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Abstract Health care facilities are implementing analytics
platforms as a way to document quality of care. However,
few gap analyses exist on platforms specifically designed for
patients treated in the Operating Room, Post-Anesthesia Care
Unit, and Intensive Care Unit (ICU). As part of a quality
improvement effort, we undertook a gap analysis of an
existing analytics platform within the Veterans Healthcare
Administration. The objectives were to identify themes asso-
ciated with 1) current clinical use cases and stakeholder needs;
2) information flow and pain points; and 3) recommendations
for future analytics development. Methods consisted of semi-
structured interviews in 2 phases with a diverse set (n = 9) of
support personnel and end users from five facilities across a
Veterans Integrated Service Network. Phase 1 identified un-
derlying needs and previous experiences with the analytics
platform across various roles and operational responsibilities.
Phase 2 validated preliminary feedback, lessons learned, and
recommendations for improvement. Emerging themes sug-
gested that the existing system met a small pool of national
reporting requirements. However, pain points were identified
with accessing data in several information system silos and

performing multiple manual validation steps of data content.
Notable recommendations included enhancing systems inte-
gration to create “one-stop shopping” for data, and developing
a capability to perform trends analysis. Our gap analysis sug-
gests that analytics platforms designed for surgical and ICU
patients should employ approaches similar to those being used
for primary care patients.
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Abbreviations
PIMS Perioperative information management system
OR Operating room
PACU Post-anesthesia care unit
ICU Intensive care unit
VHA Veterans healthcare administration
VISN Veterans integrated service network
VistA Veterans information systems and technology

architecture
CPRS Computerized patient record system
VAP Ventilator associated pneumonia
CLABSI Central line associated blood stream infections
CAUTI Catheter associated urinary tract infection

Introduction

Many healthcare facilities are currently inundated with re-
quests to provide metrics demonstrating how well they take
care of their patients [1]. Common metrics of care include
structural (ratio of providers to patients); process (percentage
of patients with diabetes with blood sugar control); and
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clinical outcomes (rates of myocardial infarction, patient sat-
isfaction, and hospital readmissions) [2–4]. In addition, the
Affordable Care Act (ACA) has incentivized hospitals to
move towards population health management by promoting
care coordination initiatives [1].

A common thread between these requirements for
reporting and system level transformation is the need to create
actionable insights from medical data [5–8]. Typically, facili-
ties develop or buy healthcare analytic platforms to manage
their data needs [8]. Data required for analytical purposes are
often collected from electronic health records, claims, and cost
data to identify patterns of care at the patient and facility level.
Many analytic systems are separate from the online transac-
tion processing databases that support a electronic health re-
cord application [9]. Reports and complex queries can be then
run without slowing production databases.

In implementing analytic platforms, many hospitals have
initially focused on designing these platforms to improve the
management of chronic disease care, primary care patients, and
for settings such as outpatient clinics [6, 8, 10]. However, little
information exists to document the needs for analytic platforms
targeting the Operating Room (OR), Post-Anesthesia Care Unit
(PACU) and Intensive Care Unit (ICU) [11, 12]. The OR,
PACU, and ICU are oriented towards acute care management,
surgery, post-anesthetic recovery, critical care interventions,
and inpatient settings. As part of a quality improvement effort,
we undertook a qualitative gap analysis of an existing analytics
platform used for the OR, PACU, and ICU within the Veterans
Healthcare Administration (VHA). Our objectives were to
identify themes associated with 1) current clinical use cases
and stakeholder needs; 2) information flow and pain points;
and 3) recommendations for future analytics development.

Methods

Setting

Since this was a quality improvement effort for an existing,
institutional program, our evaluations were exempted from
IRB review. Our setting consisted of two large tertiary referral
centers and three medium-size referral centers (Table 1) within
a Veterans Integrated Service Network (VISN). The VISN is a
basic organizational unit intrinsic to the Veterans Health
Administration and is comparable to regional networks typical
in other healthcare systems. VISN facilities are organized
around specific healthcare markets and within a particular
geographic area.

Our VISN has hosted a perioperative information manage-
ment system (PIMS) since 2004 [13, 14]. At the time of the
study, the PIMS captured acute care data from a total of 202
OR, PACU, and ICU beds across the five VISN facilities.
Clinical staff utilized the PIMS to review and document clin-
ical data and care plans for patients across all of these care
areas. PIMS collect clinical data from medical monitoring
devices (e.g., electrocardiogram) connected to the patient.
The detailed clinical data are then usually integrated with ad-
ministrative sociodemographic information, along with clini-
cal orders, laboratory, and pharmacy data. Clinical data are
continuously updated in the PIMS throughout the patient en-
counter with medical monitoring device data.

The PIMS includes an outbound data interface that trans-
mits the entire peri-operative record to a long-term data ware-
house for storage and reporting [13]. To create the data ware-
house, a third party vendor performed an extraction-
transform-load (ETL) process from PIMS, and then linked

Table 1 Characteristics of
veterans integrated service
network (VISN) healthcare
system

Characteristics

Number of facilities within VISN 5 (Two large tertiary referral centers and three
medium-size referral centers)

Support model for PIMS One clinical coordinator (full time) and
biomedical engineer (halftime)

Affiliations Local universities

Clinical locations Operating Room; Post-anesthesia Care Unit,
Intensive Care Unit

Number of beds supported by PIMS 202

Types of End Users of information Facility Chief Medical Officer, ICU Directors,
ICU Managers, Quality Improvement
Nurses; PIMS Clinical Coordinator

Types of reports ICU based reports: VAP; CLABSI; CAUTI

Number of unique practitioners
accessing perioperative information
management system annually

1000 (approximate)

VISNVeterans Integrated Service Network, PIMS Perioperative Information Management System, OROperating
Room, PACU Post-anesthesia Care Unit, ICU Intensive Care Unit, VAP Ventilator Associated Pneumonia,
CLABSI Central Line Associated Blood Stream Infection, CAUTI Catheter Associated Urinary Tract Infection
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PIMS data with key elements from the Veterans Information
Systems and Technology Architecture (VistA) electronic
health records system, including: Admission-Transfer-
Discharge data, surgery scheduling and demographic data,
medications, orders, etc. VistA is the VHA’s electronic health
record, storing multiple elements: sociodemographic, orders,
etc. A graphical user interface that generated SQL queries was
the only mechanism to identify cohorts, data, and trends. Both
individual and summary data were available for export into
Microsoft Excel file format.

Qualitative interviews

Our overall goal was to focus on interviewees’ previous ex-
periences, lessons learned, and recommendations related to
Analytics needs [15]. This qualitative study was divided into
two phases to identify themes associated with current use
cases specific to an existing analytic platform as well as with
future analytics deployment. Phase 1 was designed to identify
the underlying needs and previous experiences across various
roles and operational responsibilities. Phase 2 was designed to
validate preliminary feedback and identify lessons learned and
recommendations for analytics development to meet the needs
of various stakeholders.

For both phases, we embarked on a semi-structured inter-
view process [15, 16]. We focused on key stakeholders from
each medical facility in two primary role categories: support

personnel (PIMS Coordinator, Information Technology
Specialist, Clinical Applications Coordinator, and Systems
Reengineering) and end- users (Providers [a physician or a
nurse], Quality Management, Infection Prevention, and
Nurse Informaticist). To help generate a representative sam-
ple, potential interviewees were identified through personnel
rosters and personal knowledge of those who would speak
candidly and openly. Each potential interviewee was
contacted up to 3 times by email with a request for a 1/2 h
phone interview. An interviewee could be interviewed for
both Phase 1 and 2. Two trained social scientists conducted
all interviews. Interviewees were informed of the purpose of
the study, advised that interviews were voluntary and non-
attributional, and consented. No subterfuge was used to elicit
responses. To help preserve anonymity of interviewees, only
their job role was recorded, while age, gender, and facility data
were not collected. We ensured that all facilities within the
VISN were represented. The goal of each interview was to
address a pre-determined set of questions using an open-
ended format (Table 2). This format was designed to allow
the interviewer to develop and explore particular themes or
responses further.

Analysis

The same interviewers conducted all interviews; each inter-
viewer took extensive notes. To avoid intimidating

Table 2 Topics, questions, main themes from semi-structured interviews

Phase Topic Set of Open Ended Questions Key themes Identified

I Current clinical use cases • How do you use the analytics system?
• What is your monthly reporting

process flow?
• Which data sources do you use?
• How does the current system work

well for you?

• Meets selected national VA reporting requirements
• Supports some quality improvement efforts
• Primarily a clinical tool; limited use for

business or management needs

Challenges • Where are the pain points in the
information flow?

• What do you find challenging in the
report development process?

• What do you find challenging with the
analytic flow?

• Lack of systems integration necessitated users
to access multiple data sources to conduct investigation.

• Manual data scrubbing and validation was one of
the biggest bottlenecks in the workflow.

• Data analysis and trending were done manually, making
it a time-consuming process to customize reports to fit
reporting or administrative needs.

• Lack of analytics staff

II Lessons Learnt;
Recommendations
for future analytics

• What do you think are the needs for
stakeholders?

• What are your recommendations for
future analyticsdevelopment?

•Better systems integration to create “one-stop shop” for
data collection:
○Reports that cross-reference data points from multiple
data sources;
○Automated system to pull and filter data for auditing
and other clinical and business purposes; Capability to
run validation checks to ensure data accuracy

• Capability to perform meaningful trending analysis to use
for process or quality improvement projects

• Analytics Staff
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interviewees and facilitate open and frank feedback on pain
points and recommendations associated with current systems
and work processes, interviews were not audio recorded.
Several steps were taken for analysis: 1) To facilitate organiz-
ing of responses, all interviewees were assigned unique iden-
tifiers; 2) Data were reviewed for identification of repeating or
developing themes; 3) Each interviewer reviewed notes and
themes with the other interviewer to confirm both themes and
interpretation; and 4) Themes were coded to support later
retrieval and to help identify patterns.

Results

Nine respondents participated in interviews over 6 months in
2015. Characteristics of participants and their roles are pro-
vided in Table 3. Phase I participants largely consisted of
support personnel. Phase II participants largely consisted of
end users.

Use cases and challenges of an existing analytic system

After multiple interviews, it became clear that the only current
use case for the analytics platform was for three monthly ICU
reports mandated by the VA Inpatient Evaluation Center. The
three reports were for Ventilator Associated Pneumonia
(VAP), Central Line Associated Blood Stream Infections
(CLABSI), and Catheter Associated Urinary Tract Infection
(CAUTI) [17, 18]. A swim lane chart was created to visualize
typical reporting flows. We noted data transfer and flow along

several primary stakeholders: Nursing; PIMS coordinator, and
Report User. Two access points were noted for data: VistA and
the Analytic Platform. Typically, the PIMS coordinator would
run a standard, monthly query for their facility on the analytic
platform; incorporate additional elements from VistA; receive
a downloadable .csv file for each report from the platform; and
transfer this information to report users (i.e. Quality
Improvement (QI) and ICU managers) or to web based
reporting portals for further evaluation.

Several challenges were noted and aligned with a key
theme: Data existed in multiple information system silos and
were stored in different record systems. The resulting chal-
lenges were cited consistently by different stakeholders and
across their workflows:

1 Nursing: Since documentation was done both in the PIMS
and in VistA (Foley or skin assessments), information was
fragmented and only available partially. Retrieving multi-
ple data sources was required to investigate any VAE,
CLABSI, and CAUTI events.

2 PIMS coordinators: A lack of systems integration necessi-
tated users to access different data sources (VistA, PIMS)
to conduct quality improvement investigations or generate
reports. Not all care bundles were captured in the analytics
system, requiring manual data collection from VistA. In
addition, PIMS coordinators often needed to deploy dif-
ferent VistA reporting tools (FileMan, PathFinder, etc.).
Because data had to be then re-entered manually into
Excel or Word, concerns were raised for risks of transcrip-
tion errors. Manual data scrubbing and validation relative
to source information also represented a bottleneck in the
workflow. This often made the process extremely time-
consuming. When discrepancies were found between dif-
ferent sources, concern arose for the “garbage in, garbage
out” problem. In other words, incorrect documentation by
clinicians and missing and/or invalid data could decrease
accuracy of reports.

3 Report Users: Since PIMS coordinators had to access dif-
ferent record systems for preparing reports, a manual, sec-
ond validation of reports was often necessary. Report users
like QI nurses reported that the challenge of a second val-
idation created a more time-consuming process.

Recommendations for future analytics development

Two main themes emerged from our interviews for fu-
ture analytics development. These themes were cited
across all stakeholders and the first was related to the
challenges noted earlier:

1. Removal of data silos: All stakeholders felt that data sys-
tems integration, i.e., a “one-stop shop” for data, was

Table 3 Characteristics of interviewees

Phase 1: Support
Personnel
Focus: Current
clinical use cases;
Challenges

Phase 2: End Users
Focus: Lessons Learnt;
Recommendations for
future analytics

Perioperative Information
Management System
(PIMS) Coordinator

5 1

Information Technology
Specialist

1 –

Provider (nurse or
physician)

– 1

Quality Management
Nurse

1 1

Infection Prevention Nurse 1 6

Nurse Informaticist 1 –

Perioperative Information Management System (PIMS) Coordinator: a
nurse responsible for day-to-day management of the PIMS system;
Information Technology Specialist: responsible for maintaining, process-
ing and troubleshooting computer systems and operations; Nurse
Informaticist: responsible for coordinating and evaluating the PIMS at
the manager level
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necessary to improve workflows. The ability to cross-
reference and relate data points from one source to another
within the platformwas also desirable. An automated pro-
cess to pull and filter data, along with performing the
validation checks, would help ensure report accuracy. In
addition, given the limited number of personnel available
for data auditing and developing reports, stakeholders cit-
ed the need for dedicated staff for analytics.

2. Identify trends for reports: Though reports were generated
monthly, past results were not easily accessible.
Stakeholders felt that key enhancements would include
the ability to compare an existing report with prior reports
to evaluate historical changes or patterns. In addition, the
ability to visualize trends without having to import data
into a statistical package like Microsoft Excel or SAS
would be useful, along with automation of these steps.

Discussion

Our qualitative gap analysis evaluated an existing analytics
platform for OR, PACU, and ICU patients. We identified sev-
eral themes across our interviews. Use cases focused on a series
of three monthly ICU reports that were mandated by the VA.
The three reports were Ventilator Associated Pneumonia
(VAP), Central Line Associated Blood Stream Infections
(CLABSI), and Catheter Associated Urinary Tract Infection
(CAUTI). Our interviewees cited workflow challenges for re-
trieving data from different information system silos and for
performing manual validation. Recommendations for future
development included better data integration and capacity for
trends analysis. We also noted throughout our interviews a key
assumption: leveraging analytics could both meet reporting re-
quirements and potentially enhance outcomes [6, 12, 19–21].

Clinical intelligence

An essential objective for health care systems is to improve
the health of individuals and populations. The Institute for
Healthcare Improvement has promoted the triple aim: achiev-
ing better outcomes, improving the patient experience, and
lowering costs [22, 23]. To satisfy the Triple Aim, while many
facilities have had access to clinical data for years, facilities
are now considering the daunting task of organizing and
leveraging their data to satisfy these emerging requirements.
A common term for this type of work is clinical intelligence-
the use of tools and analytics developed for business instead
for improved patient care [20, 24–26]. Developing clinical
intelligence processes usually involves three steps.

The first step is to identify, assess, and access available data
sources. While for many facilities this step involves reviewing
paper records, an increasing proportion of OR and ICU

practices use PIMS. A PIMS enables evaluation of electroni-
cally collected and stored data [27]. The second step is defin-
ing who will need to receive data summaries and reports.
While regulatory authorities such as the Joint Commission
initially come to mind, stakeholders exist locally who have
interest in or require data [28]. Local stakeholders include
hospital administrators and quality improvement committees,
who are also interested in process measures, outcomes, and
patient experience to evaluate clinical care. The final, and
potentially most difficult, step is defining who will gen-
erate data summaries and provide reports on a regular
basis. Often, discovering where analytic expertise lies
within a hospital or health care system will be necessary
[7]. A formal group of individuals may need to be
tasked with supporting reports and queries.

Emergent themes: Removing data silos and performing
trends analysis

Our findings are applicable given the general growth of health
care analytics and regulatory requirements [1, 29]. Prior gap
analyses evaluating analytic platforms have largely focused
on their role in primary care [10, 30]. Primary care settings
need to show improvement for quality of care metrics such as
care coordination [31]. These prior studies promote the utility
of removing data silos and identifying trends and patterns.
Though our study focused on an analytics platform for surgi-
cal and ICU patients, our gap analysis identified two similar
sets of themes.

First, an emergent theme centered on pain points for man-
ually collecting and validating data from multiple sources.
Our interviewees noted that not all information for the ICU
care bundles were captured in the analytics platform (Fig. 1).
As a result, manual data collection was necessary from other
data sources such as VistA’s Computerized Patient Record
System (CPRS). End users often needed to use separate
reporting tools. Data analysis was then done manually, creat-
ing a time consuming process. These observations may also
partially explain our limited set of current use cases. We noted
that only three mandatory clinical reports for the ICU were
being produced. Interviewees primarily highlighted clinical
uses and needs and provided limited indications of business
and management needs. Though our platform collected ad-
ministrative, clinical, and physiologic information from
the OR, PACU, and ICU, it was clear that an opportu-
nity existed to expand the number and types of reports.
For example, in an operating room, measures of effi-
ciency could be provided, i.e., first case start time or
cancellations [12]. Efficiency metrics are important as
they can be used to manage costs and productivity.

Prior gap analyses have identified the need for information
through episodes of care for primary care patients [8, 30, 31].
Data sources must be identified from multiple outpatient
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settings, and across numerous providers and specialties. As a
result, building an effective data warehouse with multiple
sources involves more complicated ETL processes than with
a single data source [32]. It may be necessary to harmonize
structured and unstructured information. Domains like labora-
tory, pharmacy, admission and discharge, and orders require a
sophisticated knowledge of how data warehouses are built and
maintained. Financial and operational data are also often need-
ed from across the enterprise to provide meaningful reports.

Second, another emergent theme focused on the capabil-
ity to perform trends analysis [10, 11, 25]. The ability to
look at outcomes and indicators over time (e.g., last quarter
or year) was repeatedly cited for analytics development.
Clinicians and policy leaders do not typically look to a sin-
gle data point to initiate quality improvement efforts.
Aspects of care over months to a year are often evaluated

before effecting changes to care processes. A key aid to
understanding trends for decision makers can involve
displaying data visually, i.e., line graphs. Graphical displays
of information allow for easier, meaningful comparisons ver-
sus tabular data. In addition, a dashboard format that incor-
porates multiple data types can often help transform data
into actionable insights. Both clinical and administrative data
may need to be integrated and available for trend analysis
[9]. Administrative data is limited in its ability to risk-adjust
and often does not distinguish between comorbidities and
complications. Therefore the combination of episode-based
clinical data along with administrative data can allow for a
more complete picture over time.

We noted limitations and strengths to this study. First, this
was a qualitative study and therefore lacked quantitative esti-
mates of the prevalence of these themes among our broader

Fig. 1 Monthly reporting process
flow. The monthly reporting
process flow for reportable
conditions illustrates pain points
for accessing data from
information system silos and
performing multiple data
validation steps. Swim lane
diagram describes information
flow for patients with an
indwelling Foley catheter, with a
central line, or on a ventilator.
Nurses documented assessments
and notes, particularly around
signs and symptoms of possible
infections. The PIMSCoordinator
then extracted and validated data
from the analytic system; ensured
that all patients’ information was
captured; and checked that data
fields were complete. In addition,
the PIMS Coordinator
investigated and resolved any
discrepancies. PIMS
Perioperative Information
Management System, VistA/
CPRS Electronic Health Record
Systems in the Veterans
Healthcare Administration, IPEC
(Inpatient Evaluation Center)
Reports, VAP Ventilator
Associated Pneumonia, CLABSI
Central Line Associated Blood
Stream Infection, CAUTI
Catheter Associated Urinary Tract
Infection
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end user community and stakeholders. The goal of this de-
scriptive, QI study was to help policy makers and senior man-
agement better address existing use cases and recommenda-
tions for analytics development. Deployment of surveys to
generate more precise estimates of these themes would be a
logical next step in our efforts. Second, our sample lacked
other business stakeholders that could have further enhanced
our analysis. These additional stakeholders could have includ-
ed senior management, such as chiefs of staff or chief medical
officers. However, our intent was to identify key issues for
front line stakeholders who would be operationalizing and
creating reports for management. Typically, management is
not involved in creation of reports and typically focuses on
their use for policy decisions. Third, our evaluations were
conducted within the VHA and therefore may not be applica-
ble to non-VHA settings.

In summary, in order to address various pain points around
use cases of an analytics platform for surgical and ICU pa-
tients, a set of key stakeholders recommended removing data
silos to create “one-stop shop” for data staging and
implementing a capability to perform meaningful trends anal-
ysis. Our gap analysis suggests that analytics platforms de-
signed for surgical and ICU patients should employ ap-
proaches currently being developed for primary care.
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