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Chapter I: Literature Review and Specific Aims 

Literature Review 

As the US population continues to grow in number and increase in age, the healthcare 

industry faces a myriad of challenges in providing optimal care to an older and increasingly 

comorbid patient population. Further, it has been predicted the use of surgical services is 

expected to far outpace the overall population growth rate.1 It is estimated that by the year 2029, 

when all of the baby boomers will be 65 years of age or older, 20% of the US population will be 

over the age of 65 years2, an age group with a higher surgical use rate compared to younger age 

groups.1 When specifically evaluating vascular surgery patients, an increase in patient volume of 

44.6% by 2020, 90% by 2030, and 101% by 2040 for the age group 65-84 has been predicted.3 In 

addition, approximately 60% of vascular surgery operations are performed on individuals 65 

years or older.1 As this ageing cohort continues to expand and necessitate surgical intervention, 

surgeons must have the tools and resources to identify those patients at increased postoperative 

risk due to their underlying physiologic reserve in order to optimize outcomes and decrease 

overall morbidity and mortality.  

Frailty is defined as a clinical syndrome associated with an overall decreased physiologic 

reserve and inadaptability to physiologic stressors on the body.4 Although they share common 

traits and are intricately intertwined, aging and frailty are thought to be unique in their 

mechanistic processes. Whereas the loss of homoeostasis with aging is thought to be more 

global, the loss of homoeostasis with frailty focuses around energy metabolism and 

neuromuscular changes.5 It is estimated that 10-20% of individuals over the age of 65 years are 
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considered frail.6, 7 Non-surgical patients with frail phenotype have been found to be at higher 

risk of activity of daily living (ADL) disability, hospitalization, and even mortality.4, 8  

In one of the first published studies evaluating frailty in surgical patients, Dasgupta and 

colleagues found that patients identified as older and frail were at increased risk of postoperative 

adverse events, longer length of hospitalization, and inability to be discharged home.9 Shortly 

thereafter, using a different frailty screening tool, Makary and colleagues also found patients 

identified as frail were at increased risk of postoperative adverse events, longer hospitalizations, 

and discharge to skilled or assisted nursing facilities.10 These studies highlight the role frailty 

plays in the outcomes of surgical patients. Identifying those patients pre-operatively that may be 

high risk for adverse surgical outcomes postoperatively will allow surgeons to not only better 

inform patients and their families of risks and expectations, but also potentially optimize those 

patients’ physiologic status prior to undergoing surgery as well as even individualize surgical 

intervention based on a patient’s physiologic reserve.  

Currently, one of the major challenges is no standardized tool for measuring or 

identifying frailty exists. A number of tools have been developed and validated in surgical 

patients. Many of these tools involve only subjective measures11 or involve single organ 

systems12, 13,  thus lacking evaluation of overall physiologic reserve.  In addition, most have 

shown promise for identifying frail patients in settings where detailed, and often time-

consuming, measurements are collected and interpreted by research assistants. Unfortunately, 

many of these are not practical in a busy surgical clinic with time constraints and limited staff. 

And those frailty measurements that do include performance-based components, such as 
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walking-based measures, are not generalizable to all surgical patients, particularly vascular 

surgery patients who often have walking impairments due to their underlying disease process.  

Recently, a number of different indices and measurements have been developed to 

identify frailty in surgical patients. The modified Frailty Index (mFI) was derived from the 

Canadian Study of Health and Ageing cohort and mapped to 11 corresponding pre-operative 

variables in the National Surgical Quality Improvement Program (NSQIP) database in surgical 

patients: overall functional status, impaired sensorium, diabetes mellitus, chronic or acute lung 

disease, history of myocardial infarction within six months, history of congestive heart failure, 

history of angina including prior cardiac surgery or intervention, hypertension requiring 

treatment, history of transient ischemic attacks, history of stroke with deficit, and 

revascularization/amputation for PAD or rest pain.14 Higher mFI has shown to be positively 

correlated with increased morbidity and mortality following elective and open endovascular 

aortic aneurysm repair.15 Further, when evaluating patients with carotid artery disease, 

abdominal aortic aneurysms (AAA), and lower extremity peripheral artery disease (PAD), Ehlert 

and colleagues found mFI was a better predictor of mortality in patients undergoing carotid 

revascularization and open AAA repair compared to other risk indices commonly used in 

vascular surgery patients (American Society of Anesthesiologists (ASA) Physical Status 

Classification and Lee Cardiac Risk Index). However, mFI was found to be no better than the 

American Society of Anesthesia (ASA) score in predicting 30-day mortality in patients 

undergoing lower extremity bypass.16 Obtaining all 11 variables to calculate a patient’s mFI can 

be cumbersome and time-consuming, especially in a surgical clinic where there is limited time 

per patient visit as well as ancillary staff to collect additional patient information. In addition, the 
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mFI lacks any performance-based measures to evaluate physiologic reserve that have been 

shown to be important predictors of postoperative outcomes. 

Karam and colleagues used the National Surgical Quality Improvement Program 

(NSQIP) database to predict adverse outcomes and mortality in over 67,000 vascular surgery 

patients. They found a higher frailty index was associated with greater odds of mortality among 

their population.17 Brahmbhatt and colleagues recently used the NSQIP database to show female 

gender and frailty, measured using the mFI, were both associated with increased adverse events 

and death following infrainguinal vascular procedures.18 Although both of these studies used the 

modified Frailty Index which lacks any physiologic measures, they do highlight the importance 

of frailty on outcomes in vascular surgery patients.  

Several performance-based measures have recently shown potential in predicting frailty 

and perioperative risk in surgical patients. Gait speed has been found to be a reliable marker 

when used alone in predicting frailty.19 A study evaluating  cardiac surgery patients found slower 

gait speed was associated with higher morbidity and mortality.20 The timed up-and-go test has 

also independently been found to be a better predictor of morbidity and one-year mortality in 

patients following elective colorectal and cardiac operations compared to standard surgical risk 

calculators.21 This test involves having a subject stand from a chair without the aid of his or her 

arms, walk 10 feet, then return to the char and sit down.22 Unfortunately, vascular surgery 

patients with severe peripheral arterial disease, and the sequelae of this disease including severe 

claudication or lower extremity amputations, are often limited in their mobility, and measuring 

gait speed and timed up-and-go are often not reliable. Interestingly, self-reported mobility, as 
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measured using the Mobility Assessment Tool-short form23, has even been shown to be 

predictive of early postoperative adverse events, hospital length of stay, and discharge to a 

nursing home in patients undergoing noncardiac surgery.24 

A prospective study was conducted using the Edmonton Frail Score to assess 

postoperative outcomes in patients undergoing arterial vascular procedures. When adjusted for 

age, they found increased frailty scores were associated with longer length of hospital stay, 

increased risk of postoperative infections, and adverse functional outcomes.25 The Edmonton 

Frail Score comprises a number of frailty domains including cognition, general health status, 

functional dependence, social support, medication use, nutritional status, mood, continence, and 

functional performance.26 Of these, only functional performance involves a performance-based 

measurement (timed get-up-and-go). Similar to walking speed, the timed get-up-and-go test 

would be challenging in a patient population with severe lower extremity peripheral arterial 

disease and subsequent walking impairments. Yet, these studies do confirm the relationship 

between higher frailty scores and poor outcomes in vascular surgery patients.   

Fried and colleagues studied over 5000 men and women over the age of 65 using data 

from the Cardiovascular Health Study, a non-surgical cohort, to develop a definition to identify 

frail patients. They defined frailty as a condition in which at least three of the five following 

criteria were present: unintentional weight loss (>10lbs in past year), slow walking speed (timed 

walking 15ft-slowest 20% from their cohort adjusted for gender and height), weakness (lowest 

20% grip strength from their cohort adjusted by gender and body mass index (BMI)), self-

reported exhaustion, and low physical activity (lowest 20% kilocalories from their cohort 
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expended per week). They found meeting this definition was independently predictive of falls, 

inability to carry out activities of daily living, hospitalization, and death.4  

The Fried Frailty Criteria has been applied to patients undergoing major abdominal 

surgery, and found to be associated with an increased risk of postoperative adverse events, length 

of stay, and discharge to a skilled or assisted-living facility.10 Other studies have shown an 

increase in hospital readmission, 30-day mortality27, and long-term mortality28 in surgical 

patients identified as frail based on this defined criteria. Unfortunately, several limitations of the 

Fried Frailty Criteria exist diminishing its applicability in vascular surgery patients in a clinical 

setting. One of those includes its use of a walking-based measure as a component of the frailty 

assessment. Patients with severe peripheral vascular disease (PAD) often have claudication 

(lower extremity leg pain induced by exercise), chronic lower extremity wounds, and even 

amputations that can severely limit mobility and thus their ability to perform a walking-based 

test. Additionally, many outpatient surgical clinics lack the resources, including ancillary staff, 

and time to conduct these tests.  

Individual components of the Fried Frailty Criteria have been selectively studied to 

evaluate each as a single screening tool for frailty. Auyeung et al. studied approximately 4000 

community-dwelling Chinese adults ≥ 65 years and found, after dividing the cohort at their 

lowest respective quintile values, walking speed, grip strength, and physical activity had similar 

Area Under Curve in the Receiver Operating Characteristic analysis as the full Frailty Index. 

Additionally, grip strength was found to have a sensitivity and specificity of 89.5% and 80.6% in 
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men, and 84.5% and 81.9% in women, respectively.  They recommended a grip strength cut-off 

of 28kg in older men and 18kg in older women for a community-dwelling population.29 

A recent study reported on a simplified frailty score using the Fried Frailty Criteria as 

well as several other traditional surgical risk assessments to analyze postoperative outcomes in 

patients undergoing major intra-abdominal operations. Of note, they found two components of 

the Fried Frailty Criteria, grip strength and recent weight loss, were equally predictive as the full 

frailty assessment in identifying those patients with increased 30-day morbidity and mortality.30 

This study included patients 18 years and older undergoing major surgical intervention for 

urologic, general surgical, and surgical oncologic illnesses. Unfortunately, they did not specify 

how many, or even if, any of the patients studied had history of vascular disease or underwent 

vascular surgery intervention. They also excluded those patients who were unable to ambulate, 

which is not uncommon in patients with severe lower extremity PAD. These studies highlight, 

however, the important role grip strength may play as a predictor of frailty and perioperative 

risk. 

Grip strength as a marker for overall weakness and frailty has been studied in non-

surgical patients. Bohannon and colleagues found reduced grip strength was associated with 

prolonged length of stay following hospitalization or surgery, premature mortality, and 

development of disability.31 A large, prospective, multinational study published in 2015 

evaluating households showed grip strength was a stronger predictor of all-cause and 

cardiovascular mortality than systolic blood pressure.32 Higher grip strength has also been found 

to increase the likelihood of discharge home compared to a skilled nursing facility in medical 
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patients.33 Although based on these studies reduced grip strength alone may be predictive of 

poorer outcomes and longer hospitalizations, their applicability is limited to primarily non-

surgical patients. 

One of the challenges in analyzing the association between grip strength and 

postoperative outcomes is the variability in determining what is considered “reduced” grip 

strength. No standardized value for defining “decreased grip strength” has currently been 

established. In one of the first studies to define normative data for grip strength, Dodds and 

colleagues evaluated over 60,000 observations from almost 50,000 participants from 12 

population studies in Great Britain, producing centile curves for grip strength ages 4 to 90 

years.34 They defined weak grip strength as at least 2.5 standard deviations (SDs) below the 

gender-specific mean. They found weak grip strength significantly increased with age, reaching a 

prevalence of 27% in females and 23% in males by the age of 80 years.34 Fried and colleagues 

define weak grip strength as the lowest 20th percentile from the Cardiovascular Health Study 

cohort, a community-dwelling population, adjusted for gender and BMI.4 As grip strengths differ 

based on gender and body mass, this definition has routinely been used and accepted in studies 

involving surgical patients.  

We recently completed a prospective, cross-sectional study evaluating grip strength as a 

frailty assessment in patients with vascular disease and the association with comorbidity, cardiac 

risk, and sarcopenia at our institution.35 Grip measurement, using a hand dynamometer, was 

obtained from three hundred eleven patients presenting to an outpatient Vascular Surgery Clinic. 

Frailty prevalence was defined based on the criteria previously described by Fried et al.4  
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Associations between grip strength, Charlson Comorbidity Index (CCI), Revised Cardiac Risk 

Index (RCRI), and sarcopenia (based on muscle mass, measuring the total psoas area (TPA) for 

patients with cross sectional abdominal imaging) were evaluated. We found frailty was 

significantly associated with CCI (OR 1.72, 95% CI 1.33-3.23; p<0.0001). Frail participants also 

had a higher average number of RCRI components versus non-frail patients (mean 1.8 ± 0.8 for 

frail vs. 1.5 ± 1.4 for non-frail; p=0.018). In addition, total psoas area was lower among patients 

categorized as frail versus non-frail based on grip strength (21.0 ± 6.6 vs 25.4 ± 7.4; p=0.010).35 

Based on these results, grip strength may have utility as a simple and inexpensive risk screening 

tool for identifying frailty among patients with vascular disease.  

Although there is a fair amount of evidence suggesting decreased grip strength is 

associated with adverse surgical outcomes, there are studies to refute this observation. Sultan et 

al. published a systematic review evaluating preoperative muscle weakness, measured by grip 

strength, and postoperative outcomes, and did not find compelling data of an association between 

the two, primarily due to the marked variability of the studies and specific measurements and 

outcomes. Unfortunately, this review did not define the specific types of surgery performed on 

these patients. In addition, it is not clear whether all the studies measured grip strength pre-

operatively or postoperatively.36  

Although grip strength has previously been utilized in the geriatric population and only 

recently as part of a larger frailty assessment in surgical patients, to our knowledge, it has never 

been evaluated as a stand-alone frailty tool in patients with vascular disease until our recent 

work. Unfortunately, as mentioned above, no standardized frailty assessment or measure has 
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been developed. Routine evaluation of frailty in a vascular surgery clinical practice is rarely, if 

ever, performed. At our institution (Wake Forest Baptist Hospital, Winstin-Salem, NC), patients’ 

surgical risk assessment is primarily performed quickly based on the “eye-ball test” in addition to 

the patient’s medical comorbidities. No formal frailty evaluation is performed, primarily due to 

time constraints, lack of ancillary staff to perform additional assessments, and absence of any 

standard-of-care measures. Further, although many frailty measures have been developed and 

validated in vascular surgery patients, the majority have only been implemented in “research” 

settings at academic medical centers and not for routine use in a clinical practice. Our goal is to 

develop a practical tool that can and will be used universally by all vascular surgeons, regardless 

of practice type. 

 The primary goal of this study is to evaluate grip strength, as a measure of frailty, and its 

association with postoperative events, length of stay, and discharge location in vascular surgery 

patients with carotid artery disease, abdominal aortic aneurysmal (AAA) disease, and lower 

extremity peripheral arterial disease (PAD) undergoing open surgical intervention. Previous 

studies have demonstrated vascular surgery patients identified as “frail” have worse 

postoperative outcomes and increased length of hospitalization. Yet, most of the frailty 

assessments are limited by their subjectivity as well as their practicality in a busy surgery clinic. 

In addition, although gait speed and timed up-and-go may be validated stand-alone tools for 

evaluating frailty, they are often unreliable in patients with severe PAD and concomitant walking 

impairments. We have recently recognized grip strength and its association with comorbidity, 

cardiac risk, and sarcopenia. Further evaluation between grip strength and postoperative 
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outcomes is needed to elucidate its role as a pre-operative risk assessment tool prior to surgical 

intervention.  

Identifying frail vascular surgery patients prior to elective surgical intervention may have 

a number of important advantages, including not only improving morbidity and mortality but 

also reducing healthcare costs by reducing length of stay and post-inpatient acute rehabilitation 

admissions. Developing a tool to identify vascular surgery patients classified as frail is the first 

step to improving postoperative outcomes. Once identified, referral to a pre-operative multi-

disciplinary program to optimize patient condition and physiology in preparation of surgery is 

recommended. This program needs to involve a number of specialists including vascular 

surgeons, geriatricians, physical therapists, and nutritionists with the ultimate goal of optimizing 

a frail individual’s comorbidities, strength, nutritional status, and cognition in preparation for 

surgery and recovery. Further, recognizing a patient with decreased physiologic reserve will 

assist surgeons in developing a surgical plan that is tailored to each individual patient based on 

their baseline function and perioperative risk. Patients at high risk for complications, extended 

length of stay, and discharge to a skilled or assisted nursing facility may benefit from less 

invasive operative approaches, such as an endovascular technique, that carry overall less 

morbidity and mortality risk than an open approach. Lastly, the importance of educating patients 

and families regarding operative risk and postoperative hospital course cannot be overstated. By 

recognizing which patients may be at higher risk for prolonged peri-operative course, vascular 

surgeons are better able to define expectations to patients and their families prior to surgical 

intervention.  
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In conclusion, significant gaps exist in the surgical literature evaluating the role of grip 

strength in predicting postoperative outcomes in vascular surgery patients. We hypothesize 

decreased grip strength measured pre-operatively is associated with increased postoperative 

events, length of stay, and non-home discharge in patients with carotid artery disease, AAA, and 

PAD following open surgical intervention. By identifying higher risk patients pre-operatively 

with a simple, fast, and objective measurement tool such as grip strength, we will be able to 

better inform patients and families regarding additional risks as well as hopefully improve 

overall outcomes by optimizing patients’ health prior to surgical intervention. 
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Specific Aims 

As the US population continues to increase and grow older, more patients are presenting 

later in life for surgical evaluation.1 It is estimated that 10-20% of individuals over the age of 65 

are considered frail.6, 7 Further, vascular surgery patients identified as frail have been found to be 

at increased risk for postoperative adverse events, increased length of hospitalization, and 

mortality following surgical intervention.10, 15, 16, 37 Yet, no standardized criteria or tool to predict 

frailty has proven superior in vascular surgery patients. Those frailty measures that have been 

commonly used have significant limitations in clinical practice including timely evaluations and 

reliance on walking-based measures that are impractical for patients with walking impairments 

such as those with severe lower extremity peripheral artery disease. To bridge these limitations, 

grip strength measurement is proposed as a simple, practical, and reliable tool to identify high-

risk vascular surgery patients undergoing surgical intervention.  

The overall goal of this study is to evaluate the association between grip strength, used as 

a surrogate for frailty, and perioperative outcomes among vascular surgery patients with carotid 

artery disease, abdominal aortic aneurysms (AAA), or peripheral arterial disease (PAD) 

undergoing surgical intervention. This goal will be achieved through the following aims:  

Primary Aim 1: To evaluate whether weak grip strength is associated with increase 

adverse events in patients undergoing open surgical intervention from a single medical center in 

Forsyth County, NC. Postoperative adverse events will be defined by the American College of 

Surgeons National Surgical Quality Improvement Program (NSQIP). 
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Hypothesis 1: Patients with weak grip strength will be at higher risk of postoperative 

adverse events following open surgical intervention compared to those with non-weak grip 

strength. 

Primary Aim 2: To evaluate whether weak grip strength is associated with increased 

length of stay (LOS) and non-home discharge in patients undergoing open surgical intervention 

from a single medical center in Forsyth County, NC.  

Hypothesis 2: Patients with weak grip strength will have an increased length of stay 

and higher rate of non-home discharge following open surgical intervention compared to 

those with non-weak grip strength. 

Secondary Aim 1: To evaluate whether weak grip strength is associated with increased 

adverse events in patients undergoing endovascular surgical intervention at a single medical 

center in Forsyth County, NC. Postoperative complications will be defined by the National 

Surgical Quality Improvement Program (NSQIP). 

Hypothesis: Patients with weak grip strength will have higher rates of postoperative 

adverse events following endovascular intervention compared to those with non-weak grip 

strength.  

To achieve these aims, we will retrospectively review the charts of a cohort of 321 

patients who previously underwent prospective collection of grip measurements in our outpatient 

vascular surgery clinic and in-patient surgical ward at Wake Forest Baptist Medical Center. This 

cohort includes patients ≥18 years of age with a diagnosis of peripheral arterial disease (PAD), 
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abdominal aortic aneurysmal disease (AAA), and carotid artery disease. Patients with known 

factors that would potentially affect dominant hand strength or function (including history of 

upper extremity paralysis, stroke, arthritis, or recent ipsilateral upper extremity trauma or 

surgery) were excluded from this study. Single grip measurement in the dominant hand was 

obtained from participants using a hand dynamometer in the seated position with elbow flexed at 

90˚, according to the manufacturer’s recommendations. Patients who underwent surgical 

intervention within 90 days following grip measurement will be included in this analysis.  

This project will help determine if weak grip strength, used as a marker of frailty, is a 

predictor of increased adverse events, increased length of stay, and discharge to a non-home 

location following surgical intervention in vascular surgery patients. If successful, this approach 

has the potential to offer a simple and practical tool that can be used in the clinical setting to pre-

operatively identify vascular surgery patients at higher risk of adverse events following surgery.  

Methods 

Study Participants 

Adult patients were recruited from an outpatient Vascular clinic (staffed by physicians 

and nurse practitioners specializing in Vascular Surgery and Vascular Medicine) as well as an in-

patient surgical ward at an academic medical center over a twenty-two month period (August 

2015 –June 2017). Inclusion criteria were ability to provide informed consent and clinical 

diagnosis of PAD, AAA, or carotid artery stenosis. Exclusion criteria included known factors 

with potential to affect dominant hand strength or function (including history of upper extremity 

paralysis, stroke, arthritis, or recent ipsilateral upper extremity trauma or surgery).  Of all 
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participants who underwent grip measurement, only those patients who underwent surgical 

intervention within 90 days following grip measurement were included in this retrospective 

analysis. Patients undergoing emergency surgery were also excluded. This study was approved 

by the Wake Forest University School of Medicine Institutional Review Board, and informed 

consent was obtained from participants. 

Study Measures 

This proposed study is a follow-up analysis of a cohort from a previous prospective, 

cross-sectional study evaluating grip strength and comorbidity, cardiac risk, and sarcopenia. 

Participants underwent a single dominant hand grip strength measurement using a calibrated 

hydraulic hand dynamometer (Jamar® Hand Dynamometer, Patterson Medical, Warrenville, IL) 

after agreeing to participate. Grip strength measurements were obtained by a trained research 

assistant during vital sign measurement; measurements were only obtained during this part of the 

clinic intake process to avoid prolonged wait times or other negative impacts on visits. Patients 

admitted preoperatively to the ward were also evaluated for inclusion and grip measurement. 

Grip strength in kilograms (kg) was measured using a standardized protocol: participants were 

seated with the ipsilateral shoulder adducted and neutrally rotated, the elbow flexed to 90 

degrees, and the forearm and wrist neutrally positioned. After zeroing the peak-hold needle, a 

single maximum grip strength measurement was obtained and recorded to the nearest kilogram. 

Additional variables collected from the electronic medical record included age, race, gender, 

height, weight, and comorbid conditions (history of myocardial infarction, ischemic heart 

disease, congestive heart failure, cerebrovascular disease including stroke or transient ischemic 
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attack, chronic obstructive pulmonary disease, connective tissue disease, ulcer disease, liver 

disease, kidney disease, diabetes including, hemiplegia, and smoking).  

Weak grip strength will be defined as the lowest 20th percentile of a community-dwelling 

population adjusted for gender and BMI as has previously been defined by Fried and colleagues 

from the Cardiovascular Health Study (Table 1).4 

Men Cutoff for GS criterion for weakness

BMI ≤ 24 ≤ 29

BMI 24.1 - 26.0 ≤ 30

BMI 26.1 - 28.0 ≤ 30

BMI > 28 ≤ 32

Women

BMI ≤ 23 ≤ 17

BMI 23.1 - 26.0 ≤ 17.3

BMI 26.1 - 29.0 ≤ 18

BMI > 29 ≤ 21

Table 1: Grip strength (kg), adjusted by gender and BMI (kg/m2)

 

Retrospective medical chart review will be conducted to evaluate which participants 

within the cohort underwent surgical intervention following grip measurement. In addition to the 

data previously collected, additional variables including pre-operative labs (including white 

blood cell (WBC), hemoglobin (Hgb), hematocrit (Hct), blood urea nitrogen (BUN), creatinine, 

and albumin), American Society of Anesthesiologists (ASA) physical status, admission location 

(outpatient, inpatient, or emergency department), type of operation (open, endovascular, 

combined), postoperative adverse events, length of stay, and discharge location will be obtained. 

Data will be collected and managed using the secure online data capture tool REDCap.38 

Study Outcomes 
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The dependent variables being evaluated are post-operative adverse events within 30 

days of surgery, length of stay (LOS) (defined in days), and discharge locations (home versus 

non-home) in patients undergoing open (Primary Aim 1 and 2) and endovascular (Secondary 

Aim 1) surgical interventions. Post-operative events were those defined by the American College 

of Surgeons National Surgical Quality Improvement Program (NSQIP). These adverse events 

included surgical site infection (superficial, deep, or organ space), wound disruption, pneumonia, 

unplanned intubation, pulmonary embolism, ventilatory support greater than 48 hours, 

progressive renal insufficiency or acute renal failure requiring dialysis, urinary tract infection, 

stroke, cardiac arrest requiring cardiopulmonary resuscitation, myocardial infarction, bleeding 

requiring transfusion, deep venous thrombosis requiring therapy, postoperative Clostridium 

difficile colitis, sepsis, readmission, unplanned operation, and death.39 Postoperative adverse 

events will be considered present if one or more event occurs within 30 days of surgery.  

Length of stay will be calculated from the date of surgery through the date of discharge. 

Discharge location will be defined dichotomously between two groups: discharge home or non-

home. Non-home discharge includes discharge to a skilled nursing facility (SNF), long-term 

acute care facility (LTAC), or inpatient rehabilitation. 

Statistical Analysis 

Descriptive statistics will be computed overall as well as by group (weak verus non weak 

grip measurement) for the entire cohort of patients. These will be displayed as mean ± standard 

deviation (SD) for continuous variables and frequency (percentage) for categorical variables. The 

primary diagnosis for the clinic visit will be used when patients present with more than one 
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vascular disease diagnoses. Participants will be categorized as frail if his or her grip 

measurement falls below the 20th percentile of a community-dwelling population adjusted for 

gender and body mass index (BMI) as has previously been defined by Fried et al from the 

Cardiovascular Health Study (Table I).4 T-tests and chi-square analysis will be used to compare 

characteristics between the two groups. Chi-square tests will be used to assess the unadjusted 

association of grip strength with postoperative adverse events and discharge location. Adverse 

events will be defined dichotomously as either presence or absence of any postoperative event 

within 30 days following surgery. Discharge location will be defined as either home or non-

home. Multiple variable logistic regression will be used to assess the associations between grip 

strength with adverse events and discharge location after adjusting for potential confounders 

including age, gender, and comorbidities. Associations between grip strength and length of stay 

will be evaluated using linear regression models (analysis of (co)variance), unadjusted and 

adjusted for potential confounders mentioned above. All statistical analyses will be performed 

using SAS 9.4 software (SAS Institute Inc, Cary, North Carolina). A p-value < .05 will be 

considered statistically significant. 



II. Chapter 2: Manuscript 

Introduction 

Frailty is a clinical syndrome associated with decreased physiologic reserve and 

inadaptability to physiologic stressors on the body.4 This loss of homeostasis can be particularly 

debilitating to patients undergoing surgical intervention, and frailty among older individuals is 

predictive of higher postoperative mortality, complications, and length of stay.40 Up to 20% of 

individuals over the age of 65 years are considered frail,6, 7 with an even higher percentage 

considered pre-frail.41 Among vascular surgery patients, a 90% increase in volume of patients 

age 65 and older is expected by 2030.3 Furthermore, among patients with vascular disease, those 

defined as frail were found to have an increased risk of postoperative complications, prolonged 

length of hospitalization, and discharge to a skilled or assisted nursing facility following surgical 

intervention.15-17, 25 This highlights the importance of identifying frailty among patients being 

evaluated for elective vascular surgical procedures, and the need for a practical tool for frailty 

screening in clinical environments. Currently, many frailty assessment tools have been 

developed but none widely accepted. Several frailty measures that rely upon walking 

assessments have previously been validated (gait speed,42 timed up-and-go,22 and self-reported 

walking24, 43). Unfortunately, these measures are impractical and potentially invalid in patients 

with vascular disease, particularly those with disease-specific walking impairment secondary to 

symptomatic peripheral artery disease (PAD) and/or lower extremity amputations.  

Fried and colleagues characterized frailty based on criteria that included unintentional 

weight loss, slow walking speed, weakness (defined by grip strength), self-reported exhaustion, 
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and low physical activity in a cohort of elderly patients. Within their analysis, the presence of 

three or more of these criteria was used to categorically define frailty.4 These criteria have since 

been applied to other populations, including surgical patients.10, 27, 28 Grip strength measurement 

alone as a surrogate for frailty has been studied in both surgical30 and non-surgical29, 31 patients, 

but its use as a stand-alone measure in populations defined by cardiovascular disease has not 

been evaluated. We recently evaluated use of grip strength to screen for frailty, and explored 

associations with comorbidity, cardiac risk, and sarcopenia among patients with vascular disease 

(including PAD, abdominal aortic aneurysmal disease (AAA), and carotid artery disease).35 To 

our knowledge, further evaluation assessing grip strength and its association with postoperative 

surgical outcomes among patients with vascular disease has not previously been studied.  The 

aim of this study was to evaluate the association between grip strength and postoperative adverse 

events, length of stay (LOS), and discharge location among a cohort of patients with vascular 

disease undergoing surgical intervention. Using grip strength to pre-operatively identified 

patients that may be at higher risk for postoperative adverse outcomes will not only offer a 

simple, objective, and practical measurement that avoids walking-based assessments, but also 

allow referral to pre-operative pre-habilitation programs in those patients found to be higher risk 

due to frail physiologic status. We hypothesize patients identified as frail based on grip strength 

will have a higher rate of postoperative adverse events, longer length of stay, and higher 

likelihood of non-home discharge following surgical intervention. 
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Methods 

Study design and participants. This is a follow-up analysis of a cohort from a previous 

prospective, cross-sectional study evaluating grip strength and its association with measures of 

frailty, comorbidity, and cardiovascular risk at our institution. Adult patients were recruited from 

an outpatient Vascular clinic (staffed by physicians and nurse practitioners specializing in 

Vascular Surgery and Vascular Medicine) as well as an in-patient surgical ward at an academic 

medical center over a twenty-two month period (August 2015 –June 2017). Inclusion criteria 

were ability to provide informed consent and clinical diagnosis of PAD, abdominal aortic 

aneurysm (AAA), or carotid artery stenosis. Exclusion criteria included known factors with 

potential to affect dominant hand strength or function (including history of upper extremity 

paralysis, stroke, arthritis, recent ipsilateral upper extremity trauma or surgery, or recent 

administration of any form of anesthesia). Participant recruitment was based on availability of 

research assistant to obtain grip measurement and therefore did not include all consecutive 

patients who had clinic visits or admissions during the study period.  Among participants who 

underwent grip measurement, only those patients who underwent open surgical intervention 

within 90 days following grip measurement were included in this analysis. Patients undergoing 

emergency surgery were excluded from this study. This study was approved by the Wake Forest 

University School of Medicine Institutional Review Board, and informed consent was obtained 

from participants. 

Grip strength measurement. Participants underwent a single dominant hand grip strength 

measurement using a calibrated hydraulic hand dynamometer (Jamar® Hand Dynamometer, 
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Patterson Medical, Warrenville, IL) (Figure 1) after agreeing to participate. Grip strength 

measurements were obtained by a trained research assistant (T.R.) during vital sign 

measurement; measurements were obtained only during this part of the clinic process to avoid 

prolonged wait times or other negative impacts on patient visits. Patients admitted preoperatively 

to the ward were also evaluated for inclusion and underwent grip measurement. Grip strength in 

kilograms (kg) was measured using a standardized protocol: participants were seated with the 

ipsilateral shoulder adducted and neutrally rotated, the elbow flexed to 90 degrees, and the 

forearm and wrist neutrally positioned. After zeroing the peak-hold needle, a single maximum 

grip strength measurement was obtained and recorded to the nearest kilogram.  

Clinical and demographic data. Variables collected from the electronic medical record 

included age, gender, height, weight, and comorbid conditions (history of myocardial infarction, 

ischemic heart disease, congestive heart failure, cerebrovascular disease including stroke or 

transient ischemic attack, chronic obstructive pulmonary disease, connective tissue disease, ulcer 

disease, liver disease, kidney disease, diabetes including, hemiplegia, and smoking). In addition, 

other perioperative variables were also included (white blood cell (WBC), hemoglobin (Hgb), 

hematocrit (Hct), blood urea nitrogen (BUN), creatinine, and albumin lab values; American 

Society of Anesthesiologists (ASA) physical status, admission location (outpatient, inpatient, or 

emergency department), and type of operation (open, endovascular, combined). Data was 

collected and managed using the secure online data capture tool REDCap.38 

Study Outcomes. Retrospective medical chart review was conducted to evaluate which 

participants within the cohort underwent surgical intervention within 90 days following grip 

measurement. Open surgery included open lower extremity bypass or endarterectomy, open 
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abdominal aortic aneurysm repair, open carotid endarterectomy (CEA), lower extremity 

amputation, mesenteric bypass, and hybrid procedures which included endovascular intervention 

in addition to extremity amputations and/or wound debridements during the same index 

operation. Post-operative complications were those defined by the American College of 

Surgeons National Surgical Quality Improvement Program (NSQIP) and occurring within 30 

days of surgery. These complications included surgical site infection (superficial, deep, or organ 

space), wound disruption, pneumonia, unplanned intubation, pulmonary embolism, ventilatory 

support greater than 48 hours, progressive renal insufficiency or acute renal failure requiring 

dialysis, urinary tract infection, stroke, cardiac arrest requiring cardiopulmonary resuscitation, 

myocardial infarction, bleeding requiring transfusion, deep venous thrombosis requiring therapy, 

postoperative C. diff colitis, sepsis, readmission, unplanned operation, and death.39 Length of 

stay (LOS) was calculated from the date of surgery through the date of discharge. Discharge 

location was defined dichotomously between two groups: discharge home or non-home. Non-

home discharge included discharge to a skilled nursing facility (SNF), long-term acute care 

facility (LTAC), or inpatient rehabilitation. 

Statistics. Descriptive statistics were computed overall as well as by group (weak verus non 

weak grip measurement) for the entire cohort of patients. These were displayed as mean ± 

standard deviation (SD) for continuous variables and frequency (percentage) for categorical 

variables. The primary diagnosis for the clinic visit was used when patients presented with more 

than one vascular disease diagnoses. Participants were categorized as frail if his or her grip 

measurement was below the 20th percentile of a community-dwelling population adjusted for 

gender and body mass index (BMI) as has previously been defined by Fried et al from the 
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Cardiovascular Health Study (Table I).4 T-tests and chi-square analysis were used to compare 

characteristics between the two groups. Chi-square tests were used to assess the unadjusted 

association of grip strength with postoperative adverse events and discharge location. Adverse 

events were defined dichotomously as either presence or absence of any postoperative event 

within 30 days following surgery. Discharge location was defined as either home or non-home. 

Multiple variable logistic regression was used to assess the associations between grip strength 

with adverse events and discharge locations after adjusting for potential confounders including 

age, gender, and comorbidities. Kaplan-Meier methods were used to estimate the time to 

discharge (LOS) distribution. Cox proportional hazards regression was used to assess the effect 

of frailty on time to discharge, with and without adjustment of potential confounders mentioned 

above. All statistical analyses were performed using SAS 9.4 software (SAS Institute Inc, Cary, 

North Carolina). A p-value of < .05 was considered statistically significant.  

Results 

Screening included 614 patients in the clinic and wards, of which 321 (52.2%) enrolled 

and participated. Of these that participated, 311 were recruited from the outpatient vascular 

surgery clinic. The most common reason for nonparticipation was lack of reseach assistant 

availability during the clinic appointment, and previous history of upper extremity surgery (most 

commonly related to procedures for hemodialysis access). Descriptive statistics are displayed in 

Table II. Mean participant age was 69.0 ± 9.4 years. 106 participants (33.0%) were female with 

the majority of participants being right-hand dominant (91.6%). The mean BMI was 27.9 ± 5.8 

kg/m2. The majority of the patients were current (n=93; 29.0%) or former (n=190; 59.2%) 

smokers. Prevalance of known coronary artery disease was 32.4%. The most common diagnosis 
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related to the recruitment clinic visit was PAD (47%) followed by carotid artery stenosis (29%) 

and AAA (24%). Based on the BMI- and gender-adjusted grip strength criteria previously 

described by Fried et al,4 103 participants (32.1%) were identified as frail and the remaining 218 

participants (67.9%) were non-frail. Frailty was more common among women than men (54% vs 

46%); P < .0001). Frail participants were also older (71.9 ± 9.8 years vs 67.7 ± 8.9 years; P = 

.0002). There was no significant association between presenting diagnosis and frail status (P = 

.289). There was also no significant difference between smoking history or history of ischemic 

heart disease among the frail and non-frail participants (Table II).  

 Eighty-four patients (26.2%) underwent surgical intervention (open and endovascular) 

within 90 days following grip strength measurement (Table III). Sixty patients underwent open 

surgical intervention compared to 24 patients who underwent endovascular intervention. Lower 

extremity bypass/endarterectomy (n=18) and abdominal aortic aneurysm repair (n=17) were the 

most common open procedures performed among the cohort, followed by carotid endarterectomy 

(n=8) and amputation (n=7). Lower extremity angioplasty/stent (n=13) was the most common 

endovascular procedure, followed by endovascular aortic aneurysm repair (n=6) and endoleak 

embolization (n=2) and mesenteric/renal angioplasty/stent (n=2). The average age of the patient 

cohort that underwent surgery was 68.4 ± 9.4 (45.0-84.9). Patients undergoing endovascular 

intervention were significantly older than patients undergoing open surgery (71.8 ± 7.1 vs. 67.0 ± 

9.9; P = .032) (Table III). Frailty was identified in 30 (35.7%) of the patients undergoing any 

surgical intervention. There was no difference in incidence of frailty between the open and 

endovascular groups (33.3% vs. 41.7%; P = .472). All patients undergoing open surgery were 
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classified as either ASA 3 (63.3%) or 4 (36.7%). There was no difference in ASA classification 

and frail status among patients undergoing open surgery.  

  Among the 60 participants that underwent open surgery following grip measurement, the 

most common presenting diagnosis was PAD (73.3%), followed by AAA (15%) and carotid 

artery disease (11.7%). Lower extremity bypass/endarterectomy (30%) was the most common 

procedure performed followed by open AAA repair (28.3%) and carotid endarterectomy 

(13.3%). Twenty of the patients (33.3%) from the open surgery cohort were found to be frail 

based on grip measurement. Twenty-nine patients (48.3%) in the open surgery subgroup 

experienced at least one postoperative adverse event.  Blood transfusion within 72 hours of 

surgery (n=14), readmission (n=8), and reoperation (n=8) were the most common postoperative 

events. Open AAA repair had the highest occurrence of adverse events (n=24) followed by lower 

extremity bypass/endarterectomy (n=14). Frailty was significantly associated with experiencing 

any complication following open surgery using unadjusted logistic regression model (Odds Ratio 

[OR], 3.89; 95% confidence interval [CI], 1.23-12.29; P = .021). After adjusting for age, gender, 

and history of ischemic heart disease, this association remained significant (OR, 3.59; 95% CI, 

1.04-12.39; P = .043) (Table IV). When fitting a linear model between sum of complications and 

grip strength (kg), there was an inverse relationship observed although the association was not 

significant (P = .275). 

 The overall median length of stay (LOS) following open surgery was 4.5 days 

(Interquartile range (IQR) 4.5 days). The median LOS for the frail group was 5.0 days (IQR 6.0 

days) compared to 4.0 days (IQR 4.0 days) for the non-frail group (P = .307). Using Kaplan-
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Meier methods, 83% of non-frail patients were discharged by 7 days compared to 68% of frail 

patients. Cox proportional hazards regression was used to assess the effect of frailty on time to 

discharge following surgery. In the unadjusted model, frailty was not significantly associated 

with time to discharge (Hazard ratio [HR], 1.68; 95% CI, 0.94-3.02; P = .080). After adjusting 

for age, gender, and history of ischemic heart disease, this association remained non-significant 

(HR, 1.34; 95% CI, 0.72-2.49; P = .363). 

 Thirteen patients (21.6%) were discharged to non-home following open surgery 

(including skilled nursing facility (SNF), long-term acute care facility (LTAC), and inpatient 

rehab facility) compared to 44 patients (73.3%) who were discharged home. Three patients died 

within 30 days of surgery. The most common discharge location among the open surgery cohort 

was home (60.0%) followed by a SNF (16.7%) and home with physical therapy (13.3%). Among 

patients discharged to non-home, lower extremity amputation was the most common procedure 

performed (n=5) followed by lower extremity bypass (n=3) and open AAA repair (n=3). Frail 

patients were more likely to be discharged to non-home compared to non-frail patients in a 

simple logistic regression model (OR, 2.6; 95% CI, 0.71-9.31; P = 0.150), although this 

association was not significant. This association remained nonsignificant in a multivariable 

logistic regression model adjusting for age, sex, and history of ischemic heart disease (OR, 1.5; 

95% CI. 0.34-6.33; P = 0.614). Grip strength (kg) was significantly associated with discharge 

home, however, in an unadjusted logistic regression model (OR 1.1; 95% CI 1.00-1.14; P = 

.038). This association was no longer observed after adjusting for age, sex, and history of 

ischemic heart disease (P = .189). 
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Discussion 

Until recently, many surgeons have relied upon non-standardized, subjective assessments 

of frailty when considering elective surgical candidates. As the association between frailty and 

surgical outcomes has become more evident, however, surgeons are recognizing the importance 

in objectively identifying this susceptible population. The challenge is no accepted measure has 

been established, and those that have been validated may not be applicable in certain patient 

populations, such as those with walking impairments secondary to sequelae of severe peripheral 

vascular disease. The purpose of this study was to evaluate the utility of grip strength 

measurement as a frailty screen in patients undergoing vascular procedures. The results may 

suggest grip strength may provide a simple, objective measure for frailty identification among 

patients with vascular disease that are also at increased risk for postoperative adverse events 

following vascular surgery procedures.  

Outcomes disparities associated with female gender, including adverse events following 

vascular surgery procedures, have been widely reported but their underlying causes are poorly 

understood.44-46 Population-based studies have identified a higher prevalence of frailty among 

women.4, 6, 47 It has been hypothesized this may be due to lower lean body mass and strength 

compared to age-matched men,4 although likely other biologic and socioeconomic factors play a 

role. Brahmbhatt et al analyzed over 24,000 patients from the American College of Surgeons 

National Quality Improvement Program (NSQIP) database undergoing infrainguinal vascular 

procedures and found frail females had the highest risk of postoperative complications and death 

following these interventions.18 These observations suggest that frailty may contribute to gender-
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based differences in adverse events. The higher prevalence of frailty among women in our 

analysis supports this notion.  

 Frailty and surgical outcomes have previously been studied among patients undergoing 

elective surgery. Makary et al used the Fried frailty criteria (weakness (grip strength), 

exhaustion, low activity, slow walking speed, and weight loss) to identify an association between 

frailty and increased postoperative complications, length of hospitalization, and discharge to a 

skilled or assisted nursing facility in patients undergoing general and vascular surgery.10 

Approximately 10.4% and 31.3% of their cohort was identified as either frail or intermediate 

frail, respectively. Overall, this was similar to our population identified as frail based on grip 

strength alone (32.1%). Revenig and colleagues reported on a simplified frailty score using the 

Fried Frailty Criteria to analyze postoperative outcomes in patients undergoing major intra-

abdominal surgery.30 They found two components of the Fried Frailty Criteria, grip strength and 

recent weight loss, were equally predictive as the full frailty model in identifying those patients 

with increased 30-day morbidity and mortality. Other studies have shown similar associations 

between frailty and perioperative adverse events among patients undergoing cardiac, colorectal, 

and oncologic surgery.27, 48, 49  

 Among patients with vascular disease, Partridge et al found frailty was associated with 

longer length of stay, increased risk of postoperative adverse events, and adverse functional 

outcomes among patients undergoing elective and emergency vascular procedures.25 They 

defined frailty based on the Edmonton Frailty Score (EFS), comprised of a number of frailty 

domains including cognition, general health status, functional dependence, social support, 
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medication use, nutritional status, mood, continence, and functional performance. Functional 

performance, represented by time to get-up-and-go, was the only objective measure of their 

frailty index. Only 6% of their population was discharged to rehab facility compared to 23.3% of 

our population. This may represent differences in discharge patterns and resources among 

American and European healthcare models. Additionally, they reported it took approximately 5 

minutes to perform the EFS in clinic, although this frailty assessment was performed by a trained 

research assistant.25 This study highlights the role frail physiology has on surgical outcomes in 

emergent vascular procedures as well as elective surgery. By developing a simplified, easy-to-

use frailty assessment such as grip strength, our goal was to validate a tool that could easily be 

applicable to most, if not all, vascular surgical practices.  

Arya and colleagues analyzed over 23,000 patients undergoing elective AAA repair 

through the American College of Surgeons NSQIP database.15 Frailty was defined using the 

modified frailty index (mFI) from the Canadian Study of Health and Aging which calculates an 

accumulation of deficits comprised of comorbid conditions (diabetes, heart disease, pulmonary 

disease, and cerebrovascular disease), functional status, and impaired sensorium to define frail 

status. They identified 23% of their population in the highest tertile of frailty based on mFI. This 

is lower yet comparable to the 32% of our population identified as frail based solely on grip 

strength. Further, in unadjusted models, the odds ratio of developing a postoperative 

complication following open AAA repair in the middle and high tertile frailty groups (3.8) in this 

study was very similar to ours (3.89) following open surgery. Arya et al also used the NSQIP 

data to evaluate the association between frailty (defined by mFI) and non-home discharge 

following elective vascular surgery.50 In their unadjusted model, the odds of non-home discharge 
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in the frail groups was twice that of the non-frail group (OR 2.3, 95% CI 2.0-2.6; p<0.05). We 

found similar results in our study, although not significant, yet these slight discrepancies between 

the two may represent the differences in defining frailty (retrospective assessment from 

comorbid conditions (mFI) compared with objective measurement of grip strength).  

Several limitations of this analysis deserve specific mention.  First, this was a 

retrospective study of previously collected data at our institution. Patient characteristics and 

operative outcomes were only able to be collected from review of each patient’s chart, thus 

limiting our analysis to information available within the medical record. Further, our aim was to 

evaluate postoperative adverse events, length of stay, and discharge location from only those 

patients who underwent surgery within 90 days after grip measurement. During initial grip 

measurement in our outpatient vascular surgery and medicine clinic, patients were screened 

based soley on vascular disease diagnosis as well as exclusion criteria such as known factors 

with potential to affect dominant hand strength or function (including history of upper extremity 

paralysis, stroke, arthritis, or recent ipsilateral upper extremity trauma or surgery). We did not 

screen patients for inclusion based on future surgical treatment. Therefore, this limited our 

sample size and likely affected the power of our analysis.  

Despite these limitations, our results suggest that grip strength may offer a simple, 

practical, and objective assessment tool to identify high risk patients at increased risk for adverse 

events following vascular procedures. Further work will be required to translate frailty 

identification into individualized decision making related to treatment selection and preoperative 

testing. By recognizing these patients pre-operatively, we hope to improve our surgical outcomes 
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and decrease healthcare costs by optimizing patient’s physiologic status prior to surgery through 

multi-disciplinary pre-habilitation programs. Alternatively, frailty screening may allow 

avoidance of elective procedures when non-operation is acceptable to the patient and provider.  
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Figure 1: Hydraulic Hand Dynamometer used for grip measurement 
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Table I. Criteria for frailty based on gender, body mass index (BMI), and grip strengtha 

Men Cutoff grip measurement criterion for frailty

BMI ≤ 24 ≤ 29

BMI 24.1 - 26.0 ≤ 30

BMI 26.1 - 28.0 ≤ 30

BMI > 28 ≤ 32

Women

BMI ≤ 23 ≤ 17

BMI 23.1 - 26.0 ≤ 17.3

BMI 26.1 - 29.0 ≤ 18

BMI > 29 ≤ 21

Table 1: Grip strength (kg), adjusted by gender and BMI (kg/m2)

 

a Based on criteria defined by Fried et al from the Cardiovascular Health Study4 



17 
 

Table II. Patient Characteristics 

Characteristic All patients 

(N=321) 

Fraila (N=103) Non-Fraila 

(N=218) 

P value 

Age, years 69.0 ± 9.4 (40-88) 71.9 ± 9.8 (40-88) 67.7 ± 8.9 (42-86) <.0001 

Female 106 (33.0) 57 (53.3) 49 (22.5) <.0001 

Caucasian 276 (86.0) 86 (83.5) 190 (87.2) .685 

Right-hand 

dominant 

294 (91.6) 96 (93.2) 198 (90.8) .473 

Diagnoses    .289 

AAA 77 (24.0) 24 (23.3) 53 (24.3) .843 

PAD 151 (47.0) 49 (47.6) 102 (46.8) .896 

Carotid stenosis 93 (29.0) 30 (29.1) 63 (28.9) .967 

Smoking history    .714 

  Current 93 (29.0) 31 (30.1) 62 (28.4)  

Former 190 (59.2) 62 (60.2) 128 (58.7)  

Ischemic heart 

disease 

104 (32.4) 35 (34.0) 69 (31.7) .677 

BMI, kg/m2 27.9 ± 5.8 (14.5-

59.4) 

27.5 ± 7.0 (14.5-

59.4) 

28.1 ± 5.1 (15.2-

44.1) 

.379 

AAA, Abdominal aortic aneurysm; PAD, Peripheral artery disease; BMI, body mass index 
a Based on criteria defined by Fried et al from the Cardiovascular Health Study 4 

P values represent comparisons between frail and non-frail participants 
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Table III. Demographics comparing open to endovascular surgical cohort 

BMI, body mass index; ASA, American Society of Anesthesiologist Physical Status 

Classification System51 
a Based on criteria defined by Fried et al from the Cardiovascular Health Study 4 

P values represent comparisons between patients undergoing open and endovascular surgical 

procedures 

  

Characteristic All Surgery 

Patients (N=84) 

Open (N=60) Endovascular 

(N=24) 

P value 

Age, years 68.4 ± 9.4 (45.0-

84.9) 

67.0 ±9.9 (45.0-

84.9) 

71.8 ±7.1 (60.4-

82.8) 

.032 

BMI, kg/m2 27.0 ± 4.9 (14.5-

40.1) 

26.6 ± 4.9 (14.5-

40.1) 

26.6 ± 4.9 (20.6-

40.1) 

.261 

Ischemic Heart 

Disease 

25 (29.8) 17 (28.3) 8 (33.3) .651 

Time from grip 

measurement to 

surgery (days) 

21.0 ± 23.3 (0-90) 17.1 ± 21.9 (0-73) 30.9 ± 24.3 (1-90) .0133 

Frailtya 30 (35.7) 20  (33.3) 10 (41.7) .472 

Grip strength(kg) 32.3 ±12.7 (8.0-

64.0) 

31.5 ± 11.8 (8.0-

57.0)  

34.5 ±14.7 (13.0-

64.0) 

.329 
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Table IV. Logistic regression models for frailty status in patients undergoing open surgery 

Outcomes  Univariable models Adjusted modelsa 

 No. OR (95% CI) P value OR (95% CI) P value 

Adverse eventb 29 
3.89 (1.23-

12.29) 
.021 

3.59 (1.04-

12.39) 
.043 

Non-home 

dischargec 13 
2.60 (0.71-

9.31) 
.150 

1.46 (0.34-

6.33) 
.614 

CI, confidence intervals; OR, odds ratio 
a Models adjusted for gender, age, and history of ischemic heart disease 

b Occurence of at least one adverse events 
c Includes discharge to skilled nursing facility (SNF), long-term acute care facility (LTAC), or 

inpatient rehabilitation 
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Chapter III: Ancillary Analysis/Future Directions 

Ancillary Analysis 

 Carotid endarterectomy (CEA) is often an elective procedure with patients admitted to 

the intensive care unit (ICU) postoperatively for monitoring with usual discharge the following 

day. Lower incidence of perioperative adverse events, shorter inpatient length of stay (LOS), and 

lower frequency of non-home discharge therefore would be expected in this patient subgroup. In 

the initial analysis, we included patients who underwent carotid endarterectomy in the open 

surgery subgroup; these patients accounted for 11.7% of the cohort, and they were included 

based on lack of empiric evidence suggesting that frailty would have diagnosis-specific impacts 

on this subgroup. The ancillary analysis described below excluded those patients in the open 

surgery cohort who underwent carotid endarterectomy.   

Fifty-three patients without any history of either carotid stenosis or carotid 

endarterectomy (CEA) who underwent open surgery with 90 days of grip strength measurement 

were included in this ancillary analysis. This subgroup was comprised of 36 males and 17 

females. The average age of the males was 67.0 years compared to 65.8 years for the females. 

The most common diagnosis among this selected subgroup was PAD (83.0%) followed by AAA 

(17.0%) (Table V). Lower extremity bypass was the most common operation performed on 18 

patients (34.0%) followed by 17 open abdominal aortic aneurysm repairs (32.1%), and seven 

lower extremity amputations (13.2%). Frailty prevalence was 35.9% of this patient cohort based 

on grip strength measurement. A total of 29 patients (54.7%) experienced at least one adverse 

event, with need for at least one postoperative blood transfusion being the most common 



21 
 

occurrence postoperatively. Frailty remained associated with risk of adverse events in a simple 

logistic regression model (OR 3.55; 95% CI, 1.04-12.08; P = .043). After adjusting for age, 

gender, and history of ischemic heart disease, this association no longer remained significant 

(OR 2.99; 95% CI, 0.82-10.96; P = .098) (Table VI). 

The mean length of stay (LOS) for the open surgery cohort excluding CEA was 6.5 ± 6.5 

days (1.0-30.0 days). The mean LOS score for the frail group was 28.2 ± 49.7 compared to 24.9 

± 49.7 for the non-frail group. No association between the log transformed mean LOS and frailty 

was identified in a simple linear model (P = .390) or a multivariable linear model adjusting for 

age, gender, and history of ischemic heart disease (P = .117). When evaluating discharge 

disposition following surgery, 14 (27.5%) patients were discharged to a non-home location 

(SNF, LTAC, inpatient rehab facility, or hospice care) following surgery. Frail patients were 

more likely to be discharged to non-home compared to discharge home in a simple logistic 

regression model (OR, 2.70; 95% CI, 0.76-9.66; P = .127). After adjusting for age, sex, and 

history of ischemic heart disease, this association became weaker (OR, 1.46; 95% CI. 0.33-6.43; 

P = .614). 

Similar overall rates of postoperative adverse events were observed when patients with 

carotid disease were included versus excluded from the cohort (48.3% vs 54.7%). When 

evaluating the association between frailty and any postoperative complication, the open group 

that included CEA had a slightly higher OR and more significant association than the group 

excluding CEA (OR 3.89; P = .021 compared to OR 3.55; P = .043). This may indicate that 

although these patients are often discharged on postoperative day one, these frail patients are still 
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at high risk for developing a postoperative adverse event. As expected, length of stay was higher 

in the group excluding CEA (6.5 days vs 5.4 days) as these patients are often discharged on 

postoperative day one. Similar to the group including CEA, frailty was not associated with length 

of stay following surgery in the group excluding CEA. Frailty was associated with non-home 

discharge in both groups, although neither was significant (OR 3.0; P = .085 in open group 

including CEA vs OR 2.7; P = .127 in open group excluding CEA). Overall, as the number of 

excluded CEA cases was low, it is difficult to draw any significant conclusions from this analysis 

and future evaluation with a larger sample size of patients is needed going further.  

Additional analysis was conducted on the 24 patients that underwent endovascular 

intervention within 90 days of grip measurement. This subgroup is clinically relevant because 

endovascular procedures are less invasive and can be performed without general anesthesia 

(which is usually required for open cases). As a result, these patients have shorter length of stays 

and less risk of complication compared to open procedures. Despite these differences in 

procedure-related risks, however, patients undergoing endovascular procedures often have 

similar demographic and comorbidity characteristics.  

 Lower extremity PAD was the most common diagnosis among the endovascular 

subgroup (58.3%) followed by AAA (37.5%) and carotid artery disease (4.2%). Frailty was most 

prevalent among the patients with history of AAA (55.6%) followed by PAD (35.7%). No 

significant differences in frailty prevalence based on diagnoses were identified in patients 

undergoing endovascular intervention (P = .442). Lower extremity angioplasty/stent (13) was the 

most common endovascular procedure, followed by endovascular aortic aneurysm repair (6), 
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embolization of endoleak following previous endovascular aneurysm repair (2), mesenteric/renal 

angioplasty/stent (2), and endovascular carotid stent placement (1). Participants in the 

endovascular group tended to be older (mean age 71.8 ±7.1 years vs. 67.0 ±9.9 years in the open 

surgery group; P = .030) and had lower mean American Society of Anesthesiologist Physical 

Status (ASA) scores (3.1 ± 0.4 vs. 3.4 ± 0.5 in the open surgery subgroup; P = .014). Compared 

with the open surgery group, patients in the endovascular group had similar frailty prevalence 

(41.7% vs. 33.3%; P = .472) and grip strength (34.5 ±14.7 kg vs. 31.5 ± 11.8 kg; P = .329). 

 There were a total of seven postoperative adverse events overall among the endovascular 

cohort. The most common postoperative adverse events were postoperative pneumonia and 

readmission within 30 days (two patients each). No association between adverse events and 

frailty was observed in a simple logistic regression model (OR, 1.45; 95% CI, 0.08-26.23; P = 

.804). This association was unchanged when fitting a multivariable logistic model and adjusting 

for age, sex, and history of ischemic heart disease.  

 The mean LOS for the endovascular surgery cohort was 1.16 days ± 1.97 (0.50-10.00). 

LOS was positively skewed among the endovascular group and therefore LOS was log 

transformed. The log transformed mean LOS was 1.36 days. A simple linear model evaluating 

frailty and log-transformed mean LOS did not identify a significant association (P = .403). No 

association between these variables was identified in a multivariable model after adjusting for 

age, gender, and ASA score (P = .115).  
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 A total of 23 out of 24 patients who underwent endovascular surgery were discharged 

home. One patient was discharged to a skilled nursing facility. There was no association between 

frailty and discharge location among those patients who underwent endovascular surgery. 

Future Directions 

 We have shown through this study as well as one we recently published that grip strength 

measurement is associated with comorbidity, sarcopenia, postoperative complications, and non-

home discharge following surgery. Grip measurement is a quick, easy-to-perform tool that can 

be implemented in most clinical settings as an additional adjunct during vital sign measurement 

by trained ancillary clinical staff.  We have plans to implement grip strength as part of our 

routine clinical practice as part of a multi-disciplinary approach to help improve our surgical 

outcomes and length of hospitalization following surgery. Future evaluations will include 

assessment of grip strength assessment on clinic throughput and on-time rooming. We 

hypothesize that grip strength measurement will not create significant negative impacts on 

efficiency. Other areas for future investigation include exploration of individualized approaches 

to preoperative risk testing informed by frailty status. 

 We hypothesize that frail patients may benefit from referral to a multi-disciplinary “pre-

habilitation” program; potential components of such a program might include nutritional 

assessment, physical therapy, and a comprehensive geriatrics evaluation. After approximately 

one year of implementation of this program, the goal is to retrospectively analyze our 

postoperative outcomes, length of hospitalization, and discharge location from all of our surgical 
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patients. We will use a historical control of the year prior to implementation of this program to 

compare the before and after outcomes.   
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Table V. Baseline characteristics in patients undergoing open surgery excluding carotid 

endarterectomy 

Characteristic All patientsb 

(N=53) 

Fraila (N=19) Non-Fraila 

(N=34) 

P value 

Age, years 66.6 ± 10.0 (45-

85) 
70.1 ± 10.7 (49-

85) 
64.7 ± 9.2 (45-81) .055 

Diagnoses (%)    .863 

AAA 9 (17.0) 3 (15.8) 6 (17.6)  

PAD 44 (83.0) 16 (84.2) 28 (82.4)  

Ischemic heart 

disease 

15 (28.3) 8 (42.1) 7 (20.6) .095 

ASA score 3.4 ± 0.5 (3.0-4.0) 3.5 ± 0.5 (3.0-4.0) 3.3 ± 0.5 (3.0-4.0) .288 

AAA, Abdominal aortic aneurysm; PAD, Peripheral artery disease; ASA, American Society of 

Anesthesiologist Physical Status Classification System51 
a Based on criteria defined by Fried et al from the Cardiovascular Health Study 4 
b Excluding patients with carotid artery stenosis or carotid endarterectomy 

P values represent comparisons between frail and non-frail participants 
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Table VI. Logistic regression models for frailty status in patients undergoing open surgery 

excluding carotid endarterectomy 

Outcomes  Univariable models Adjusted modelsa 

 No. OR (95% CI) P value OR (95% CI) P value 

Adverse eventb 29 
3.55 (1.04-

12.08) 
.043 

2.99 (0.82-

10.96) 
.098 

Non-home 

dischargec 14 
2.70 (0.76-

9.66) 
.127 

1.46 (0.33-

4.43) 
.614 

CI, confidence intervals; OR, odds ratio 
a Models adjusted for gender, age, and history of ischemic heart disease 

b Occurence of at least one adverse events 
c Includes discharge to skilled nursing facility (SNF), long-term acute care facility (LTAC), 

inpatient rehabilitation, or hospice 
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