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Abstract

BACKGROUND: Frailty is a multidimensional state of increased vulnerability. Frail patients 

are at increased risk for poor surgical outcomes. Prior research demonstrates that rehabilitation 

strategies deployed after surgery improve outcomes by building strength.

OBJECTIVES: Examine the feasibility and impact of a novel, multifaceted prehabilitation 

intervention for frail patients before surgery.

DESIGN: Single arm clinical trial.

SETTING: Veterans Affairs hospital.
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PARTICIPANTS: Patients preparing for major abdominal, urological, thoracic, or cardiac surgery 

with frailty identified as a Risk Analysis Index≥30.

INTERVENTION: Prehabilitation started in a supervised setting to establish safety and then 

transitioned to home-based exercise with weekly telephone coaching by exercise physiologists. 

Prehabilitation included (a)strength and coordination training; (b)respiratory muscle training 

(IMT); (c)aerobic conditioning; and (d)nutritional coaching and supplementation. Prehabilitation 

length was tailored to the 4–6 week time lag typically preceding each participant’s normally 

scheduled surgery.

MEASUREMENTS: Functional performance and patient surveys were assessed at baseline, 

every other week during prehabilitation, and then 30 and 90 days after surgery. Within-person 

changes were estimated using linear mixed models.

RESULTS: 43 patients completed baseline assessments; 36(84%) completed a median 5(range 

3–10) weeks of prehabilitation before surgery; 32(74%) were retained through 90-day follow-

up. Baseline function was relatively low. Exercise logs show participants completed 94% of 

supervised exercise, 78% of prescribed IMT and 74% of home-based exercise. Between baseline 

and day of surgery, timed-up-and-go decreased 2.3 seconds, gait speed increased 0.1 meters/

second, six-minute walk test increased 41.7 meters, and the time to complete 5 chair rises 

decreased 1.6 seconds(all P≤0.007). Maximum and mean inspiratory and expiratory pressures 

increased 4.5, 7.3, 14.1 and 13.5 centimeters of water, respectively(all P≤0.041).

CONCLUSIONS: Prehabilitation is feasible before major surgery and achieves clinically 

meaningful improvements in functional performance that may impact postoperative outcomes 

and recovery. These data support rationale for a larger trial powered to detect differences in 

postoperative outcomes.
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Introduction

Although surgical techniques have advanced such that acute operative risks are usually 

acceptable, the stress of surgery may overwhelm limited adaptive capacities, meaning that 

long-term risks of mortality, morbidity, and institutionalization are increased even if surgery 

is technically successful (1). Such increased risks are typical of frailty, a multidimensional 

state of increased vulnerability that is increasingly common amidst population aging, 

multimorbidity and sedentariness (2–4). Frailty is independent of any specific disease, but 

it increases with age and worsens disease prognoses (5) by diminishing capacity to tolerate 

stressors (6). Thus, while surgery is often indicated for older patients, frail candidates are 

less likely than their robust counterparts to tolerate the procedure and/or recover functional 

capacity (7). In fact, recent data demonstrate that frailty is a powerful predictor of increased 

perioperative mortality, morbidity, length of stay, and cost (8–13). As the Veteran and 

civilian population of the United States grows older, multimorbid, and sedentary, frailty 

will increase, making it critically important to identify effective strategies for improving the 

surgical recovery and outcomes of frail patients.
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Prior research among cardiac, non-cardiac thoracic, orthopedic, and abdominal surgical 

populations demonstrates that inter-disciplinary rehabilitation strategies deployed after 

surgery enhance recovery and improve outcomes by optimizing nutrition and by building 

strength, balance, and cardiorespiratory capacity (14–18). Based on this success, there is 

growing interest in “prehabilitation’, which is a similar intervention deployed before surgery 

(19–27). By modifying physiological and environmental risks, prehabilitation aims to 

augment patients’ capacity to compensate for the stress of surgery itself and the convalescent 

period thereafter. Although all patients might derive some benefit from prehabilitation, frail 

patients may benefit disproportionately because they have diminished capacity to endure 

the procedure and/or recovery (28, 29). Yet treating frailty is fundamentally challenging 

because it is unclear if frail patients can safely comply with prehabilitation regimens due to 

their intrinsic physical limitations and the travel-related barriers imposed by hospital-based 

programs. Although data regarding prehabilitation for cardiothoracic surgery are sparse, 

preliminary evidence suggests that preoperative exercise interventions improve surgical 

outcomes after abdominal surgery (19, 21, 22, 25, 26, 30), and that preoperative respiratory 

exercise with inspiratory muscle training (IMT) improves pulmonary function (31) and 

reduces pulmonary complications after non-cardiac thoracic (32) and other major surgeries 

(26). However, prehabilitation has not yet been studied in either Veteran or specifically 

frail populations, and no prior studies used home-based prehabilitation strategies to safely 

minimize travel-related barriers to participation.

Therefore, the purpose of this single-arm pilot study was to examine the feasibility 

of a novel, multifaceted, home-based prehabilitation intervention designed to improve 

functional capacity and postoperative outcomes for frail Veterans anticipating major 

abdominal, urological, thoracic, or cardiac surgery. Prehabilitation included: (a) strength and 

coordination training; (b) inspiratory muscle training (IMT); (c) aerobic conditioning with a 

cycle ergometer and/or walking and (d) nutritional coaching and supplementation. Pre- and 

post-prehabilitation assessments included physical and deficit-accumulation frailty, physical 

function, respiratory muscle function, nutrition, and several patient-reported outcome 

measures including health-related quality of life. Postoperative outcomes were measured 

at 30 and 90 days after surgery. In particular, we aimed to assess the feasibility of this novel 

prehabilitation intervention by estimating rates of recruitment, retention, and adherence 

to the intervention, and by measuring changes over time in frailty, physical function, 

respiratory muscle function, nutrition, and health-related quality of life at baseline, the day 

of surgery, and 30 and 90 days after surgery.

Methods

Design

Data are combined from two distinct, but related, single arm, prospective clinical designed 

to assess the feasibility of preoperative exercise in preparation for a larger, randomized 

trial powered to assess efficacy. Each study was approved by the Institutional Review 

Board of the VA Pittsburgh Healthcare System and registered with ClinicalTrials.gov 

(NCT03040336 and NCT03299101). Reporting conforms to the TREND Guidelines for 

transparent reporting of evaluations with nonrandomized designs (33).
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Setting

Single Level 1a Veterans Affairs hospital credentialed to perform complex surgery.

Participants

Adult Veteran patients scheduled for coronary artery bypass graft, cardiac valve surgery, 

non-cardiac thoracic surgery, or major abdominal surgery (defined by a procedure that plans 

to violate the peritoneum or retroperitoneum) with at least mild frailty as measured by the 

Risk Analysis Index (RAI). The RAI is a validated, weighted, 14-item survey instrument 

based on the deficit accumulation model of frailty assessing age, sex, living location, 

appetite, weight loss, activities of daily living in 4 dimensions, cognitive decline, renal 

insufficiency, dyspnea, congestive heart failure and cancer not in remission (34–37). Higher 

RAI scores indicate increasing frailty and patients with RAI ≥ 30 were eligible; lower scores 

were permitted on request by the surgeon based on clinical judgment indicating possible 

need or benefit from prehabilitation. Exclusion criteria included emergent, urgent, or 

otherwise time-sensitive surgery; candidates lacking decision-making capacity or otherwise 

unable to participate in the prehabilitation regimen; candidates unable to speak English; 

or those with dynamic left ventricle outflow obstruction, severe aortic or mitral stenosis, 

and unstable or recent unstable cardiac syndromes defined by (a) acute coronary syndrome 

within 6 weeks; (b) decompensated heart failure; (c) New York Heart Association Class IV 

Heart Failure; (d) unstable angina; (e) Canadian Cardiovascular Society Class IV symptoms; 

(f) critical left main coronary disease; (g) clinically significant arrhythmias. RAI scores 

were routinely calculated either by surgeons in their outpatient offices or by the clinical 

staff of an interdisciplinary preoperative evaluation clinic required for all patients scheduled 

for surgery. Eligible patients were identified by physicians and by routine screening of 

outpatient clinic visits and scheduled surgeries. Potentially eligible and interested patients 

were referred to study staff who confirmed eligibility criteria, explained the study, and 

documented each patient’s informed consent before enrolling patients in the trial.

Intervention

All patients were assigned to a personalized prehabilitation regimen aimed at increasing 

physiologic reserve, the duration of which was tailored to the 4–6 week time lag typically 

required for surgical scheduling. In addition to nutritional coaching and clinically indicated 

supplementation, an exercise training regimen designed to addresses physiologic challenges 

pertinent to enduring surgery and recovery was initiated, with exercises oriented to 

strength (peripheral and respiratory), endurance, and coordination. Safety was ensured by 

beginning all exercise in a telemetry-monitored, hospital-based setting to train patients in 

the prescribed exercises and establish safe targets of exertion. After establishing safety, 

exercise commenced in the home with the goal of daily exercise. Abdominal surgical 

patients continued twice weekly exercise in a supervised session in a hospital-based 

rehabilitation clinic; cardiac and thoracic surgery patients transitioned to exclusively home-

based exercise training with weekly telephone contact to ensure safety and reinforce 

technique. Exercise was monitored by an exercise physiologist with experience in cardiac 

rehabilitation techniques. If the surgery was delayed beyond 6 weeks, exercise training was 

continued with every other week on-site assessments until the date of surgery.
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• Skeletal muscle strength training relied on body weight and resistance bands 

focusing on a spectrum of agonist and antagonist muscles to support core 

abdominal and thoracic muscles impacted by surgery. Training consisted of 

specific exercises assigned by the exercise physiologist depending on the specific 

surgery and the patient’s baseline function and need. Exertion was targeted 

according to the Borg Rating of Perceived Exertion (RPE) with a goal of RPE 

11–13.

• Respiratory muscle training relied on IMT using a RespironicsTM spirometer 

that features an adjustable, spring-loaded valve that prohibits subjects from 

inhaling until a specific negative pressure is achieved. Patients were instructed 

to inspire through the mouthpiece at a comfortable rate using diaphragmatic 

breathing techniques while wearing a nose clip. IMT was set at 40% of 

each patient’s maximal inspiratory pressure (MIP) as measured in clinic by a 

calibrated manometer and involved 5–20 breaths depending on patients’ capacity 

with a goal of moderate exertion (RPE 11–13). The Threshold IMT resistance 

was increased as indicated during biweekly clinic visits when MIP and RPE were 

reassessed.

• Aerobic exercise relied on walking and/or cycle ergometry (upper or lower 

extremity). After a 3–5 minute warm-up at a low intensity (RPE 7–9), patients 

were coached to achieve 30 minutes of continuous moderate exertion (RPE 

11–13). If 30 consecutive minutes were beyond the patient’s capacity, the 

patient worked up to this goal through bouts of ≥10 minutes. If any exertion 

induced cardiac symptoms, the target was adjusted down until a safe level was 

established.

• Coordination training involved exercises designed to strengthen the proper form 

of transitional movements required after surgery such as lying-to-side-lying, 

side-lying-to-sitting, seated scooting, and sitting-to-standing. Other coordination 

exercises included elements of static, tandem, and one-foot stands, weight shifts, 

side steps, crossovers, grape vines, backward walking, and stepping over objects. 

Such coordination is required postoperatively to move from bed to chair to toilet, 

and deficits therein may extend acute hospital stays or mandate discharge to a 

skilled nursing facility.

Transition to home

Once form and safety were established in a monitored setting, the training regimen was 

transitioned to the home. Activities were gradually increased to reach the goal duration 

of 60 minutes allocated between strength training 3 days/week, and IMT, aerobic, and 

coordination training 5 days/week. Each session began with warm up before focused 

aerobic, strength, coordination, and IMT training, followed by cool down and stretching 

that matches the routines established during hospital-based training. Exercise physiologists 

used weekly telephone calls to maintain relationship, answer questions, adjust goals and 

coach patients regarding their personally tailored regimens. Notably, exercise physiologists 

were well-suited to assess each patient’s capacities and to then determine and guide an 

optimal medical regimen in hospital- and home-based formats. This overlaps with skillsets 
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that have been attributed exclusively to physical therapists (38) and suggests complementary 

expertise. Patients recorded details of each training session in logbooks (Online Supplement) 

that were returned to investigators, recording total steps (or cycles) using pedometers 

provided to quantify activity. The exercise regimen ended on the day of surgery after which 

patients followed standard of care postoperative recovery as specified by their clinicians.

Nutritional counseling was arranged through a standard-of-care clinical assessment with 

a registered dietician who administered the standardized Subjective Global Assessment 

(SGA-7) (39) to identify nutritional needs and classify the patient as either normal or 

mildly, moderately, or severely malnourished. All patients received best practice nutritional 

counseling focused on lean, high protein foods in preparation for surgery. In addition, and 

as indicated by the clinical assessment, standard of care nutritional supplementation was 

prescribed, including immunomodulating formulas supplemented with arginine and omega-3 

fatty acids (e.g., Impact® Advanced Recovery or equivalent). Patients recorded their meals 

and supplements in logbooks, and the exercise physiologist encouraged healthy dietary 

practices and prescribed supplementation during their coaching sessions.

Outcome assessments

Participants were assessed at baseline and every other week up until the day of surgery, 

and then again at 30- and 90-days after discharge (see Online Supplement for assessment 

schedule). Assessments included frailty, physical function, respiratory function, nutrition, 

adherence to the prehabilitation regimen, and a variety of patient-reported outcomes.

• Frailty was assessed according to both physical frailty and deficit accumulation 

models with a variety of measures to search for relevant differences between 

tools. Frailty measures included (a) the RAI rendering a weighted scale from 

0–82 where 30–36 is prefrail and ≥37 is frail (35, 37); (b) the Clinical Frail 

Scale, a single item, 9-point clinical assessment from fit (1) to moderate frailty 

(6) to terminally ill (9) (40); (c) the Edmonton Frail Scale, a 17 point scale where 

6–7 is vulnerable and ≥8 is frail (41) and the Frailty Phenotype, a 5-point scale 

ranging from 0–5 distinguishing prefrail (1–2) from frail (≥3) (42).

• Physical function was assessed with the (a) short physical performance battery 

(SPPB), a 12 point scale where a 1 point rise indicates the minimal clinically 

important difference (MCID) improving physical performance (43); (b) 6-minute 

walk test (6MWT) where a 30-meter increase is the MCID (44); (c) gait speed 

where the MCID is 0.1 meters/second (45); grip strength where the MCID is 6.5 

kilograms (46); (d) extended 8 meter timed up and go (TUG) with a MCID of 2.1 

seconds (47); and (e) five-time sit-to-stand chair rise test where the MCID is 1.6 

second (48).

• Respiratory muscle function was assessed with MIP and maximal expiratory 

pressure (MEP) (49) as well as sustained maximal inspiratory pressures (SMIP) 

(50). Mean MIP, MEP and SMIP were calculated using three sequential efforts. 

MCID is not established for these measures but changes between 9 and 

20 centimeters of water have significantly reduced postoperative pulmonary 

complications (32)
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• Nutrition was assessed by the 7-item Subjective Global Assessment (SGA-7) 

(39) and prealbumin and c-reactive protein.

• Adherence was assessed by abstracting patient entries in the logbooks regarding 

completed training exercises and diet, as well as notes recorded by the exercise 

physiologists during the coaching sessions.

• Vital status and postoperative complications were assessed by a trained nurse 

abstractor according to methods established by the Veteran Affairs Surgical 

Quality Improvement Program (51).

• Patient reported outcomes included: (a) the 20-item 6 Dimension Assessment 

of Quality of Life (AQol-6D) (52) that renders a utility score between 0 and 

1 where 1 represents ideal quality of life; (b) 11-items from the Surgical 

Care Survey (53) that assesses quality of care and communication across the 

perioperative period on a 3-point scale from 1=»good” to 3=“bad”; (c) the 

12-item Patient Centeredness of Care (54) instrument that rates 3 dimensions of 

care on a 4-point scale from 1=“patient centered” to 4=“not patient centered”; 

(d) the newly developed, 8-item Satisfaction with Multidisciplinary Preoperative 

Clinic scale (Online Supplement) that rates satisfaction on a 5-point scale from 

1=“not satisfied” to 5=“completely satisfied”; (e) the newly developed 4-item 

Preference for Operative Management (Online Supplement) adapted from Lantz, 

et al. (55) that rates whether operative management is consistent with patients’ 

values on a 5-point scale from 1=“value discordant” to 5=“value concordant”; 

(f) the 5-item Decision Regret (56, 57) scale that rates regret on a 5-point 

scale that is then converted to a score ranging from 0–100 from low to high 

decision regret; and (g) the newly developed, 9-item, 3-subscale Satisfaction with 

Diagnosis of Higher Perioperative Risk scale that uses a 5 point scale (1=“low” 

to 5=“high”) to rate patients’ overall and emotional reaction to the diagnosis 

of higher perioperative risk as well as whether the higher risk influenced their 

decision regarding surgery (Online supplement).

Statistical analysis is focused on quantifying the feasibility of prehabilitation in terms of 

recruitment and retention of participants, adherence to the prescribed exercise, and effective 

assessment of all outcome measures. Secondary outcomes included changes in physical 

performance measures and postoperative outcomes, although we expected no detectable 

change in postoperative outcomes due to insufficient sample size in this feasibility trial. 

Within-person changes over time were estimated using linear mixed models with a fixed 

effect for time and a random effect for participant identity. All statistical tests were 

conducted using STATA version 16.0 (StataCorp) with statistical significance set at 2-sided 

P<0.05. Study data were collected and managed using REDCap electronic data capture 

tools hosted at Veterans Affairs Information Resource Center (VIReC) (58). REDCap 

(Research Electronic Data Capture) is a secure, web-based application designed to support 

data capture for research studies, providing: 1) an intuitive interface for validated data entry; 

2) audit trails for tracking data manipulation and export procedures; 3) automated export 

procedures for seamless data downloads to common statistical packages; and 4) procedures 

for importing data from external sources.
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Results

From August 2017 to January 2020, a total of 112 eligible patients were approached to 

enroll in this study. A total cohort of 43 patients preparing for general abdominal (8), 

urological (3), cardiac (7) or thoracic (26) surgery completed baseline assessments for 

an effective recruitment rate of 38% (Figure 1). The most common reasons for declining 

participation were the burdens of travel (N=18) and reluctance to delay surgery (N=7). 

From August 7, 2017 to September 4, 2018, the general and urological patients completed 

prehabilitation under direct supervision with twice weekly visits to the cardiac rehabilitation 

center at a major medical center and daily home-based exercise. From January 22, 2018 

to January 2, 2020 the cardiac and thoracic surgery patients were taught their regimen 

during supervised sessions until safety was established after which point, they transitioned 

to home-based exercise with weekly coaching sessions delivered by telephone to reinforce 

the prescribed, home-based exercise. Of these, 36 followed the prehabilitation regimen up 

through the day of surgery and 32 completed 90-day follow up for interval and overall 

retention rates of 84% and 74%, respectively.

The mean (SD) age of the 43 patients completing baseline assessments was 67.8 (8.5) years 

with 41 (95%) males, 39 (91%) Whites, 4 (9%) Blacks, 1 (2%) nursing home resident, 1 

(2%) with external support for meals and cleaning, 5 (12%) living at home with assistance 

of a caregiver and 36 (84%) living independently. Patients’ education status ranged from 

16 (37%) with a high school diploma or less education, 15 (35%) with some college or 

a two-year degree, and 11 (26%) with a college degree or more. 27 (63%) patients were 

interested in video telehealth delivery of prehabilitation coaching, with 34 (79%) having 

access to either an internet-enabled home computer or a smart phone sufficient for telehealth 

sessions.

Mean (SD) RAI at baseline was 35.1 (10.2) which is close to the threshold of 37 

corresponding to the highest risk decile of surgical patients and consistent with pre-clinical 

frailty (Table 1). In contrast, mean baseline frailty scores as measured by the Clinical, 

Edmonton, and Fried frailty scales were 3.1, 3.9, and 1.2, respectively, consistent with 

minimal if any phenotypic frailty. Mean baseline SGA-7 and prealbumin were 5.9 and 

25.4, respectively, indicating adequate but not ideal nutrition. There were no procedure-

related deaths and complications were typical in kind and frequency for the distribution of 

procedures (data not shown).

Duration of prehabilitation ranged from 3–10 weeks with a median of 5 weeks and a 

mean (SD) of 5.2 (2). Surgery was never delayed beyond the date selected by surgeon and 

patient. All patients were referred for nutrition counseling with a registered dietician as per 

protocol, and consults lasted approximately 15 minutes each. Adherence to the supervised, 

on-site prehabilitation sessions was 94% overall and ranged from 82–100%. On-site training 

sessions lasted 90–120 minutes with 60–75 minutes of exercise and 30–40 minutes of 

instruction or assessment. Adherence to the home-based prehabilitation included 74% 

completing prescribed strength, aerobic and coordination exercises and 78% completing 

prescribed IMT. However, only 47% completed the nutrition logs. Lower adherence was 
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noted among the patient living in a nursing home, and the exercise physiologists noted that 

the nursing home staff did not typically facilitate exercise for these patients.

Physical function was low at baseline and improved significantly by the day of surgery 

after completing the prehabilitation, although the improvement typically attenuated by 

postoperative day 90 (Table 2). For example, between baseline and the day of surgery, timed 

up and go (TUG) decreased 2.3 seconds, gait speed increased 0.1 meters/second, 6MWT 

increased 41.7 meters, and the time to complete 5 chair rises decreased 1.6 seconds (all 

P≤0.007, see Table 1). Only the increase in gait speed remained significant at postoperative 

day 90—all other measures reverted to baseline. There was no change in grip strength or 

SPPB over time.

Respiratory function also improved over time, and these improvements appeared to endure 

through postoperative day 90, although without statistical significance (Table 3). For 

example, maximum and mean inspiratory and expiratory pressures increased 4.5, 7.3, 14.1 

and 13.5 centimeters of water, respectively (all P≤0.041). These improvements attenuated at 

postoperative day 90, but endured at 3.9, 5.1, 12.6 and 7.1 centimeters of water, although 

only the 12.6 centimeter of water improvement in MEP remained statistically significant 

(P<0.001). There were no significant changes in maximum or mean SMIP.

Baseline quality of life utility was modestly diminished (0.71) and improved slightly by 

postoperative day 90 (0.76), but this did not reach statistical significance (Table 4). The 

quality of surgical care communication was rated “good” (1.2) on the day of surgery and 

did not change on postoperative day 30; and the single item global rating of surgical 

care was 9.1 (1.58), less than 1 point below “best” on a 10-point scale (data not shown). 

This is consistent with the “good” patient centeredness of care at baseline (1.4) and 

postoperative day 90 (1.3) as well as the high satisfaction with the treatment provided in 

the multidisciplinary preoperative clinic (4.6 at baseline and 4.4 at 90-days).

Patients’ preference for operative management remained strong and decision regret remained 

low from the day of surgery through postoperative day 90 with no statistically significant 

change (Table 2, Satisfaction with Decision). Patients reported overall satisfaction with the 

way in which their diagnosis of higher perioperative risk (as measured by the RAI) was 

discussed at baseline (4.0 on a 5-point scale) and this increased to 4.6 at postoperative day 

90, but this change did not reach statistical significance. Patients reported similarly high 

satisfaction with the way that clinicians addressed the emotional impact of the diagnosis 

of a higher perioperative risk (4.1 and 4.3 at baseline and 90-days), but the diagnosis did 

not significantly influence their decision regarding whether to proceed with surgery (2.2 at 

baseline and 90-days).

Discussion

This single arm pilot study demonstrates the feasibility of a novel multifaceted home-based 

prehabilitation intervention that effectively improved the functional capacity of Veteran 

participants who completed a median 5 weeks of intervention before surgery. In no 

circumstance did prehabilitation delay surgery beyond the date selected by the surgeon 
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and patient. The effective recruitment rate of 38% was modest; however, retention through 

surgery (84%) and 90-day follow-up (74%) demonstrated that most participants were 

able to complete the intervention despite the burdensome protocol. Adherence to the 

prescribed prehabilitation regimen for supervised activities (94%) and for at-home activities 

(74–78%) also demonstrated that the intervention was feasible. Although not powered to 

detect differences in postoperative outcomes, participants achieved clinically meaningful and 

statistically significant improvements in TUG (2.3 seconds), gait speed (0.1 meters/second), 

6MWT (41.7 meters), chair rise (1.6 seconds), and respiratory muscle function (4.5–14.1 

cm H2O). These improvements approach or exceed the MCID for each measure and thus 

might plausibly translate to improved perioperative outcomes, as in fact has been shown for 

respiratory muscle function changes of this magnitude (26, 32). Taken together, these data 

suggest the value of a larger trial premised on a similar protocol powered to confirm and 

better delineate clinically meaningful outcomes after multifaceted preoperative exercise and 

nutrition.

Recruitment was more challenging than anticipated for two reasons. First, the prevalence 

of frailty was lower than expected in this medical center, and second, the patients were 

generally reluctant to participate, perhaps due to their perceptions of the burdensome nature 

of the intervention and the assessment schedule, including travel to the hospital. For some, 

the risks of upcoming surgery provided motivation to participate, but for others, even 

these risks were insufficient to overcome barriers manifested by many years of sedentary 

behavior. Others maintained unrealistic expectations that they had no personal responsibility 

to prepare for surgery, deferring responsibility for outcomes to the clinicians. We therefore 

reduced the eligible RAI score from 21 to 16 to accommodate these realities and increase 

recruitment by expanding eligibility. However, this concession also limited our ability to 

assess the feasibility of prehabilitation in phenotypically frail patients. In addition, our 

experience suggests that nursing homes were unable or unwilling to facilitate the “at-home” 

training exercises, and this lack of capacity may be a barrier for implementing similar 

protocols for institutionalized patients. Any subsequent trials of prehabilitation techniques 

such as those piloted here will need to plan for these barriers to participation.

We explored a variety of frailty assessments from both the deficit accumulation and 

physical models of frailty in order to examine their comparative relevance and utility in the 

perioperative setting. We also explored changes over time in these frailty measures, a factor 

of frailty assessment for which there are few prior examples. We found few differences 

between the scales and little change over time in the Clinical Frailty Scale, the Edmonton 

Frailty Scale, or the Frailty Phenotype. In fact, the baseline scores indicated little if any 

substantial frailty, and the lack of change is consistent with the conceptual model of frailty 

as relatively stable, if slowly declining. By contrast, the more granular scoring system of the 

RAI detected and quantified values consistent with elevated mortality risk even though the 

phenotype was not demonstrably frail, suggesting that it may be ideally suited for detecting 

“pre-clinical” frailty that might otherwise go undetected. In addition, functional measures 

(TUG, gait speed, and chair rise) also improved. These functional indices are often applied 

as indices of frailty, potentially providing vital perspective for pre-op surgical assessment 

and tracking (6). Further research is needed to confirm these preliminary findings and 

explore their meaning in the context of longitudinal studies of frailty trajectories.
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Quality of life, quality of surgical care, preference for operative management, and 

satisfaction with the multidisciplinary preoperative clinic were high and stable, suggesting 

that participants were satisfied with their care and the experience of prehabilitation did 

not detrimentally change patient perioperative experience. In addition to demonstrating 

the feasibility of these patient reported outcome measures, the absence of a statistically 

significant deterioration is a clinically meaningful finding, reassuring clinicians and 

investigators that at least among the willing participants, the intervention was well-received.

As has been noted in prior work (22), physical performance peaked at the end of 

prehabilitation and deteriorated on postoperative day 90. The decline from peak performance 

may be due to (a) cessation of exercise training and resumption of more sedentary patterns, 

(b) permanent functional decline due to anatomical changes such as reduced lung volume 

after a partial pneumonectomy, or (c) some combination of both. However, the fact that 

functional performance on postoperative day 90 was no worse than at baseline may indicate 

a significant achievement given the long-term consequences of many major surgeries, but 

even speculative conclusions are impossible without a control group or a clear natural 

history of the functional performance changes typical for the populations studied here. 

We deliberately isolated the effect of prehabilitation from more typical postoperative 

rehabilitation in order to examine its particular impact, and this approach may be required 

in a definitive efficacy trial. In practice, however, it is likely that postoperative exercise 

training could maintain or improve the gains made through prehabilitation, as is seen after 

orthopedic, abdominal, and cardiac surgery (14–18).

Several limitations temper conclusions from this study. The relative robustness of the 

population prevents confident conclusions regarding the feasibility of prehabilitation in 

more phenotypically frail patients. The absence of a control group and limited sample size 

prevent analysis of postoperative outcomes like mortality, readmission, or postoperative 

complications. The predominantly male and White sample limits conclusions about 

feasibility among women and other racial or ethnic populations, and although it is likely 

that the approach described here would be feasible among civilian participants, such an 

application has not yet been tested. Self-selection bias may overestimate the impact such 

techniques would achieve in less motivated samples.

Conclusion

Prehabilitation is feasible among Veterans before major surgery and achieves clinically 

meaningful improvements in functional performance that may impact postoperative 

outcomes and recovery. These data support rationale for a larger trial powered to detect 

differences in postoperative outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Patient Recruitment

112 eligible patients were approached to enroll 46, but 3 withdrew prior to baseline 

assessments for an effective recruitment rate of 38% (43/112). Of these, 7 withdrew and 

36 completed prehabilitation and had surgery for an 85% (36/43) interval retention rate. Of 

these 32 completed assessments on postoperative day 90 yielding a 74% (32/43) overall 

retention rate.
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