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ABSTRACT

URPOSE: The study assessed whether the American College of Cardiology/American Heart Associa-
ion (ACC/AHA) preoperative cardiac assessment guidelines impact patient management and predict
ajor cardiac events in patients undergoing orthopedic surgery.

UBJECTS AND METHODS: We conducted a retrospective review of 338 consecutive orthopedic preop-
rative evaluations performed by internal medicine consultants. Major cardiac events were defined as
yocardial infarction, congestive heart failure, and sudden cardiac death.
ESULTS: Major cardiac events occurred in 5.7% of patients. Patients with minor or absent ACC/AHA
linical risk predictors were less likely to have major cardiac events (P � .007). More than half (51%) of
atients meeting ACC/AHA indications for noninvasive cardiac tests did not receive them. However, most
69%) major cardiac events occurred in patients not meeting criteria for cardiac testing. Abnormal
oninvasive cardiac testing results did not alter medication recommendations and only resulted in coronary
evascularization in 0.6% of patients. Only 3% of patients with abnormal noninvasive cardiac testing
esults had major cardiac events. Patients with abnormal cardiac test results were more likely to have
ecommendations for perioperative beta-blockade (P �.01). Patients aged more than 70 years (odds ratio
.0; 95% confidence interval, 1.32-19.28) and patients undergoing hip surgery (odds ratio 7.5, 95%
onfidence interval, 1.02-54.55) were more likely to have major cardiac events. Major cardiac events
ccurred in 12% of urgent and 4% of elective procedures (P � .009).
ONCLUSIONS: The ACC/AHA guidelines accurately predict cardiac risk in orthopedic surgery. Ab-
ormal noninvasive cardiac test results rarely affected preoperative recommendations, but improved
ompliance with beta-blocker therapy. Advanced age, urgent procedures, and hip surgery were associated
ith increased risk of major cardiac events. © 2007 Elsevier Inc. All rights reserved.

KEYWORDS: Perioperative care; Preoperative care; Risk assessment; Orthopedic surgery; Adrenergic
beta-antagonists
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nternal medicine preoperative clinics commonly assess and
anage cardiac risk before orthopedic surgery. Patients

ndergoing joint replacement, laminectomy, amputation,
nd fracture repair are often elderly and have multiple
hronic diseases. The 1996 and 2002 American College of
ardiology/American Heart Association (ACC/AHA) peri-
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perative cardiac assessment guidelines classify orthopedic
urgery as an intermediate-risk surgery.1,2 Because many
lderly patients have both low functional status and at least
ntermediate clinical predictors of cardiac morbidity, preop-
rative noninvasive cardiac tests are performed frequently
n accordance with the guidelines. The most commonly
escribed orthopedic surgery in the perioperative literature
s hip fracture repair, with cardiac complication rates rang-
ng from 7% to 12%.3,4

Preoperative cardiac testing has been questioned with the
idespread use of B-adrenergic blockers in patients with

ardiac risk factors but no symptoms of cardiac disease.5
ecent evidence in patients undergoing vascular surgery
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ound that preoperative percutaneous revascularization,
ven in those with abnormal noninvasive cardiac testing
esults, does not reduce perioperative cardiac risk.6 There
lso is evidence that preoperative percutaneous revascular-
zation may increase cardiac events if surgery is performed
oo soon after revascularization.6-8

espite numerous studies on risk
tratification and reduction in vas-
ular surgery, there are little com-
arable data for orthopedic
rocedures.

We wanted to answer 2 major
uestions with our study: to assess
hether ACC/AHA preoperative

ardiac assessment guidelines im-
act noninvasive cardiac testing
nd patient management and to
etermine whether any surgical or
atient-specific risk factors were
ssociated with major adverse car-
iac events, defined as myocardial
nfarction, congestive heart fail-
re, or sudden cardiac death.

ETHODS
ripler Army Medical Center is a
09-bed tertiary care hospital with
rthopedic surgery and internal
edicine residencies. Patients are

creened before surgery by an an-
sthesiologist and receive an electrocardiogram. Patients
dentified as having comorbid conditions associated with an
ncreased risk for perioperative complications are referred
o the internal medicine consult service for risk stratification
nd management. The patients are managed by the ortho-
edic surgery service postoperatively with additional input
rovided by the internal medicine consult service at the
equest of the attending surgeon.

We retrospectively reviewed consecutive preoperative
onsults between January 1998 and January 2002. We ob-
ained the outpatient prescription history, pertinent labora-
ory test results, comorbid conditions, perioperative recom-
endations, and results of any further cardiac testing and

onsultation. Inpatient admission and discharge summaries,
ospital progress notes, and autopsy results were reviewed.
n addition, we determined whether beta-blockers were rec-
mmended or received during the perioperative period.

Major cardiac complications were categorized as myo-
ardial infarction, symptoms of congestive heart failure
ith roentgenographic evidence of pulmonary edema, or

udden cardiac death occurring before the patient’s hospital
ischarge. Myocardial infarction was defined as an acute
oronary syndrome with elevation of three consecutive tro-
onin-I measurements and an electrocardiogram change
rom the preoperative baseline. Minor cardiac complica-

CLINICAL SIGNIF
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risk of major
events.
ions, such as dysrhythmias, were also recorded. i
Statistical analyses were performed with STATA 8.0
oftware (College Station, Tex). Values are reported mean

standard deviation. We considered a P value of .05 or less
o be significant. The chi-square or Fisher exact test was
sed to compare categoric variables and a Student t test

(2-tailed) was used to compare
continuous variables between
groups. One-way analysis of vari-
ance with Scheffe post hoc analy-
sis was used to compare cardiac
complications between the differ-
ent subgroups of ACC/AHA clin-
ical predictors and the Revised
Cardiac Index Score. Odds ratios
estimating the risk of periopera-
tive cardiac complications were
calculated using logistic regres-
sion in 2 models. One used surgi-
cal type, such as hip replacement,
knee replacement, extremity sur-
gery, and spine surgery adjusted
for age and gender, and the other
used individual patient character-
istics (disease characteristics and
exercise tolerance). We tested for
first-degree multiplicative inter-
action between the independent
variables in each of the final
models.

ESULTS

atient Demographics
total of 338 consecutive orthopedic preoperative consults

o the internal medicine clinic were reviewed with their
orresponding operative and hospital records. The patients
ere elderly, with a mean age of 65.9 years, and had
ultiple comorbidities (Table 1). The most common of

hese were coronary artery disease (26%) and diabetes
19%). Most patients (68%) had a specific description of
unctional status that could be linked to the activity scale of
oldman,9 the criteria of Reilly,10 or the Duke Activity
tatus Index.11 Many patients (39%) had poor functional
tatus estimated as less than 4 metabolic equivalents
METS). Most patients (92%) with low functional status
ere limited because of joint pain. Many patients had minor

43%) or no (18%) ACC/AHA predictors of perioperative
ardiac risk. However, 38% had intermediate predictors and
ne patient had a major predictor, symptomatic aortic ste-
osis (Table 2).

One-third (34%) of preoperative evaluations were done
or patients undergoing hip surgery. Of these, nearly half
45%) were for hip fractures, and the remainder were for
hronic degenerative joint disease. Knee-replacement sur-
eries comprised 33%, spine surgery comprised 8%, and
ther extremity surgery comprised 25%. Extremity surgery
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endon repair, amputations, foot and ankle surgery, and
pen reduction and internal fixation of upper and lower
xtremity long-bone fractures. Despite the ACC/AHA rec-
mmendations classifying all orthopedic surgery as inter-
ediate risk, our consultants classified 75% of the surgeries

s intermediate risk and 25% of the surgeries as low risk.
ll of the surgeries classified as low risk were extremity

urgeries. Sixty-five procedures (19%) were considered ur-
ent, such as extremity amputations because of osteomyeli-

Table 1 Clinical Characteristics of Patients and Association w

All Patients
n (%)

Mean � SD age, y 65.9 � 13.5
Male gender, n (%) 211 (62)
Age � 70 y, n (%) 157 (71)
CCS Class I or II angina pectoris 6 (2)
History of myocardial infarction 87 (26)
History of congestive heart failure 12 (4)
History of diabetes mellitus 64 (19)
History of renal insufficiency 11 (3)
Abnormal ECG without cardiac history 38 (11)
Stage II hypertension (BP �180/100 mm Hg) 19 (6)
Functional capacity �4 METS 132 (39)
Perioperative beta-blocker use 125 (37)

OR � odds ratio; CI � confidence interval; SD � standard devi
electrocardiogram; BP � blood pressure; METS � metabolic equivalents

*Of 319 patients without major cardiac complications.
†Of 19 patients with major cardiac complications.

Table 2 Perioperative Risk Stratification by Cardiac
Indexes

Risk index
Total n
(%)

No Major
Cardiac
Events n
(%)*

Major Cardiac
Events n
(%)†

Revised Cardiac Risk Index, n (%)‡
0 229 (69) 217 (68) 11 (58)
1 81 (24) 78 (25) 3 (16)
2 20 (6) 15 (5) 5 (26)
3 2 (1) 2 (2) 0 (0)

2002 ACC/AHA clinical predictors, n (%)§
Major 1 (1) 0 (0) 1 (5)
Intermediate 128 (38) 116 (36) 12 (63)
Minor 146 (43) 140 (44) 6 (32)
None 59 (18) 59 (20) 0 (0)

ACC � American College of Cardiology; AHA �American Heart
Association.

*Of 319 patients without major cardiac complications.
†Of 19 patients with major cardiac complications.
‡Patients with a revised cardiac index score � 2 were more likely

to experience perioperative cardiac complications than patients with
lower risk (P�.004).

§Patients with intermediate-risk characteristics were more likely to
experience perioperative cardiac complications than patients with
p
lower risk (P � .007).
is, hip fractures, and complicated long-bone fractures for
hich surgery could not be postponed indefinitely.

erioperative Cardiac Testing
f all orthopedic surgery is considered to be intermediate
isk per ACC/AHA guidelines, then noninvasive cardiac
esting was indicated in 74 patients who had higher than
inor clinical predictors of cardiac risk and poor functional

tatus. However, only 36 patients (49%) received noninva-
ive cardiac testing. In most patients (92%) in whom cardiac
esting was warranted by the guidelines but omitted, the sole
ndication was poor functional status caused by joint dis-
omfort. Noninvasive cardiac testing was ordered in 11% of
he 264 patients when not indicated by the guidelines.

In patients receiving noninvasive cardiac testing, adeno-
ine sestamibi myocardial perfusion imaging was most
ommonly (85%) ordered. The rest of the tests consisted of
ransthoracic echocardiography (3%) and graded exercise
esting with (10%) and without (2%) sestamibi. One patient
eceiving transthoracic echocardiography had moderate to
evere aortic stenosis. Approximately half (46%) of the
yocardial perfusion test results were normal. No graded

xercise test results without myocardial perfusion imaging
ere abnormal. In patients with abnormal myocardial per-

usion imaging, 25% had a fixed defect, 67% had reversible
efects, and 8% had both fixed and reversible defects. In
atients with reversible defects, 53% had abnormalities in
he distribution of 1 coronary artery, 40% in 2 vessels, and
% in 3 vessels. No patients with fixed perfusion defects
ad further testing. Most abnormal cardiac study results
64%) occurred in patients who met ACC/AHA indications
or perioperative noninvasive cardiac testing.

As a result of abnormal test results, 13 patients received
ardiology consults. All of these patients had reversible

k for Major Perioperative Cardiac Complications (n � 338)

ts without
ications n

Patients with
Complications
n (%)†

Univariate
Analysis
(P value)

Multivariate Model
OR (95% CI)*

7 � 13.3 78.9 � 8.5 �.001 NA
6) 10 (53) .355 0.8 (0.26-2.35)
4) 16 (84) .001 5.0 (1.32-19.28)
) 1 (5) .237 5.5 (0.45-66.34)
5) 8 (42) .095 1.5 (0.43-5.28)
) 3 (16) .003 3.6 (0.75-20.73)
8) 5 (26) .402 0.7 (0.21-2.74)
) 2 (10) .067 4.1 (0.63-32.04)
2) 1 (5) .394 0.4 (0.04-3.34)
.3) 2 (10) .240 3.3 (0.56-17.78)
8) 10 (53) .216 1.1 (0.40-3.24)
6) 10 (53) .155 1.0 (0.37-2.95)

A � not available; CCS � Canadian Cardiovascular Society; ECG �
gen consumption].
ith Ris

Patien
Compl
(%)*

65.1
201 (6
141 (4

5 (2
79 (2
9 (3

59 (1
9 (3

37 (1
17 (5

122 (3
115 (3

ation; N
[of oxy
erfusion defects that were multivessel in distribution. Of
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hese, 5 patients underwent coronary angiography. Two
atients received coronary stents and then had surgery after
delay of several months without complications. No patient

eceiving coronary angiography or stents had symptoms of
ctive ischemic heart disease. Both patients receiving stents
ad high-grade stenosis of the left anterior descending ar-
ery. No new medication recommendations were charted as
result of abnormal cardiac test results.

erioperative Beta-blockers
erioperative beta-blockers were recommended in 51% of
atients. Patients with low functional status, an abnormal
symptomatic electrocardiogram, a surgery of more than
inor risk, poorly controlled hypertension, and age more

han 70 years were more likely to receive recommendations
or a perioperative beta-blocker (P�.05 for all). Of the
atients receiving beta-blockers, 74% met the criteria of
angano and colleagues,12 11% did not, and 15% had

nsufficient information to make this determination.
Follow-up of admission orders revealed that 73% of

atients in whom a beta-blocker was recommended received
t the day of surgery. When beta-blockers were recom-
ended, patients with abnormal preoperative cardiac test

esults and patients with a history of hypertension and
oronary artery disease were more likely to have a beta-
locker order documented in the hospital record (P�.001).

ardiac Complications
he incidence of major cardiac events was 5.7%, and the

otal mortality was 1.8% for all surgeries. There were 10
atients with cardiac ischemia, 7 patients with pulmonary
dema, 2 patients with both cardiac ischemia and edema,
nd 1 sudden cardiac death (Table 3). Minor cardiac com-
lications, most commonly supraventricular dysrhythmias,
ccurred in an additional 1.2% of patients for a total inci-
ence of 6.8% for all cardiac postoperative complications
nd 0.9% for cardiac-related mortality.

Fourteen patients receiving no preoperative cardiac test-
ng had major cardiac complications. Only one of these
atients met ACC/AHA indications for noninvasive testing.
he other patients were undergoing intermediate-risk sur-

Table 3 Major Cardiac Complications Grouped by Surgery

Surgery
Total n
(%)

Myocardial
Infarction
n (%)

Pulmonary
Edema n
(%)

Sudden C
Death n

Hip 119 (34) 8 (6.7) 8 (3.2) 1 (0.8)
Knee 108 (33) 1 (0.9) 0 (0.0) 0 (0.0)
Spine 29 (8) 1 (3.4) 0 (0.0) 0 (0.0)
Extremity 82 (25) 2 (2.4) 1 (4.0) 0 (0.0)
Total 338 (100) 12 (3.6) 9 (2.7) 1 (0.3)

*Includes patients with both myocardial infarction and pulmonary e
†P � .04 for increased cardiac events when compared with other su
eries with intermediate predictors and good functional sta- w
us estimated at more than 4 METS. Half of these patients
eceived beta-blockers.

Five patients with preoperative cardiac testing had major
ardiac events. Of these, 3 had a normal test result. In the
emaining 2 patients, 1 had moderate to severe aortic ste-
osis diagnosed by preoperative transthoracic echocardio-
ram, and 1 had mild reversible ischemia in a single-vessel
istribution on a myocardial perfusion study. Beta-blockers
ere recommended in all 5 patients, only 3 of whom re-

eived them perioperatively.

elationship of Patient and Surgical
haracteristics to Complications
ith the exception of advanced age, no other comorbid

ondition was associated with an increased risk of major
ardiac events. However, patients with intermediate-risk
haracteristics were more likely to experience perioperative
ardiac events compared with those with minor or no clin-
cal predictors (P � .007) Patients with a revised cardiac
ndex score of 2 or more also were more likely to have
ajor cardiac events than patients with a lower score

P�.004) (Table 2).
The risk of major cardiac complications was higher in

ip surgery than other types of orthopedic surgery when
djusted for age and gender (OR 7.5, 95% CI, 1.02-54.55; P

.04) (Table 3). This association also was true when other
atient characteristics were added to the regression model.
he rate of cardiac events in patients with hip fracture was
ot significantly higher than that of elective hip replace-
ent. No surgery was determined to be an emergency, but
any could be considered urgent, such as hip and other

omplicated long bone fractures and amputations for dia-
etic osteomyelitis. Cardiac events occurred in 12% of
atients with surgeries deemed urgent and 4% of procedures
eemed elective (P � .009).

ISCUSSION
ur study demonstrates several important findings. First,

he age of the patient and urgency of the surgery were
mportant indicators of increased risk of perioperative car-
iac complications. Although most of our patient population

Total Patients with
Major Cardiac
Events n (%)

Cardiac
Mortality
n (%)

Noncardiac
Mortality n
(%)

Total
Mortality
n (%)

15* (12.6)† 3 (2.5) 3 (2.5) 6 (5.0)
1 (0.9) 0 (0.0) 0 (0.0) 0 (0.0)
1 (3.4) 0 (0.0) 0 (0.0) 0 (0.0)

2* (2.4) 0 (0.0) 0 (0.0) 0 (0.0)
19* (5.7) 3 (0.9) 3 (0.9) 6 (1.8)

.

ardiac
(%)

dema.
as geriatric, the very elderly had a substantially higher risk
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f complications with most complications occurring in pa-
ients aged more than 70 years. The association of age with
ncreased perioperative risk has been described in studies
ncompassing multiple types of surgery.13 Our finding that
rgent surgery had a higher risk than elective surgery has
lso been reported in previous studies.14

Next, hip surgery is more likely than other types of
rthopedic surgery to result in perioperative cardiac com-
lications. In contrast, cardiac complications occurred in
ess than 1% of knee replacements. This raises the intriguing
uestion of whether all orthopedic surgeries should be con-
idered intermediate risk, as stated in the 2002 ACC/AHA
erioperative Cardiac Evaluation Guidelines. If many sur-
eries could be reclassified as minor risk, it would result in
ubstantial cost-savings because patients with poor func-
ional capacity would not require noninvasive cardiac test-
ng. Our data suggest that internists intuitively realize this,
ecause a quarter of the time, they classified many types of
rthopedic surgery as minor risk, despite the ACC/AHA
uidelines. This happened exclusively with extremity sur-
eries in our study.

Finally, we found that abnormal noninvasive cardiac
esting results rarely changed the consultant’s preoperative
ritten recommendations. We also found that most cardiac

omplications occurred in patients who did not receive
oninvasive cardiac testing. Furthermore, only 3% of the
atients with abnormal cardiac test results had major cardiac
omplications.

Major cardiac complications in patients without preop-
rative cardiac testing mainly occurred in intermediate-risk
atients with intermediate clinical predictors and with good
unctional status. This suggests several possibilities. One is
hat clinicians may have a difficult time judging whether a
atient with subacute joint pain has an exercise tolerance of
or greater METS. Patient self-report was accurate in a

rior study demonstrating patients who stated they were not
ble to walk 4 blocks or climb 2 flights of stairs were at
igher postoperative risk.10 Many of our patients had sur-
ogate markers for estimated functional status documented
n their preoperative consult based on the Duke Activity
tatus Index11 and activity scale of Goldman.9

Another possibility is that patients with abnormal non-
nvasive cardiac test results received different postoperative
are. Achieving adequate B-adrenergic blockade has proven
ifficult in other trials.15,16 Given that compliance with
-adrenergic blockade was better in patients with abnormal
ardiac test results, it is conceivable that perioperative mon-
toring and beta-blocker titration may have been more
losely supervised. Cardiac complications are most com-
on in the first 3 days after surgery and can be detected by
ndings of ischemia on telemetry.17,18

Would our patients with adverse cardiac outcomes have
enefited from preoperative cardiac testing? Or is standard-
zed management in patients with intermediate and higher
isk a better strategy to follow? A philosophical shift from

reoperative testing to bedside risk stratification and beta- a
lockade has been suggested in a recent review as a more
ational approach.5,19 In contrast with the current ACC/
HA guidelines, older preoperative assessment guidelines
ublished by the American College of Physicians in 1997
o not recommend noninvasive cardiac testing in interme-
iate-risk patients unless they are undergoing vascular sur-
ery.20 These conflicting guidelines could also explain why
nternists in our study evaluating intermediate-risk patients
id not consistently order noninvasive cardiac tests.

Recent research has demonstrated that medical and or-
hopedic comanagement may improve outcomes in hip-
eplacement surgery.21 Further studies are needed to see
hether a streamlined approach using B-adrenergic block-

de in patients of intermediate and higher risk and standard-
zed perioperative cardiac monitoring could reduce the need
or preoperative cardiac testing.

There were several limitations to our study. We had
nsufficient power to determine whether B-adrenergic
lockers could reduce perioperative cardiac events. Our
etrospective study design made it impossible to determine
he effectiveness of beta-blockade in patients who did re-
eive them perioperatively, to document the type of anes-
hesia used, to assess the estimated blood loss during sur-
ery, and to record the type of ward the patient was placed
n postoperatively.

Our study described outcomes in patients who were
eferred to an internal medicine preoperative consult service
n a single tertiary care hospital. Our conclusions may not be
eneralizable to other types of hospitals and healthier pa-
ients undergoing orthopedic surgery who do not receive
reoperative internal medicine consults. Further studies
hould validate our results at other hospitals and include
atients who did not receive preoperative consults.

Finally, we grouped many types of orthopedic surgeries that
ay have subtle differences together. For example, although

o surgery was deemed an emergency, 96% of the hip fracture
epairs analyzed were performed within 72 hours of injury,
hereas an average of 2 weeks elapsed between the preop-

rative consult and surgical date with elective hip replace-
ent. Grouping elective extremity surgeries, such as repair

f a tibia/fibula fracture, and more urgent extremity proce-
ures, such as amputation of a gangrenous foot, proves
imilarly problematic. The study was not powered to detect
ifferences between different subtypes of orthopedic sur-
ery. However, our study represents an important first step
n understanding that perioperative cardiac risk is not equal
or different types of orthopedic surgery.

We conclude that in patients undergoing orthopedic sur-
ery who are referred to an internal medicine consult ser-
ice, older patients, patients undergoing hip surgery, and
atients receiving urgent procedures have a higher risk of
ardiac events. The ACC/AHA 2002 guidelines for periop-
rative cardiac evaluation were successful in predicting car-
iac risk but did not recommend cardiac testing for most
atients having cardiac events. Although few patients had

ltered treatment recommendations or invasive cardiac test-
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ng as a result of abnormal preoperative noninvasive cardiac
est results, they were more likely to have recommendations
or B-adrenergic blockade. Prospective studies are required
o determine whether patients would benefit more from an
pproach based on B-adrenergic blockade and close post-
perative scrutiny versus more widespread preoperative car-
iac testing with refined standards for functional status
etermination, or a combination of both.
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