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Introduction

In recent years, patient-centered care has gained traction 
as a key component of the quality and value of healthcare. 
The 2001 Institute of Medicine report on “quality 
chasm” defines patient-centered care as “providing care 
that is respectful of, and responsive to, individual patient 
preferences, needs and values, and ensuring that patient 
values guide all clinical decisions” (1). Patient-centered 
care is at the core of a high-quality cancer care delivery 
system, and includes key attributes such as patient education 
and empowerment, patient-centered communication, 
coordination and integration of care, provision of emotional 
support, access to care, and the involvement of family and 
friends (2-6).

Patient-reported outcomes (PROs) and patient-generated 
health data (PGHD) are often used to assess patient-
centeredness in healthcare (7), and include measures of 
symptoms, quality of life (QOL), and functional status using 

pedometer captured daily steps (8-11). Robust evidence 
suggests that routine PRO symptom monitoring in cancer 
care improves patient-provider communication (12-16), and 
are effective in identifying unrecognized problems (16-20),  
guiding clinical care (18,21-23), and improving patient 
outcomes (23-27), including survival (28,29).

Patient-centered care and symptom monitoring are 
also gaining momentum in thoracic surgery. As surgical 
mortality has sharply declined in lung cancer and thoracic 
malignancies, the focus has shifted toward other relevant 
endpoints, including symptom and functional monitoring 
(30-33). Symptom and functional monitoring have become 
increasingly efficient and accurate, due to advances in 
telemonitoring and wearable technology. The aim of this 
paper, therefore, is to review the current evidence on 
symptom and functional monitoring in thoracic surgery, 
provide an overview of strategies used for monitoring 
symptoms and functional status, and discuss methods to 
using PROs and PGHD to drive patient-centered care and 
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clinical decision-making.

Technology-driven strategies for symptom and 
functional recovery monitoring

Before the advent of digital patient engagement applications, 
smartphones and other portable electronic devices, 
symptom assessment in cancer were primarily done either 
in-person through paper and pencil self-administration of 
PROs, or via telephone interviews. Interactive, or telephone 
AVR systems was developed and tested to streamline 
symptom assessment and management. AVR systems were 
designed to merge computer software programming with 
pre-recorded voice within an automated telephone system 
to assess patient symptoms or health status. They were 
also capable of incorporating interventions to support 
patient’s self-management of symptoms and conditions 
(34,35). Using an AVR system, patients can be contacted 
at specific times and intervals throughout treatments and 
after. Patients enter their self-reported symptoms using 
the telephone touchpad, and their responses are recorded. 
Clinical staff can use the recorded data to make decisions 
related to treatments and symptom management.

Evidence suggest that the AVR approach for symptom 
monitoring have high usability and acceptability. Compared 
to in-person interviews, AVRs are also more accurate 
in obtaining patient self-reported symptoms (35,36). 
Randomized trials show that AVR system-driven symptom 
monitoring interventions appears equal in efficacy to 
clinical interviews (35) and promotes self-management 
skills for symptoms during chemotherapy (34,36). Although 
AVR systems may be considered inferior to newer modern 
engagement technologies, the approach may be effective for 
engaging rural and underserved communities with potential 
limits to accessing technology or challenges with internet 
access.

Symptoms can also be monitored electronically via email-
based systems and mobile device applications. Email-based 
systems, such as REDCap, can be used to capture PROs via 
unique links sent directly to a patient’s email. Data can be 
stored, in real-time, as patients complete the surveys. PROs 
can also be built as mobile device applications that can be 
accessed via smartphones and tablets. Patients can download 
the application onto their mobile device, and the program 
can send out reminders directly to the mobile device for 
patients to complete PROs. Data can be tracked in real-
time based on pre-determined thresholds, and graphed 
to present a specific patient’s symptom trajectory over 

time. Mobile application approach can be integrated into 
electronic health records (EHR) and the clinical workflow. 
Most existing EHR platforms have the capability to collect 
and integrate PROs [i.e., the Patient-Reported Outcomes 
Measurement Information System (PROMIS)].

The literature provides some evidence on the expected 
symptom recovery in lung cancer surgery. The most 
prevalent symptoms after surgery are pain, fatigue, dyspnea, 
and coughing (37-39). Postoperatively, symptom intensity 
generally increases during the first month, and may persist 
at 3–4 months for select populations. Several predictive 
factors are associated with symptom intensity, such as 
type of surgery (open versus minimally invasive), number 
of comorbid conditions, and persistent tobacco use (37). 
Dyspnea may persist long-term, with current evidence 
suggesting that approximately 53% of patients continue to 
experience breathing challenges 2–3 years after surgery (37).  
Emotional  well-being challenges can also persist 
postoperatively, with approximately 10% to 25% of patients 
reporting anxiety symptoms and depressed mood (37).

Objective assessment of functional recovery using 
accelerometer/pedometer

Due to changes in healthcare and advances in minimally-
invasive surgical techniques, patients are discharged earlier 
after thoracic surgery. In recent years, surgical care is 
increasingly focused on using Enhanced Recovery after 
Surgery (ERAS) pathways to improve outcomes (40,41). 
A typical ERAS pathway may include the following: (I) 
pre-op food and fluid intake; (II) smoking cessation; (III) 
pulmonary rehabilitation; (IV) analgesics/pain management; 
(V) hypothermia precautions; (VI) deep vein thrombosis and 
antibiotic prophylaxis; (VII) atrial fibrillation prevention; 
and (VIII) early ambulation (42). A critical gap in ERAS 
pathways is the lack of remote recovery monitoring 
capabilities after discharge.

The current delivery model for post-discharge surgical 
care is largely inefficient and not proactive (43). Patients 
may contact the hospital when acute problems arise, but 
are often unaware of when to contact their surgeons. This 
often requires hours or days to resolve, and is burdensome 
for surgeons, patients, families, and the healthcare system. 
Wearable and digital patient engagement technology has the 
potential to transform the current surgical care paradigm 
(26,44,45). It has the following advantages compared to 
current care delivery models: (I) they are highly scalable; (II) 
they do not depend on a patient’s cognition, language, or 
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health status; (III) they serve as an efficient and unobtrusive 
method for monitoring postoperative recovery; and (IV) 
they are deployable in various geographic locations and 
communities. Importantly, it has the potential to identify 
patients who are in need of interventions to optimize 
recovery and outcomes (9,46,47). Our previous research in 
perioperative telemonitoring demonstrated the feasibility 
and acceptability of combining PROs, pedometer-tracked 
daily steps, and feedback/alert system for real-time 
symptom management based on pre-determined thresholds. 
We observed a correlation between fewer daily steps and 
higher risk for postoperative complications (48).

Perioperative symptom and functional recovery monitoring 
in older adults with cancer

The number of older adults (>65 years) in the U.S. is 
growing. In 2005 there were 37 million older adults; by 
2030 that number will increase to 70 million (49). With 
a projected 67% increase in cancer incidence by 2030 in 
adults age 65 and older (50), more robust geriatric surgical 
oncology data and guidelines are urgently needed.

The physiologic changes of aging, the higher prevalence 
of comorbidities, and their combined impact on vital 
organ systems play an important role in an older adult’s 
ability to tolerate thoracic surgery (51). This could lead to 
greater risk for adverse postoperative events and prolonged 
recovery (52,53). For instance, post-operative complications 
that are more common in older adults have been described 
as “geriatric events”. These events include (I) failure to 
thrive and dehydration (81.3%); (II) delirium (17.1%); 
and (III) mobility-related events—pressure ulcers, falls, 
and fractures (9.6%) (54). Patients age ≥75 years and those 
with more comorbidities are more likely to experience 
geriatric events postoperatively (22.9% to 65.7% higher 
probability) (54,55). Patients who experienced a geriatric 
event have a two-fold probability of inpatient complications 
compared to those with no geriatric events. Geriatric events 
are also associated with prolonged hospitalizations, higher 
healthcare costs, higher post-acute care (home health, 
inpatient rehabilitation facility, skilled nursing facility) and 
mortality during index hospitalization (54,56).

Comprehensive geriatric assessment has potential to 
improve the quality of geriatric thoracic surgical oncology 
care (57). It assesses several patient-centered domains, 
including: (I) physical functioning; (II) co-morbidities; (III) 
cognitive function; (IV) psychological well-being; (V) social 
functioning and support; (VI) medication review; and (VII) 

nutritional status (58-60). Preoperative geriatric assessment 
can be used to identify older adults with lung cancer who 
are at higher risk for suboptimal postoperative outcomes. 
Geriatric assessment identifies areas of vulnerability and 
guides targeted interventions to improve postoperative 
outcomes.

We previously tested a telehealth perioperative physical 
activity for older adults with lung and GI cancer and their 
family caregivers (61). Our primary aim was to assess the 
feasibility and acceptability of the intervention. As part of 
the intervention, both patients and family caregivers were 
given a wristband pedometer for self-monitoring daily 
steps taken throughout the perioperative timeframe. The 
intervention used comprehensive geriatric assessment and 
multiple objective functional measures to personalize a 
walking program for patients, based on their functional 
capacity and tolerance. Electronic symptom monitoring was 
also included. Our findings suggest that the intervention 
was feasible and acceptable to older adults and their family 
caregivers, and have the potential to promote functional 
recovery and symptom monitoring in this high-risk 
population (61,62).

Geriatric assessment domains that are used in surgical 
oncology include (I) frailty assessment; (II) self-reported 
unintentional weight loss; (III) performance-based 
measures of physical function, including gait speed, grip 
strength assessment using hand dynamometers, and lower 
extremity functional assessment using the short physical 
performance battery (SPPB); (IV) history of falls; (V) 
cognition assessment; (VI) review of comorbidities and 
medications; and (VII) PROs on physical and psychological 
symptoms (57,63-67). A recent systematic review concluded 
that functional status, comorbidity, and frailty were assessed 
most frequently in the surgical oncology literature, and were 
most significantly associated with adverse postoperative 
outcomes (57). Studies suggest that preoperative geriatric 
assessment predicts the need for discharge to a skilled 
nursing facility and increased length of hospital stay in 
surgery (64).

The International Society for Geriatric Oncology 
(SIOG) Surgical Task Force conducted a multicenter study 
(PACE) which showed that frailty assessment using the 
comprehensive geriatric assessment accurately predicted 
operative mortality and morbidity in older adults with 
cancer (67). A separate study by task force members found 
that the Timed Up and Go (TUG) test was predictive 
of major postoperative complications in older adults 
who underwent surgery for solid tumor malignancies, 
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including thoracic malignancies (68). Guidelines put 
forth by the American Geriatrics Society (AGS) and the 
American College of Surgeons National Surgical Quality 
Improvement Program (NSQIP) recommend a checklist 
for optimal preoperative assessment of older adults. The 
checklist includes screening for (I) cognitive ability; (II) 
depression; (III) risk factors for delirium; (IV) functional 
status; (V) history of falls; (VI) nutritional status; (VII) 
frailty; (VIII) polypharmacy; (IX) treatment goals and 
expectations; and (X) family/social support system (69,70).

Clinical application of symptom and functional 
recovery monitoring data

Patient-centered communication and information needs

A key component of quality patient-centered care is 
communication. Communication in thoracic surgery is 
often complex and challenging. Thoracic malignancies 
are complicated diseases with complex multimodal 
treatments, and patients often have little background 
to help them understand their diagnosis and treatment 
options. Epstein and Street propose the following six core 
functions of patient-centered communication: (I) fostering 
a healing patient-provider relationship through building 
rapport and trust; (II) exchanging clinical information and 
understanding patients’ representations of that information; 
(III) responding to patients’ emotional needs; (IV) helping 
patients manage uncertainty; (V) involving patients in the 
decision-making process; and (VI) enabling patient self-
management through supporting patient autonomy and 
providing appropriate resources. In surgical oncology, these 
functions are essential to the delivery of quality cancer 
care (71). The American Society of Clinical Oncology 
(ASCO) developed consensus guidelines for patient-
clinician communication that addresses discussion of goals 
of care and prognosis, treatment selection, facilitating 
family involvement in care, and clinician training in 
communication skills (72).

Thoracic malignancy patients report their treatment-
decision making journey as “one of several major healthcare 
choices” that often began with the decision to undergo 
surgery, followed by the surgery itself, postoperative recovery, 
and coping with the consequences (73). Data obtained from 
symptom and functional monitoring can serve as tools to 
guide patient-surgeon communication. Communication 
styles that are direct, realistic, honest, and attentive to the 
patient’s symptom and functional information needs were 

the most important factors that contributed to a successful 
treatment experience (73). Information needs that are ranked 
as important by patients include (I) preparing for surgery 
physically and emotionally, (II) coping with pain and other 
symptoms after surgery, (III) how to care for oneself at home, 
(IV) managing changes in daily activities and functional 
status, (V) emotional support, (VI) advance care planning, 
and (VII) returning to work (74).

Support for family caregivers through remote patient 
symptom and functional monitoring

Likewise, as patients are discharged from the hospital 
earlier, a greater proportion of the caregiving burden has 
fallen on informal/family caregivers. Caregiving in the 
post-operative setting can be an intense experience with 
significant impacts on physical and emotional well-being for 
the family caregiver (75). Family caregivers report unmet 
needs in all QOL domains. Our own research has found 
that family caregivers of lung cancer patients experience 
significant psychological distress, which persists even after 
patient distress dissipates (76). Major sources of stress 
include the sense of uncertainty in the patient’s potential 
for functional decline as well as distress related to managing 
the patient’s emotional reactions to lung cancer (77). 
Transitions in care such as from hospital to home recovery 
are particularly stressful for family caregivers. Often, there 
is also some disconnect between the patient’s self-perception 
of health and how family caregivers perceive the patient’s 
health. Family caregivers often experience increased 
feelings of powerlessness before and after surgery (75). We 
are currently studying a self-management intervention to 
better prepare patients and family caregivers for lung cancer 
surgery and support them in the recovery period (78). The 
primary focus of the intervention is to help family caregivers 
develop self-management skills related to their caregiving 
role through goal setting, proactive planning, and building 
problem-solving skills.

Remote patient monitoring tools have the potential to 
reduce caregiver burden and decrease distress. However, 
most of these tools have not yet been validated for family 
caregivers nor have they been widely adopted. The 
AARP reported in 2016 that 71% of family caregivers are 
interested in technology to assist with their caregiving, 
but only 7% were currently using it (79). In a pilot 
study of a wireless monitoring program before and after 
major abdominal cancer surgery, we found that wireless 
monitoring was feasible in the perioperative setting (48). 
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Figure 1 Model of patient-centered care in thoracic surgery. QOL, quality of life.

While the pedometer data correlated with PROs, it also 
revealed some unique information about patients. Whereas 
PROs returned to baseline at 2 weeks, the number of daily 
steps was only one-third of the preoperative baseline, 
perhaps more accurately reflecting functional recovery. In 
addition, pedometer adherence was significantly higher 
than survey adherence (88% vs. 65%). Wireless monitoring 
data also correlated with complications (48).

A model of patient-centered care through 
symptom and functional monitoring in thoracic 
surgery 

Thoracic surgeons are increasingly asked to provide 
patient-centered care as a measure of quality and value. 
Traditional surgical outcomes, such as length of hospital 
stay, may not accurately reflect the surgical care experience 
from a thoracic surgery patient’s perspective. Figure 1 
presents a potential model of patient-centered care in 
thoracic surgery that begins before surgery and continues 
after hospital discharge. The model is based on our 
previous and ongoing research on patient- and family-
centered care in thoracic surgery, and are currently being 
tested in multiple studies.

Patients can begin using wearable pedometers to 
monitor baseline functional status and complete baseline 
electronic PROs for symptom monitoring. This provides 
a baseline when assessing trajectories of both patient-
centered outcomes. Based on the monitoring data, the 
surgical team can provide quality, timely, and accurate 
information to patients and families. Families can be given 
support that promotes their confidence in caregiving 
before and after surgery. All older adults can complete 
comprehensive geriatric assessment before surgery; this 
information can then be used to identify at-risk patients, 
and develop personalized interventions to reduce geriatric 
events and poor outcomes. The use of preoperative geriatric 
assessment is limited in surgical oncology, despite guidelines 
and recommendations. This could potentially result in 
frequent under-treatment and over-treatment (80).

During hospitalization, patients can begin wearing 
pedometers as soon as possible to promote self-management 
and self-monitoring. Symptoms can be monitored 
during hospitalization, and appropriate management 
and information provided to both patient and families. 
Discharge counseling can be focused on self-management 
skills building for recovery at home, and continued support 
for family caregiving preparedness. Discharge planning can 
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include a follow-up geriatric assessment to identify at risk 
older adults in need of additional support after discharge.

After hospital discharge, continued symptom and 
functional monitoring can be undertaken for both patients 
and families. This can be achieved via remote postoperative 
telemonitoring using ePROs and wearable devices. Patients 
and families may be most vulnerable during the immediate 
post-discharge time; symptom and functional monitoring 
can serve as an efficient and real-time strategy for patient-
surgeon communication. A qualitative study on the patient’s 
experience with a liver surgery ERAS program suggest 
that a lack of monitoring in the early days of discharge 
was a major concern for patients (81). Post-discharge 
telemonitoring can continue with pedometer-captured daily 
steps, and intermittent ePROs (symptoms, QOL). The data 
captured via telemonitoring can be graphically-displayed 
for easy identification of unique trajectories of recovery. A 
real-time, alert/feedback system based on pre-determined 
outcome thresholds can be triggered based on the patient’s 
data. Pre-determined thresholds may include: (I) one 
or more symptoms rated 4 or greater (moderate-severe 
intensity); (II) one or more QOL items rated moderate, 
severe, or unable to accomplish; and (III) daily steps of 
≤1,500. When thresholds are met, the thoracic surgery team 
can receive secure alerts; this will prompt the team to initiate 
contact with patients via secure messaging as a first attempt to 
assess and remedy the problem. Telephone calls can be used to 
further asses, triage, manage, and resolve the issue.

Conclusions

Patient-centered care in thoracic surgery is an essential 
component of quality surgical oncology care. Routine 
symptom and functional recovery monitoring using 
wearable technologies is an evidence-based approach 
that embodies the very essence of patient-centeredness in 
healthcare. Nearly two decades after the “quality chasm” 
report, the consistent delivery of patient-centered cancer 
care remains a challenge. Through synthesis of strategies 
for symptom and functional monitoring, we propose that 
patient-centered care is feasible to implement. Further 
research is needed to test models of cancer care delivery in 
thoracic surgery that meets the patient’s and family’s needs, 
preferences, and values.
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