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Abstract

For years, surgeons have explored the relationship between age and surgical outcomes. Over time, 

it is more widely accepted that frailty and fitness of older patients, rather than their age, should be 

considered in surgical decision making. The gold standard of frailty assessment is comprehensive 

geriatric assessment (CGA) which is best performed by geriatricians. In the past decade, Digital 

Health Technologies that range from electronic solutions for electronic Patient-reported Outcomes 

to wearables and sensors have emerged. As these solutions are likely to expand and advance in the 

next years, we will review the history of investigating factors, especially aging-related factors 

associated with surgical outcomes, and the current supportive data about the potential and 

challenges of Digital Health Technologies in complementing or replacing some of the components 

of CGA by 2025.
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Introduction

For decades, investigators have assessed the relationship between age and surgical outcomes. 

In 1947, Cutler described the outcomes of 204 patients who underwent urgent surgeries and 

laid out the solutions for improving the outcome of older patients [1]. He wrote “these older 
patients are peculiarly susceptible to pneumonia, wound disruptions and sepsis. Many of 
them succumb, even weeks after the operation, to cerebral-vascular accidents, to coronary 
occlusions, uremia, anuria, and cardio-vascular-renal collapse”. He continued that while the 

mortality rate of urgent surgery among older patients was high (44%), it salvaged the life of 

others who without surgery would have surely succumb to their acute illness. He suggested 

that surgical teams follow four principles of therapy in order to improve the mortality rate 

associated with urgent surgery among the aged population; 1) support and protect the patient 

by every available measure, 2) perform surgery with the least possible delay, 3) perform the 

simplest needed surgery with the least trauma to relieve the acute condition, and 4) to use 
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every available means to protect patient from postoperative complications and to ensure 

early detection of such events. In 1970, Jensen and colleagues posed five questions to the 

researcher community on surgical decision making for older cancer patients in need of 

elective surgery that are still very relevant [2]. Their posed questions were proper assessment 

of the likelihood that the older patient survives the surgery, the feasibility and safety of 

postponing surgery until patient acutely develop symptoms, the optimum surgical resection 

of the disease and number of surgical sessions needed for optimum surgical resection, and 

proper assessment and prognosis and life expectancy of patients with or without undergoing 

surgery.

However, studies on the relationship between age and surgical outcomes have been 

inconsistent. A study on 217 patients who underwent surgery for colon cancer from 1982 to 

1986 showed that perioperative mortality rate among patients younger than age 75 was 

slightly lower than patients aged 75 or older (3.6% vs. 7.1%). However, none of nine 

patients aged 90 and older died during the perioperative period [3]. Another study compared 

the surgical outcomes of 310 patients aged 75 and older with 710 younger patients who 

underwent colorectal surgeries from 1971 to 1983. While the overall hospital mortality was 

4.6%, the rate was 9% for older patients and 3% for younger patients [4]. Another study in 

1986, assessed the difference in 3-year survival rate and its cost for 80 patients aged 80 and 

older vs. 219 younger patients [5].

They found that there was no difference in 3-year survival between two groups, although the 

hospital length of stay was slightly higher for older patients than younger patients (18 vs. 15 

days) and the cost was also slightly higher (~7800 dollars vs. 6400 dollars). Authors 

concluded that the colon cancer in the very old patients is justifiable and age should not be 

the reasons for excluding them from surgery. Another study in the same period advanced the 

field by assessing the relationship between age and comorbid conditions with surgical 

outcomes of colon cancer patients [6]. They compared the outcomes of 163 patients aged 70 

and older with a cohort of younger patients. While they showed that younger patients were 

more likely to survive the surgery, the survival was mainly attributable to lack of comorbid 

conditions such as congestive heart failure, and better organ functions. They concluded that 

an older and younger patient with the same level of organ function and comorbid conditions 

have the same likelihood of surviving the surgery.

Moving beyond age; the concept of frailty and surgical outcomes

Frailty and surgical outcomes

Aging is associated with an accumulation of physiologic and pathologic deficits. There is a 

higher prevalence of comorbidities, decline of the functional reserve, and progressive 

restriction in personal and social resources, which result in a greater vulnerability to 

important outcomes such as functional decline, institutionalization and falls [7]. There is 

wide heterogeneity in this process as not all people age in the same way. Hence patients of 

the same age can fall into different points on a fit to frail spectrum. Frailty is a clinical 

syndrome of physiologic decline and decreased reserves, with a reduced ability to withstand 

stressors. Both cancer and cancer therapies act as significant stressors. The inability to 

withstand stressors in frailty is associated with increased vulnerability to adverse outcomes 
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and intolerance to surgical interventions. Thus, the concept of frailty has gained importance 

in the provision of health care and the measurement of health outcomes. A large study of 

592 patients aged 75 years or older who underwent oncologic abdominopelvic surgery 

showed that those with preoperative dependency for activities of daily living (ADL) were 

2.2-fold more likely to need skilled services after surgery [8].

Two major frailty models have been described in the literature [9].

1. The frailty phenotype defines frailty as a distinct clinical syndrome meeting three 

or more of five phenotypic criteria: weakness, slowness, low level of physical 

activity, self-reported exhaustion, and unintentional weight loss.

2. The frailty index defines frailty as cumulative deficits identified in a 

comprehensive geriatric assessment (CGA).

Several tools exist for estimating frailty. Variations of the Fried Criteria [7] or instruments 

based on CGA [10], including the Frailty Index, are used to assess frailty in many studies. 

Fagard et al. [11] conducted a systematic review analyzing five articles, involving four 

studies and 486 participants (≥65years) who underwent elective colorectal cancer surgery. 

Regardless of varying definitions of frailty and postoperative outcomes, the frail patients had 

less favorable outcomes in all the studies. Compared to the non-frail group, the frail group 

had a higher risk of developing moderate to severe postoperative complications, had longer 

hospital stays, higher readmission rates, and decreased long-term survival rates.

Investigators have developed a modified frailty index (m-FI) that can be applied to the 

American College of Surgeons National Surgical Quality Improvement Program (NSQIP) 

dataset, with the higher score representing greater frailty [12]. Using this index, many 

studies have shown the relationship between frailty and surgical outcomes. A study of 6551 

women who underwent gynecologic cancer surgery showed that while the rate of grade IV 

or V complications was 2% in fit patients (m-FI score = 0), the rate was 24.4% among 

patients with an m-FI score ≥ 4 [13]. There are however limitations to the use of m-FI in 

clinical practice and decision making, particularly because the index can only be calculated 

retrospectively.

Geriatricians and geriatric oncologists argue that the gold standard of assessing frailty is 

through CGA, which is a multidimensional evaluation of older adults that includes 

assessment of their functional activity, cognitive and nutritional status, social support, 

polypharmacy, and comorbid conditions [14]. Through this assessment, impairments and 

factors that lead to frailty in patients can be identified, and modifications and interventions 

can be implemented in promptly. Studies looking at the relationship between frailty through 

CGA and surgical outcomes in older patients, and specifically in older patients with cancer, 

are emerging. A systematic review from 2016 [15] analyzed 23 studies on postoperative 

outcomes in older surgical patients (mean age ranged from 75 to 87) undergoing cardiac, 

oncological, general, vascular and hip fracture surgeries. It showed strong evidence that 

frailty in older-old (75—85 years) and oldest-old (over 85 years) surgical patients predicts 

postoperative mortality, complications, and prolonged length of stay. A study of 178 patients 

aged 70 years or older who underwent rectal surgery in Norway showed that 62% of frail 

patients experienced severe complications, compared with 33% of fit patients [16]. There 
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has also been interest in whether certain components of the CGA are more predictive of 

postoperative outcomes. A systematic review from 2015 reviewed six studies and looked at 

individual components of the CGA as predictors of adverse outcomes among geriatric 

patients undergoing major oncologic surgery [17]. Deficiencies in instrumental activities of 

daily living, activities of daily living, fatigue, cognition, frailty, and cognitive impairment 

were associated with increased 30-day postoperative complications. Additionally, frailty, 

deficiencies in instrumental activities of daily living, and depression predicted discharge to a 

nonhome institution. In this systematic review, age was not found to be a predictor of either 

overall or major complications. It is clear from current literature that frailty status rather than 

chronologic age should be used in surgical decision making and postoperative outcome 

measurements in geriatric oncology.

Novel technologies to assess functional and frailty status of older patients

Over the past decades, technology, especially Digital Health technology has expanded 

rapidly. Digital Health technology includes a wide variety of web-based and wireless 

solutions that range from video conferencing solution to wearable devices [18]. In its 

broadest form, the Digital Health Technologies are formed under the umbrella of the Internet 

of Things or IoT [19]. Dr. Fallahzadeh and colleagues have depicted a framework on the 

interaction between various digital technologies with each other and with the healthcare 

provider [20]. (Fig. 1) These technologies provide unique opportunities for surgical teams to 

have a more robust assessment of older cancer patients, but they are also not without 

challenges. In this section, we will review some of the more commonly used digital health 

technologies in the past decade.

Electronic patient reported outcomes

Traditionally, solutions for Patient-Reported Outcomes (ePRO) have been used for research 

purposes [21]. However, a seminal study by Basch and colleagues showed the utility of 

ePROs in the routine care of cancer patients [22]. In this study, 766 patients who were 

receiving chemotherapy were randomized to either routine care or reporting their symptoms 

in and between clinic appointments via a web-based solution. Subsequently, the 

electronically generated report of their symptoms was presented to the medical oncology 

team and interventions would have been conducted to improve upon the identified 

symptoms. The intervention led to improvement in the overall survival of patients (31.2 

months vs. 26 months, p = 0.03) compared to the patients in routine care. Before showing 

the improvement in overall survival of patients, the authors showed the improvement in 

Health-related Quality of Life of patients in the intervention arm compared to control arm 

(34% vs. 18%), and less likelihood of Emergency Room visit (34% vs. 41%) [23]. While the 

study is very promising in opening a new field in the assessment and management of cancer 

patients, applying the same solution in the care of older cancer patients could be 

challenging. The study participants had a median age of 61, which is somewhat younger 

than the median age of many newly diagnosed patients with cancer. Participants who did not 

have any computer-related experience were older (67 vs. 60) and were more likely to less 

educated compared to those who had some computer experience. Nonetheless, over time, the 

use of ePROs for both research and routine care has increased [24]. And as a result, calls 

have been made to test the feasibility of ePROs in postsurgical monitoring of patients [25]. 
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In a study of 977 patients who underwent various surgical procedures, patients were 

randomized to either their symptoms on postoperative day seven and 14 via a mobile 

application, and receive a phone call from a registered nurse if needed, or the routine 

postoperative care management. Like Basch study, the enrolled patients were relatively 

young with an average age of 45. At the end of the study, patients in the intervention arm 

experienced an improvement in seven out of 24 assessed symptoms compared to the control 

arm [26]. Another study assessed the feasibility of implementing ePRO in a multicenter 

clinical trial. In this study, 500 patients with locally advanced rectal cancer completed ePRO 

during the neoadjuvant treatment and postoperatively. With a median age of 56 years, 43% 

of the studied population had high school education or less. The completion rate of 

assessment ranged from 92% in the preoperative period to 71% in the postoperative period 

[27].

In the geriatric surgical oncology setting, a study on electronic Rapid Fitness Assessment 

(eRFA), a web-based geriatric assessment, showed that among 636 patients with median age 

of 80, the time to complete the assessment was 11 min, and only 13% of patients needed 

someone else to complete the assessment for them. The authors assessed the satisfaction of 

50 patients with the eRFA, and 88% expressed that answering the questions via a web-based 

solution was easy [28]. In another study assessed the implementation of the eRFA as a point 

of care in the thoracic surgery clinics. Out of 83 eligible patients, 65 patients with the 

median age of 71 completed the eRFA. Among these, 75% of patients were able to complete 

the assessment on their own and 25% needed partial or complete assistance with completing 

the assessment [29]. Due to rapid advances in technology, development of more patient-

friendly web-based solutions to collect data, and the increase in the aging population with 

more familiarity with the technology, it is very plausible that by 2025, the majority of 

geriatric assessment be performed using web-based platforms.

Wearables and senors

Proper assessment of perioperative functional status is critical in surgical decision making 

and functional recovery of older cancer patients. Traditionally, the assessment of the 

functional status of cancer patients is by Karnofsky Performance Status (KPS) [30] or 

Eastern Cooperative Oncology Group — Performance Status (ECOG-PS) [31]. However, 

these assessments are prone to biases and may have a high degree of interobserver variability 

[32]. As a result, a more objective method of assessing the functional status of cancer 

patients is needed. Wearable activity tracker devices, while still being mainly used as a 

wellness device, can aid in assessing the functional status of cancer patients. Most of the 

devices can now assess the number of daily steps accurately in the general population [32]. 

However, assessing the number of steps among older patients with very slow gait speed or 

those who use assistive devices such as walker is still challenging [33]. Nonetheless, in 

addition to assessing the number of daily steps, these devices may act as a motivator to 

increase the activity level. A systematic review of 26 studies with a total of 2767 participants 

showed that those who wore activity trackers increased their physical activity by almost 27% 

over their baseline [34]. These devices have also started to emerge as a monitoring tool for 

postoperative recovery. A study on 20 patients who underwent major abdominal cancer 

surgery who wore activity trackers 3—7 days before surgery, during hospitalization and up 
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to two weeks after hospital discharge showed that adherence to wearing activity tracker was 

high (88% before surgery and 83% after surgery). Patients number of daily steps on day 7 

after surgery was only 19% of preoperative activity level and correlated with comprehensive 

complication index [35]. With the recent increased interest in optimizing the functional 

activity of patients before surgery through prehabilitation programs, these devices might 

help monitor older patients’ adherence to such programs [36]. Data is also emerging on the 

correlation between the data from the wearable activity trackers and frailty. In a study on 

125 older adults (fit: 44, pre-frail:60, frail:21), gait speed and the number of steps per day, 

both measured by the wearable trackers, had the strongest correlation with pre-frailty status. 

Moreover, the stride length was the most sensitive test to discriminate between the three 

frailty categories [37]. In another study, a sensor was attached to the upper arm of 

participants and they were asked to flex their muscles as fast and as forcefully as possible for 

20 s. Prefrail and frail patients were able to flex the biceps much slower than fit patients 

(29% less in prefrail and 59% less in frail patients) [38]. Such sensor has also been shown to 

be useful in predicting the frailty of older patients hospitalized after fall-related injuries [39]. 

Another system is Real-time tracking systems (RTLS). These systems allow the monitoring 

of patients’ movement within the healthcare system (e.g., hospital) following hospitalization 

and/or surgery [40]. Wake Forest Baptist Health used RTLS to track the location of patients 

after major abdominal surgeries in ten patients. The RTLS was able to identify all of the 

movement of these patients through different locations correctly [41]. Healthcare institutions 

experience a high incidence of geriatric events following major cancer surgery among older 

patients which prolongs hospitalization, incurs higher cost, and increases the mortality of 

these patients [42]. As a result, systems such as RTLS might help detect and manage these 

events earlier in the postoperative setting.

Conclusion

For decades, surgical teams were concerned about the outcomes of older patients and 

methods of improving such outcomes. Frailty assessment of older patients plays a crucial 

role in differentiating older patients who may do well with surgery from those who may not. 

The gold standard of assessing frailty is CGA. However, as Digital Health Technologies are 

emerging, there are opportunities for easier and more reliable assessment of older patients. It 

is foreseeable that by 2025, at least portions of traditional CGA be replaced by the data 

collected from these solutions.
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Fig. 1. 
Framework of interaction between digital health technologies and healthcare providers 

within the umbrella of internet of things.
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