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Introduction
Peripheral vascular disease is estimated to have a prevalence of 5.8% in the US population 40 

years of age or older and to increase exponentially with age [1]. With the aging baby boomers, 
the prevalence can only increase, likely requiring increased intervention from vascular surgeons. 
However, patients with peripheral vascular disease seldom have disease limited to solely the 
extremities. In fact, in the setting of PAD, one study found 68% patients to have coexistent coronary 
artery disease (CAD) and 42% to have coexistent stroke in the geriatric populations [2]. Other 
studies have shown progressive peripheral arterial disease (PAD) can lead to 2-3 times increased 
cerebral vascular disease (CVD) morbidity/mortality at 3-6 years [3]. With these comorbidities, 
based on the REACH registry, patients with PAD have the highest 3 year event rate of MI/Stroke/
Death/Re-hospitalization at 40.4% [4]. 

These high risk patients usually have preoperative risk stratification before undergoing any 
vascular intervention. An easy bedside clinical tool is the Revised Cardiac Risk Index (RCRI) 
that can predict cardiac complications including MI, pulmonary edema, ventricular fibrillation 
or primary cardiac arrest, and complete heart block [5] (Figure 1). By taking various risk factors 
for cardiovascular disease including diabetes, renal dysfunction, history of congestive heart 
failure, history of cerebrovascular disease and ischemic heart disease, the index is used to predict 
cardiovascular complications. Using the same principles and risk factors, this study applies the RCRI 
to predict peripheral vascular complications in addition to cardiovascular problems. Additionally 
we hypothesized the more risk factors a patient has, the higher the mortality and worsened outcome 
the patient will have. 

Methods
Data was collected from the American College of Surgeons National Surgical Quality 
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Abstract
Objectives: The Revised Cardiac Risk Index (RCRI) is a tool clinician’s use for preoperative risk 
stratification and predicting the likelihood of cardiac complications. This study looks at the role 
of the RCRI for postoperative outcomes in vascular patients undergoing lower extremity bypass 
surgery. 

Methods: National Surgical Quality Improvement Program (NSQIP) data from 2005-2011 of 
patients undergoing lower extremity revascularization based on CPT codes were analyzed looking 
at demographics, revised cardiac risk index variables (coronary heart disease, congestive heart 
failure, creatinine >2, insulin dependent diabetes, high-risk surgery, cerebrovascular disease), and 
outcomes including operative time, hospital length of stay (LOS), return to operating room, and 
death. Data was analyzed using single and multivariable linear and logistical regression. 

Results: 70,560 patients were included with 36% female and 64% male patients. Of these patients, 
40,893 (58%) were over the age of 65 with 27,576 (39%) of the patients between the ages of 46 and 65. 
Using linear regression, with each unit increase of the RCRI, operative time increases 5.4 minutes 
(p<0.0001), and LOS increases 3.23 days (P<0.0001). Through logistic regression, with each unit 
increase in the RCRI the risk of returning to OR increases 1.4 times (OR=1.449; 95%CI 1.41-1.49) 
and the risk of death increases 1.97 times (OR =1.972; 95% CI 1.87-2.08). The risk of MI increased 
1.6 times for each unit increase in RCRI (P<.0001).

Conclusion: Using a large retrospective national database, preoperative RCRI can be a useful 
measure for predicting postoperative outcomes in patients undergoing lower extremity bypass 
surgery.
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Improvement Program (ACS NSQIP), a validated, de-identified, 
prospective database containing clinical variables from up to 315 
clinical sites (in 2011). A trained surgical clinical reviewer (SCR) 
collected preoperative through 30 day postoperative data on 
randomly assigned patients and entered data was entered online 
in a HIPAA compliant database [6]. Data was collected through 
patients undergoing procedures listed as specific Current Procedural 
Terminology (CPT) codes. CPT codes were collected as follows: 
infrainguinal bypass graft with vein; femoral-popliteal (CPT 35556), 
femoral-anterior tibial, posterior tibial, peroneal artery or other 
distal vessels (CPT 35566), popliteal-tibial, -peroneal artery or other 
distal vessels (CPT 35571), and tibial-tibial; peroneal-tibial or tibial/
peroneal; trunk-tibial (CPT 35570). Patients also undergoing in-situ 
vein bypass femoral-popliteal (CPT 35583), femoral-anterior tibial, 
posterior tibial, or peroneal artery (CPT 35585), popliteal-tibial, 
peroneal (CPT 35587) were selected as well. Patients who had bypass 
graft with other than vein; femoral-popliteal (CPT 35656), femoral-
anterior tibial, posterior tibial, or peroneal artery (CPT 35666), and 
popliteal-tibial or -peroneal artery (CPT 35671) were also included. 
As this was a national HIPAA regulated database study, institutional 
review board (IRB) approval was not required nor was patient 
consent required. 

Demographic data was obtained from the selected patients. Data 
was analyzed based on preoperative RCRI variables (congestive heart 
failure, ischemic heart disease, cerebrovascular disease, diabetes, 
creatinine > 2), operative time, 30 day outcomes including length of 
stay, mortality, MI, and return to operating room. 

Statistical analysis 
Variables were summarized for the study population and 

presented as means with standard deviations for continuous variables 
and percentages for categorical variables. Single and multiple variable 
linear and logistic regressions were used to determine the relationship 
of the RCRI with surgical outcomes. Regression coefficients and odds 
ratio are presented with 95% confidence intervals. All analyses were 
carried out using SAS v9.4 (SAS Institute, Cary, NC.)

Results
From the database, 70,560 patients were identified with 

demographic data demonstrated in (Table 1). The majority of 

patients were over 66 years old (55.9%) with 39.1% in the 46-65 year 
old age bracket. Patients were predominantly male (64.3%) compared 
to female (35.7%) (p<.0001). Most all of the patients had RCRI scores 
of 3 or less, with a score of 1 being most prevalent (64.3%). 

Risk Factors Points

History of ischemic heart disease 1

High-risk type of surgery 1

History of congestive heart failure 1

History of cerebrovascular disease 1

Preoperative treatment with insulin 1

Preoperative serum creatinine >2.0 mg/dL 1

Figure 1: Revised Cardiac Risk Index.

Characteristic Frequency Percentage 

Age

 16-25 141 0.2%

 26-45 1950 2.8%

 46-65 27576 39.1%

 66-90 39447 55.9%

 >90 1446 2.0%

Gender

 Male 45264 64.3%

 Female 25176 35.7%

RCRI Score

 1 45360 64.3%

 2 18765 26.6%

 3 5547 7.9%

 4 804 1.1%

 5 81 0.1%

 6 3 0.00%

Table 1: Demographic data and RCRI score with percentages.
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Figure 2: Increase of 5.4 minutes in operative time for each unit increase 
in RCRI.
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Figure 3: Length of stay increased 3.23 days for each unit increase in RCRI.
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Mean average operative time was 227.62 minutes ±104.59 
minutes (Table 2). Based on linear regression, each unit increase 
in RCRI resulted in an increase in operative time of 5.4 minutes 
(P<.0001) (Figure 2). The main contributing risk factors were diabetes 
and creatinine >2, although CHF and CVD were also significant 
contributors. Length of stay was recorded for 99.8% of the patients. 
The mean hospital length of stay was 8.7 days ± 10.4 days. For each 
unit increase in RCRI, length of stay increased 3.23 days (P<.0001) 
(Figure 3). 

Using single variable analysis, the 17.4% (Table 3) of patients 
requiring return to the operating room were 1.45 (95%CI 1.41-
1.49) times more likely to return to the OR for each unit increase 
in RCRI (P<.0001) as noted in Figure 4. Overall mortality was 2.2% 
with an odds ratio of 1.97 (95% CI 1.87-2.08) for each unit increase 
in RCRI (P<.0001) (Figure 5). Contributing to RCRI were mainly 
CHF, ischemic heart disease, and Cr > 2; however, CVD was also a 
significant contributor. Unsurprisingly, the risk of MI increased 1.6 
times for each unit increase in RCRI (P<.0001). When adjusted for 
age and gender using multiple variable analysis, the relationship of 
RCRI to outcomes was similar (data not shown). 

Discussion
The Revised Cardiac Risk Index is a well used bedside tool for 

preoperative risk stratification for cardiovascular complications 
with its easily obtainable variables. The objective of this study was to 
determine if RCRI could predict lower extremity vascular outcomes. 
We hypothesized that as RCRI increased, patients would have worse 
outcomes. 

Operative time was increased by 5.4 minutes for every unit 
increase in RCRI. Increased operative time has been shown to 

increase surgical site infections [7-9]. This lengthens hospital stay 
by 9.7 days as well as increases cost by $20,842 per admission [10]. 
Increased operative time is also associated with increased blood loss, 
operative difficulty, repeat operation, and increased tissue ischemia 
in an already high risk patient. Increase in operative time also has 
economic repercussions. One study [11] found a $5-$20 increase per 
minute for operative time. 

It is not surprising that the hospital length of stay increased 3.23 
days for each unit increase in RCRI. With increased risk factors, 
patients likely had more complications whether it be renal, cardiac, 
graft complications, surgical site infections, etc. A slight increase in 
creatinine can increase length of stay by 3.5 days and increase hospital 
costs by $7500 [12].

For each unit increase in RCRI, patients had a 1.45 times greater 
chance of returning to OR. The reoperation rate in this study was 
17.4%, a little higher than the 11.2% found in another study [13].This 
can increase the morbidity and mortality (from 2.0% to 8.8% [12]) for 
patients, as well as increase length of stay and hospital costs [14-16].

Lastly our study found a 2.2% mortality with an odds ratio 1.97 
for each unit increase in RCRI. The mortality rate is consistent with 
other studies reporting 2.6%-5.3% [17-19]. The odds ratio is quite 
startling for just an additional risk factor in RCRI. In one study [20], 
CHF and hemodialysis dependent renal failure were found to be 
independent risk factors for mortality. 

This study has multiple limitations. Since it is a NSQIP study, it 
is limited to 30 day postoperative data. With NSQIP it is not possible 
to explore specifics of individual patient details about reasons for 
returning to the OR. Since the data is based on CPT codes, it is 
not possible to know if a primary or reoperation was performed. 
However, the variables selected leave little for interpretive ambiguity, 

Variable N (Percentage) Mean SD Increase in variable/RCRI unit P value

Operative Time 70479 (99.8%) 227.6 104.5 5.37 (4.27,6.48) <0.0001

Length of Stay 70392 (99.8%) 8.7 10.4 3.23 (3.12, 3.34) <0.0001

Table 2: Outcomes and respective linear regression slopes with 95% confidence interval for each unit increase in RCRI.

Variable N (Percentage) Multivariate Odds Ratio (95% CI) Multivariate P value

Return to OR 12309 (17.4%)  1.45  (1.41-1.49) p<0.0001

Death 1536 (2.2%)  1.97  (1.87-2.08) p<0.0001

MI 1236 (1.75)  1.61 (1.51 - 1.72) p<0.0001

Table 3: Outcomes and respective odds ratios with 95% confidence interval for each unit increase in RCRI.
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Figure 4: For each unit increase in  RCRI, risk of return to OR increased 
1.45 times.
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Figure 5: Risk of death increased 1.97 times for each unit increase in RCRI.
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e.g. mortality. Additionally because the database is large, an extensive 
sample was available.

Conclusions
The Revised Cardiac Risk Index was designed to predict cardiac 

complications, but also appears to be a good tool to be used in 
infrainguinal bypasses. The higher the index, the worse the outcomes. 
Due to the increased mortality, chances of returning to OR for 
another procedure, informed consent and a better discussion can be 
made with patients before choosing to undergo these procedures.
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