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ABSTRACT: With a need to track ERAS (Enhanced Recovery after Surgery) clinical care pathways and display predictive 
analytics in real time, an implementation of a customized, freely available, user friendly, vetted data capture program 
was created using REDCap.  In an observational study, this system allowed for both research and real-time patient 
data to be entered, edited, stored, reviewed, reported on, and analyzed quickly within the same interface and in a real-
world clinical setting.  This process saved clinical staff time and money, all the while providing them with instant surgical 
risk probability messaging, and ERAS compliance and completion tracking.

BACKGROUND AND SIGNIFICANCE 

Enhanced recovery after surgery (ERAS) is an evidence-based, multimodal perioperative care pathway that is formulated 
into a protocol to reduce the stress response and standardize care in patients undergoing major surgical procedures3. The 
ERAS pathway not only represents a major shift in the perioperative care of patients7, implementation of this method has 
been shown to speed full recovery, shorten hospital length of stay (LOS), and reduce complications after certain types of 
major abdominal surgery4-10. The ERAS protocol and guidelines reduce surgical distress, maintain postoperative physio-
logical function, and enhance mobilization after surgery. Further, these systematically developed clinical guidelines augment 
decision making in specific clinical circumstances, reduce inappropriate variations in practice, and promote the delivery of 
high-quality evidence-based health care. 

In the current environment of clinical data collection practices, there is a plethora of software options available to 
researchers, offering similar core functionality but differing with regards to storage, user experience, ease of implementation, 
and cost. With data capture, collection, storage, reporting, and analysis becoming primary concerns of healthcare institutions 
the around the world, the need for an easily adopted, secure system that provides direct and digestible ways to get data 
into and answers out of, is essential.  Many data management software solutions are restrictive due to lack of program 
customization and the labor-related and financial burden of initial investment, and ongoing maintenance and usage. 
Vanderbilt University, with collaborative feedback from a consortium of institutional partners, has developed a software 
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toolset and workflow methodology for electronic collection and management of research and clinical trial data to address 
these – along with many other – data capture issues. Their system, REDCap (Research Electronic Data Capture), helps 
users build data collection projects which rely on a thorough study-specific data dictionary defined in an iterative self-
documenting process by all members of the research team. The iterative development and testing process results in a 
well-planned data collection strategy for individual studies. The REDCap system is a secure, web-based application that 
is flexible enough to be used for a variety of research types, provides an intuitive interface for users to enter data, and 
has real time validation rules (with automated data type and range checks) at the time of entry. This system offers easy 
data management with a comprehensive audit trail component and a reporting system for reporting, monitoring, and 
querying patient records, as well as an automated export mechanism to common statistical packages, such as SPSS, 
SAS, Stata, and R/S-Plus1. Additionally, all REDCap consortium partners (institutions which adopt REDCap) are allowed 
to use the software for free as Vanderbilt University finances its development and support with NIH grant funding. The 
details of any project built in REDCap can be modulated via external Excel (.csv) files that are imported to update 
changes, or via the application’s user-friendly interface.  While most research project designs can be accommodated 
quickly and easily in REDCap, designs with more elaborate reporting and analysis requirements, especially ERAS-type 
models (Figure 8) which require certain real-time data projections and predictions, expand creative designs using the 
stock capabilities of the program. 

To date, there are few research initiatives that have examined cost-effective solutions for clinical research data man-
agement systems which can accommodate individualized and customized data projects11-12. As well, the need for monitoring 
and reporting on data in order to provide individual, patient-centered care pathways such as ERAS across a variety of 
medical modalities is rapidly becoming the goal of medical institutes of all sizes. The models for the predictive systems 
which support these care pathways are individualized as well and often times require custom software to properly implement 
into a clinical setting. This can be both cost-prohibitive and deterring to clinical staff who have to adopt the new software 
and spend time learning a new system13. There is a need to investigate the potential applicability of leveraging tools that 
either are already in use at an institution or are easily implemented and adopted by researchers and clinical staff. Doing 
so will improve understanding of how to promote a more pervasive solution to the impending problem of agile and secure 
data management for individualized, patient-centered medical care using predictive models and specialized care pathways. 

This paper addresses the need for a reliable, cost-effective solution that can be customized for a myriad of different 
healthcare settings, procedures, and research initiatives. It was our objective to expand the capability of a freely available 
data management system to create complex output capable of reporting both real-time predictive analytics and ERAS care 
pathway compliance and tracking, all the while considering the user experience of clinic and research staff. These goals 
required a comprehensible design process for easy reproducibility and implementation. We have designed, tested, and 
fully implemented a successful data capture and reporting process which satisfies the needs of the ERAS care pathway 
initiative and reports predictive model outputs while remaining free and highly accessible for users and institutions. 

 

METHODS  
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For this study, REDCap was used as the data/project management software system upon which the predictive modelling 
and ERAS protocol was built. In REDCap, a user creates a project which acts as an isolated data repository and within 
that project, builds data collection instruments (eCRFs) to collect all necessary data on each record added to the repository.  
The retrospective predictive modelling data was collected from pancreaticoduodenectomy surgical patients seen in a high-
volume center between 2008-2014. The prospective pancreaticoduodenectomy patient data were captured following a 
strict time-based data entry schedule in real-time in a high volume HPB (HepatoPancreaticoBiliary) surgical clinic setting. 
Consideration of both determined that seven data collection and reporting instruments (electronic data collection forms, or 
dynamic eCRFs) would need to be built in REDCap. For the predictive modelling component: Predictive Input, and 
Predictive Output instruments. For the ERAS tracking component: Pre-Operative Module, Peri-Operative Module, Immediate 
Post-Operative Module, Post-Discharge Module, and Completion Percentages (Figure 1). Each eCRF contained either 
data entry fields, data reporting fields, or a combination of both.  Data entry fields varied in type and validation based on 
the manner of data collected, and data reporting fields were comprised of predictive algorithmic calculations and descriptive 
textual or iconic notifications that were conditional to a combination of the values of the collected data and the temporal 
deviation from the surgical date and time.   

The forms needed to be adaptive and dynamic, responding appropriately to data as it was being entered to report the 
analytics and ERAS tracking component in real-time.  The REDCap project was built solely using the included and readily 
available design tools of the REDCap application software.  The REDCap software exists on a secure server within the 
Carolinas HealthCare System network.  It is protected by SSL certification and multiple factors of authentication. All users 
and user activity is thoroughly documented and readily auditable by an administrator at any time. This setup ensured that 
only appropriate clinical and research staff, data specialists, and physicians would be able to access patient data and the 
accompanying reporting and analysis. 

Novel predictive algorithms were created in addition to, and to supplement, the ERAS care pathway tracking component. 
These algorithms were integrated into the REDCap project so they could operate immediately upon data collection.  They 
were created using data from 400 pancreaticoduodenectomy patients who received surgery from 2008-2014. As the 
algorithms took data from the Predictive Input eCRF in REDCap and provided risk probabilities on the Predictive Output 
form, a transition into the use of the following ERAS “Operative Module” forms was created. These ERAS Operative forms 
then collected further data at their respective time points throughout the care pathway of a patient. Agile, iterative testing 
of the system was conducted before initial data collection began to ensure that the most optimized instance of the system 
would be designed for all parties involved in data processing and patient care. REDCap allowed for very intricate yet 
instant changes and improvements to be made during the design process so that the creation of the system did not 
become a burden for the research team.  

Institutional review board (IRB) approval was obtained and patients were appropriately consented.  Both subjective 
(patient-reported) and objective (clinician-reported) data was initially collected from pancreaticoduodenectomy patients. 
Clinicians collected subjective data at time of patient encounter, and objective clinical data were collected retrospectively 
from the electronic medical record or at time of patient encounter (Figure 2). The timeline of data collection was as such 
to maintain adherence to ERAS protocol and ensure reliable and useful feedback to the physicians and clinical staff.  They 
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used this feedback during patient encounters, collected new data which was entered into the REDCap project, and new 
predictive analytics were produced to continue the data entry. This continued throughout the patient’s care timeline from 
a pre-surgical date to 12 weeks post-surgery. The Predictive Input form collected all of the baseline data for a patient to 
begin the predictive analysis for their care pathway. This includes demographics, patient history, family history, current 
medications, and pre surgery labs and procedures (Figure 3).  The Predictive Output form was the core reporting element 
of the project as it provided the results from the algorithmic calculations specific to the surgical procedure.  These results 
included prediction of clinical outcomes, prediction of quality of life outcomes, and prediction of cost outcomes (Figure 4).  
Following the Predictive Output form are the four ERAS Operative module forms which track patient data and compliance 
to recommended elements of their individualized care pathway over discreet points on their pathway’s timeline.  Each 
eCRF in the REDCap project contained a “time elapsed” field (in hours or days, to the first decimal place of either) at the 
beginning of the form to always give the data specialist or clinician a real-time alert on the timeline of a patient’s care 
pathway.  At the end of the eCRF list we developed a completion and compliance percentages dashboard which could be 
referred to at any time in order to view the overall progress of a patient throughout their care pathway.  It displays the 
completion percentages and compliance percentages for each module eCRF so that both the accuracy and value of a 
patient’s participation in their care pathway can be monitored on a single page (Figure 5 and 6).   

Once the design of the project was completed, it sustained at least three rounds of iterative testing, feedback, and 
improvements per the Nielsen UI design paradigm2. Clinicians, nurses, and data specialists all tested the project by 
entering in mock data for a complete record and gave feedback on desired improvements. Changes were made in small 
sets (2-4 at a time) and then the project was re-tested with new users. This continued until all tested users no longer 
provided feedback regarding suggested edits.  After a final version of the project’s design was resolved, data collection 
began with the closest proceeding consented surgical patient scheduled for a pancreaticoduodenectomy. Data collection 
continued until over 20 surgical patients had been entered (Figure 7).  

An analysis of user experience was conducted using application-collected user activity log data compared against the 
project’s information architecture.  Data was collected from 09/01/2015 through 12/30/2015. During this time, data 
collection was initiated for 28 pancreaticoduodenectomy patients. Nine users of the project application were tracked over 
the course of 68 different sessions, beginning when a user logged into the project and ending when they logged out or 
closed the application.  Other users did access and contribute to the project via the application, but were excluded from 
the data set due to their involvement in the design and development processes of the project.   

 

RESULTS 

During the data collection process, no additional concerns were expressed by users regarding the application or the data 
collection process.  This meant that no extra resources were required to further design or develop the eCRFs or the 
reporting dashboards.  With data collection and reporting occurring within a progressive feedback loop, the efficacy of the 
system was demonstrated through normal operation by the clinicians.  Across the project, per patient, 254 data points 
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were collected or calculated by the predictive algorithms.  Internal error-checking modules were run on the final data set 
resulting in zero missing values in required fields, field validation errors, invalid values, or invalid calculations.  As such, 
the interface is considered to be successfully adopted by our research group.  Additionally, the interface’s design is 
currently serving as a template to quickly build other surgical care pathway compliance tracking systems with predictive 
analytics (Hepatectomies, Distal Pancreatectomies, etc).   

User flow was analyzed and visualized in a modified Sankey diagram (Figure 9).  This analysis represents user sessions 
initializing from application log-in to a final categorical end point. User activity was divided into two primary categorical 
sessions: browsing and action. Those sessions then fed into a variety of more granular events. Browsing sessions were 
indicative of users accessing the system in order to review patient data and observe a patient’s developing care pathway 
post-surgery. Action sessions represented any session where a user updated, added, or otherwise managed patient data 
(build a report, update a field, add a new patient, run a quality check, export data, etc.) Of the total 3,854 events 
monitored, 73% (2,816) were patient chart reviews, with 27% (1,038) being data management actions. The majority of 
the data management actions were patient data updates and initializing new estimations for the predictive algorithms. The 
distribution of browsing and action events is axiomatically ratified due to the nature of how the system was utilized by the 
research team. Pertaining to a patient’s data and care pathway, by the ERAS model it is a more frequent practice for 
team members to monitor the changes and predictive outcomes of a patient and their data than it is to add or update 
such data. 

However, actual working time spent in the system performing these events was weighted more heavily toward data 
management actions. Figure 10 shows a comparison of the average time spent conducting either a browsing or action 
session, distributed by user ID. With the exception of User 5, all users spent more time on average completing sessions 
where they took action on the data/system than when they were simply browsing. This is as was expected since users 
were required by the system to follow method and procedure in entering and saving data changes, while users who were 
reviewing data were able to login, browse, and logout rapidly and at will. The figure also demonstrates a broad sense of 
system flexibility and user proficiency. 62.5% of the observed users had average session completion times of less than 
43 seconds in both browsing and actions sessions. As well, the remaining 37.5% of users had significantly varied average 
completion times (from about 90 seconds to nearly 5 minutes); the increases all being attributed to data management 
actions. Taking into consideration the lack of data entry errors and data completeness throughout the project’s patient 
cohort, as well as consistent user flow, this demonstrates the system’s accommodation of varying user aptitudes and 
relative approachability. 

DISCUSSION 

Our aim was to investigate the viability of using a free and widely available data management application as the primary 
system for implementing the ERAS protocol and displaying predictive analytics for pancreaticoduodenectomy patients. We 
investigated if REDCap’s power and flexibility, when combined with clinical research initiatives that require intricate and 
time-sensitive feedback, would offer an accessible solution for teams who need data processing power with lean resource 
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consumption.  This was all done on the premise that building a customized, secure, compliant, and flexible data manage-
ment solution for projects with specific collection and reporting needs can be entirely possible without using an expensive 
custom software solution or external consultants.  

We have developed a project within REDCap that satisfied all of the ERAS protocol tracking requirements without having 
to implement any additional programming or customization beyond the applications native capabilities.  Our project design 
incorporates multiple data types with multiple sources, tracking subjective patient reporting, lab values, clinician reporting, 
patient demographics, patient history, family history, medications, and surgical data starting before surgery until up to 12 
weeks post-surgery. With REDCap logging all elements of activity within any given project, we were even able to monitor 
how users accessed and viewed pages within the program.  This was helpful in identifying UX brick walls and to better 
understand how the project design could be improved, if necessary, moving forward.  It is particularly pertinent to note, 
that minimal effort was required to integrate the novel predictive analytic mathematical models (for input) as well as the 
user-centered risk messaging (for output). With the real-time display of these risk messages, on-going modification and 
improvement of the models was essential to making these messages useful in a real-world, clinical environment. During 
development, editing and implementing improvement iterations for both functions was simple and efficient. 

Looking ahead, using REDCap’s built-in surveying functionality further expands upon the possibility to collect timely 
patient-reported data.  Patient-facing predictive analytics can then be created in order to provide instantaneous risk 
probabilities for the patient to either view on their own or with their physician, clinician, or surgeon.  This combination of 
both patient-facing and physician-facing predictive input creates an environment where comprehensive, accurate, and 
individualized surgical outcome risk probabilities can be shared.  There is then potential for patients and physicians to 
interface presently and directly with predictive models to improve the efficacy and practicality of care pathways.  

We are also applying the process developed from this subset of pancreaticoduodenectomy patients to other procedures, 
namely hepatic resections and distal pancreatectomies. These surgical procedures are excellent candidates for creating a 
REDCap-based platform as they are appropriate for ERAS pathway creation and predictive risk messaging due to their 
morbidity and high annual patient volume. This would also allow for more analysis regarding user adoption and system 
approachability by monitoring user behavior and improvement over time across multiple projects ranging in discipline and 
procedure. With the successful development of the pancreaticoduodenectomy REDCap platform and emerging success 
with the hepatic resection platform, we are confident of future expansion to other non-HPB surgeries. 

CONCLUSION 

With successful data collection and reporting process managed through REDCap, the ERAS protocol compliance tracking 
and risk probability messaging for a specific surgical procedure (pancreaticoduodenectomy) was effectively executed.  By 
leveraging a modular and user-friendly system like REDCap, we are able to duplicate the project and extend the ERAS 
model to other surgical procedures as well, including hepatic resection. All of these projects can then be stored side-by-
side for clinicians and researchers to access real-time reporting so that they may engage ERAS-driven care pathways and 
improve patient outcomes by utilizing individualized risk prediction output. As REDCap is offered and supported freely by 
Vanderbilt, it is a highly viable option for clinical and research teams to implement the ERAS system with a minimal to 
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modest investment of time and effort. As well, any system beyond ERAS which requires predictive analytics to be included 
in data collection and patient care can potentially benefit greatly from leveraging REDCap in this way. 
 
ASSOCIATED CONTENT 
Figure 1: Conceptual schematic of Predictive Analytics and ERAS Compliance Tracking components 

 
Figure 2: Data entry process and output 

 
 
 
 
 
 
 
Figure 3: Predictive Analytics inputs page, screenshot of patient characteristics driving the analytic models 
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Figure 4: Predictive Analytics output page, screenshot of patient risk factors and calculated probabilities 

 
 
 
Figure 5: ERAS Completion Tracking report, screenshot of unique patient’s ERAS completion percentages 
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Figure 6: ERAS Compliance Tracking report, screenshot of cumulative patient percentages of compliance to ERAS items 

 
 
Figure 7: Project development, iteration, and feedback schematic 

 
Figure 8: ERAS pancreaticoduodenectomy protocol model (http://www.erassociety.org/index.php/eras-care-system/eras-protocol) 

 
 

http://www.erassociety.org/index.php/eras-care-system/eras-protocol
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Figure 9: Modified Sankey diagram, user flow by session type 

 
 
Figure 10: Time spent using online platform, behavior and variance between session types, by user 
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Presentation Preference: Oral or Poster
Objectives: It was our objective to expand the capability of a freely available, HIPAA-compliant, web-based data
management system, Research Electronic Data Capture (REDCap), to create complex output capable of reporting both
real-time predictive analytics (PA) and adherence to the pancreaticoduodenectomy (PD) ERAS pathway. Of importance
was accessibility in a fast-paced clinic environment and easy reproducibility of the platform to other surgical procedures
Methods: The platform required 2 components: the PA component and the ERAS adherence tracking component. For
the PA component, predictive models were developed using retrospective PD patient data from 2008-2014 and
programmed into the REDCap system. Two interfaces were developed. A) Input of patient demographic and medical data
and B) Output display of risk predictions for 12 clinical outcomes including death and surgical site infection, among
others. For the ERAS adherence component, 5 interfaces (Pre-Operative, Peri-Operative, Immediate Post-Operative,
Post-Discharge, and Completion Percentages) were created to display and track ERAS item completion in real-time by
clinicians, as well as report on overall completion and compliance statistics
Results: Initial conceptualization occurred May 2015, and in 3 months the platform and PA were developed and trialed in
a real-world HPB clinic setting. Comparison of pre- and post-ERAS implementation show statistically significant increases
in compliance to thrombosis prophylaxis (p=.048), post-operative termination of urinary catheter (p<.001), balanced fluids
POD 0 (p<.001), and mobilization POD 1 (p<.001). Increases were also seen in pre-operative oral carbohydrate
treatment and termination of post-operative epidural analgesia. 
Conclusion: Leveraging a freely available and user-friendly system like REDCap, we have successfully designed, tested,
and implemented a data capture and reporting process which tracks adherence to the PD ERAS pathway and predicts
surgical outcomes. Significant increases in ERAS compliance, and the replication and utility of this system, engages
clinicians to track ERAS action items in real-time and display patients’ risks to better predict potential post-surgical
adverse outcomes
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STUDY AIM

RESULTSINTRODUCTION

REFERENCES

• Identified need to develop an electronic 
platform to display both predictive analytics 
messages and track compliance to ERAS 
pathway items

• Requirements:
• Accessible in a fast-paced clinic 

environment
• HIPAA-compliant
• Able to display complex output
• Low- or no-cost
• Easily reproducible

• Research Electronic Data Capture (REDCap) 
software fulfilled these requirements as a 
platform for development of novel 
interfaces

Create a web based system capable of 
reporting the complex output of real time 

predictive analytics and adherence to 
pancreaticoduodenectomy ERAS pathway

• Post–ERAS Patient Characteristics
• Mean age 64.9 years
• 17 males and 11 females
• Mean BMI 26.8

• Significant Compliance Increases
• Thrombosis prophylaxis (p=.048)

• Termination of urinary drainage (p<.001)

• Balanced fluids day 0 (p<.001)

• Mobilization POD 1 (p<.001)

• Compliance Increases
• Oral carbohydrate loading (p=.096)

• Post-op epidural analgesia (p=.157)

CONCLUSIONS

• Using a freely available and highly user 
friendly system allowed for concept-to-
implementation within three months

• Pre- and Post-ERAS implementation 
comparison analysis shows immediate 
increases in compliance to pathway items

• Platform easily reproduced to other ERAS 
surgical procedures

• Real-time reporting of analytics and ERAS 
tracking engages clinicians to utilize 
platform

• REDCap is a viable option for quick 
implementation of ERAS tracking with zero 
cost and only modest investments in time

RESULTS

ERAS Compliance & Completion Display

ERAS Compliance Tracking Report

Initial conceptual schematic of the ERAS tracking and Predictive Analytics components. 
Developed May 2015

Conceptual Design of ERAS Tracking & 
Predictive Analytics Platform

Input

Clinician input of patient risk 
factors predicting clinical 
outcomes. These include co-
morbidities, demographics, lab 
values, family, social, and past 
medical histories
*Note: not all inputs are displayed in the above graphic

Output

Risk messaging display page is 
automatically calculated and 
visualized based upon previous 
entry into Input page

*Note: not all outcomes are displayed in the above graphic

Platform Implementation Flow Diagram

Predictive Analytics Input and Output 
Web-based Displays

METHODS

Predictive analytics
• Retrospective PD data (n=400) 

identified predictor variables using uni-
and bi-variate analysis

• Novel multivariate logistic regression 
models used to develop Prediction 
Algorithms for twelve clinical outcomes 

• Graphed probability distributions for 
each outcome to categorize patient 
probability into Risk Messages:
• “No statistical risk”
• “Expected risk” and 
• “High risk”

• Programmed the Prediction Algorithms  
and Risk Messages into the REDCap 
platform

ERAS adherence
• Created five separate interfaces: 

Pre-operative
Peri-operative 
Immediate Post-Operative 
Post-Discharge 
Completion & Compliance Percentages

• Each interface houses its respective 
ERAS pathway item for compliance 
tracking

• Clinician can input information as tasks 
are completed 

• Platform tracks item completion & 
compliance in real time 

• Reports on overall completion and 
compliance statistics; pre- and post-
ERAS implementation analysis 
performed using Welch’s unpaired test

• All data are then stored for on-going 
retrospective & prospective compliance 
analyses

P001

Group Item

Pre-ERAS 

implementation 

compliance

Post-ERAS 

implementation

compliance

p

value

n=50 n=28

PreOp
Preop oral carbohydrate treatment 12.0% 33.3%

.096

Thrombosis prophylaxis 86.0% 96.4%
.048*

PostOp
Termination of urinary drainage 16.0% 96.0%

<.001*

Postoperative epidural analgesia 93.9%* 100.0%
.157

Balanced fluids day 0 16.0% 100.0%
<.001*

Mobilization on POD1 0.0% 96.0%
<.001* Final page of patient record showing specific compliance and completion percentages 

for an individual patient

Cumulative report showing compliance percentages for each patient by ERAS module
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In July 2015, the Division of HPB Surgery aimed to begin implementing the clinical care pathway,             

Enhanced Recovery after Surgery (ERAS®), which is used around the world to improve surgical care 

quality and patient outcomes using standardized, evidence-based practices. Simultaneously we 

sought to develop real-time, HPB-specific predictive analytics models and incorporate these analytics 

into the ERAS® care pathway. These two elements — ERAS® and predictive analytics — are              

collectively termed F-ERAS … which embodies the concept of a flexible ERAS® pathway thus allowing 

for patient variability and innovation in ERAS®  related initiatives. 

 

Since September 2015, this initiative has been fully realized. We have successfully been using the            

F-ERAS program to allow our clinicians to immediately identify patients who will be on our                    

Lean Labs protocol, and patients are at risk for readmission so our clinical staff can immediately            

apply our IR3 initiative to prevent readmission. Finally, we will soon begin implementation of our                     

De-WOBing initiative which aims to decrease time waiting on bed availability. 

 

On July 13, 2016 CMC will undergo final accreditation by the ERAS® Society to become the first            

Academic Center of Excellence in the United States, as well as the first U.S. Chapter of the                           

International ERAS® Society. 

Figure: The impacts of ERAS / F-ERAS on the development of impactful patient-centered initiatives, and surgical outcomes audit and research 
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The use of the EIAS — a web-

based database tool provided by 

the ERAS® Society used to enter 

patient data — has been utilized 

by the Division of HPB             

surgery since our ERAS®                                                                    

implementation. The system           

allows for easy access to visual 

compliance, outcomes, and trend 

data.  

This system ensures those                          

participating in ERAS® conform to 

best practice standards and are 

quickly identify areas of            

improvement. 

Decrease in average length of stay 

Decrease in readmission rate 
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We are always striving to improve compliance to ERAS® pathway 

items as they are the foundation to ensuring continuing                        

improvement in surgical care. 

Our overall compliance has increased by 5.7 percentage points - 

62.5% in Pre-ERAS® Whipple patients to our current rate of 68.2%. 

When the most recent patients are considered, the rate is 72.5%. 

Simply put, we are seeing a steady increase in overall ERAS®           

pathway compliance in our Whipple patients since implementation, 

however there is always room to improve… especially during this 

critical early implementation period.  

Our experience thus far has been very enlightening and offers some 

lessons for consideration. For instance, we recently began reviewing 

the detailed compliance data and discovered there were items we 

thought we were adhering to routinely prior to ERAS® implementa-

tion, though after applying the strict ERAS® definitions, it 

became apparent we were not compliant.  

As an example, our adherence to stimulation of gut motility was 

assumed to be 100% in our Pre-ERAS® patient population; and was 

recorded as such in the EIAS data system. However, after applying 

the ERAS® definitions we observed the real compliance rate is closer 

to 87%. This discrepancy - and thus decrease in item compliance -  

was found to be true in other pathway items such as Mobilization on 

POD1, Oral bowel preparation, and Administration of PONV           

prophylaxis.  

We believe this observation only further highlights the need for 

standardization of evidenced-based care among clinicians                   

well-versed in ERAS® protocol. 

Compliance improvements seen in: Pre% Post% Increase 

Preoperative oral carbohydrate loading 10.6 55.2 5x 

Thrombosis prophylaxis 85.4 100.0 1.2x 

Termination of urinary drainage 16.7 69.0 4x 

Patient weight on POD1 0.0 37.9 38x 

Mobilization at all on day of surgery 4.2 48.3 12x 

30-day follow up performed 89.6 93.1 1.1x 

 Pre                       

% 

Post                      

% 

Most recent patients               
(March—present) 

Overall Compliance 62.5 68.2 72.5 
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Test questions include:  

What is delayed gastric emptying?  

When is the best time after surgery to 

get out of bed?  

Asking the patient to demonstrate use of 

an incentive spirometer 

The first 50 patients to attend POLARIS 

saw an increase from an average pre-test 

score of 6.2 to an average post-test score 

of 8.5 (p<.0001) 

Whipple patients were given a questionnaire in order to assess patient satisfaction and comfort with 

their surgery experience. Consistently, patients who attended POLARIS felt more actively involved in 

their post-operative care (p=.043), knew what obstacles to expect in their post-operative course (p=.014), 

and were able to get a family member or caregiver involved in their pre-operative education (p=.019) 

as compared to Whipple patients who did not attend POLARIS. 

Questionnaire item 

Did not attend POLARIS 

n (%) 

Attended POLARIS 

n (%) 

p-

value 

I felt like I was actively involved in my 

post-operative care (Completely Agree) 
12 (36.4) 27 (81.8) .043 

I knew what obstacles to expect in the 

post-operative period (Completely Agree) 
7 (41.2) 25 (75.8) .014 

Was your family or caregiver involved in 

your pre-operative education?  (Yes) 
10 (58.8) 29 (87.9) .019 

POLARIS (Pre-Operative Learning and Readiness in Surgery) is the Division of HPB Surgery’s customized 

patient education course. POLARIS is taught twice a week to patients about to undergo a Whipple     

procedure. They learn details about the surgery, complications, drain and pain management                

concepts, post-operative expectations, and receive a tour of the 9B unit. Caregiver participation is 

highly encouraged, and an unexpected benefit of POLARIS has been the spontaneous formation of 

patient and caregiver networks as well as visitations between patients to check on each other. 

A recent pre– and post-test analysis of 50 POLARIS participants highlights the success of the                

program. Patients saw a significant increase in test scores measuring knowledge related to their 

Whipple surgery.  
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Beginning September 1, 2015 there have been considerable changes and improvements in HPB nursing 

care on 9B. These improvements and initiatives are a direct result of our commitment to the implementa-

tion and sustainment of the spirit of the ERAS® program.  

The multi-disciplinary team - dedicated Advanced Care Practitioners, Physicians, Analytics / Data Staff,           

Anesthesiologists, and CHS leadership - has been the driving force in the success of ERAS®, and their           

tenacity cannot be overstated. 

Below is a listing of the many improvements we have made in the short time since ERAS® implementation. 

We are excited about continuing to develop innovative initiatives, contribute to the academic literature, 

and expand what we’ve learned to other surgical procedures. 

P a i n  M a n a g e m e n t  
Epidurals 

Exparel Tap Blocks 

Non-opioids, NSAIDS 

Opioids only when VAS >5 

Avoiding early opioid administration 

 

E a r l y  R e m o v a l  D r a i n s  a n d  T u b e s  
NG tube removed POD1 

Foley removed POD2 

Central lines POD1 

 

E u v o l e m i c  F l u i d  M o n i t o r i n g  
Non-invasive FloTrac Monitor and ClearSight system 

Fluid Resuscitation Protocol 

 

E a r l y  M o b i l i z a t i o n  
PT consult POD1 

Start activity POD1 

 

P r e o p e r a t i v e  E d u c a t i o n  
POLARIS class offered twice/week 

Educational binders 

Carb-Loading beverages provided 

 

R e a l - t i m e  E R A S ® A u d i t s  
Dedicated ERAS Nurse & Advanced Care Practitioner 

ERAS Data and Predictive Analytics program 

F u t u r e  S u r g e r i e s  
Hepatectomy 

Cirrhotic cholecystectomy 

Distal pancreatectomy 

Necrosectomy 

 
F u t u r e  R e s e a r c h  

Four ERAS®-related RCTs 
SVV / SV in Whipple procedures 

SVV-based resuscitation in hepatectomy 

ERAS vs. No ERAS in distal pancreatectomy 

ERAS vs. No ERAS in hepatectomy 

Ten ERAS®-related cohort studies 
Exocrine pancreatic insufficiency 

POLARIS evaluation and assessment 

QOL in Whipple patients 

Oncologic outcomes for ERAS Whipple patients 

Effect of MIS in ERAS on SVV, IVF, and outcomes 
in Whipple patients 

ERAS in pediatric appendectomy & cholecystectomy 

ERAS in pancreatic necrosis 

De-WOBing  

System-wide application of ERAS in OpenNotes 

POLARIS for MIS hepatectomy 

Six ERAS®-related grants 

 
P a t i e n t  C a r e  

Fitbits for activity monitoring  

iPad-based telemedicine program 
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Current applicable patient population(s):  

Whipples & Hepatectomy  

 
 

E l i m i n a t i n g  u n n e c e s s a r y  c o s t  b y   

l e v e r a g i n g  d a t a .    

Item MARCH APRIL MAY JUNE Trend GRAND TOTAL 

Charge Savings, 
by Month 

$23,975.85 $59,015.45 $20,915.50 $16,379.40   $120,286.20 

Historically patients received a full set of labs daily following surgical treatment for Hepatopancreaticobiliary 

(HPB) conditions which includes a complete metabolic panel, magnesium, phosphorus, complete blood count 

and coagulation survey. Current charges for these labs total $1,463 daily.  

Leveraging predictive analytics through the use of the HPB REDCap database means patients with low risk for 

mortality, major complication, and low risk for readmission could benefit from a limited or LEAN approach to 

collecting labs. Standard labs have been changed for those patients deemed low risk in all three areas to a full 

set of labs on post-operative day (POD) 2 and a creatinine check only on POD 5.  

Please note: Patients with chronic conditions or complications in surgery require appropriate modification of lab 

collection which may result in increased monitoring per the HPB Surgery Lab Criteria Tool. 


