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   Study Design.     Observational cohort study. 
   Objective.   To determine the accuracy of the Revised Cardiac Risk 
Index (RCRI) in predicting major adverse cardiac events in patients 
undergoing spine fusion surgery of 3 levels or more. 
   Summary of Background Data.   Preoperative cardiac testing 
is extensively guided by the RCRI, which was developed and 
validated in thoracic, abdominal, and orthopedic surgical patients. 
Because multilevel spine fusion surgery is often associated with 
major transfusion, we hypothesize that the RCRI may not accurately 
characterize the risk of cardiovascular morbidity in these patients. 
   Methods.   After institutional review board approval, perioperative 
data were collected from 547 patients who underwent 3 or more 
levels of spinal fusion with instrumentation. Postoperative cardiac 
morbidity was defi ned as any combination of the following: 
arrhythmia requiring medical treatment, myocardial infarction 
(either by electrocardiographic changes or troponin elevation), 
or the occurrence of demand ischemia. The surgical complexity 
was categorized as anterior surgery only, posterior cervical and/
or thoracic fusion, posterior lumbar fusion, or any surgery that 
included transpedicular osteotomies. Logistic regression analysis 
was performed to determine RCRI performance. 
   Results.   The RCRI performed no better than chance (area under the 
curve  =  0.54) in identifying the 49 patients (9%) who experienced 
cardiac morbidity. 
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     Multilevel spine fusion surgery for the treatment of 
adult spinal disease is often associated with major 
blood loss, fl uid shifts, and transfusion, all of which 

can cause signifi cant cardiovascular stress with subsequent 
cardiac morbidity. 1–3  The incidence of major adverse cardiac 
events (MACE) in spine fusion patients is not clearly delin-
eated in the literature; however, recent studies show that 
major surgical hemorrhage is an independent predictor of 
postoperative cardiovascular complications. 4  Presumed risk 
factors for major morbidity include advanced age, opera-
tive duration, surgical complexity, and pre-existing medical 
comorbidities. Unfortunately, there are no reports specifi cally 
documenting the incidence and predisposing risk factors for 
MACE in major spine fusion surgery, precluding appropriate 
optimization of patients’ cardiovascular comorbidities prior 
to surgery. 5  

 The Revised Cardiac Risk Index (RCRI) is the primary 
tool of the American Heart Association and the American 
College of Cardiology guidelines for preoperative risk strati-
fi cation and cardiac assessment before noncardiac surgery. 6  ,  7  
Six factors were found to be independent predictors of car-
diac morbidity: history of ischemic heart disease, conges-
tive heart failure, cerebrovascular disease, insulin-dependent 

   Conclusion.   The RCRI did not predict cardiac morbidity in our 
patients undergoing major spine fusion surgery, despite being 
extensively validated in low-risk noncardiac surgical patients. 
Preoperative testing and optimization decisions, previously based 
on the RCRI, may need to be revised to include more frequent 
functional cardiac imaging and more aggressive implementation 
of pharmacologic modalities that may mitigate cardiac morbidity, 
similar to the preoperative evaluation for major vascular surgery.    
  Key words:   preoperative cardiac risk assessment  ,   preoperative 
cardiac testing  ,   perioperative cardiac morbidity  ,   perioperative 
mortality  ,   preoperative assessment  ,   preoperative risk  ,   spine fusion  , 
  spine surgery  ,   cardiac events  ,   acute myocardial ischemia  ,   acute 
myocardial infarction  . 
  Level of Evidence:  3 
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diabetes mellitus, renal insuffi ciency (creatinine  > 2.0 mg/dL), 
and high-risk surgery. 7  Although the RCRI was developed 
and validated in a large, single-center cohort of thoracic, 
abdominal, and orthopedic surgical patients, recent studies 
have shown the RCRI to signifi cantly underestimate the risk 
of MACE for patients undergoing major thoracic and vascu-
lar surgery such that separate predictive indices are now rec-
ommended for preoperative optimization and risk stratifi ca-
tion of these patient populations. 6  ,  8–11  In fact, because the risk 
for MACE in vascular surgery patients exceeds 5% regardless 
of the patient’s medical comorbidities, the American Heart 
Association/American College of Cardiology guidelines sug-
gest that patients may undergo more stringent cardiovascular 
testing, independent of the RCRI. 6  ,  8  Subsequent reviews and 
meta-analyses have found that surgical and intraoperative 
factors, such as major blood loss, anticipated duration for 
more than 3 hours, and transfusion of packed red blood cells, 
may be more infl uential on the risk of MACE than what is 
predicted by the RCRI. 4  ,  10  ,  12  

 Multilevel spine fusion surgery is currently classifi ed by the 
RCRI as “low risk” and, therefore, thought to have a 0.4% 
to 6.6% incidence of MACE, depending on the patient’s pre-
operative comorbidities. 6  The original cohort of patients in 
the RCRI included orthopedic operations as only 35% of the 
total, with a relatively few number of complex spine fusion 
surgical procedures. Because multilevel spinal instrumenta-
tion and osteotomies are associated with cardiopulmonary 
stress from major transfusion, fl uid shifts, and surgical stim-
ulation, similar to aortic surgery, we hypothesized that the 
RCRI would not refl ect the risk of MACE in these patients. 
Furthermore, patients with severe kyphoscoliosis and resul-
tant pain and instability are rarely able to achieve functional 
status that would preclude the need for an ischemic evalu-
ation. The primary aim of this study was to determine the 

accuracy of the RCRI in predicting MACE in patients under-
going spine fusion surgery of 3 or more bony levels in order 
to assist with more accurate preoperative risk stratifi cation, 
clinical optimization, and informed consent.   

 MATERIALS AND METHODS 
 The Strengthening the Reporting of Observational studies 
in Epidemiology guidelines were used to report the results 
of this observational cohort study that was approved by the 
local institutional review board. 13  All patients who underwent 
instrumented fusion of 3 or more levels and/or osteotomies, 
between January 1, 2003, and May 30, 2009, met inclusion 
criteria. The  Current Procedural Terminology  codes that were 
used to determine the eligible surgical procedures were limited 
to those for arthrodesis of spine deformity (22800, 22802, 
22804, 22810, 22812, and 22819), spinal instrumentation 
(22842, 22843, 22844, 22846, and 22847), and osteotomy 
of the spine (22208, 22216, and 22226). In addition, only 3 
surgeons’ cases were included, whose practices were predomi-
nantly focused on the surgical correction of adult spinal disease. 

 Patients were excluded only if their medical records were 
missing information pertaining to the variables or outcome 
measures under evaluation. To include only 1 surgical pro-
cedure for each patient who may have undergone multiple 
eligible spine surgical procedures throughout the 6-year study 
period, sequential dropout rules were determined to include 
the surgical procedure that most closely resembled those of 
the other patients in the database—posterior spine instrumen-
tation procedures that included the lumbar spine. Of the ini-
tial 629 cases identifi ed as eligible, a total of 547 patients were 
included in the fi nal analysis after exclusions and dropouts 
( Figure 1 ).  

 MACE was a composite outcome variable defi ned by the 
presence of at least one of the following criteria 9  ,  14–16 : 
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  Figure 1.    The fl ow diagram for patient enrollment, 
inclusion/exclusion, dropout, and fi nal data analysis 
for patients with and without perioperative cardiac 
morbidity. To include only 1 surgical procedure for 
each patient who may have undergone multiple eli-
gible spine surgical procedures throughout the 6-year 
study period, sequential dropout rules were deter-
mined to include the surgical procedure that most 
closely resembled those of the other patients in the 
database—posterior spine instrumentation proce-
dures that included the lumbar spine. This was done 
using  a priori  sequential dropout rules created to pref-
erentially include the surgical procedure that most 
closely resembled the majority of the patients in the 
data set—posterior lumbar spine fusion. Therefore, 
anterior operations were excluded fi rst, posterior cer-
vical operations were excluded next, and if multiple 
operations remained, the earliest eligible surgical 
procedure was included.  
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(a)        A new arrhythmia requiring treatment with vasoactive 
medication infusion, cardioversion, pacing, or defi bril-
lation.  

(b)        ST segment elevation myocardial infarction: By pathog-
nomonic electrocardiographic change(s).  

(c)        Non-ST elevation myocardial infarction: Troponin I 
more than 1.5 ng/mL 1  with or without electrocardio-
graphic changes consistent with ischemia or a new 
echocardiographic wall motion abnormality. 17   

(d)        Demand ischemia: Troponin I more than 0.12 ng/mL 1  
but 1.5 ng/mL 1  or less.    

 The surgical complexity was categorized on the basis of 
the surgical invasiveness as anterior cervical fusion surgery 
only (0 points), posterior cervical and/or thoracic fusion (1 
point), posterior lumbar fusion (2 points), or any surgery that 
included transpedicular osteotomies (3 points). 18  ,  19   

 Statistics 
 To accurately evaluate the RCRI, we sought to extract data 
from 50 patients who experienced MACE—10 events for 
each of the 5 preoperative variables that comprise the RCRI. 20  
Given that the incidence of MACE ranges from 6.6% (RCRI 
 =  2) to 11.0% (RCRI  ≥ 3), 455 to 757 patients would be 
required to fi nd 50 patients who experienced cardiac morbid-
ity. 7  We estimated that 6 to 10 qualifying spine surgical proce-
dures were performed per month at Northwestern Memorial 
Hospital. Therefore, we examined patients during a 72-month 
period, from January 1, 2003, through May 31, 2009, in 
order to attempt to accrue a suffi cient number of patients. 

 Univariate analysis was performed using NCSS 2004 
(Number Cruncher Statistical Systems, Inc., Kaysville, Utah) 
and multiple logistic regression analyses were performed 
using StatsDirect statistical software (version 2.6.5, StatsDi-
rect, Ltd., Cheshire, United Kingdom). 

 All of the data were tested for normality using the Shapiro-
Wilk  W  test. Normally distributed data were compared using 
the unpaired  t  test. Non-normally distributed data were com-
pared using the Mann-Whitney  U  test. Categorical data were 
compared using Fisher exact test or  χ  2  test. A 2-sided  P  value 
of less than 0.05 was considered statistically signifi cant. Fac-
tors from the univariate analysis with a  P  value of less than 
0.15 were included in subsequent multivariate logistic regres-
sion analyses. 

 Two separate multivariate logistic regression analyses 
were performed to determine (a) the predictive ability of the 
RCRI variables when all surgical procedures were classifi ed 
as low risk ( i.e. , 0 points); and (b) the predictive ability of 
the RCRI variable when all surgical procedures were classi-
fi ed as high risk ( i.e. , 1 point). The comparison of “high risk” 
 versus  “low risk” characterization of the surgical variable of 
the RCRI was necessary because in the original description 
of the RCRI by Lee  et al , 7  all spinal fusions were designated 
as “low risk, which may introduce a bias against the origi-
nal RCRI. An additional multivariate logistic regression was 
performed to determine whether there were any other pre-
operative or demographic predictors of MACE not identifi ed 

by the RCRI. Multivariate logistic regression models were 
generated using a hierarchical, backward stepwise selection 
method in which variables with high  P  values were removed 
from the model 1 at a time and were excluded from the fi nal 
model if their removal either did not diminish the fi t of the 
model or actually improved it, as determined by the Pearson 
 χ  2  statistic, the likelihood ratio test statistic, the Hosmer-
Lemshow statistic, and the correct prediction of both positive 
and reference responses. Cross-validation with bootstrapping 
(1000 samples, with replacement) was used to determine the 
performance of each generated model. The sensitivity and 
specifi city of the logistic model and the empirical area under 
the receiver operating characteristic curve were calculated 
from the model-predicted reference, model-predicted positive 
responses (using the default threshold probability for positive 
classifi cation of 0.5), and the actual reference and actual posi-
tive responses. The area under the receiver operating char-
acteristic curve (area under the curve [AUC]) was compared 
with that of a “random” predictive model (AUC  =  0.5) with 
a nonparametric approach. 21  Bias-corrected confi dence inter-
vals for the odds ratios (ORs) derived from the fi nal fi tted 
logistic model were determined by bootstrapping (1000 sam-
ples, with replacement).    

 RESULTS 
 Forty-nine patients (9%) experienced MACE in our surgical 
population ( Table 1 ). Univariate analysis demonstrated that 
only age, pre-existing hypertension, and the preoperative use 
of antihypertensive medications directed at the renin-angio-
tensin pathway ( i.e. , angiotensin converting enzyme inhibitors 
or angiotensin II receptor blockers) were different between 
patients who did and did not experience MACE ( Table 2 ). 
Neither of the 2 defi nitions of the risk of the surgical proce-
dure (high or low) produced an RCRI score that was able to 
predict cardiac complications ( Table 3 ). Multivariate logistic 
regression models that were forced to include the 5 preop-
erative variables that compose the RCRI performed poorly 
in identifying patients who experienced MACE in our sur-
gical population (AUC, 0.54; 95% confi dence interval [CI], 
0.47–0.61;  P   =  0.226  vs . AUC  =  0.5), regardless of whether 
the surgical procedure was classifi ed as a low- or high-risk 
procedure ( Figure 2 ).     

 Multivariate logistic regression demonstrated that only the 
patient’s age category (OR, 2.1; 95% CI, 1.5–3.0;  P   <  0.001) 
and the surgical complexity (OR, 1.9; 95% CI, 1.1–3.1; 
 P   =  0.011) were independent predictors of MACE ( Table 4 ). 
Using just these 2 resulted in a moderately good ability to 
identify patients who would experience MACE after major 
spine fusion surgery (AUC  =  0.74; 95% CI, 0.65–0.80;  P   <  
0.0001  vs . AUC  =  0.5,  Figure 2 ).    

 DISCUSSION 
 Although the RCRI has been validated in low-risk non–car-
diac surgical patients, it did not accurately predict cardiac 
morbidity in patients undergoing major spine fusion surgery. 
None of the preoperative variables that comprise the RCRI 
were able to individually distinguish between patients with 
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 TABLE 1.    Perioperative Cardiac Morbidity*  

Cardiac Morbidity
Incidence 

N (%)
Troponin (ng/mL) 
Median (Range)

ST elevation myocardial 
infarction 1 (0.2) 96.2 (none)

Non-ST elevation myocardial 
infarction 10 (1.8) 3.89 (1.38–13.65)

Demand ischemia 27 (4.9) 0.35 (0.14–1.4)

Any cardiac ischemia 38 (7.0) …

Arrhythmia 14 (2.6) …

Any 1 type of cardiac 
morbidity 46 (8.4) …

Any 2 types of cardiac 
morbidities 3 (0.6) …

All cardiac morbidity  49 (9.0) …

 *Non-ST elevation myocardial infarction: Troponin  > 1.5 ng/mL with or 
without electrocardiographic changes consistent with ischemia or a new 
echocardiographic wall motion abnormality; demand ischemia: troponin 
 > 0.12 ng/mL but  ≤ 1.5 ng/mL. 

or without MACE. In addition, neither conservative nor lib-
eral defi nitions of surgical risk produced an RCRI score that 
was able to accurately predict cardiac complications better 
than chance for this patient population. In fact, the incidence 
of MACE in our patients with RCRI scores of 0 or 1 ( i.e. , 
“low-risk” patients) was 8.6% to 8.8%, whether the surgical 
risk was categorized as low or high. In contrast, the reported 
incidence of MACE in RCRI categories 0 or 1 is 0.9%. Our 
defi nition of MACE is conservative given that lower levels 
of troponin elevation used in our defi nition of demand isch-
emia are associated with a 4- to 15-fold increase in long-term 
cardiac morbidity and mortality after vascular or orthopedic 
surgery. 17  ,  22–32  However, even a small increase in postoperative 
troponin levels ( > 0.02 ng/mL) is associated with an increase 
in 30-day  all-cause mortality . 33  Therefore, the poor predictive 
performance of the RCRI in our spine fusion surgery patients 
suggests that these patients might require more stringent pre-
operative risk assessment than that dictated by the traditional 
RCRI algorithm, similar to that required of patients undergo-
ing major vascular surgery. 6  ,  8  ,  10  The goal of this more stringent 
cardiac functional assessment is not necessarily to identify 
patients who require preoperative coronary revascularization 
but rather to identify patients who may benefi t from intensive 
coronary artery disease risk factor control ( e.g. , statin and 
 β -blocker therapy) prior to undergoing elective operations, 
as well as to accurately guide informed consent for possible 
perioperative complications, especially in the case of elective 
surgery.  2,6,8,17,26,34,35   

 Lee  et al  7  originally defi ned MACE as myocardial infarc-
tion, complete heart block, cardiac arrest, or pulmonary 
edema. Our defi nition for MACE differed from this in 3 
major ways. First, we included any new arrhythmia requiring 
treatment in the defi nition of cardiac morbidity because these 

often indicate myocardial strain or ischemia and have been 
associated with increased in-hospital morbidity and length of 
stay. 6  ,  36  Second, we included demand ischemia with troponin 
I greater than 0.12 ng/mL 1  rather than myocardial infarction 
alone. Not only are troponin I elevations commonly used as 
a specifi c serum biomarker of myocardial injury in models of 
MACE but a troponin I greater than 0.08 ng/mL 1  has been 
found to be independently associated with an increase in long-
term cardiac morbidity after noncardiac surgery. 8–10  ,  17  ,  22–33  ,  37–39  
This is a conservative defi nition of demand ischemia, given 
that many studies use an even lower threshold for diag-
nosing ischemia and infarction with cardiac biomarkers 
alone. 11  ,  26  ,  38  ,  39  In fact, the universal defi nition for myocar-
dial infarction in accordance with the European Society of 
 Cardiology/American Heart Association/American College 
of Cardiology/World Heart Federation 2007 Task Force 
states that a sudden rise in cardiac-specifi c troponin levels 
(troponin I  > 99th percentile of normal with a variation coef-
fi cient of  < 10%,  > 0.06) with progressive decline in the levels 
in the setting of physiologic stress is consistent with signifi -
cant myocardial necrosis and even infarction. 17  ,  40  This defi ni-
tion is certainly more sensitive for acute myocardial injury 
than the defi nition from the original RCRI publication, but 
it is also independently predictive of long-term  mortality. 2  ,  33  ,  40  
The RCRI composite outcome for MACE does not include 
troponin elevations, because it was developed over a decade 
ago when troponin assays were not readily available. 37  ,  39  
Our study is limited by the fact that troponin levels were not 
routinely measured in the postoperative period, especially 
in the patients undergoing surgery between 2003 and 2006; 
however, this would result in underreporting the incidence of 
MACE, making the results of this study even more striking. 

 Our third deviation from the RCRI defi nition of MACE 
was exclusion of pulmonary edema in this composite out-
come, mainly because complex spine fusion surgery is often 
associated with extreme fl uid shifts and major transfusion, 
which may result in pulmonary edema regardless of adequate 
cardiac function. Because objective evaluation of cardiac 
function was not routinely obtained in patients with clinical 
evidence of pulmonary edema, we could not accurately differ-
entiate between cardiogenic and noncardiogenic pulmonary 
edema in this retrospective cohort study. Signifi cantly, our 
defi nition of MACE is consistent with several recent reviews 
and meta-analyses for perioperative cardiac morbidity. 10  ,  38  

 Presumably patients who do not undergo stress test have 
a relatively healthier history or functional capacity and 
would be expected to be at low risk for cardiac morbid-
ity. However, patients with spine disease are also frequently 
unable to endorse a reliable functional status because of 
pain and instability. The absence of a cardiac stress test was 
not an independent predictor of MACE in our patients (OR, 
1.1; 95% CI, 0.6–2.1;  P   =  0.745); however, there was a 
7% incidence of MACE in patients who did not undergo 
stress testing within 5 years of surgery. It is important to 
note that coronary artery disease was not a signifi cant pre-
dictor of MACE ( P   =  0.3387). This is not surprising in light 
of the evidence demonstrating that medical management of 
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 TABLE 2.    Univariate Analysis of Preoperative Medical and Surgical Variables and Demographics*  

Variable
No Cardiac 

Complications, n  =  498
Cardiac Complications, 

n  =  49  P 

Male 303 (60.8%) 28 (57.1%) 0.6473

Age, yr

  < 60 yr 272 (54.6%) 9 (18.4%)

 < 0.0001
 60–69 yr 139 (27.9%) 21 (42.9%)

 70–79 yr 74 (14.9%) 17 (34.7%)

  ≥ 80 yr 13 (2.6%) 2 (4.1%)

Weight 78.0  ±  19.4 76.8  ±  17.2 0.6377

BMI 27.7  ±  5.9 27.1  ±  5.3 0.5350

American Society of Anesthesiologists physical status

 I 28 (5.6%) 1 (2.0%)

0.3223
 II 236 (47.4%) 19 (38.8%)

 III 223 (44.8%) 27 (55.1%)

 IV 11 (2.2%) 2 (4.1%)

Ischemic heart disease 51 (10.2%) 7 (14.3%) 0.3387

Heart failure 11 (2.2%) 2 (4.1%) 0.3275

Cerebrovascular disease 12 (2.4%) 3 (6.1%) 0.1429

Preoperative insulin use 27 (5.4%) 2 (4.1%) 0.7643

Preoperative creatinine  ≥ 2.0 mg/dL 59 (11.8%) 5 (10.2%) 0.8214

Hypertension 222 (44.6%) 34 (69.4%) 0.0009

No stress test within 5 yr 269 (54.0%) 21 (42.9%) 0.1354

Diabetes 66 (13.3%) 5 (10.2%) 0.6604

Smoking 174 (34.9%) 19 (38.8%) 0.6391

Sleep apnea 36 (7.2%) 5 (10.2%) 0.3993

Obstructive pulmonary disease 23 (4.6%) 5 (10.2%) 0.0948

 β -Blocker use 158 (31.7%) 21 (42.9%) 0.1500

Angiotensin converting enzyme inhibitor use 139 (27.9%) 24 (49.0%) 0.0031

Statin use 133 (26.7%) 17 (34.7%) 0.2421

Surgical category

 0 (anterior surgery only) 12 (2.4%) 0 (0%)

0.0789
 1 (posterior cervical and/or thoracic) 86 (17.3%) 6 (12.2%)

 2 (posterior lumbar) 316 (63.5%) 28 (57.1%)

 3 (transpedicular osteotomies) 84 (17.3%) 15 (30.6%)

Infection 17 (3.4%) 1 (2.0%) 0.7213

Tumor 26 (5.2%) 4 (8.1%) 0.3322

 *Revised Cardiac Risk Index variables shaded in light gray. Variables included in the initial multivariate logistic regression model ( P   <  0.15) shaded in dark gray. 
 BMI indicates body mass index. 

patients with known severe coronary artery disease with 
plaque stabilization therapy ( i.e .,  β -blockers and statins) 
was as effective as preoperative coronary revascularization 

in preventing MACE after major abdominal vascular sur-
gery. 2  ,  41  In addition, serum biomarkers associated with ven-
tricular function (such as B-natriuretic peptide), systemic 
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 Figure 2.    The empiric receiver operating characteristic curves for the 
Revised Cardiac Risk Index model (solid black line, AUC  =  0.54; 95% 
confi dence interval, 0.47–0.61;  P   =  0.226  vs . AUC  =  0.5) and the 
predictive ability of the “new model” (solid red line, AUC  =  0.74; 95% 
confi dence interval, 0.65–0.80;  P   <  0.0001  vs . AUC  =  0.5) consist-
ing of age and surgical complexity category. The dotted reference line 
represents the “line of chance” with AUC  =  0.5. AUC indicates area 
under the curve; RCRI, Revised Cardiac Risk Index.  

 TABLE 4.    Multivariate Logistic Regression Model 
of Predictors of Cardiac Morbidity*  

Variable
Odds Ratio 
(95% CI)  P 

Surgical complexity category 1.9 (1.1–3.1) 0.011

Age category 2.1 (1.5–3.0)  < 0.001

Cerebrovascular disease 1.9 (0.5–7.8) 0.279

Obstructive pulmonary disease 1.9 (0.6–5.8) 0.113

Hypertension 1.6 (0.7–3.7) 0.098

 β -Blocker use 1.0 (0.5–1.9) 0.706

Angiotensin converting enzyme 
 inhibitor use 1.2 (0.6–2.6) 0.134

No stress test within 5 yr 1.1 (0.6–2.1) 0.745

 *Logit  P   =   − 4.366  +  (0.762  ×  Age)  +  (0.644  ×  Surgical category) 
(AUC  =  0.74; 95% CI, 0.65–0.80;  P   <  0.0001  vs . AUC  =  0.5). 
 AUC indicates area under the curve; CI, confi dence interval. 

 TABLE 3.    Revised Cardiac Risk Index Variables  

Variable

No Cardiac 
Complications, 
N  =  498, N (%)

Cardiac Complications, 
N  =  49 (9.0%), N (%)  P 

Odds Ratio 
(95% CI)

History of ischemic heart disease 51 (10.2) 7 (14.3) 0.3387 1.3 (0.5–3.3)

History of heart failure 11 (2.2) 2 (4.1) 0.3275 1.8 (0.4–9.0)

History of cerebrovascular disease 12 (2.4) 3 (6.1) 0.1429 2.5 (0.7–9.5)

Preoperative insulin use 27 (5.4) 2 (4.1) 0.7643 0.7 (0.1–2.9)

Preoperative creatinine  ≥ 2.0 mg/dL 59 (11.8) 5 (10.2) 0.8214 0.8 (0.3–2.2)

 All “Low-Risk” Procedures (0 Points)  N (%)  Incidence (%) 

0: 396 (72.4%) 362 (72.7) 34 (69.4) 8.6

0.569 …
1: 125 (22.9%) 114 (22.9) 11 (22.4) 8.8

2: 24 (4.4%) 20 (4.0) 4 (8.2) 16.7

 ≥ 3: 2 (0.4%) 2 (0.4) 0 (0) 0.0

 All “High-Risk” Procedures (1 Point)  N (%)  Incidence 

0: 0 (0%) 0 (0) 0 (0) …

0.500 …
1: 396 (72.4%) 362 (72.7) 34 (69.4) 8.6

2: 125 (22.9%) 114 (22.9) 11 (22.4) 8.8

 ≥ 3: 26 (4.8%) 22 (4.4) 4 (8.2) 15.4

 CI indicates confi dence interval. 

infl ammation related to atherosclerosis ( e.g ., cholesterol 
panel, C reactive protein,  etc .), or endothelial function may 
also prove to be important screening tools for cardiac risk 
stratifi cation. 42   

 Limitations 
 The major limitation of this study is that it is typically 
associated with a retrospective cohort study from a single 
center—the accuracy of retrospective clinical data sets 
commonly comes into question. Fortunately, the data in 
this analysis originate from common clinical variables 
used in the routine care of these complex surgical patients. 
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In addition, these data are most likely to be accurately 
recorded because they are found in redundant parts of the 
medical record ( i.e. , preoperative evaluation by internists, 
preoperative anesthesia note, anesthetic record, and surgi-
cal operative note). Furthermore, we developed clear defi ni-
tions of preoperative comorbidities and postoperative out-
comes that are both consistent with the current literature 
and objectively obtained through full access to perioperative 
patient records. Although the single-center nature of this 
study limits its generalizability, our cohort includes a large 
population of patients undergoing multilevel spinal instru-
mentations and complex osteotomies, which were only a 
minor portion of the single-center data set that was used 
to derive and validate the RCRI. Because of the complex 
logistics required to develop purpose-built multicenter data-
bases, starting with that approach could have limited some 
of the level of detail that was obtained and may have pro-
hibited the identifi cation of important clinical predictors. 43  
As discussed previously, troponin levels were not routinely 
drawn from patients postoperatively until September 2006, 
which likely presents a bias for underreporting the overall 
incidence of MACE in our population. 44  The fi nal limitation 
of this study is that there were a limited number of patients 
with MACE, thereby limiting the number of variables that 
could be identifi ed with statistical certainty. 20     

 CONCLUSION 
 Our data demonstrate that patients having complex spine 
fusion surgery are at high risk for cardiac morbidity, but the 
RCRI poorly predicts their cardiac risk. Only the complex-
ity of the scheduled operation and the age of the patient 
were independent predictors of MACE. Therefore, preop-
erative testing and optimization decisions, currently based 
on the RCRI, need to be revised for this patient popula-
tion, which more closely resembles those patients undergo-
ing major vascular surgery. This may include more frequent 
functional cardiac imaging and more aggressive implemen-
tation of pharmacologic modalities to mitigate cardiac 
morbidity. 6              
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