vaccinated than Caucasians. This is probably due to the
presence of a larger proportion of minorities in the study sample compared to the
proportion of Caucasians. There were 371 cases documented as Caucasians and vaccine
was administered to 24 (6.5%) patients and out of 469 cases documented as minorities,
vaccine was administered to 54 (11.5%) patients. Also, studies have shown that patients
with chronic diseases are more likely to get vaccinated than patients without chronic
illnesses (Lu & Nuorti, 2010). In the study sample, there were more minorities with
chronic diseases when compared to Caucasians. The sample had 113 (30.5%) Caucasians
who had chronic diseases, and 195 (41.6%) minorities with chronic diseases. So having
more minorities with chronic diseases could be another reason for the increased
vaccination rates for minorities.
The discharging unit as a whole was significant but only two units had significant
influence on the outcome variable pneumococcal vaccine administration. The odds of
patients admitted to UNIT-2 receiving vaccination were 3.6 times as great as patients
admitted to UNIT-1. The odds of patients admitted to UNIT-3 receiving vaccination were
6.8 times as great as patients admitted to UNIT-1. UNIT-1 admits patients with cardiac
illnesses while UNIT-2 and UNIT-3 are general medical care units. Sex, primary
diagnosis, and type of order set had no significant influence on vaccine administration.

103

The results from this study show that only two medicine inpatient units had significant
influence on the pneumococcal vaccine administration. The odds of patients admitted to
general medical care unit receiving vaccination were higher than patients admitted to
cardiac unit. This result contradicts the findings of a previous study which showed that
patients with cardiac diseases or diabetes mellitus attained a relatively higher vaccination
rate than other groups at risk (Tacken, Braspenning, Spreeuwenberg, Hoogen, Essen,
Bakker, & Grol, 2002). No data was available to analyze why the unit with cardiac
patients administered the least number of vaccinations. Many cardiac patients are on
anticoagulant therapy, and nurses may hesitate to administer intramuscular vaccinations
to patients with bleeding tendencies. This could be a reason for decreased vaccination
rate in the cardiac unit.
The type of order set and the timing at which the order set was placed did not play
an important role in the vaccine administration rate. There were no significant differences
between the number of vaccines administered in both groups, and the numbers were
much lower than expected. The attitude of patients towards pneumococcal vaccination
can also influence vaccine administration rate. Out of 420 cases, 58 (13.8%) patients
refused vaccination in the DOS group and 91 (21.7%) refused in the AOS group. This
could be due to patients’ negative attitude towards vaccination. In a study conducted to
determine the factors that influence pneumococcal vaccine compliance in the aged, the
results showed that the single most important factor for not accepting vaccination was
lack of information and unawareness that the immunization was necessary (Ganguly,
Vargas, & Schler, 1998). Fear of shots and side effects were the next most important
reasons in the aforementioned study.
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Impact of Nursing Unit Factors on Findings on Vaccination
Specific Aim Six: Determine if selected nursing unit characteristics and the
administration of pneumococcal vaccination vary significantly across individual nursing
care units.
The contributions of the following nursing unit characteristics were evaluated:
the number of admissions per month, the number of discharges per month, average
number of beds occupied per day, and the number of patients per nurse. A GEE analysis
could have depicted a clearer relationship between the characteristics within the units. As
there were only a few units and since only two time periods could be included in the
study, GEE analysis could not be performed. Correlations were run to determine if any of
the unit characteristics were related. The average beds occupied per day was significantly
correlated to all variables except vaccine administration. The patients per nurse variable
was correlated to average beds occupied per day (r=.62, p < .05), admissions per month
(r=.54, p <.05) and discharges per month (r=.56, p <.05).
In summary, findings from this study shows that ordering the vaccine at the time
of admission did not improve vaccine administration rates for inpatients, when compared
to ordering vaccine at the time of discharge. Age and race were significant predictors of
vaccination administration rates. Results from this study confirmed earlier findings about
the association between age and vaccination rates; rates were higher for people aged 65
or older. Unlike previous studies, the results from this study indicate that minorities were
more likely to receive vaccination when compared to Caucasians. This difference may be
attributed to the greater proportion of minorities having chronic conditions, which
increase the likelihood of receiving pneumococcal vaccinations.
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Limitations
Prior to data collection, the sample size was estimated based on a vaccination
compliance rate of 0.8 obtained from hospital personnel. After data collection and
analysis were completed, it was found that the actual proportion of patients vaccinated
was approximately 0.5. This corrected smaller proportion has resulted in some
discrepancy in sample size estimation: the smaller proportion requiring larger sample
than what was estimated earlier. Because of this, the results from this study may have
resulted in type 2 error and failed in finding a significant relationship between
vaccination administration and the type of order set used (AOS or DOS).
There were some limitations related to the secondary data analysis study. For
example, the method used in identifying patients who were eligible for the vaccine was a
limitation. For AOS, both a physician screening and a nurse screening had been done to
identify these, and an order was initiated by the system if a patient was considered at risk.
But for DOS, there was no screening tool available and the researcher had to identify
patients at risk by looking for risk factors in the patient’s electronic medical record. As a
result, the number of patients eligible for the vaccine could not be used as the
denominator for analyses, and the vaccine compliance rate for AOS and DOS could not
be calculated.
For AOS, there were 37 patients who received vaccination, and 91 patients who
refused vaccination. But there were also 7 patients who did not have a recorded reason
for not administering the vaccine. For DOS, there were 41 patients who received the
vaccine, and 58 patients who refused vaccine. But there were 46 patients who did not
have a recorded reason for not administering the vaccine and refusal could have been a
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reason for some of them. So the exact number of patients who were offered the vaccine
could not be calculated accurately.
There may be some other potential factors that could influence PV rates that were
not included in the dataset analyzed. For example, knowledge and attitude regarding
pneumococcal vaccination, and skill in using CPOE and order sets also influence the
ordering of pneumococcal vaccine using order sets (Nichol & Zimmerman, 2001). The
patients’ race, ethnicity, and education levels are other factors that could influence
vaccine administration rate (Marsteller, Tiggle, Remsburg, Bardenheier, Shefer & Han,
2008). The perceptions and attitudes of providers can also be influential factors but are
not evaluated in this study, as the sole method of data collection was chart review.
Additionally, the socioecological model identifies five major factors that influence health
outcome, and in this study only the institutional factor (order set/CPOE) was evaluated,
as the data were collected by chart review.
In this study, the influence of the unit characteristics were only evaluated using a
correlation matrix to assess whether these characteristics were correlated with vaccine
administration. A better understanding of these associations could be achieved using
Generalized Estimated Equations (GEE). However GEE could not be used as the sample
was limited to only 7 units and 2 time periods. It will be interesting to see future research
using GEE on a larger dataset.
As this study was performed within a single institution and the order sets were
designed using a specific CPOE application, the results cannot be generalized to other
institutions using different CPOE applications. Threats to internal validity such as history
and maturation are possible. This is because the requirement for pneumococcal
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vaccination to patients at risk was present before the implementation of the order sets and
with time more providers were getting used to implementing the guidelines through
clinician education and hospitals expect clinicians to follow vaccination guidelines.
Guidelines to assess at-risk patients might also change in the future and the current results
may not be applicable for future guidelines.
Recommendations
Many organizations are struggling to achieve the Joint Commission guidelines for
vaccinating patients who are eligible for pneumococcal vaccine. CPOE applications are
used in many hospitals to place medication orders including vaccinations. A well
designed and implemented order set can identify patients in need more effectively and
also recommend or make it mandatory for providers to order the vaccine for those
eligible patients. However, the results from this study showed that the type of order set
and the timing of ordering the vaccine whether at the time of admission or at the time of
discharge are not significant predictors of vaccination administration rate. The design of
the order set is a major factor that influences vaccine status. Even though AOS was more
sophisticated than DOS, it could have been designed better. One of the drawbacks of both
DOS and AOS was that the providers had to search the patient’s chart to identify risk
factors. The inpatient units were not using the problem list functionality and the order set
did not pull in and display the primary diagnosis, secondary diagnoses or problem lists
for providers to identify the risk factors. The providers had to use their knowledge and
judgment or search the patient’s chart to identify risk factors. The better designed order
set would have pulled in the risk factors from the patient’s chart.
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AOS created conditional vaccine orders if a patient was found to be at risk for
developing pneumonia. In many cases, these conditional orders were not activated or
sometimes activated inappropriately by the nurses. Activating a conditional order added
another step to the whole process of vaccine ordering and administration. This process
also did not make it mandatory for the nurse to activate the order if the patient was
indicated to receive the vaccine. So there were many cases in which the patient was
identified as vaccine eligible but the nurse did not activate the vaccine order. No reasons
were documented in the patient’s chart for not activating the conditional order. Recently,
this major drawback was highlighted and the nursing management and the order set team
started working on developing strategies. As a first step, they developed a new format
and design for the order set. The vaccine order was removed from the VSO module in the
AOS, and the physicians used the VSO to screen patients for risk. If the patient was
found to be at risk and not previously vaccinated, a nurse screening was ordered through
the VSO. After performing the nurse screening, if patient was identified as vaccine
eligible, the system generated an active order and the nurse administered the vaccine.
This new design was implemented in some pilot units. Future research may be conducted
using this new design and results compared with this study’s findings.
Testing of order sets is critical for the success. Once an order set is created, it
should be tested vigorously by the order set team and validated by clinical users to
eliminate errors and also to make sure that the content is appropriate and the design is
user-friendly. Prior to implementation, testing the order set in a simulation lab with
physicians and nurses using the order set and interacting with each other will reveal
deficiencies in content and design. It is preferable to test all order sets related to
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reportable core measures, and Joint Commission mandated guidelines, to be tested in a
simulation lab before implementation. Order set creation and implementation should be a
collaborative effort involving order set team and clinical users.
Literature has shown that educational status has an influence on vaccination
administration rate. Even though hospitals collect patient demographic data at the time of
admission, it may not be comprehensive or accurate. As demographic data are predictors
for several outcomes in research, hospitals should gather detailed demographic data from
patients and also educate their admitting personnel the importance of accurately
documenting the data. A detailed and accurate demographic data in patients’ electronic
charts will assist researchers in obtaining data easily and assist them with conducting
better research. Knowing the education level of patients will also assist nurses in
providing education to patients regarding vaccination based on their education level.
Another recommendation from the study is to educate the providers on the
importance of pneumococcal vaccination. The vaccine was not ordered for many patients
who had chronic diseases, and education of providers could have improved the vaccine
ordering rate for such patients. The vaccine was not ordered in some cases because the
providers did not use the AOS at the time of admission. Training is also needed to direct
providers to use the right order set while admitting patients to the unit. Hospital
Administration can also play a vital role in improving the rate of vaccine administration
for patients admitted to the hospital. Weekly and monthly reports are currently run and
given to managers regarding the vaccination status of patients in their units. Such regular
monitoring will play a vital role in improving vaccine administration rates. It requires a
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combination of technology and the human factors to successfully implement vaccine
guidelines.
Conclusion
CPOE and order sets are increasingly becoming popular and play a vital role in
improving compliance with clinical guidelines. Health care organizations are struggling
to achieve compliance with pneumococcal vaccination mandates for inpatients. While
there is evidence to show that order sets increase compliance with guidelines, thereby
increasing vaccination rates, this study could not find a significant relationship between
the time of ordering the vaccine (at admission or at discharge) and vaccine administration
rates. Vaccine administration rates were found to be influenced by demographic
characteristics of patients, such as age and race. Study results showed that older adults
were more likely to get vaccinated than younger adults. Providers should be educated in
identifying vaccine eligible patients in all age groups and the criteria for identifying
specific risk factors. Training of providers in using the order sets also facilitate in
identification of appropriate order sets for patient orders in CPOE.
The design of order sets also impact the efficiency of order sets. A well designed
order set can assist providers in easily identifying eligible patients for vaccination and
enable nurses to administer vaccinations without going through several additional steps.
Simultaneously, the incorrect or not-user friendly order sets could have significant
clinical impact. Thus, it is vital to develop order sets based on evidence-based practice
guidelines and test rigorously before their implementation. .
Findings of this study are based on data from a single hospital, and the results
may not be generalized to a larger hospital community. Results may also be limited to
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organizations that use the same or similar CPOE application since the order set design
was found to have an effect on the outcome. This study, however, provides important
information on the use of order sets at admission and on discharge, and examines factors
that influence vaccination rates. Furthermore, it can help healthcare informaticians in
designing and building more evidenced based order sets.
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APPENDIX 1
Screen shot of Discharge Order Set (DOS)

Mandatory question in DOS (If answered “Yes”)
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Mandatory question in DOS (If answered “No”)
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APPENDIX 2
Screen shots of Vaccine Screening Order Set (VSO)
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Nurse Screen in EMAR
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APPENDIX 3
Data Collection Tool (AOS)
Case #- --------------------

Data Collection Date: ------------------

Data Collected By: Rekha Mathew
Demographic Characteristics


Race: □ Caucasian/White-1 □ African American-2 □ Other-3 ----------

Admission/Discharge Data


Admission Date:

03/

/2009



Discharge Date:

03/

/2009



Length of stay in days: ------------------------------------------------



Medical Service:
ACS Barker-1, ACS Janeway-2, ACS Longcope-3, ACS Thayer- 4,
Cardiology-5, Gastroenterology-6, General Medicine-7, Hospitalist
Service-8, Internal Medicine-9, Pulmonary-10, Renal Diseases-11, MEG12, Assistant Chief Serv-13, Rheumatology-14, Infectious Diseases-15,
Neurology-16, Other-17



Discharging Unit:

□ HAL5-1 □ HAL6 -2 □ HAL8-3 □ NEL3-4
□ NEL4-5

□ OSL4-6 □ OSL5-7

Disease Related Data (Discharge Summary)


Primary Diagnosis: ---------------------------------------------------------------Cardiovascular-1, GI disease-2, Resp disease-3, Renal-4, GU-5, Cancer-6,
Psych/behavioral-7, Neuro-8, Other-9

Physician screening (Vaccine Screening Orderset)


Vaccine Screening Order set present



Risk present □Yes-1

□Yes-1

□ No-0

□ No-0

(1) Chronic diseases (e.g. cardiovascular diseases, chronic pulmonary
diseases, diabetes mellitus, chronic liver diseases etc.)
(2) Immunocompromised conditions (e.g. HIV infection, leukemia,
lymphoma, and/or receiving immunosuppressive medications)
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(3) Chronic care facility resident
(4) Cochlear Implants
(5) Alaskan native/Native American
(6) Cerebrospinal fluid leaks
(7) Age > or = 65 years
(8) None of the above


Vaccine Indicated for patient

□Yes-1

If No, Reason:

□ given previously-2

□ no risk factors -1

□ No-0
□ N/A-999

Vaccine Data for AOS
Orders tab


Vaccine ordered as conditional

□Yes-1

□ No-0 □ N/A-999

□Yes-1

□ No-0

Nursing order/task summary


Nurse screening for vaccine completed:
If No, Reason:



□ No reason- 1

Vaccine indicated for patient:
999
If No, Reason:

□Yes-1

□ N/A-999

□ N/A-999
□ No-0

□ N/A-

□ vaccine given previously- 1
□ allergy/sensitivity to vaccine-2
□ terminal/comfort measures only -3
□ temp > 38.1 degrees C in previous 24 hours-4
□ patient refused-5
□ not applicable- 999



Conditional Order for vaccine activated: (Select “Yes” if status column=
completed activation, select “No” if status column = discontinued. If
vaccine is not ordered, select N/A)
□Yes-1 □ No-0 □ N/A-999



Pneumococcal vaccine status:

□ Vaccine administered-1
□ Vaccine not administered-0
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Data Collection Tool (DOS)
Case #- --------------------

Data Collection Date: --------------

Data Collected By: Rekha Mathew
Demographic Characteristics


Race: □ Caucasian/White-1 □ African American-2 □ Other-3 ---------

Admission/Discharge Data


Admission Date:

03/

/2008



Discharge Date:

03/

/2008



Length of stay in days: ------------------------------------------------



Medical Service:
ACS Barker-1, ACS Janeway-2, ACS Longcope-3, ACS Thayer- 4,
Cardiology-5, Gastroenterology-6, General Medicine-7, Hospitalist
Service-8, Internal Medicine-9, Pulmonary-10, Renal Diseases-11, MEG12, Assistant Chief Serv-13, Rheumatology-14, Infectious Diseases-15,
Neurology-16, Other-17



Discharging Unit:

□ HAL5-1 □ HAL6 -2 □ HAL8-3 □ NEL3-4
□ NEL4-5

□ OSL4-6 □ OSL5-7

Disease Related Data


Primary Diagnosis: ----------------------------------------------------------------

Cardiovascular-1, GI disease-2, Resp disease-3, Renal-4, GU-5, Cancer-6,
Psych/behavioral-7, Neuro-8, Other-9


Secondary Diagnoses: ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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(If any of the primary or secondary diagnoses include the following,
please check the appropriate box below)
□ Chronic diseases (e.g. cardiovascular diseases, chronic pulmonary
diseases, diabetes mellitus, chronic liver diseases etc.) (1)
□ Immunocompromised conditions (e.g. HIV infection, leukemia,
lymphoma, and/or receiving immunosuppressive medications)(2)
□ Cochlear Implants (3)
□ Cerebrospinal fluid leaks (4)
□ Age > or = 65 years (5)


Risk present

□Yes-1

□ No-0

Vaccine Data for DOS:


Vaccine ordered:



Pneumococcal vaccine status:

□Yes-1

□ No-0

□ Vaccine administered-1
□ Vaccine not administered-0



Reasons for not administering vaccine:
□ given previously (pt received vaccine in the past)-1
□ received chemotherapy or radiation therapy during admission-2
□ patient refused-3
□ patient is less than 65 years of age-4
□ no reason given-5
□ not applicable- 999

______________________________________________________________________
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