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Abstract

Background—Frailty has emerged as an important predictor of operative risk among elderly

surgical patients. However, the complexity of prospective frailty scores has limited their

widespread use. Our goal was to develop two frailty-based surgical risk models employing only

routine preoperative data. Our hypothesis was these models could easily integrate into an

electronic medical record (EMR) to predict 30-day morbidity and mortality.

Study Design—ACS-NSQIP participant use files from 2005–2010 were reviewed, and patients

≥65 years old who underwent elective lower gastrointestinal surgery were identified. Two

multivariate logistic regression models were constructed and internally cross-validated. The first

included simple functional data, a comorbidity index based on the Charlson Comorbidity Index,

demographics, BMI, and laboratory data (albumin <3.4g/dL, hematocrit<35%, creatinine>2mg/

dL). The second model contained only parameters that can directly auto-populate from an EMR:
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demographics, laboratory data, BMI, and ASA score. To further assess diagnostic accuracy,

receiver operating characteristic (ROC) curves were constructed.

Results—76,106 patients met criteria for inclusion. 30-day mortality was seen in 2,853 patients

or 3.7% of the study population. 18,436 patients (24.2%) experienced major complication. The c-

statistic of the first expanded model was 0.813 for mortality and 0.629 for morbidity. The second

simplified model had a c-statistic of 0.795 for mortality and 0.621 for morbidity. Both models

were well calibrated per the Hosmer-Lemeshow test.

Conclusions—Our work demonstrates that routine preoperative data can approximate frailty

and predict geriatric-specific surgical risk. The models’ predicative power was comparable to that

of established prospective frailty scores. Our calculator could be used as a low cost simple screen

for high-risk individuals who may require further evaluation or specialized services.

Introduction

Individuals over the age of 65 represent the fastest growing segment of the population,1,2

and account for over 40% of all surgical procedures.3 Although age alone cannot adequately

predict operative outcome,4–6 seniors are at high risk of operative morbidity and

mortality.7,8 This is particularly true for elderly patients undergoing non-emergent colorectal

surgery. Colorectal patients account for the largest number of geriatric postoperative deaths

and a significant proportion of all postoperative complications.9 As such, the ability to

efficiently and proactively identify these patients is critical for patient counseling, shared

decision-making, and resource allocation.

Geriatric medicine has long recognized frailty, a state of decreased physiologic reserve, as

essential to the assessment and treatment of community-dwelling seniors.10,11 While frailty

is not a condition limited to the elderly, it is a useful way of describing a population that is

characterized by multimorbidity. Recently, the surgical literature has adopted this concept,

and frailty markers such as weakness, impaired gait or balance, and decreased function have

been shown to positively correlate with the risk of postoperative death and

complication.12,13 However, the complexity and intensity of formal prospective frailty

assessments has prohibited their widespread preoperative use. 14 One practical barrier is the

need for specialized testing or evaluation, which is time-consuming, and in many

community-based settings is not readily available.14

We hypothesized that we could use routinely collected clinical data to approximate frailty

and predict the risk of 30-day postoperative morbidity and mortality among elderly

colorectal surgery patients. In this study, we use the American College of Surgeons National

Surgical Quality Improvement Program (ACS-NSQIP), a high-fidelity database of

perioperative information, to develop and evaluate two geriatric-specific surgical risk scores.

The first is a model that closely approximates the modified frailty index (mFI), 15–17 and

therefore includes fields that must be manually entered by NSQIP participant institutions

(e.g., transfer status, functional level). Though these are simple parameters and do not

require a geriatrics consult, they still require input from a trained individual, are subject to

input error, and cost $10,000–29,000 per institution.18 The second model employs only

routine parameters that can be directly auto-populated from an electronic medical record
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(EMR). The latter would be a valuable resource for clinicians facing the time and economic

constraints of the busy preoperative period. Finally, we compare prognostic ability of both

the expanded and simple model with that of an established prospective frailty model.19,20

Methods

Study Population

ACS-NSQIP participant use files from 2005–2010 were obtained with permission from our

institutional NSQIP official. Patients ≥65 years of age who underwent elective lower

gastrointestinal (GI) surgery were identified by Clinical Classifications Software (CCS)

codes.21 The most common lower gastrointestinal procedures were selected for inclusion

(CCS: 72, 73, 75, 78, 87, 89, 90, 96, and 99, Table 1). Emergency cases and individuals with

an American Society of Anesthesiologists Physical Status (ASA PS) score of 5 were

excluded.

NSQIP is a large national database, designed to measure and improve hospital-based

surgical care.22 Its methodology has been previously described.22–24 In brief, the NSQIP

dataset includes standardized data on patient demographics, preoperative comorbidities,

labs, intraoperative variables, and 30-day postoperative outcomes for adult patients

undergoing surgery. Data is collected and abstracted by trained Surgical Clinical Reviewers

at each NSQIP site, and audited to ensure validity. 18

Approximating Frailty

Our retrospective models included markers representative of frailty and its underlying

physiologic dysregulation. Specifically, we quantified and operationalized the domains

outlined in Robinson’s prospective frailty index (impaired cognition, poor nutrition,

decreased physical function, chronic disease burden, and geriatric syndromes).19,20 The

models’ predictive power was further enhanced by the addition of laboratory markers

relating to frailty’s pathophysiology of chronic inflammation and sarcopenia (albumin,

hematocrit, and creatinine).25

Expanded Risk Prediction Model: Independent Variables

Demographic variables included age, sex, and race. The preoperative frailty characteristics

assessed were: poor nutrition and inflammation as captured by a serum albumin of <3.4

g/dL;20,26 muscle mass and chronic renal insufficiency as defined by a serum creatinine of

>2mg/dL; 27,28 and anemia, defined as a hematocrit of less than 35%.20,29 The geriatric

syndrome of cognitive dysfunction20 was captured by the NSQIP variable for impaired

sensorium (IMPSENS). Functional disability was assessed by FNSTATUS2. Patients

dependent in >1 activity of daily living (ADL) were coded as “partially dependent,” while

those requiring total assistance for all ADLs were coded as “totally dependent.” Transfer

status (TRANSTGRP) was also employed as a surrogate measure of fall risk and weakness.

Patients were transferred from one of three locations: an inpatient unit or outside hospital

(acute care facility), a nursing home or chronic care unit (chronic care facility), or admitted

directly from home. Physical health and fitness was described by the American Society of
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Anesthesiologists Physical Status score (ASACLAS). This score ranges from 1 (healthy) to

5 (moribund). 30

Lastly, a comorbidity index was created by translating the previously published Canadian

Study of Health and Aging Frailty Index (CSHA-FI)31 and Charlson Comorbidity Index

(CCI)32 to the NSQIP dataset. The modified frailty index 15,33 and an adapted CCI34–36

have been shown to have similar efficacy and predictive power as their original indices. The

comorbidity index was calculated for each patient by dividing the number of variables

present by the total number assessed (n/12). These included a history of diabetes mellitus

(DIABETES); chronic obstructive pulmonary disease (HXCOPD); congestive heart failure

(HXCHF); myocardial infarction (HXMI); percutaneous coronary intervention, stenting or

angina (PRVPCI or HXANGINA); hypertension requiring medication (HYPERMED);

peripheral vascular disease (HXPVD or RESTPAIN); transient ischemic attack or

cerebrovascular accident (HXTIA or CVANO); cerebrovascular accident with neurological

deficit (CVA); esophageal varices (ESOVAR); ascites (ASCITES); or disseminated cancer

(DISCANCR).

Electronic Risk Prediction Model: Independent Variables

This simplified frailty model included only variables universal to EMRs. These high-fidelity

predictors have the potential to be auto-populated into an electronic risk assessment tool,

and do not require additional evaluation or interview. As above, demographic information

included age, sex, and race. Preoperative frailty characteristics included serum albumin

<3.4g/dL, hematocrit <35%, a serum creatinine of >2mg/dL, and ASA PS score.

Outcomes

The primary outcome variables were 30-day mortality and major postoperative morbidity.

Major postoperative morbidity was defined to parallel that evaluated by Robinson et al.19,20

and included: cardiac arrest, myocardial infarction, pneumonia, pulmonary embolism,

reintubation, renal insufficiency, cerebral vascular accident, coma >24 hours, deep wound

surgical site infection, superficial surgical site infection, urinary tract infection, sepsis, deep

vein thrombosis, and reoperation.

Statistical Analysis

Percentages were used to describe demographic data and the proportion of observed

complications. The mean and standard deviation was reported for age; the median and range

was reported for preoperative laboratory values and body mass index (BMI). Multivariate

logistic regression models were constructed via forward stepwise selection using the

hypothesis driven variables specified. Goodness of fit was evaluated by the Hosmer-

Lemeshow test.37 We then preformed an internal n-1 cross-validation.38 Specifically, the

cross-validated predicted probability was calculated by fitting the model on n-1 subsamples

and retaining one observation for validation. The resultant model was then used to compute

the predicted probability for the retained observation. Receiver Operating Characteristic

(ROC) curves were constructed for the original and cross-validated models. Statistical

significance was defined as a p value <0.05. All analyses were done using SAS version 9.3

(SAS Institute Inc., Cary, NC).
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Results

Demographics

A total of 248,748 ACS-NSQIP participant use files were reviewed, and of these, 76,106

met age and CCS criteria for inclusion (Figure 1). Demographics and baseline preoperative

characteristics are reported in Tables 2 and 3. Of the total cohort, 46.3% were male and

81.0% were Caucasian. The mean age was 74.35 ± 6.50 years. In order to protect patient

identity, the NSQIP dataset codes patients >89 years old as 89. Table 1 reports the

distribution of surgical procedures within the study population. Colorectal resection was the

most common procedure performed (n=38,298 or 50.3%), followed by “other or lower GI

therapeutic procedures” and “other or GI therapeutic procedures” (n=9,614 or 12.6% and

9,142 or 12.0% respectively). The most common diagnoses or indication for surgery was

colorectal cancer or other malignancy (n= 21,769 or 28.6% and 20,622 or 27.1%

respectively). See Figure 2.

Outcomes

Thirty-day mortality was seen in 2,853 patients or 3.7% of the study population. Major

complications were seen in 18,436 patients or 24.2% of the total cohort. The frequency of

specific postoperative complications is reported in Figure 1. The most common major

complication was superficial surgical site infection (n=5,171), followed by reoperation and

sepsis (n = 4,852 and 3,866 respectively). 1,928 or 10.5% of patients with major morbidity

went on to experience 30-day mortality.

Expanded Risk Prediction Model

The results of the expanded frailty risk models are reported in Table 4. Impairments in either

cognition or function were highly associated with adverse perioperative outcome. Patients

with total dependence in ADL were 3.661 times more likely to die (95% Confidence Interval

[CI]: 3.172, 4.226; p<0.001) and 2.078 times more likely to have a major complication (95%

CI: 1.866, 2.314; p<0.001). Impaired sensorium was associated with 1.511-increased odds of

death (95% CI: 1.215, 1.878; p<0.001) and 1.205 increased odds of major morbidity (95%

CI: 1.013, 1.434; p=0.035). Additionally, patients with low preoperative albumin were 2.299

times more likely to die within 30 days (95% CI: 2.078, 2.542; p<0.001) and were 1.340

times as likely to experience major complication (95% CI: 1.280, 1.402; p<0.001).

The 30-day risk of death and major complication was positively correlated with the level of

preoperative comorbidity. Patients with ASA PS class of IV had a 3.026-fold increased risk

of mortality (95% CI: 1.413, 6.483; p<0.001) and a 2.605-fold increased risk of morbidity

(95% CI: 2.081, 3.362; p<0.001). Patients with a comorbidity index of ≥0.3 (≥3 preoperative

comorbidities) were 2.680 times more likely to die (95% CI: 2.202, 3.260; p<0.001) and

1.404 times more likely to have major postoperative complication (95% CI: 1.272, 1.549;

p<0.001).

The c-statistic for mortality was 0.813, and per the Hosmer-Lemeshow test, had good fit

(p=0.367). The cross-validated c-statistic was 0.810. The model for major morbidity was
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well calibrated (Hosmer-Lemeshow p=0.455) with a c-statistic of 0.629 and 0.627 for the

original and cross-validated ROC curves respectively.

Electronic Risk Prediction Model

The results of this simplified “auto-populated” prediction model are reported in Table 5. As

above in the expanded model, preoperative comorbidity and serum albumin significantly

predicted perioperative morbidity and mortality. Patients with ASA PS class IV had a 5.884-

increased risk of mortality (95% CI: 2.768, 12.507, p<0.001) and a 3.281-increased risk of

mortality (95% CI: 2.548, 4.225, p<0.001). Low preoperative albumin was associated with a

2.902-fold increased risk of death (95% CI: 2.636, 3.195; p<0.001) and a 1.499-fold

increased risk of postoperative complication (95% CI: 1.434, 1.567; p<0.001).

The predictive power of the electronically streamlined model was similar to the expanded

frailty model above (Figure 3). The c-statistic for mortality was 0.795 and the model had

good fit (Hosmer-Lemeshow p=0.202). The cross-validated c-statistic was 0.793. The model

for major morbidity had a c-statistic of 0.621 (cross-validated = 0.620), and per the Hosmer-

Lemeshow test also had good fit (p=0.601).

Discussion

In this study we developed and evaluated two risk models that use only routine preoperative

data to approximate a measure of frailty. One model included NSQIP variables which

require entry by trained personnel, while the other included only those variables that could

auto-populate from a EMR. Both of these models predicted perioperative death with similar

accuracy to that of an established prospective frailty risk score (c-statistic = 0.813 and 0.795

vs 0.846).19 Our ability to forecast major postoperative morbidity was somewhat less

predictive as compared to Robinson’s prospective score (c-statistic = 0.629 vs 0.702).

However, it should be noted that Robinson’s model accounted for only 7% more variance in

the outcome.

This difference could be related to the high prevalence of superficial surgical site infection

(SSI) and reoperation observed in our study (54.4% of all complications). It is possible that

frailty may not fully explain these outcomes; rather they reflect known risk factors for

infection such surgical or antiseptic technique, antimicrobial prophylaxis, ASA PS, and

obesity.39–41 SSI was included in our definition of major morbidity so as to parallel the

outcomes assessed by both Robinson and the ACS-NSQIP risk calculator. Furthermore,

there is substantial evidence to suggest that SSI is associated with significant morbidity and

mortality (5-fold increased risk of death, longer postoperative hospitalization, and

considerable financial costs).42,43 Nevertheless, there remains a subset of patients who

experience only SSI, and none of the other major complications. Therefore, we created a

morbidity model that excluded patients who had SSI as their only complication (data not

shown). The predictors, odds ratios, and c-statistics were similar to the models presented in

our manuscript. This suggests that SSI is collinear with other postoperative complication and

our morbidity model is robust.
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It is notable that the odds of mortality were highest among patients with a BMI <18, many

of whom are likely cachectic. This supports prior frailty literature establishing a link

between sarcopenia and mortality, and is consistent with the high proportion (>55%) of

cancer patients included in our study.25,44 In contrast, we found that the odds of major

complications increased with BMI >30. Other studies using the NSQIP dataset have

replicated these findings in a variety of surgical subpopulations including abdominal, breast

and lumbar surgery. 45–47

Our work builds on three existing models: the mFI, the ACS-NSQIP surgical risk calculator,

and the above Robinson score. We integrate and expand on their findings to construct a

frailty-based tool that predicts patient-specific operative risk. The mFI defines frailty as a

sum of comorbidities and disabilities, and maps 11 predictors from the CSHA-FI to existing

NSQIP variables.15 A recent study of 58,448 colectomy patients demonstrated that patients

identified as frail by the mFI were at increased risk for 30-day Clavien class IV or class V

complications (Odds Ratio [OR] 14.4, p=0.001).16 The ACS-NSQIP surgical risk calculator

is a web-based tool that estimates patient-specific postoperative risk. This universal tool

requires physicians to manually enter 21 preoperative demographics and comorbidities.

While this can be cumbersome in the immediate preoperative period, a recent study by

Bilimoria et al. found it highly predictive of 30-day mortality (c-statistic=0.944) and

morbidity (c-statistic=0.816).48

Nevertheless there are several key distinctions between our work and the studies discussed

above. First, both of our models are geriatric-specific and were developed in a high-risk

elderly surgical population. Additionally, in contrast to the mFI and ACS-NSQIP risk

calculator, which rely heavily on detailed past medical history, the EMR version of our

model excludes comorbidities and requires minimal patient-provider interaction. This is

notable as a recent study by Gibby et al. found that 15% of outpatient preanesthetic EMRs

are missing the patient’s history and physical.49 Our work demonstrates that it is possible to

have a high-fidelity predictive model based on a “bare bones” medical assessment.

This study has five main limitations. First, the NSQIP dataset captures a relatively narrow

patient population. Only 10% of all US hospitals participate in ACS-NSQIP, the majority of

them large academic centers.18 Additionally, the study was restricted to elderly colorectal

surgical patients, and included a predominantly Caucasian sample. As such, it is unclear if

our results would be generalizable to community-hospitals, younger patients, or other

surgical populations. Second, because of NSQIP’s structure, the model cannot account for

clustering or variations in outcome by hospital center or surgeon. Nor can it fully assess

slowness or endurance, domains included in the more traditional definition of phenotypic

frailty.10 Third, similar to most frailty studies, we did not add the indication for surgery into

our model. Although we did eliminate emergency procedures, future analyses could consider

the impact of preoperative diagnosis. Fourth, prior research suggests that there is a non-

linear relationship between frailty and the number of physiologic systems impaired.50 As

such, the measures and biomarkers included in our retrospective models may not be

sensitive enough to capture the risk of complication for individuals who are “pre”-frail.

Finally, this study is retrospective in design, and therefore merits prospective validation.
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Future prospective studies are necessary to evaluate whether the EMR risk model is

appropriate for screening other high-risk procedures and patient populations. Increasingly,

patients and providers are able to choose between more and less invasive procedures eg.

transaortic catheter valve replacement vs. aortic valve replacement. In this scenario, our

EMR model could be immediately available for preoperative consultation and decision-

making. Additional research is necessary to determine whether the availability of this

patient-specific information changes postoperative outcomes as compared to the standard to

care.

In conclusion, frailty has emerged as an important predictor of postoperative risk. However,

the complexity of formal prospective frailty scores may restrict their use to larger academic

medical centers. As the greatest number of elderly patients have surgery at smaller

community hospitals,9 the creation of an economical, timely, and widely accessible

preoperative frailty risk score is imperative. We have developed two simple geriatric-

specific models that predict 30-day postoperative mortality with similar accuracy to that of

formal geriatric evaluation. These models have the potential to extend geriatric risk-

stratification to resource-poor settings, guide patient counseling, and ultimately inform the

design of interventions to improve operative outcomes.
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Abbreviations

ACS-NSQIP American College of Surgeons National Surgical Quality Improvement

Program

ADL activities of daily living

ASA PS American Society of Anesthesiologists Physical Status

AUC area under the curve

BMI body mass index

CCI Charlson Comorbidity Index

CCS Clinical Classifications Software

CHSA-FI Canadian Study of Health and Aging Frailty Index

CI confidence interval

COPD Chronic Obstructive Pulmonary Disease

CVA cerebrovascular accident

EMR electronic medical record

GI gastrointestinal
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mFI Modified Frailty Index

OR odds ratio

PCI percutaneous coronary intervention

PCS prior cardiac surgery

ROC receiver operating characteristic

SSI superficial surgical site infection
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Figure 1.
Study design and patient outcomes. A total of 248,748 ACS NSQIP participant use files

from 2005 to 2010 were reviewed. Of these, 76–106 were ≥65 years old and met CCS code

criteria for inclusion. During the review period, major complications were seen in 18.436

patients, and 1,928 (10.5%) of this subgroup went on to experience 30-day mortality.

Overall, 30-day mortality was seen in 2,853 patients or 3.7% of the total study cohort.
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Figure 2.
Diagnoses by CCS code. GI, gastronintestinal.
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Figure 3.
ROC curves. The area under the curve (AUC) is compared with that of the null hypothesis

(AUC = 0.5, diagonal line). The AUC or c-statistic for the original and cross-validated

models were not dissimilar. For the auto-populated model, the AUC for (A) 30-day

mortality was 0.795, and (B) 0.623 for major morbidity.

Amrock et al. Page 14

J Am Coll Surg. Author manuscript; available in PMC 2015 October 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Amrock et al. Page 15

Table 1

Procedures by CCS Code

CCS Code Description
Patients, n (%)
(n = 76,106)

72 Colostomy 1,786(2.3%)

73 Ileostomy or other enterostomy 5,718 (7.5%)

75 Small bowel resection 4,464 (5.9%)

78 Colorectal resection 38,298 (50.3%)

87 Laparoscopy 2,487 (3.3%)

89 Exploratory laparotomy 2,760 (3.6%)

90 Excision or lysis of peritoneal adhesions 1,837 (2.4%)

96 Other or lower GI therapeutic procedures 9,614 (12.6%)

99 Other or GI therapeutic procedures 9,142 (12.0%)
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Table 2

Patient Demographics and Baseline Characteristics

Variable Total (n = 76,106) Major morbidity (n = 18,436) 30-d mortality (n = 2,853)

Demographics

 Age, y, mean ± SD 74.35 ± 6.50 74.68±6.54 76.89±6.68

 Male, n (%) 35,243 (46.3) 9,025 (48.9) 1,489 (52.2)

 Race, n (%)*

  White 61,624 (81.0) 14,752 (80.0) 2,289 (80.2)

  Black 5,783 (7.6) 1,639 (8.9) 257 (9.0)

  Asian or Hawaiian 1,888 (2.5) 384 (2.1) 49 (1.7)

  Other 6,811 (9.0) 1,661 (9.0) 258 (9.0)

Preoperative variables

 BMI, kg/m2, median (range) 26.5 (8.4–170.6) 26.6 (10.0–89.4) 25.60 (8.4–85.3)

 ASA Class, n (%)

  I 568 (0.8) 73 (0.4) 7 (0.2)

  II 23,886 (31.4) 3,983 (21.6) 204 (7.2)

  III 45,107 (59.3) 11,730 (63.6) 1,660 (58.2)

  IV 6,473 (8.5) 2,633 (14.3) 980 (34.3)

  Null 49 (0.6) 13 (0.0) 1 (0.0)

 Transfer status, n (%)

  Acute care facility 2,233 (2.9) 919 (5.0) 284 (10.0)

  Chronic care facility 1,673 (2.2) 636 (3.4) 206 (7.2)

  Home 71,942 (94.5) 16,786 (91.0) 2,342 (82.0)

  Null 258 (0.3) 95 (0.5) 21 (0.7)

 Impaired sensorium, n (%) 589 (0.8) 283 (1.5) 143 (5.0)

 Weight loss, n (%) 5,661 (7.4) 1,762 (9.6) 446 (15.6)

 Functional status, n (%)

  Independent in ADL 68,365 (89.8) 15,191 (82.2) 1,712 (60.0)

  Dependent in >1 ADL 7,731 (10.2) 3,240 (17.7) 1,139 (39.9)

  Null 1 (0.0) - -

Hematocrit, %, median (range) 37 (8.0–58.9) 36 (8.4–58.5) 33 (11.2–53.0)

Albumin, g/dL, median (range) 3.7 (1.0–9.8) 3.5 (1.0–9.7) 2.9 (1.0–8.5)

Creatinine, mg/dL, median (range) 0.9 (0.1–15.0) 0.9 (0.1–15.0) 1.0 (0.1–15.0)

*
Racial categories may include Hispanic ethnicity.

ADL, activities of daily living; ASA, American Society of Anesthesiologists; BMI, body mass index.
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Table 3

Baseline Patient Characteristics and Comorbidity

Variable Total (n = 76,106) Major morbidity (n = 18,436) 30-d mortality (n = 2,853)

Myocardial infarction 669 (0.9%) 275 (1.5%) 89 (3.1%)

Congestive heart failure 1,161 (1.5%) 487 (2.6 %) 228 (8.0%)

Previous PCI 6,892 (9.1%) 2,026 (11.0%) 398 (14.0%)

Previous PCS 7,190 (9.5%) 2,085 (11.3%) 470 (16.5%)

Angina 671 (0.9%) 242 (1.3%) 57 (2.0%)

Hypertension on medication 51,531 (67.7%) 13,054 (70.8%) 2,144 (75.1%)

COPD 6,314 (8.3%) 2,301 (12.5%) 554 (19.4%)

Diabetes

 Insulin 5,364 (7.1%) 1,701 (9.2%) 353 (12.4%)

 Oral 10,158 (13.3%) 2,523 (13.7%) 412 (14.4%)

Peripheral vascular disease 1,783 (2.3%) 648 (3.5%) 166 (5.8%)

Rest pain/gangrene 135 (0.2%) 61 (0.3%) 22 (0.8%)

Transient ischemic attack 3,287 (4.3%) 915 (5.0%) 168 (5.9%)

CVA without deficit 2,506 (3.3%) 722 (3.9%) 161 (5.6%)

CVA with deficit 2,512 (3.3%) 833 (4.5%) 188 (6.6%)

Esophageal varices 130 (0.2%) 42 (0.2%) 22 (0.8%)

Ascites 1586 (2.1%) 580 (3.1%) 330 (11.6%)

Disseminated cancer 5,435 (7.1%) 1,512 (8.2%) 493 (17.3%)

CVA, cerebrovascular accident; PCI, percutaneous coronary intervention; PCS, previous cardiac surgery.
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Table 4

Multivariate Logistic Regression: Expanded Frailty Model

Mortality Major Morbidity

Variable Odds Ratio (95% CI) p Value Odds Ratio (95% CI) p Value

Age 1.036 (1.030, 1.043) <0.001 - -

Female 0.820 (0.757, 0.890) <0.001 0.884 (0.854, 0.915) <0.001

Race*

 African American 0.836 (0.724, 0.964) 0.014 1.098 (1.031, 1.168) 0.003

 Asian or Hawaiian 0.791 (0.587, 1.067) 0.125 0.899 (0.801, 1.010) 0.074

BMI, kg/m2

 10–18 1.402 (1.159, 1.697) <0.001 1.000 (0.898, 1.114) 0.996

 25–35 0.805 (0.731, 0.887) <0.001 1.029 (0.987, 1.073) 0.182

 30–35 0.755 (0.667, 0.856) <0.001 1.116 (1.061, 1.175) <0.001

 >35 0.727 (0.626, 0.844) <0.001 1.301 (1.225, 1.382) <0.001

ASA Class

 II 0.636 (0.296, 1.370) 0.248 1.315 (1.025, 1.689) 0.032

 III 1.515 (0.710, 3.231) 0.282 1.900 (1.481, 2.438) <0.001

 IV 3.026 (1.413, 6.483) 0.004 2.605 (2.081, 3.362) <0.001

Transfer status

 Acute care facility 1.262 (1.088, 1.465) 0.002 1.320 (1.204, 1.448) <0.001

 Chronic care facility 0.865 (0.728, 1.027) 0.097 0.982 (0.879, 1.096) 0.740

Functional status

 Partially dependent 1.950 (1.753, 2.170) <0.001 1.534 (1.443, 1.631) <0.001

 Totally dependent 3.661 (3.172, 4.226) <0.001 2.078 (1.866, 2.314) <0.001

Impaired sensorium 1.511 (1.215, 1.878) 0.002 1.205 (1.013, 1.434) 0.035

Hematocrit

 <25% 1.369 (1.080, 1.735) 0.010 1.264 (1.100, 1.453) 0.001

 25–35% 1.232 (1.125, 1.348) <0.001 1.106 (1.063, 1.150) <0.001

Albumin <3.4 g/dL 2.299 (2.078, 2.542) <0.001 1.340 (1.280, 1.402) <0.001

Creatinine >2 mg/dL 1.490 (1.302, 1.706) <0.001 - -

Comorbidity index†

 0–0.1 1.294 (1.114, 1.504) <0.001 1.022 (0.973, 1.074) 0.382

 0.1–0.2 1.804 (1.552, 2.096) <0.001 1.118 (1.060, 1.180) <0.001

 0.2–0.3 2.237 (1.902, 2.632) <0.001 1.213 (1.136, 1.296) <0.001

 0.3–0.4 2.680 (2.202, 3.260) <0.001 1.404 (1.272, 1.549) <0.001

 0.4–0.5 3.545 (2.717, 4.626) <0.001 1.444 (1.207, 1.728) <0.001

 >0.5 3.448 (2.090, 5.686) <0.001 1.176 (0.796, 1.738) 0.416

*
Racial categories may include Hispanic ethnicity

†
Comorbidity Index = n/12 or the number of variables present, divided by the total number of comorbidities assessed (see Table 3).
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BMI, body mass index; ASA, American Society of Anesthesiologists.
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Table 5

Multivariate Logistic Regression: Auto-Populated Electronic Frailty Model

Mortality Major morbidity

Variable Odds Ratio (95% CI) p Value Odds Ratio (95% CI) p Value

Age 1.040 (1.034, 1.046) <0.001 1.003 (1.000, 1.006) 0.0244

Female 0.793 (0.733, 0.859) <0.001 0.877 (0.847, 0.907) <0.001

Race*

 African American 0.903 (0.786, 1.038) 0.151 1.116 (1.049, 1.187) <0.001

 Asian or Hawaiian 0.778 (0.579, 1.046) 0.096 0.893 (0.795, 1.002) 0.055

BMI, kg/m2

 10–18 1.414 (1.172, 1.705) <0.001 1.022 (0.918, 1.136) 0.694

 25–35 0.863 (0.784, 0.949) 0.002 1.043 (1.000, 1.087) 0.0473

 30–35 0.855 (0.757, 0.966) 0.012 1.146 (1.089, 1.206) <0.001

 >35 0.894 (0.774, 1.032) 0.127 1.367 (1.287, 1.452) <0.001

ASA Class

 II 0.654 (0.305, 1.401) 0.275 1.308 (1.020, 1.678) 0.034

 III 1.995 (0.941, 4.227) 0.072 2.019 (1.576, 2.587) <0.001

 IV 5.884 (2.768, 12.507) <0.001 3.281 (2.548, 4.225) <0.001

Hematocrit

 <25% 1.686 (1.343, 2.116) <0.001 1.376 (1.200, 1.578) <0.001

 25–35% 1.394 (1.276, 1.522) <0.001 1.162 (1.117, 1.208) <0.001

Albumin <3.4 g/dL 2.902 (2.636, 3.195) <0.001 1.499 (1.434, 1.567) <0.001

Creatinine >2 mg/dL 1.747 (1.534, 1.989) <0.001 1.087 (1.000, 1.180) 0.100

*
Racial categories may include Hispanic ethnicity

BMI, body mass index; ASA, American Society of Anesthesiologists.
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