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PREOPERATIVE EVALUATION 
Jeffrey Kravetz, MD 

Week 4 
 
 
Educational Objectives: 
 

1. Determine how to calculate preoperative cardiac risk 
2. Define who might benefit from beta blockers in the perioperative period 
3. Identify patients who might benefit from further testing prior to surgery 
4. Manage anticoagulation in the perioperative period 
 
 

CASE ONE: 

 
Mr. PO is a 62-year-old patient who presents to you for evaluation prior to considering a 
left total hip arthroplasty (THR).  His past medical history includes congestive heart failure 
with an ejection fraction of 35% (from an echocardiogram two months prior), coronary 
artery disease with a history of anterior wall myocardial infarction at age 55, treated with 
emergent angioplasty and drug-eluting stent placement, and insulin-requiring diabetes.  Up 
until about four months ago, he was still able to play golf and walk nine holes with some 
left groin pain, but without chest pain/pressure or dyspnea.  He has not had any recurrent 
chest pain since his angioplasty seven years ago.  Over the past four months, he has had 
progression of left groin pain to the point where he needs to ride a cart to play golf.  While 
at home, he is able to get around independently but becomes limited by groin pain after 
walking for more than five minutes.  His medications include aspirin, lisinopril, 
furosemide, atorvastatin, and insulin (glargine).  He previously had been prescribed 
metoprolol XL but stopped due to fatigue.  Physical examination reveals a well appearing 
male who is able to walk into your office with a cane and appears in no acute distress.  
Blood pressure is 130/80 with a heart rate of 84.  His cardiovascular examination reveals a 
regular rate and rhythm without murmurs or gallops.  There is no jugular venous 
distension and the lung examination reveals clear lungs with good air movement.  There is 
no edema and the extremities are warm with normal distal pulses.  
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Questions: 
 

1. What factors determine a patient’s perioperative cardiovascular risk?  How do you 
assess Mr. PO’s perioperative cardiovascular risk?  (This should lead to a discussion 
of risk factor indices and their utility.)   
Perioperative cardiovascular risk, defined as a myocardial infarction or cardiovascular 
death within 30 days of surgery, depends on both the patient’s risk factors and the risk of 
surgery itself.  Surgical risk ranges from low, defined as <1%, to high, defined as >5%.  
These categories are based historically on the overall risk of cardiovascular death or 
nonfatal myocardial infarction for the specific type of surgery.  Examples of low risk 
surgery, where the cardiovascular risk is<1%, include most ambulatory surgeries, cataract 
surgery, breast surgery, and endoscopic procedures.  Due to the low risk of these 
surgeries, no further cardiovascular risk assessment is indicated for asymptomatic 
patients undergoing these procedures.  Any surgery where the reported risk of myocardial 
infarction or cardiac death is >1% is considered to have an elevated risk and requires 
further risk assessment.   Most surgeries, including intraperitoneal, intrathoracic, 
orthopedic, and head and neck surgeries, fall in the intermediate risk category, where the 
risk of a cardiovascular event is between 1% and 5%.  High risk surgeries, where the risk 
of adverse cardiac event or death is >5%, include peripheral arterial surgeries, as well as 
aortic surgeries.  The American College of Cardiology (ACC) and the American Heart 
Association (AHA) simplify the risk categories of surgery to low risk (<1% 
cardiovascular risk) and elevated risk (>1% cardiovascular risk).  Again, low risk 
surgeries generally do not require any further preoperative cardiac risk assessment. 
 
There are multiple different risk predictive indices available to determine an individual 
patient’s risk of perioperative cardiovascular morbidity and mortality for patients 
undergoing elevated risk surgeries.  Each of the risk scales has typically been derived 
using similar methods.  First, a list of possible risk factors is developed by the study 
committee in order to follow a cohort prospectively through elevated risk non-cardiac 
surgeries.  Using these predetermined risk factors, the first cohort, referred to as the 
derivation cohort, is used to calculate risk factors independently associated (via 
multivariate analysis) with adverse cardiac outcomes, usually death, myocardial 
infarction and congestive heart failure.  These independent risk factors are then used to 
prospectively follow a second cohort of patients, referred to as the validation cohort, to 
determine if the risk factors are still independently associated with adverse cardiovascular 
outcomes.  The risk factors that are independently associated with adverse cardiovascular 
outcomes in both the derivation and validation cohorts are then used to create the final 
cardiovascular risk predictive index. 
 
Using these methods, there are a number of scales that have historically been used, 
including the Goldman criteria, modified cardiac risk index (a.k.a. Detsky-Goldman 
criteria), and the Eagle criteria.  Each of these historical indices had shortcomings, 
including variability in interpretation of risk factors and difficulty in predicting outcome.  
In 1999, the revised cardiac risk index (RCRI) was published, which had significant 
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advantages over prior indices, including broad categories of risk factors and 
reproducibility (Lee, 1999).  To this day, the RCRI remains the best validated and most 
widely used cardiovascular preoperative risk index.  The risk factors in this index are: 
 

• High risk surgery – defined as intraperitoneal, intrathoracic, or suprainguinal 
vascular surgery (note that the authors of the RCRI defined high risk surgery 
differently from the ACC/AHA definition above) 

• Ischemic heart disease – could include a history of myocardial infarction, 
positive stress test, angina, use of nitroglycerin, or ECG with q waves 

• History of congestive heart failure – either systolic or diastolic and defined as a 
history of congestive heart failure, physical examination with bilateral rales or S3 
gallop, or a chest radiograph with evidence of pulmonary edema 

• History of cerebrovascular disease – history of either stroke or transient 
ischemic attack  

• Insulin therapy for diabetes 
• Preoperative creatinine > 2.0 mg/dL         

 
The rate of major cardiac complication in the validation cohort increased with an 
increasing number of risk factors: 

• 0 risk factors – 0.4% 
• 1 risk factor – 0.9% 
• 2 risk factors – 6.6% 
• 3+ risk factors – 11% 

 
Using the RCRI, Mr. PO has, at least, three risk factors for an adverse cardiac event.  
Thus, per the RCRI criteria, his risk of adverse cardiac event is ~11%.   
 
There are other risk indices that are not as well validated but are commonly used, 
especially by surgeons and anesthesiologists.  These include the ASA scale (American 
Society of Anesthesiology) and the NSQIP (National Surgical Quality Improvement 
Program).  These should be quickly reviewed with the residents for their familiarity.   
 
The ASA scale is a purely subjective scale often used by anesthesiologists to assess a 
patient’s risk prior to surgery.  The scale has actually outperformed the initial risk scales 
(Goldman and modified cardiac risk index) but is less predictive than the RCRI.  The 
ASA scale is as follows: 
 

• ASA class 1 - A normal healthy patient 
• ASA class 2 - A patient with mild systemic disease 
• ASA class 3 - A patient with severe systemic disease, that limits function, but is 

not incapacitating 
• ASA class 4 - A patient with severe systemic disease that is a constant threat to 

life 
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• ASA class 5 - A moribund patient who is not expected to survive without the 
operation 

• ASA class 6 - A declared brain-dead patient whose organs are being removed for 
donor purposes 

  
The NSQIP is an interesting, but as yet unvalidated, risk predictor developed by surgeons 
to further determine a patient’s overall risk of surgery, not just the cardiovascular risk.  
The advantage of this risk scale is that it includes risk factors likely associated with 
adverse outcomes, but not previously studied, including preoperative functional status, 
age, sex, body mass index, and smoking status.  The outcomes include cardiovascular 
events, but also post-operative pneumonia, renal failure, urinary tract infection and 
expected length of hospitalization.  This risk predictor has an easily accessible online 
calculator at www.riskcalculator.facs.org.  The biggest criticism of the NSQIP is that it is 
an unvalidated index which has statistical shortcomings.   
 
The risk factors of the NSQIP were then used to create the Gupta MICA (myocardial 
infarction/cardiac arrest) index, which is used by some to assess risk of cardiovascular 
outcomes (Gupta, 2011).  Five independent risk factors were found to be associated with 
myocardial infarction and cardiac arrest:   
 

• ASA class 
• Dependent functional status 
• Increasing age 
• Creatinine >1.5 
• Type of surgery      

 
An online calculator is also available for this index at 
https://qxmd.com/calculate/calculator_245/gupta-perioperative-cardiac-risk.  Criticisms 
of this risk scale include the reproducibility, given the inclusion of the ASA class, lack of 
congestive heart failure as an outcome, and the use of some risk factors (type of surgery) 
without reaching statistical significance.  
 

2. Is there any laboratory data that you would order in the preoperative evaluation of 
Mr. PO? 
As mentioned in the prior question, renal function should be checked prior to surgery in 
order to accurately assess Mr. PO’s risk of adverse cardiac event using the RCRI.  
Though a surgeon will always check the patient’s CBC, as well as PT/PTT, these results 
do not affect a patient’s preoperative cardiovascular risk.   
 
For joint replacement surgery, a preoperative urinalysis is often requested by orthopedists 
to screen for asymptomatic bacteriuria, which was once thought to be a risk factor for 
prosthetic joint infections.  More recent studies have questioned the utility of this 
practice.  A meta-analysis in 2018 showed no association of preoperative, asymptomatic 

http://www.riskcalculator.facs.org/
https://qxmd.com/calculate/calculator_245/gupta-perioperative-cardiac-risk
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bacteriuria with prosthetic joint infections, which argues against this test, and also argues 
strongly against treatment for asymptomatic bacteriuria prior to joint replacement (Wang, 
2018). 
 
In patients with elevated cardiac risk, there is some accumulating evidence that a 
preoperative BNP might help to identify patients at higher risk for adverse cardiac events 
from surgery.  A meta-analysis of 2,179 patients undergoing non-cardiac surgery found a 
BNP level of >92 ng/L to be strongly associated with higher risk of death or non-fatal 
myocardial infarction in the postoperative period.  Compared with a patient with a 
BNP<92 ng/L, patients with a BNP>92 ng/L had a risk of myocardial infarction or death 
that was four times greater within 30 days (21.8% vs. 4.9%) (Rodseth, 2014).  Further 
prospective studies will need to be conducted to further elucidate the role of BNP in 
routine preoperative risk assessment.  
 
You should also check a hemoglobin A1c prior to joint replacement surgery.  Though 
uncontrolled diabetes is not an absolute contraindication to surgery, the risk of adverse 
outcomes in joint replacement surgery tends to increase with worsening of diabetes 
control.  In one study of 1,645 patients with diabetes undergoing joint replacement 
surgery, the risk of prosthetic joint infections increased from 0.8% to 5.4% as the 
hemoglobin A1c increased above 7.7% (Tarabichi, 2017). Thus, especially in elective 
surgeries, delaying of surgery to allow for improvement of diabetes control is a 
reasonable option.    

 
3. Should you order a stress test to further evaluate Mr. PO prior to consideration of 

hip replacement surgery?   
Ordering a stress test in the preoperative evaluation of a patient with known cardiac 
disease is a debatable issue.  Though it is not uncommon for a stress test to be ordered in 
this situation, there is little evidence of its impact on outcomes.  To try to answer this 
question, a large multicenter VA trial in 2004 randomized 510 patients awaiting elective 
vascular surgery to usual care vs. cardiac revascularization prior to the planned elective 
vascular surgery (McFalls, 2004).  The patients in this trial were deemed to be at high 
risk for adverse cardiac outcomes during a cardiology consultation and if they consented, 
underwent cardiac catheterization.  Only those patients with at least one coronary stenosis 
of >70% that was amendable to revascularization were included in the randomized trial. 
Patients with left main stenosis of >50%, ejection fraction of <20% and severe aortic 
stenosis were also excluded.  Patients were randomized to revascularization (1/3 bypass 
surgery; 2/3 angioplasty) vs. usual care with a primary endpoint of death.  Of note, 
approximately 85% of patients in each arm were on beta blockers throughout the study.  
Thus, this study looked at the benefit of revascularization of high-risk patients going for a 
high-risk surgery who were already taking beta blockers.  There was no difference in 
either 30-day (3.1% revascularize; 3.4% usual care) or six-year post-operative mortality.  
However, prior to the elective vascular surgery, 10 patients in the revascularization arm 
died, while only one patient in the usual care arm died.  This implies that the decision to 
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delay elective vascular surgery in order to address cardiac revascularization actually 
increased the risk of overall mortality without any clear benefit.  
 
If a patient has either stable angina or no cardiac symptoms with an exercise tolerance of 
>4 mets, there is no need to consider a stress test, since there is no known benefit of 
revascularization in the general population in this scenario.  However, you should screen 
a patient in the preoperative period for unstable angina and for new or worsening 
congestive heart failure, as either of these would be a contraindication for elective 
surgery until further evaluated.      
 

4. What can you do to try to lower the risk of surgery for Mr. PO? 
Based on the RCRI, Mr. PO has a perioperative cardiac risk of ~11%.  Given his lack of 
cardiac symptoms, a stress test is not indicated as revascularization would not affect his 
surgical risk.  Thus, medical management should be discussed.  Beta blockers have been 
studied extensively in this setting and should be considered for Mr. PO.   
 
The data for beta blocker use in the perioperative period has accumulated over the past 
two decades.  Initial small, randomized controlled trials studying beta blockers in the 
perioperative period for intermediate or high-risk surgery showed statistically significant 
reductions in cardiac endpoints in patients with known coronary disease or risk factors 
for coronary disease.  However, a large RCT (POISE) of more than 8,000 intermediate 
risk patients undergoing intermediate to high risk surgeries yielded conflicting results 
(Devereaux, 2008). Though there was a statistically significant reduction in combined 
cardiac endpoints (ARR 1.1%) and myocardial infarction (ARR 1.5%), there was also a 
statistically significant increase in both overall mortality and stroke in the beta blocker 
arm.  Criticisms of this study include the high dose of metoprolol XL studied, as patients 
were started on 100 mg daily, with a quick titration to 200 mg daily for 30 days.  As 
could be expected, there was also a statistically significant increase in hypotension and 
bradycardia in the metoprolol arm, which likely contributed to the risk of stroke.  
Unfortunately, POISE remains the largest beta blocker study and leaves some questions 
unanswered.   
 
There is evidence from a large, retrospective study of more than 663,000 patients that 
those with an RCRI score of two or greater stand to benefit from being on a beta blocker 
during the perioperative period (Lindenauer, 2005). Mr. PO has three RCRI risk factors, 
so a beta blocker should be considered at this time.  Interestingly, this same study showed 
an increased risk of mortality when patients were on a beta blocker with an RCRI score 
of either 0 or 1, thus making it appear that beta blockers are not indicated for lower risk 
patients.   
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Given the evidence available, in a patient undergoing intermediate or high-risk surgery 
with an RCRI score of 2 or greater, strong consideration for initiation of a beta blocker 
preoperatively should be considered.  If a beta blocker is started, there is physiologic 
evidence for greater benefit if a resting heart rate of 60-70 is obtained prior to surgery.  
There is no data to guide which beta blocker to initiate in the preoperative setting 
(Feringa, 2006).  
 
 

CASE ONE CONTINUED: 

 
Mr. PO undergoes an uncomplicated left total hip replacement.  Two years later, he 
presents to your office again for a preoperative evaluation.  This time, Mr. PO has right 
hand carpal tunnel syndrome and has failed splinting and corticosteroid injections.  He has 
a form from his outpatient orthopedist requesting preoperative clearance for carpal tunnel 
release.  He reports that he is back to being able to walk nine holes of golf and continues to 
be able to do so without hip pain, chest pain, or shortness of breath.  His medications 
include aspirin, lisinopril, furosemide, metoprolol XL (started during his hip replacement 
and continued), atorvastatin, and insulin (glargine).  On physical examination, his blood 
pressure and heart rate are 132/74 and 68.  His most recent laboratory assessment reveals 
normal renal function and a hemoglobin A1c of 7.4%.   
 

 
5. How do you assess Mr. PO’s preoperative surgical risk?  What medical conditions, 

if present, would be contraindications to surgery?  Is any testing indicated at this 
point? 
Since Mr. PO is now awaiting a low risk surgery, the preoperative risk assessment is 
straightforward.  For all patients undergoing any surgery, the following questions should 
be asked prior to addressing the patient’s surgical risk using a preoperative risk 
calculator, such as the RCRI: 

• Is the surgery emergent for a life-threatening situation? 
o If a patient is likely going to die without surgery, then preoperative 

risk assessment is unnecessary.  If faced with this situation, the only 
guidance is for risk reduction, if possible, with consideration of 
addressing the role for beta blockers.   

• Does the patient have an absolute contraindication to surgery? 
o There are a few cardiac conditions that place a non-emergent patient at 

inordinate risk for surgery.  These include: 
 Unstable angina or myocardial infarction within the past 30 

days 
 Class IV congestive heart failure (CHF) or new onset CHF  
 Significant arrhythmias requiring a pacemaker 
 Severe aortic or mitral stenosis 
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• Is the surgery a low risk surgery? 
o Low risk surgery is defined as surgery where the historical risk of 

myocardial infarction or death is <1%.  Surgeries in this category 
include ambulatory surgeries (including carpal tunnel release), 
endoscopic procedures, superficial procedures, cataract surgery and 
breast surgery.  If a patient does not have an absolute contraindication 
to surgery (as above) and is going for a low risk surgery, there is no 
further preoperative risk assessment or risk reduction that is 
recommended.  In this situation, the preoperative risk assessment can 
state that the patient does not have any acute contraindications to 
surgery and can therefore proceed to a low risk surgery without any 
further preoperative risk assessment.     

 
 
CASE TWO: 

 
Ms. HI is a 50-year-old female patient of yours who presents for routine follow-up.  She has 
no complaints and is active in her job as a postal worker, walking more than 10,000 
steps/day on her mail route without any limitations.  Her past medical history includes 
atrial fibrillation, hypertension, and non-insulin dependent diabetes.  She is compliant with 
her medication regimen which includes warfarin, metformin, and lisinopril.  Her physical 
examination is unremarkable with a blood pressure and heart rate of 136/72 and 78.  Based 
on her age, you recommend a screening colonoscopy, which she agrees to.     
 

 
6. How do you manage Ms. HI’s anticoagulation for the colonoscopy? 

The two options to consider in this situation are whether to use a heparin bridge for 
warfarin or to interrupt warfarin temporarily without a bridge.  Based on data from the 
BRIDGE trial, there is evidence that using a bridge is unnecessary and only increases the 
risk of bleeding, but it is important to review the limitations of this study (Douketis, 
2015).  The BRIDGE trial was a randomized, double-blind, placebo-controlled trial of 
1,884 patients who were already taking warfarin for atrial fibrillation and were 
undergoing an elective procedure that required interruption of anticoagulation.  Patients 
were randomized to low molecular weight heparin (dalteparin) or placebo to begin three 
days prior to the scheduled procedure.  All patients held warfarin for five days prior to 
the procedure and resumed within 24 hours of the procedure.  The primary endpoint of 
arterial thromboembolism was unchanged and low between the groups (0.4% for no 
bridge; 0.3% for bridge).  However, major bleeding was significantly increased in the 
bridge group (3.2%) compared with the no bridge arm (1.3%).  Of note, most patients in 
this study had a CHADS2 score of ≤3, with <15% of patients studied with a CHADS2 
score of 4 or greater.  Thus, it is not clear what the best strategy for bridging 
anticoagulation is for a patient at higher risk of thromboembolism from atrial fibrillation.  
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For Ms. HI, her CHADS2 score is 2 and she does not require bridging anticoagulation, 
based on the BRIDGE study.  For warfarin, five days is typically enough time to interrupt 
anticoagulation in order to reduce the risk of perioperative and postoperative bleeding.  
For the DOAC’s, the best time to discontinue prior to surgery depends on the specific 
DOAC taken and the patient’s underlying renal function, and ranges from 24 hours to 6 
days.  It is best to review the specific recommendations for each DOAC prior to 
interruption for surgery.   
  

7. Would your recommendation for anticoagulation change if Ms. HI had a history of 
mitral valve replacement with a mechanical valve? 
In this situation, bridging anticoagulation is still recommended, as this high-risk group of 
patients has yet to be studied.  An ongoing trial, entitled PERIOP 2, is currently 
comparing the effectiveness and safety of low molecular weight heparin vs. placebo in 
patients with mechanical valves who require interruption of anticoagulation for a 
procedure (ClinicalTrials.gov Identifier: NCT00432796).  The results of this trial will 
further guide management of anticoagulation in this high-risk group and should be 
available in the near future.   
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CME Questions: 

 
1. A 35-year-old healthy female presents to you for preoperative risk assessment 

prior to medial meniscal surgery.  What tests should you order to assess her 
surgical risk?   
 

a. Stress test 
b. BNP 
c. None 
d. Lipid profile  

 
2. A 72-year-old male presents for preoperative risk assessment prior to left total 

knee replacement.  He has no complaints other than those related to his left knee 
and specifically denies chest pain or shortness of breath.  He has a past medical 
history that includes a myocardial infarction at age 69, treated with emergent 
angioplasty, history of transient ischemic attack, hypertension, and diabetes.  
His medications include aspirin, metformin, atorvastatin, and 
hydrochlorothiazide.  His blood pressure and heart rate are 138/88 and 82.  
What is the next best step prior to surgery?  
 

a. Refer him to cardiology for preoperative risk assessment 
b. Start a beta blocker 
c. Order a stress test 
d. Recommend against surgery given the patient’s risk  

 
3. A 58-year-old male with a history atrial fibrillation and hypertension presents to 

your office prior to a colonoscopy.  His medications include warfarin and 
chlorthalidone.  How do you manage his anticoagulation prior to the 
colonoscopy? 
 

a. Use low molecular weight heparin as a bridge prior to the procedure 
b. Use aspirin as a bridge prior to the procedure 
c. Continue warfarin as prescribed without interruption  
d. Stop warfarin for five days prior to the procedure without a bridge 

 
 
Answers: 
 

1. c  A patient undergoing a low risk surgery does not require further preoperative testing. 
2. b This patient has two RCRI risk factors (myocardial infarction and history of 

cerebrovascular disease) and would likely benefit from initiation of a beta blocker.    
3. d   In a patient with a CHADS2 score of 1, it is safe to interrupt warfarin without a 

bridge.  


