
Introduction

While the implementation of electronic health records (EHRs) is 
increasing throughout the country, very little is publicized about 
their impact on clinical practices in pathology laboratories. With 
the advent of the Centers for Medicaid & Medicare Services (CMS) 
Electronic Health Records Incentive Program, laboratories are 
faced with an unprecedented need to establish and maintain 
interfaces to multiple different systems. The sole interface or 
connection between laboratory information systems (LIS) to the 
hospital information system (HIS) becomes insufficient. Anatomic 
pathology systems also have to interface their reports to the EHRs. 
Hospital and laboratory information technology (IT) departments 
are tasked with the challenge of interfacing many custom systems 
for individual subspecialties [1-5]. 

To establish functionally efficient connectivity with EHRs, 
laboratories have two choices: either purchase or design specific 
robust interfaces linking the different areas of the LIS directly to 
EHRs or use an intermediary third-party vendor as the "middleman" 
to disseminate back and forth information between LIS and EHRs 
in realtime. Technical, capital and personnel resources are needed 
to maintain such systems. With the enormous technological 
advances, the opportunity has emerged to develop integrated 
systems to meet these new mandates. 

Timely pathology results are critical for appropriate diagnosis and 
management of patients. A major hindrance in timely reporting 
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Abstract

Timely pathology results are critical for appropriate diagnosis and management of patients. Yet workflows in laboratories remain ad hoc 
and involve accessing multiple systems with no direct linkage between patient history and prior or pending pathology records for the case 
being analyzed. A major hindrance in timely reporting of pathology results is the need to incorporate/interface with multiple electronic 
health records (EHRs). We evaluated the Illuminate PatientView software (Illuminate) integration into pathologist's workflow. Illuminate 
is a search engine architecture that has a repository of textual information from many hospital systems. Our goal was to develop a 
comprehensive, user friendly patient summary display to integrate the current fractionated subspecialty specific systems. An analytical 
time study noting changes in turnaround time (TAT) before and after Illuminate implementation was recorded for reviewers, including 
pathologists, residents and fellows. Reviewers' TAT for 359 cases was recorded (200 cases before and 159 after implementation). The 
impact of implementing Illuminate on transcriptionists’ workflow was also studied. Average TAT to retrieve EHRs prior to Illuminate was 
5:32 min (range 1:35-10:50). That time was significantly reduced to 35 seconds (range 10 sec-1:10 min) using Illuminate. Reviewers were 
very pleased with the ease in accessing information and in eliminating the draft paper documents of the pathology reports, eliminating up 
to 65 min/day (25-65 min) by transcriptionists matching requisition with paperwork. Utilizing Illuminate improved workflow, decreased TAT 
and minimized cost. Patient care can be improved through a comprehensive patient management system that facilitates communications 
between isolated information systems. 
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of pathology results is the need to incorporate multiple EHRs 
and user interfaces, each of which often requires multiple logins 
throughout the day each using often unique usernames and 
passwords [6–9]. Unfortunately, most if not all anatomic pathology 
system remain ad hoc to LIS and HIS with no direct linkage to the 
multitude of EHR systems for the accession of patients' medical 
records and prior or pending pathology records for the case 
being analyzed. Isolation of data systems causes unnecessary 
delay in the pathologists' workflows and can be detrimental to the 
quality and outcomes of patient care. These detrimental effects 
underscore the need for innovative workflow integration across 
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multiple systems that facilitate the synthesis and dissemination of 
data produced by the different specialties. 

In this study we investigated the impact of a point of interpretation 
dynamic patient summary software which has been well established 
in radiology workflows in surgical pathology laboratories. We 
compared times to access necessary information from our 
EPIC EMR (Verona, WI) and LIS with and without the integration 
of the Illuminate PatientView software (Softek Solutions, Inc., 
Kansas City, KS) with our anatomic pathology information system 
(CoPath, Sunquest, Tucson, AZ). This software architecture is 
inverted search engine, developed eight years ago for driving 
radiology research across the entire patient enterprise. The index 
allows sub-second access to all text and data fields of reports and 
clinical documents in the Radiology Information System, LIS and 
EHRs. In fact, radiologists at our institution and across the nation 
have successfully been using the search system for years with 
outstanding results. The PatientView module of the system builds 
on this platform by focusing on an individual patient's records, 
driven by synchronizing on the medical record number context of 
the primary system. This instant access to relevant patient history 
and results of prior procedures is essential to achieving the lean 
concept of "first time quality" making better-informed decisions 
in less time. Our ultimate goal is to develop a comprehensive, 
user friendly integrated electronic patient summary utilizing this 
software to achieve meaningful interoperability. 

Patients and methods
At the University of Kansas Hospital, Illuminate PatientView 
software was incorporated into the workflow of the sign out 
operation for surgical pathology samples. Following a period of 
testing and validation to adapt the PatientView module to include 
all the necessary clinical, radiological, pathology and clinical 
laboratory information required by pathologists for an expedited, 
accurate, complete and simple sign out process, the system was 
introduced for departmental evaluation by residents, fellows and 
staff pathologists in the study. Before implementation accuracy 
of transfer of all information between CoPath and the Illuminate 
server was performed. Validation checks were done on 10% of the 
documents from each year, 2007 to 2013 as required by national 
and institutional standards. All electronically archived cytology, 
surgical pathology, flow cytometry and autopsy reports for all 
samples were transferred and retrieved by the Illuminate system 
with a 100% success rate. Briefly, test software was installed on one 
workstation connecting CoPath with Illuminate to simultaneously 
open sampled reports in CoPath and Illuminate. Reports were 
randomly selected by the laboratory IT team. These reports were 
then compared for completion and accuracy. Validation studies 
performed on about 1000 randomly selected reports from 2007 
to 2013 were performed as required by national and institutional 
standards. Validation studies were not performed on reports 
prior to 2008 as that was the year when the hospital started the 
electronic medical archival operation. Validated reports included 
gynecologic and non-gynecologic cytologic reports, fine needle 
aspiration, flow cytometry, surgical pathology and outside 
consultation reports. All electronically archived cytology, surgical 
pathology, flow autopsy reports for all samples were transferred 
and retrieved by Illuminate without problems throughout the 
duration of the study. 

Formalized training of residents, fellows, pathologists and 
supporting laboratory personnel began four weeks prior to 
implementation. Each user was offered personalized training 
at their workstation whenever needed. A second monitor was 
installed at each of the users' workstation to improve their 
experience while reporting their findings on one monitor and 
simultaneously reviewing other medical records in Illuminate on 
the other monitor. In addition, during the implementation, there 
was full time support by the laboratory and the Softek company 
information systems staff. 

A time study recording TAT and pathologists' satisfaction with 
the Illuminate software and its impact on the transcriptionists’ 
workflow was performed. The TAT before and after Illuminate 
implementation was recorded for seven reviewers. Random 
selections of reviewers with varied experience were selected 
including pathologists, residents and fellows to participate in the 
study to avoid bias in data analysis. The reviewed cases prior to 
and after implementation of Illuminate were of similar complexity. 
Fifteen to twenty cases were recorded per reviewer both prior and 
after implementation. Reviewers’ TAT for 359 cases was recorded, 
including 200 cases prior and 159 post implementation. For each 
reviewer, time was recorded from the time the case is accessed 
in CoPath for microscopic evaluation until the rendition of final 
diagnoses by pathologists or preliminary diagnoses by residents 
and fellows. 

Components of the before Illuminate implementation portion of 
the study included logging onto CoPath to access the case being 
evaluated, followed by the multiple sequential steps of logging 
onto the hospital EHRs starting with Citrix XenApp and followed 
by EPIC. Once into EPIC reviewers must access patient station, 
typing and accepting the medical record number, followed by the 
navigation time required to fetch the relevant clinical, radiology, 
laboratory and anatomic pathology information. The time 
required for reviewing pathology slides and recording results in 
CoPath was then added. 

The after implementation component of the study included 
the time required for the simultaneous logging onto the case 
in CoPath and Illuminate, the navigation of medical records in 
Illuminate, slide review and signing out in CoPath.

In addition, we studied the impact of implementing Illuminate on 
our transcriptionists’ workflow. Transcriptionists, following the 
dictation of gross findings, match the submitted surgical pathology 
requisitions accompanying specimens with working drafts of 
pathology reports including gross description and abbreviated 
versions of all previous surgical pathology and cytology diagnoses 
if available in our CoPath. Transcriptionists were asked to record 
the time involved in collecting the above information on a daily 
basis for two weeks prior to study implementation. Pathologists 
were able to access electronic versions of the draft report and all 
prior pathology material from Illuminate in its entirety. 

Statistical analysis was performed using the Wilcoxon paired test. 
A p value of 0.05 was considered significant.

Results
Figures 1 and 2 showed schematic diagrams of the study 
comparing the pathologist's workflow before and after Illuminate 
implementation. Before Illuminate implementation the time 
required to retrieve any/all of the medical, radiological, pathology 
and laboratory records is illustrated (Figure 1). The components 
included in this portion are logging on the computer, CoPath, 
Citrix, O2 and EPIC, following by tabbing into the patient's 
records to locate relevant information and finally reviewing of 
the pathology slides and signing out the case in CoPath (Figure 
1). In contrast, the after Illuminate implementation portion of the 
study included the time required for logging on to the computer, 
CoPath and Illuminate where the PatientView screen is populated 
automatically with patient's information in an itemized and 
categorized fashion (Figure 2). Figure 3a shows a screenshot 
illustrating the process where the pathologist is automatically 
directed to sign onto the Illuminate secure server after logging 
into CoPath. Once a pathologist opens a cytology or surgical 
pathology case on CoPath, Illuminate populates all available data 
from the medical records as shown in Figure 3b. Pathologists 
have access to all records itemized by reverse chronologic order, 
including clinical notes, radiology, clinical laboratory and anatomic 
pathology records. The system allows the users to navigate the 
records by filtering out irrelevant information using sub-second 
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Figure 1 Schematic diagrams of the study comparing the pathologist's 
workflow before Illuminate implementation.

Figure 2 Schematic diagrams of the study comparing the pathologist's 
workflow after Illuminate implementation.

Figure 3 Representative screenshots illustrating the process of incorporating 
the utilization of Illuminate software during the sign out. Figure 3a shows a 
screenshot illustrating the process where one a pathologist is logged onto 
CoPath. Upon CoPath login the pathologist is automatically directed to sign 
on Illuminate secure server. Once a pathologist opens a cytology or surgical 
pathology case on CoPath Illuminate populates all available data from the 
medical records as shown in Figure 3b. Pathologists have the option to 
retrieve radiologic images in addition to report by a link through Illumniate 
as shown in Figure 3c.

Figure 4 highlights the significant improvement in TAT by utilizing 
Illuminate. The average TAT/case of all pathologists retrieving 
various information prior to Illuminate implementation was 5:32 
min (range 10:50 to 1:35 min; n  200 cases). Post implementation 
time was significantly reduced to 35 seconds (range 10 sec to 1:10 
min; n  159 cases) (p value  0.05). In addition, implementing 
Illuminate in the transcriptionists' workflow significantly improved 
their TAT and efficiency, eliminating up to 65 min/day (25-65 min) 
non-value added activity of matching requisitions with paperwork 
necessitated by a paper based workflow (Figure 5).

Workflow with
Softek Illuminate®

Workflow without
Softek Illuminate®

search capabilities. In particular, by simply hovering over a link 
(for clinical notes, radiology, clinical laboratory, or anatomic 
pathology reports) a synopsis of the report is seen. Subsequent 
clicking on the link opens an additional screen with the report to 
review in its entirety. Moreover, pathologists have the option to 
retrieve radiologic images in addition to reports by a link through 
Illuminate as shown in Figure 3c.
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Illuminate will automatically open the history for the patient you are 
working on a CoPath.

Illuminate provides a variety of ways to filter and search the patient data.
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Figure 5 A schematic chart showing improvement in transcriptionist's 
turnaround time following the implementation of Illuminate software in 
the workflow.

Discussion
The Institute of Medicine released its landmark monograph “To 
Err is Human” in 1999 which has been the impetus for significant 
initiatives to improve patient safety. In its recent report it has 
identified medical errors as one of the most serious problems that 
lead to patients harm [10]. It encouraged physicians and other 
interested groups to work together to implement fixes to these 
problems. One of the most common problems is our inefficiency 
in extracting relevant clinical data in real time to try to prevent 
delay of patient care. The results of our study suggest that by 
incorporating interoperability software such as Illuminate's 
PatientView, in the pathologists' workflow we are able to improve 
pathologists' efficiency in signing out their cases by improved 
access to relevant clinical data.

Delay in patient care has been reported in up to 30% of 
hospitalized patients [11]. That delay has been in part attributed 
to scheduling of diagnostic tests, pending laboratory results and 
delays in medication administration [12]. Currently, significant 

Figure 4 Implementing Illumonate in pathologist's worflow significantly 
improves TAT and diagnostic efficiency.

Up to 65 min.
saved each day

time is wasted navigating EHRs for each patient and retrieving 
clinical, radiologic, laboratory and other previous pathology 
information. Thus new integrated information technology systems 
that facilitate the transmission of patient data could potentially 
improve the quality of care and reduce length of stay. Workflows 
in most pathology departments remain ad hoc to this day with 
multiple independent systems required to generate results for the 
current specimen and transmission to the rest of the healthcare 
enterprise. For example, even within the pathology department, 
anatomical and clinical pathology laboratories frequently use 
different information systems to track samples and to generate 
reports. In fact, not uncommonly laboratories may also use 
additional standalone systems to view and store pathology data 
such as gross images, digital images, outside consultation reports, 
or tests performed by an outside laboratory. Because all these 
data could be on the same patient, and therefore, essential to 
making correct diagnoses and directing patient management and 
treatment decisions, the isolation of this data causes unnecessary 
delays in the pathologists' workflows and ultimately patient care. 
These detrimental effects underscore the need for innovative 
workflow integration across multiple systems that facilitate the 
synthesis of data produced by the different specialties. Further 
improvements are required for full implementation of such 
systems into our daily routine. Studies are underway to integrate 
digital microscopic and gross images to patients' EHRs through 
Illuminate. Our hope is to provide all physicians the opportunity 
to access all pathology data remotely in real time at the time they 
wanted.

Pathologists, like radiologists, are physicians most often 
responsible for the initial diagnosis of complex diseases such as 
cancer. Collective information generated by these two specialists is 
vital for accurate diagnosis and staging with significant implications 
for the subsequent therapeutic options. Many studies have shown 
that integration of pathology-radiology workflows would improve 
overall outcomes of the diagnosis and treatment [13–18].

Radiologists using systems such as Illuminate were able to improve 
workflow, improve patient care, improve patient safety and cut 
costs [19–25]. This was primarily related to their improved ability 
in gathering information across hospital systems and providing 
instant access to relevant patient history and results of prior 
procedures to make better-informed decisions in less time.

Our study has validated the same concept in the world of pathology. 
We developed a comprehensive, user friendly integrated 
electronic patient summary to integrate the currently siloed 
subspecialty specific and EHRs systems. Users were successful in 
retrieving all up to date archived clinical, radiological, pathology 
and laboratory data in real time while logged onto their anatomic 
pathology systems without the need to log onto the main hospital 
electronic medical records system. Wasted time navigating EHRs 
for each patient and retrieving clinical, radiologic, laboratory 
and other previous pathology information was eliminated or 
substantially reduced. We were successful in executing a lean 
performance improvement concept to eliminate interruptions in 
workflow and thereby increase first time quality. The subsequent 
improvement in TAT should reduce delays in patient care, wasted 
resources and most importantly reduce potential harm. We were 
able to standardize the pathology report sign out process. The 
system has the capability of retrieving clinical notes in a variety 
of ways including clinical service, progress notes, care plan, 
operative notes, discharge summaries, procedures, author type, 
etc. Similarly radiology and laboratory information is retrievable 
by modality, date, procedure, body part and report status. In fact, 
retrievable information could be customized based on the needs 
of the pathologist and radiologist specific to their area of interest 
or expertise. Finally, utilizing such an approach has the potential 
of reducing cost or allowing resource reallocation. Based on our 
findings TAT for transcriptionists is estimated to be reduced 
by up to 20% of 1 full-time equivalent (FTE) and up to 15% for 
pathologists.
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Despite findings consistent with improvement of TAT for 
pathologists and transcriptionists that incorporated Illuminate 
into their workflow, we noticed that full adoption of such systems 
in our workflow was a complex process that should be carefully 
planned and studied. The degree of satisfaction between 
individuals varies based on work habits. Some of pathologists 
expressed concerns in changing their sign out approach, 
suggesting that the outcome of adopting a productivity-enhancing 
technology can display variation based on individual habits 
and expectations. For example, some pathologists expressed 
concerns regards the lack of access to paper copies of previous 
pathology reports at the time of microscopic evaluation of their 
cases. This concern is despite the fact reports are available for 
review electronically on workstations in their entirety, unlike the 
abbreviated format currently presented in paper form. Others 
reported difficulty learning new technology or unsatisfaction due 
to alteration of the current workflow. Further improvements are 
required for full implementation of such systems into our daily 
routine. The current study has some limitation that should be 
pointed out. Although theoretically possible, integration with 
anatomic pathology systems other than Sunquest CoPath has 
not been tested. The study is also limited by the small number 
of samples and reviewers. Although promising, larger studies at 
multiple institutions are needed to validate and expand our pilot 
study. 

Conclusion
An efficient interactive reporting system leads to real time 
interactions between ordering physicians, pathologists and 
radiologists, resulting in a tremendous impact on patient care. 
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