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Abstract 
Background: Cardiac surgery, even when planned, has the potential for ad-
verse outcomes, such that several factors are taken into consideration to help 
surgeons and their patients discuss the potential risks weighed against the ex-
pected recovery. Preoperative functional status and its influence on cardiac 
surgery, if any, have not been adequately evaluated to date. This study aimed 
to examine the relationship between preoperative functional status and post-
operative mortality and morbidity in elective open heart patients. Methods: 
Preoperative baseline data (n = 43 subjects) were obtained to calculate Society 
of Thoracic Surgeons (STS) mortality and morbidity risk scores and preopera-
tive functional status was measured using the Late-Life Function and Disabil-
ity Instrument (LLFDI). Follow-up data were abstracted at one year postoper-
ative to calculate actual mortality and morbidity events. Ordinary least 
squares and negative binomial regression analyses were conducted to assess 
the relationship between the LLFDI preoperative score to the STS mortality 
and morbidity risk scores. Results: Mortality risk was significant, F (1, 39) = 
4.75, p = 0.035, with an adjusted R2 = 0.086, and Function Total (measured by 
LLFDI) yielded a significant negative association with mortality risk, β = 
−0.329. Morbidity was found to be significant, F (1, 40) = 4.89, p = 0.033, with 
an adjusted R2 = 0.087 and Function Total yielded a significant negative asso-
ciation with morbidity risk, β = −0.328, as well. Estimation of the counts for 
postoperative complications as estimated by Function Total failed to reach 
significance (Wald χ2 = 0.34, p = 0.56), which provided a pseudo R2 = 0.009. 
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Probabilities for frequencies of adverse events (major complications), there-
fore, could not be reliably calculated. Conclusion: Preoperative diminished 
functional status, as measured by the LLFDI, is associated with an increased 
risk of mortality and morbidity in patients undergoing elective cardiac sur-
gery. The risks and benefits of cardiac surgery should be weighed carefully 
and include a patient’s preoperative functional status, especially in the case of 
an elective procedure. 
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1. Introduction 

Coronary artery disease is the leading cause of death worldwide [1]. As patients 
continue to live longer, the decision becomes less clear on whether the benefits 
outweigh the risks of undergoing coronary bypass surgery. Specific risk factors 
(e.g., unstable angina, recent myocardial infarction) as well as medical history 
(e.g., diabetes, hypertension, prior cardiac surgery) are considered when surge-
ons estimate the likelihood of complications (morbidity)or mortality after coro-
nary bypass or valve surgery [1] [2] [3] [4] [5]. Physiological factors like body 
mass index and advanced age have more recently been accepted as additional 
cardiac surgery variables [1] [6] [7] [8], but the impact of preoperative function-
al status on cardiac surgery, has not been adequately evaluated to date [8] [9] 
[10] [11] [12]. As part of the cardiac surgery guideline revisions in 2008, patients 
of advanced age (at least 70 years old) accounted for 50% of cardiac surgeries 
performed in North America and 78% of the combined major complications 
(morbidities) and deaths (mortalities) [1]. In terms of valve surgery and aortic 
valve replacement in particular, older adults (≥70 years of age) accounted for 
30% - 40% of the cases turned down for surgical intervention, despite evidence 
of surgical success in their age group [4]. In this same age bracket, more than 
25% of these older Americans were functionally limited by cardiovascular dis-
ease, according to the United States Census Bureau [9]. Heart disease, either co-
ronary or valvular in nature, is typically a silent disease which progresses gradu-
ally over time. It is not until changes are seen in endurance, physical mobility 
and/or socialization (one’s quality of life), that the impact of the disease becomes 
evident. Likewise, changes in functional status are gradual over time and affect 
not only physical, emotional and mental well-being, but may interfere with the 
recovery process. Functional status, as defined for use in this study, is the ability 
to function physically, perform tasks with both upper and lower extremities, to a 
degree which provides satisfaction in valued areas of life such as activities of 
daily living, recreational activities, and interpersonal relationships. 

In research, “impaired functional status” has become somewhat synonymous 
with the term “frailty”, and its association with mortality and morbidity has been 
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studied primarily in the inpatient, non-surgical population. Narain et al. studied 
older adult inpatients with varied diagnoses and concluded that, more than the 
admitting diagnosis [13], decreased functional status was the strongest predictor 
of 6-month mortality, prolonged length of stay, and readmissions to the hospital. 
Inouye et al. found a strong association between impaired functional status and 
mortality among older, non-cardiac patients in the hospital setting, which 
prompted the recommendation for risk adjustment tools to include a functional 
status variable, especially for older patients [14]. Purser et al. determined that 
there was a strong association between slow gait speed (a dimension of frailty) 
using a short walk test (referred to as the 5-m gait speed test), and 6-month 
mortality in hospitalized patients treated for coronary artery disease, and also 
recommended adding some frailty component to risk assessments [15]. Cervera 
et al. were one of the few to study the effect of preoperative functional status on 
mortality in the coronary artery bypass graft (CABG) population, though the de-
finition of impaired functional status was limited to anyone who used assistance 
or an assistive device to ambulate, or had equipment needs such as dialysis or 
oxygen [9]. Interestingly, Cervera et al. did not find limited functional status to 
be a predictor of early morbidity or mortality with CABG patients, however, this 
was a veteran only population, composed almost exclusively of males [9]. A large 
Canadian study by Lee et al. examined patients undergoing elective cardiac sur-
gery and concluded those who had higher mortality rates were predominately 
the ones considered frail (those who had impaired ambulation or limited daily 
living activities), however, Lee et al. did not compare their “frailty” sub-group to 
any cardiac risk score for predictive validity [10]. 

From a clinical perspective, cardiac surgeons have universally accepted risk 
score assessment systems [1] [16] [17] such as the EuroSCORE [17] or Parson-
net score [17] to predict mortality and morbidity risk. The Society of Thoracic 
Surgeons (STS) risk scoring model is the national standard used in the United 
States [8]. Despite their wide use and acceptability, risk score systems produce 
only modest mortality predictions, statistically speaking, and perform poorly in 
predicting morbidity, as they were not originally intended or designed to detect 
morbidity risk [8] [12] [16] [17]. Cardiac risk models do not take into consider-
ation patients’ functional status as part of the risk stratification calculation [1] 
[8] [17] despite the fact that the American College of Cardiology valve treatment 
guideline revision in 2012 acknowledged that frailty (a.k.a. “impaired functional 
status” in research) may be an important outcome predictor in high-risk popula-
tions especially [4]. 

STS made a recommendation in May, 2011, that preoperative functional 
measures such as gait speed be added to the STS database for adult patients 
pending cardiac surgery, in order to aid in stratifying risk [8] [18]. This recom-
mendation was based on findings from a multicenter study in the USA and 
Canada lead by Afilalo et al. which concluded that slow gait speed utilizing a 
5-m distance demonstrated a 2 - 3 fold increase in STS-predicted mortality or 
major morbidity. Going beyond the 5-m walk test, Sundermann et al. found sig-
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nificant associations in their more comprehensive frailty assessment and its pre-
dictive validity with respect to early and 1-year mortality as well as morbidity in 
elective cardiac surgery patients [11] [12]. The comprehensive assessment of 
frailty (CAF) tool by Sundermann et al., however, is laborious to conduct for cli-
nicians, and as yet, has not shown to be superior to cardiac risk score assess-
ments [11]. There has been limited preoperative functional data collected to date 
since the STS announcement and no standardized approach taken with this 
recommendation to evaluate its impact on mortality and morbidity risk [8] [9] 
[10] [11] [12] [18] [19]. 

The gold standard for measuring physical function and capacity has been the 
six-minute walk test but it only accounts for the “physical” component [20] [21]. 
The Late-Life Function and Disability Instrument (LLFDI) is a self-reported 
questionnaire specifically targeting a wide variety of physical activities (function) 
and social life tasks (disability status), which defines one’s functional status [22]. 
This outcome tool was designed to assess community-dwelling and ambulating 
75 to 90 year old adults, and its use has been validated on patients with cardi-
ovascular disease and post-cardiac surgery [21] [23] [24] [25] [26]. The LLFDI 
correlated significantly with the six-minute walk test, but also with the 4.5 m 
walk test, Short Physical Performance Battery, Timed Up and Go, and the Short 
Form 36 (all widely accepted functional measures) in its concurrent validity, re-
liability, precision, and responsiveness with diverse patient populations [27] [28] 
[29] [30]. More comprehensive and perhaps more unique than any of the above 
tests mentioned, the LLFDI also indicates aspects on recreational participation 
and community socialization which significantly impacts one’s quality of life and 
makes this an appropriate tool to use with the cardiac surgical population. 

As of 2010, the risk-adjusted mortality rate for isolated CABG was 2.1% [2] 
and 2.6% for isolated AVR [4] per the 2012 updated guidelines, yet admittedly 
these models fail to include potentially influential risk factors such as impaired 
functional status [4]. While the LLFDI has been proven valid and reliable as a 
tool to measure functional status in a comparable population, to date, there have 
not been any published studies exploring its predictive validity with respect to 
mortality and morbidity [30]. 

2. Methods 
2.1. Study Design 

A non-experimental design using a prospective cohort of subjects undergoing 
elective cardiac surgery from Saint Vincent Health Center between June and 
December 2010 was assembled. Preoperative baseline data was obtained to cal-
culate mortality and morbidity risk and follow-up postoperative data was ab-
stracted at one year to calculate actual mortality and morbidity events. Regres-
sion analysis was conducted to assess the relationship between the LLFDI preo-
perative score (independent/predictor variable) to the STS mortality and mor-
bidity risk scores (dependent/outcome variables). 
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2.2. Participants 

Subjects included in this study were at least 18 years old, able to communicate 
fluently in English, and underwent one of the following elective cardiac surge-
ries: initial or redo coronary artery bypass graft (CABG), valve repair/replacement, 
or any valve/CABG combination procedure. If elective cardiac surgery became 
emergency surgery or a subject failed to submit or sufficiently complete their 
preoperative LLFDI form, they were excluded/terminated from the study. Con-
secutive subjects were screened after they were scheduled to undergo cardiac 
surgery which involved CABG, valve repair/replacement, or valve and CABG 
combination surgery. Eligible subjects were asked to complete a LLFDI ques-
tionnaire preoperatively and this served as the predictor variable for this study. 
This study was approved by the human subjects review committees at Saint 
Vincent Health Center and Western Michigan University. 

2.3. Measures 

In this study, functional status was measured using only the Functional compo-
nent of the LLFDI tool. The Disability component focuses more on recreational 
tasks and community socialization than the daily movements and limitations 
asked in the Function component [22] [23] [24]. Since both the Function and 
Disability components each have strong validity and reliability, they can be used 
as stand-alone tests [21] [22] [23] [24] [29]. The Function component is made 
up of (32) questions using a 0 to 5 Likert scale that start with asking, “How much 
difficulty do you have?” on routine physical actions and daily activities such as 
making a bed or walking up a flight of stairs [22] [23] [24]. The higher the Func-
tion score, the more functionally able/active one is. Each question carries a dif-
ferent weight [21] [22] [23] [24] [29], therefore, the raw scores were converted to 
0 - 100 scaled scores using an accompanying LLFDI computer program. 

2.3.1. Late-Life Function and Disability Instrument (LLFDI) 
The specific demographic and clinical patient information found in Table 1 has 
been identified by the STS to collectively constitute the significant mortality and 
morbidity risk predictors in cardiac surgery [13] [14] [16] [17] [31], and is the 
same information used to calculate these two outcome variables for this study. 
The STS cardiac risk score calculator data version 2.81 was developed in 2007 
and allows health care workers and researchers to estimate individual mortality 
and morbidity risk for cardiac surgery by entering individual clinical data points 
based on these predicted risks [5]. With assistance from the STS data abstractor 
(someone who locates and receives information from medical records and pre-
pares the data for a requester), preoperative clinical data were derived from chart 
reviews prospectively to determine the initial mortality risk, which was calcu-
lated using the STS risk calculator version 2.81. The STS-mortality risk (in per-
centage) is based on 24 covariates [4] (“Preoperative data” column in Table 1), 
individually weighed, and involves mathematical formulas for deriving the end 
calculations which are all proprietary information of STS [5]. The STS risk  
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Table 1. Data abstracted for sts risk estimates and actual postoperative events. 

Preoperative Postoperative 

Age Specific cardiac surgical procedure 

Gender Hospital length of stay 

Ethnicity Postoperative bleeding (return to O.R.; blood products) 

Ejection fraction % (EF) Deep sternal infection 

NYHA Classification Intubation > 24 hours (and re-intubation) 

Creatinine level Creatinine within 72 hours 

Prior cardiovascular surgery Adverse arrhythmia (pacemaker/defibrillator required) 

Number of vessel disease Total cross-clamp time 

Myocardial Infarct history Mortality (all-cause, at 30-days & 1-year) 

Prior neurologic event Neurologic event 

Co-morbidities Co-morbidities (progressed/new diagnoses) 

Valve disease/insufficiency  

Body Mass Index (BMI)  

 
calculator version 2.81 also provides a combined “mortality or morbidity risk” 
estimate (in percentage) from the same calculation method used to estimate 
mortality risk. For this study, the morbidity risk was calculated by subtracting 
the estimated “mortality risk” score from the “mortality or morbidity risk” score, 
since STS does not directly estimate morbidity on its own.  

2.3.2. STS Risk Calculator 
Actual adverse events, which comprise the basis for morbidity risk according to 
the STS, is a composite based on any of the following 5 major complications 
(found in “Postoperative Data” in Table 1): stroke (permanent neurologic 
event > 24 hours as confirmed by diagnostic testing), renal failure (new re-
quirement for dialysis or creatinine level at 3-fold increase from preoperative 
level), prolonged ventilation (>24 hours or reintubation required), deep sternal 
wound infection (requiring operative intervention and antibiotic therapy with 
positive cultures), and need for reoperation (due to major bleeding), as well as 
postoperative death (all-cause by 30 days and by one year-postoperative) [1] [5] 
[8]. The frequency of major complications (a.k.a. adverse events, bolded in Ta-
ble 1 under “Postoperative Data”) were calculated in this study and compared 
against the individual’s predicted morbidity risk score as estimated by the 
LLFDI. 

Because mortality and morbidity data is often extended beyond the patients’ 
hospitalization, including postoperative data at 30 days and as far out as one year 
[16] [31], retrospective data abstraction was also used to capture this trend. The 
additional postoperative clinical data (entire “Postoperative Data” column in 
Table 1) were abstracted prospectively from chart reviews during the subject’s 
hospitalization and again retrospectively one year post-surgery, in order to cal-
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culate actual complications (morbidity events stated above), any readmissions 
within 30 days, as well as any listing of death (checked in medical records and 
obituary searches statewide). Data from the subjects’ medical records (Table 1) 
were accessed and extracted using McKesson Electronic Medical Record Systems 
and MIS medical records and compiled on a disc. All information was trans-
ferred onto an Excel spreadsheet, de-identified, and verified for accuracy against 
the hardcopy, which was then destroyed. 

2.4. Data Analysis 

All data were analyzed using the statistical package Stata 14 (StataCorp, College 
Station, TX). Study demographics were collected (Table 2) on gender, age, and 
race/ethnicity as well as preoperative functional status (measured by the LLFDI 
Function Total score), and surgical mortality and morbidity risk as based on the 
STS risk calculator scores (in percentage). Descriptive statistics on the sample 
demographics were examined for frequency distribution and assumptions of 
normality. Ordinary least square regression was conducted to estimate mortality 
and morbidity risk using preoperative functional status (LLFDI Function Total) 
as the explanatory variable. Negative binomial regression was conducted to es-
timate the frequency and probability of adverse events (major complications) 
utilizing the LLFDI. Data were considered significant at p < 0.05. 

3. Results 
3.1. Baseline Demographics and Variable Distribution 

The study cohort consisted of 43 subjects with completed preoperative LLFDIs 
for analysis (Figure 1). Subjects ranged from 45 to 83 years with a mean age of 
66 ± 9.7 years; 28% were female and 95% were Caucasian (Table 2). All 43 sub-
jects were alive 30 days postoperative; however, one (2.3%) subject had died 
within one year post-surgery. Eighty-four percent of the cohort underwent co-
ronary bypass graft surgery (initial or redo), but for analysis purposes, all cardiac 
surgical procedures were combined, including valve surgeries, which made up 
16% (repair, replacement, or in combination with bypass surgery). 

Functional status, mortality and morbidity risk scores were assessed for nor-
mality, however; both mortality and morbidity risk scores evidenced significant 
departure from normality when Shapiro-Wilk test was conducted. Quan-
tile-normal plots were generated to determine best fit for transformation and log 
transformation was determined for both outcome variables. After the necessary 
variables were transformed, all the assumptions of normality were met for analy-
sis purposes.  

3.2. Regression Analysis 

The regression of mortality risk on functional status was found to be significant, 
F (1, 41) = 4.96, p = 0.032, providing an adjusted R2 = 0.086. Function Total 
yielded a significant negative association with mortality risk, β = −0.328.  
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Table 2. Patient characteristics and LLFDI validation demographics. 

Patient Characteristics 
(based on n = 43) 

LLFDI demographics 
(based on n = 150) 

Gender 
Female 
Male 

12 (28%) 
31 (72%) 

Female 23% 
Male 77% 

Age 
Range 45 - 83 years 

(SD 9.74) M = 66.35* 
Range 60 - 90 years 

Race/Ethnicity 

Caucasian 41 (95%) 84% 

Hispanic or Latino 1 (2%) 5% 

African American 1 (2%) 7% 

Surgical Approach 

CABG—on pump 30 (72.1%) --- 

CABG— off pump 5 (11.6%) --- 

CABG - both types combined, 35 (83.7%) --- 

Valve replacement/repair alone or with  
CABG 8 (16.3%) 

--- 

Preoperative 
Functional Status 

LLFDI Function Total 
(score range 0 - 100) 
M = 61.39 (SD 9.41) 

LLFDI Function Total 
(score range 0 - 100) 
M = 62.9 (SD 13.0) 

Mortality Risk (%) M = 1.47 (SD 1.31) n/t 

Morbidity Risk (%) M = 10.23 (SD 4.27) n/t 

Late-Life Function and Disability Instrumentn/t = not tested. CABG = Coronary Artery Bypass Graft 
*compared to national mean age of 64.9 years for CABG (STS, 2010). 

 

 
Figure 1. Late-Life Function and Disability Instrument (LLFDI) data flow diagram. 
 
Regression diagnostics indicated that normality of residuals and homoscedastic-
ity assumptions were met. Analysis to detect influential observations using 
Cook’s distance revealed the presence of two potentially influential cases. Both 
cases were deleted and the analysis was rerun. The equation for mortality (Table 
3) was found to be significant, F (1, 39) = 4.75, p = 0.035, with an adjusted R2 = 
0.086, and Function Total yielded a significant negative association with mortal-
ity risk, β = −0.329. 

The equation for morbidity risk was not significant, F (1, 41) = 2.66, p = 0.11, 
providing an adjusted R2 = 0.038. Function Total yielded a significant negative 
association with morbidity risk, β = −0.247. Normality of residuals and homos-
cedasticity assumptions were met. Analysis for the presence of influential  
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Table 3. Bivariate least squares regression analysis: mortality risk (N = 41). 

Variable B SE B β Adjusted R2╪ 

Functional Total −0.044 0.013 −0.469* 0.086 

*p < 0.05; **p < 0.01; ╪Adjusted R2 was based on reverse transformation of the dependent variable; B 
= Slope; SE B = Standard Error of Slope; β = Standardized Slope. 
 
observations using Cook’s distance revealed one potentially influential case. The 
regression equation for morbidity following deletion of this observation (Table 
4) was found to be significant, F (1, 40) = 4.89, p = 0.033, with an adjusted R2 = 
0.087 and Function Total yielded a significant negative association with morbid-
ity risk, β = −0.328. 

Results for the negative binomial regression analysis appear in Table 5. Esti-
mation of the counts for postoperative complications as estimated by Function 
Total failed to reach significance (Wald χ2 = 0.34, p = 0.56), which provided a 
pseudo R2 = 0.009. Consequently, probabilities for frequencies of adverse events 
(major complications) could not be reliably calculated. 

4. Discussion and Conclusion 

Preoperative functional status, as measured by LLFDI Function Total, yielded 
significant findings in predicting both mortality and morbidity risk in elective 
cardiac surgery. Although the LLFDI outcome measure has been widely used 
with the cardiac population (e.g., cardiac rehab post-bypass surgery, coronary 
heart disease, congestive heart failure) [26] [30] [32], to date, this is the only 
known research study to have explored the predictive validity of the LLFDI in 
terms of mortality and morbidity risk in elective cardiac surgery patients [30]. 
What is not known is how much of the variance for mortality or morbidity risk 
can be accounted for by LLFDI preoperative Function Total. With such a small 
sample size, comparing the LLFDI is infeasible against such an exhaustive list of 
cardiac surgery risk factors that includes every possible influencing variable [1] 
[8] [9]. A larger sample in the future would help detect if clinically relevant ef-
fects occurred and may strengthen the overall power of this study. 

Despite the overall significance found with the LLFDI, there were two cases 
deemed the exception as they were flagged as unduly influencing the mortality 
risk results due to their individual functional scores: one was unexpectedly high 
and the other was extremely low. Consequently, the LLFDI was a poor predictor 
of mortality risk in these two cases. As stated earlier, there are numerous poten-
tial variables that can influence cardiac surgery complications and mortality. It is 
essential to isolate as many of the key influencing variables as possible when us-
ing surgical risk predictor tools such as STS, otherwise calculating the estimate 
may be flawed, and on elective procedures especially, accuracy is paramount. In 
an attempt to examine the effect of the LLFDI alone, there certainly could have 
been another unexplained covariate(s) acting or anomalies occurring within the 
accounted STS variables. 
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Table 4. Bivariate least squares regression analysis: morbidity risk (N = 42). 

Variable B SE B β Adjusted R2╪ 

Functional Total −0.014 0.006 −0.328* 0.087 

*p < 0.05; **p < 0.01; ╪Adjusted R2 was based on reverse transformation of the dependent variable; B 
= Slope; SE B = Standard Error of Slope; β = Standardized Slope. 

 
Table 5. Negative binomial regression analysis: Frequency of complications (N = 43). 

Variable B SE B Pseudo R2 

Functional Total −0.031 0.053 0.009 

*p < 0.05; ** p < 0.01; B = Slope; SE B = Standard Error of Slope. 
 
The LLFDI overestimated morbidity in one case and consequently was a poor 

predictor of morbidity risk in this one case. Interestingly, this case was one of 
the two cases that was also problematic with regard to mortality risk. Overall, 
results of the regression analysis were an accurate reflection of the association 
between the variables in the vast majority of the cases. Furthermore, finding a 
significant association between the LLFDI Function Total and STS morbidity 
risk, as well as LLFDI Function Total and STS mortality risk, suggests that the 
STS cardiac risk score may need to be refined. 

This study had limitations with attrition rate from obtaining consents to re-
ceiving preoperative LLFDIs of 29% (n = 22). One explanation may have been 
that subjects were met briefly and typically after they just received news of 
needing cardiac surgery without much time to process all of the information. 
Unfortunately, there is only a small window of time (roughly two hours) to ap-
proach these potential subjects in person after all of their consults and tests have 
been completed and before they are discharged. This issue could potentially be 
improved in future studies by conducting a follow-up call at home 1 - 2 days af-
ter the initial contact and prior to surgery. 

Conducting this study at a single site with a sample of convenience (i.e., elec-
tive, primarily on-pump cases) without a control group certainly challenges the 
ability to generalize findings to the cardiac surgery population. Closer examina-
tion of the data revealed that all but five of the participating subjects that un-
derwent CABG surgery (n = 35), were performed on-pump, and of the eight 
subjects who underwent valve repair or replacement, three of the valve proce-
dures was a combination valve/CABG surgery. Additionally, two of the valve 
cases were mitral valve surgeries, which naturally carry higher mortality risk, 
however; all of these sub-groups were too small to do any comparative studies 
on mortality and morbidity influence. Regardless of the cardiac surgery per-
formed, however, preoperative diminished functional status, as measured by the 
Late-Life Function and Disability Instrument, is associated with an increased 
risk of mortality and morbidity in patients undergoing elective cardiac surgery. 
The risks and benefits of cardiac surgery should be weighed carefully and in-
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clude a patient’s preoperative functional status, especially in the case of an elec-
tive procedure. 
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