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Mobile health and ePROs/symptom 
assessment to assist with surgical recovery

Angela B. Smith, MD, MS
Professor of Urology

Director of Urologic Oncology 
UNC Department of Urology

Lineberger Comprehensive Cancer Center
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Objectives

1. Describe the use of electronic patient-reported outcomes 
in post-surgical cancer care.

2. Select appropriate patient-reported outcome measures 
that can guide postoperative recovery.

3. Implement mobile health technology to optimize 
outcomes following cancer surgery.
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Patient-Reported Outcomes

• Patient-Reported Outcome measure (PROM): 
Measurement based on report that comes 
directly from patient about status of patient’s 
health condition without amendment or 
interpretation of patient’s response

oNew FDA guidance in 2020
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Is it a PRO? Questions to Ask

• Low Bar

oDoes it measure a health concept 
appropriate for direct patient report? 

oDoes it measure perceptions of how a patient feels or functions, beliefs about 
a health concept, or experience?

• Higher Bar 

oWere items/instrument developed with patient and clinician input?

o Psychometric, validity, reliability evidence

Common PROMs and PREMs

PROMs
• Symptoms
• Functional status
• Quality of life
• Self-efficacy for managing condition 

PREMs (Experience)
• Satisfaction with care
• Medication compliance
• Care preferences/goals
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Example PRO Items

Example PRO Items

Example of PREMs
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PRO Uses in Healthcare

Why Are PROs Important in Health Care?

How Long Do Patients Have to Talk?

• Analyzed recorded consultations

• 112 patients and 66 physicians between 2008-15

o Specialty care: 51 visits, primary care: 61 visits

• Median encounter: 30 min (range: 4 - 80 min.)

Singh Ospina, et al. JGIM 2019;34(1):36–40. 
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How Long Do Patients Have to Talk?

Singh Ospina, et al. JGIM 2019;34(1):36–40. 

• Clinician interrupted after median of 11 seconds 

(interquartile range 7–22 s)

PROs Improve Patient Satisfaction (2018)

Freel, et al., 2018
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Stover, 2020

PROs Can Impact Clinical Outcomes

HRQOL after surgery

functioning and well-being related to health

disease specific symptoms

comorbidities (mental, physical)

surgery

adjuvant treatments

caregivers/support systems

patient preferences

Health is just one component of Quality of Life.

Physical  
and 

Mental 
health

Family Education Employment Wealth
Religious  

beliefs
Environment

Adapted from Barcaccia, Barbara. Quality Of Life: Everyone Wants It, But What Is It?"Forbes/ Education.[ updated 2013 Sep 4; cited 2018 Feb 18].

Available from  https://www.forbes.com/sites/iese/2013/09/04/quality-of-life-everyone-wants-it-but-what-is-it/#6029d09c635d
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Health-Related Quality of Life (HRQOL) is…

• U.S. Department of Health and Human Services: “…a multi-dimensional 
concept that includes domains related to physical, mental, emotional, and 
social functioning. It goes beyond direct measures of population health, life 
expectancy, and causes of death, and focuses on the impact health status 
has on quality of life.”

• Centers for Disease Control: “…evolved since the 1980s to encompass those 
aspects of overall quality of life that can be clearly shown to affect health—
either physical or mental.”

• World Health Organization: “…not only an indication of changes in the 
frequency and severity of diseases but also an estimation of well being and 
this can be assessed by measuring the improvement in the quality of life 
related to health care."

Why does measuring HRQOL matter?

“For patients, there is must more to success than alive or 
dead, complication, no complication.  

How often have we heard ‘They said my hip replacement went 
well, but I am now housebound,’ or ‘He says I have a good flow 

rate my (bypass) graft, but I still get pain after 10 meters.”

Vallance-Owen BMJ 2008

Slide courtesy of Dr. Andrea Pusic

• How will QOL measure be used?
• Clinical Practice

• Quality Improvement

• Comparative Effectiveness Research

• How will QOL measure be 
assessed?

• Clinician assessment

• Patient Reported Outcomes 
Measures

• Caregiver assessments

Discuss tools to measure HRQOL
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Collection of Patient Reported Outcomes (PROs) can be 
done remotely.

Automated 
Telephone 
SystemsMobileWeb

Figure courtesy of Dr. Ethan Basch

Monitoring PROs in real-time 
after discharge may improve 
postoperative outcomes.

e-Reminder

Symptoms

e-Alert

Reports

Figure courtesy of Dr. Ethan Basch
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Readmissions in Surgical Oncology

• Among surgical patients, readmissions most common:
• Elderly patients

• Major surgery

• Cancer

What’s the Underlying Problem?

• Patients undergoing major surgery often travel long distances for care

• Distance associated with complications and particularly readmissions

• Some readmissions are preventable with earlier contact

Is mHealth a Solution?

• mHealth with two-way communication successfully applied to 
behavioral outcomes

• Medication adherence

• Smoking cessation

• Weight management
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Potential Benefits of mHealth

• Monitoring post-surgical patients could impact postoperative 
outcomes by:

• ↓ readmissions and ER visits

• ↑ patient satisfaction

• mHealth has potential to 
• Embed/align with the EHR

• Enhance care coordination for care team

Symptom reporting reduced avoidable urgent care visits after 
ambulatory surgery.

From: Association Between Electronic Patient Symptom Reporting With Alerts and Potentially Avoidable Urgent 

Care Visits After Ambulatory Cancer Surgery

JAMA Surg. 2021;156(8):740-746. doi:10.1001/jamasurg.2021.1798

Adjusted Association Between the Risk of an Urgent Care Center (UCC) Visit Without Readmission and Study Period (Post-RT vs 

Pre-RT) Overall and by Surgical Service. We created a multivariable logistic regression model separately within each surgical 

service adjusting for age, American Society of Anesthesiologists score (1-2 vs 3-4), body mass index, sex, and operative time. We 

assessed heterogeneity in the adjusted odds ratio (OR) within each service using a fixed-effects meta-analysis across primary 

service (Cochran Q; P = .39). RT indicates Recovery Tracker.

Figure Legend: 

eRAPID

• Online 35 EORTC items 8 weeks post-
discharge

• Clinically derived alert/advice algorithms

• Graphical displays to patients and providers

• Studied at both EMR integrated and non-
integrated sites. 

PROs can be used to provide feedback on recovery 
directly to surgical patients.

Richards, H.S., Blazeby, J.M., Portal, A. et al. A real-time electronic symptom monitoring system for patients after discharge following surgery: 
a pilot study in cancer-related surgery. BMC Cancer 20, 543 (2020). https://doi.org/10.1186/s12885-020-07027-5
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Intersection of Patient-Reported Outcomes and mHealth

How Do We Bring Post-Surgical Care into the 21st Century??

1. Identify high-priority PROs in the postoperative surgery 
period through interviews

2. Develop and test usability of an Internet-based mHealth
tool to track PROs and provide real-time feedback to 
patients and providers

3. Test the intervention
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What Did our Patients Teach Us?

• Education: “Drinking Water out of a Fire Hydrant”

• A complete understanding is impossible

• Value of learning incrementally

• Post-Surgery Symptoms: Defining Normal

• All expressed lack of understanding of “normal”

• Lack of understanding increases stress

• Toward a Solution: Value of mHealth

• Right information, for the right patient, at the right time

Twistle: mHealth Platform

TWISTLE APP FUNCTIONALITY

APP SMS (TEXTING)

➢Extra touch point for 
patients who do not 
view or submit 
workflow steps and 
surveillance

➢Can submit surveillance 
via telephony contact

➢Does everything the 
app can do

➢No app 
download/install 
required

➢Easy opt-in process 
via text

➢Staff operates in 
twistle interface – no 
personal info 
exposure

➢Non-surveillance 
does not require a 
smartphone

TELEPHONY

➢Automated messaging

➢Two-way 
communication

➢Automated surveillance

➢Rules based staff alerts

➢On-call configuration of 
alerts

➢Dashboard for at-a-
glance patient progress 
tracking

➢Branching logic
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mHealth Tool: Patient Perspective

➢Messages to remain connected with patients

➢Automated surveillance

➢Automated guidance to help patients who report 
symptoms

➢Automated alerts to staff to inform them about 
patients with symptoms

➢Rich media links and attachments

➢Staying connected with our patients to help them 
recover better

mHealth Tool: Staff Perspective

➢Staff alerts include patient contact 

information 

➢Completed form with negative outcomes is 

also included for quick reference

➢Alerts are sent to multiple staff members at 

once

➢Upon receipt of an alert, any staff member 

can quickly follow-up with the patient

Implementation of a Real-time Patient-Reported 
Outcomes Monitoring System for Thoracic Surgery 
Patients: Preliminary Results

Gita N. Mody, MD, MPH
Mary-Catherine Bryant, BS
Jillian Thompson, MS, BS

Brittney Williams, MD, MPH
University of North Carolina, Lineberger Comprehensive Cancer Center
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Thoracic surgery patients have postoperative deficits in quality 
of life. 

Avery, et al. Impact on Health-Related Quality of Life of Video-Assisted Thoracoscopic Surgery 

for Lung Cancer. Ann Surg Oncol. 2020;27(4):1259-71

Image from https://www.mskcc.org/cancer-care/patient-education/about-your-thoracic-surgery

Thoracic Surgery PRO monitoring: study design

• Patients planned for major thoracic surgery randomized to 
PRO monitoring with real-time alerts versus no alerts

• Postop PRO-CTCAE symptom items sent daily x 2 weeks; 
weekly until 90 days

• Provider alerts generated when:

• 2 point increase from discharge day survey (i.e. 
none to moderate)

• Severe or Very severe

• Providers responded/documented per routine clinical 
protocols

Thoracic Surgery PRO monitoring: 
enrollment April 2020-May 2021

Potentially Eligible (n = 128)

Excluded (n = 15)

Non-English speaking (n = 4)
No access to telephone, email, and internet (n = 8)

Too sick or physically impaired (n = 3)   
Recruited to Participate (n = 113) 

Declined (n = 55)

Consented (n = 58) 

Analyzed (n =51) 

Withdrawn (n = 7)

Planned procedure not completed (n = 4)
Study administration error (n = 2)

Subject withdrawal prior to discharge (n =1)
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Demographics of eligible patients for PRO monitoring

Approached
(n=128)

Eligible
(n= 113)

Ineligible
(n = 15)

Age (years), mean (SD) 60.8 (14.74) 61.0 (14.78) 59.3 (14.96)

Male, n (%^) 58 (47.2%) 49 (45.0%) 9 (64.3%)

Ethnicity, n (%^)

Hispanic 4 (3.4%) 2 (1.9%) 2 (14.3%)

Race, n (%^)

White 92 (74.8%) 87 (79.8%) 5 (35.7%)

Black/African-American 18 (14.6%) 14 (12.8%) 4 (28.6%)

Native American/Alaska Native 4 (3.3%) 3 (2.75%) 1 (7.1%)
Native Hawaiian/Pacific Islander 1 (0.8%) 1 (0.9%) -
Asian 2 (1.6%) 1 (0.9%) 1 (7.1%)

Other/Missing 5 (4.1%) 2 (1.8%) 3 (21.4%)

Highest levelof education, n (%)*
Up to High school graduate/GED 25 (30.1%) 24 (33.3%) 1 (9.1%)

College degree 29 (34.9%) 29 (40.3%)

Advanced degree 9 (10.8%) 9 (12.5%)

Other/Missing 20 (24.1%) 10 (13.9%) 10 (90.91%)

Demographics of patients refusing PRO monitoring study

Declined (n= 55 )

Age (years), mean (SD) 61.81 (14.99) 
Male, n (%) 28 (50.9%)
Ethnicity, n (%)

Hispanic 1 (1.82%)
Race, n (%)

White 44 (80%)
Black/African-American 10 (18.18%)
Native American/Alaska Native -

Native Hawaiian/Pacific Islander 1 (1.82%)
Asian -
Other -

Highest level of education, n (%)

Up to High school graduate/GED 10 (43.48%)
College degree 3 (13.04%)
Advanced degree 1 (4.35%)
Other/Missing 9 (39.13%)

Daily PRO survey patient completion rates
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Weekly PRO survey patient completion rates

Frequency of TSPRO alerts per patient.

*of 23 alerting patients

Total Alerts/Patient Patients Alerting % of Alerting Patients*

1 4 16.7%
2 6 25%
3 3 12.5%
5 3 12.5%
6 1 4.2%
8 1 4.2%
9 2 8.3%

10 1 4.17%
11 1 4.17%
24 1 4.17%

117 23 100%

Number of alerts over post-discharge PRO monitoring period.
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Intervention for Pain Alerts n % (n=68)*

Coached patient to self-manage symptoms 1 1.5%

Prescribed supportive medication or modified dose/schedule 19 27.9%

Recommended use of OTC medications at home 4 5.9%

Expedited a clinic appointment 2 2.9%

Ordered imaging and/or laboratory test(s) 1 1.5%

Symptom resolved at time of follow up for alert 4 5.9%

Patient is under the care of a different clinician 1 1.5%

Referred to the emergency department/urgent care 1 1.5%

Admitted to Hospital 0 0%

Referral Made to Another Clinic 0 0%

Patient already seen in clinic recently/will be seen soon for already scheduled appt 2 2.9%

Attempted to contact patient about alert but patient couldn’t be reached 6 8.8%

Other 1 1.5%

No action/advice given 32 47.1%

Non-acknowledged alerts 0 0%

Thoracic Surgery nurse management of PRO alerts on postop pain.

*Each alert can have more than one nursing response

An Alert that Prompted a Visit to the ED

• Alert: 
• Severe Dyspnea with Very Much Interference

• Very Severe, Almost Constant Pain with Very Much 
Interference

• Other Symptom (free-text): “hurts to breath”

• Alert prompted provider outreach to the 
patient

• Advised to Present to the ED

Alert Provider 
Communication

Patient 
Presentation to 

ED

Figures from https://www.pexels.com/

Alerts that Led to an Expedited Clinic Appointment

Alert

• Severe, frequent pain that interferes quite a bit

• Somewhat interfering cough

Alert

• Almost constant, somewhat interfering moderate pain

• Moderate dyspnea

Alert 

• Very severe, almost constant palpitations

• Moderate numbness/tingling

Figures from https://www.pexels.com/
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Postoperative PRO monitoring study: next steps

• Patient and provider semi-structured interviews on value of PRO 
monitoring

• Refinement of intervention design (survey items, frequency, 
duration, delivery method, alert criteria, patient self-
management and/or provider guides)

• Implementation strategies to improve Patient Reach (eligible 
patients participating, survey ”compliance”)

Postoperative PRO monitoring study: next steps

• Focus on Clinician Needs

• Develop/Test Implementation strategies to improve Provider Adoption

• Viewing/acknowledging alerts (skills)

• Discussing alerts with patient (knowledge)

• Interpretation of alerts (knowledge)

• Clinical management of alert (decision making; professional role)

• Recommending PRO Monitoring to patient (attitudes and beliefs; motivation)

Symptom monitoring using PROs detects lung cancer recurrence earlier.

Denis F, et al. Randomized Trial Comparing a Web-Mediated Follow-up With Routine Surveillance in Lung Cancer Patients. J Natl Cancer Inst. 2017 Sep 1;109(9). 
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Promise of Mobile Health Innovation

• Reduce inefficiencies

• Extend support and accountability

• Strengthen communication with 
patients and improve quality of care

• Make medicine more personalized 
for patients

Igel and Lee (2021)

Features of a perioperative care mobile application a 
radical cystectomy patient

Igel and Lee, 2021

Eugene Lee, M.D. Daniel Igel, M.D.

mHealth in Radical Cystectomy

▪ Pilot study evaluating feasibility (N=20)
▪ Provided iPad tablets loaded with the m.Care health 

app, an accelerometer, and vital sign equipment.
▪ Real time monitoring (wireless weight, temperature, blood pressure, and oximetry)

▪ Educational videos (unlimited views)

▪ Automated triggers prompted interventions

Metcalf, Glazyrine, Glavin, Dahlgren, Michael, Bechtel, Bishop, DeRuyter, 
Mirza, Taylor, Wyre, Hamilton-Reeves, Holzbeierlein, Lee (2019)

Eugene Lee, M.D.

Associate Professor 
Urologic Oncology 
Fellowship Director
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Vital Signs Measurements

Igel and Lee, 2021

Results

Metcalf, Glazyrine, Glavin, Dahlgren, Michael, Bechtel, Bishop, DeRuyter, 
Mirza, Taylor, Wyre, Hamilton-Reeves, Holzbeierlein, Lee (2019)

33 triggers for a phone call
Most common action? 
Recheck vitals along with 
education and encouragement

Lessons learned

• Difficulty with technology is part of the process

• 40% of subjects did not sync their accelerometer 

• Automating processes reduces patient burden

• Patients who agreed to participate were younger or they had help

• Demonstrated the potential of technology to improve care by early 
identification of problems to reduce severity of complications and prevent 
hospital readmissions

• On demand education is more accessible, repeatable, and personalized

Metcalf, Glazyrine, Glavin, Dahlgren, Michael, Bechtel, Bishop, DeRuyter, 

Mirza, Taylor, Wyre, Hamilton-Reeves, Holzbeierlein, Lee (2019)
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Wearables in Radical Cystectomy

• Patients given Garmin Vivofits (no smartphone requirement)

• Heart rate, steps, and sleep data were collected

• Compliance dropped off after a month

• Average steps increased over time

• Devices for RC need more automation – less user involvement

Slade, Cardinal, Martin, Presson, Allen, Lowarance, Dechet, O’Neil (2021)

Wearable devices in Radical Cystectomy

• RCT participants given Fitbits for step monitoring.

• Intervention given financial incentive to increase steps.

• Control given no incentive.

• Step goals were based on a limited number of ambulation studies
• none were RC specific.

• Financial incentives do not increase activity level, yet wearables for 
monitoring are feasible and could still provide useful information to 
clinicians.

Marshall Strother, 

M.D.

Strother, Koepsell, Song, Faerber, Bernard, Malkowicz, Guzzo, Tasian (2021)
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Steps after surgery

• 100 patients total undergoing 8 major operations including RC (n=12)

• Fitbit used after surgery

• Higher step count on POD1 associated with shorter LOS

• Data suggest a 1000-step daily goal after surgery

Timothy J. 

Daskivich, M.D.
Daskivich, Houman, Lopez, Luu, Fleshner, Zaghlyan, Cunneen, Burch, Walsh, 

Palement, Kremen, Soukiasian, Spitzer, Jackson, Kim, Li, Spiegel (2019)

Lifestyle intervention using technology

• Subjects with diabetes or prediabetes and bladder 
cancer

• Used wearables: continuous glucose monitors (CGM) 
and accelerometers  

• Personalized counseling on diet and exercise to control 
blood sugar

Chestnut, Smelser, Dum, Bechtel, Hand, Michel, Bawajeeh, 

Zohreh, Liu, Anant, Robbins, Holzbeierlein, Hamilton-
Reeves, Lee (2020)

Eugene Lee, M.D.

Barriers to mHealth adoption

Winoker , Koo & Matlaga

(2021)
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Summary

• ePROs have potential to remotely monitor patient’s post-
surgical recovery and reduce healthcare utilization and 
improve patient’s quality of care

• mHealth may integrate symptom monitoring with remote 
wearable technology to improve post-surgical outcomes

• Many questions remain regarding evaluation and 
implementation of mHealth and ePRO technology  

THANK YOU!

angela_smith@med.unc.edu
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