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Preoperative cardiac evaluation and 
management

Optimal perioperative cardiac management continues 
to evolve. A recent JAMA review highlighted the 
relevant literature for both preoperative assessment and 
perioperative management.1 This review was supplemented 
with additional new studies where appropriate. 
Approximately half of the patients undergoing elective 
surgery have cardiovascular risk factors and about a quarter 
have a prior history of atherosclerotic cardiovascular disease. 
Across all noncardiac surgeries on U.S. adults, the overall 
combined rate of perioperative death, myocardial infarction, 
or stroke is 3%. The goals of the preoperative assessment 
and perioperative management are to reduce this risk. 

Evaluation of potential coronary artery disease. There 
are five scenarios where the patient’s underlying condition 
causes the perioperative risk to be very high. Therefore, 
in these situations, nonemergent surgery should be held 
pending consultation with cardiology. These include:
•	 Acute coronary syndrome
•	 Acutely decompensated heart failure
•	 Severe aortic stenosis
•	 �Unstable tachyarrhythmia or bradyrhythmia requiring 

immediate therapy
•	 Recent placement of a coronary artery stent 

Assuming none of these to be present, the preoperative 
evaluation then moves to looking at the risk of major adverse 
cardiac events (MACE) as a function of the type of surgery 
being performed. These can be divided into three categories: 

•	 �Low-risk procedures (MACE risk of <1%), including 
ophthalmologic surgery, cosmetic surgery, arthroscopic 
surgery and mastectomy 

•	 �Intermediate-risk procedures (MACE risk of 1–3%), 
including orthopedic, GU/GYN, ENT, general abdominal 
and neurosurgical procedures 

•	 �High-risk procedures (>5% MACE risk), including 
vascular, thoracic and transplant surgeries 

Low-risk procedures. Patients undergoing low-risk 
procedures do not require a preoperative evaluation or an 
ECG. A recent study of unnecessary ECGs prior to cataract 
surgery showed that as a result of the pre-op ECG being 
performed, these patients incurred additional downstream 
costs of consultation and testing that averaged $1,700 
per patient and had no positive impact on outcomes.2 The 
excess cost to Medicare was $35 million. 

Intermediate- and high-risk procedures. For intermediate- 
and high-risk procedures, the next question becomes whether 
there is a role for preoperative ischemia testing. To start, the 
revised cardiac risk index (RCRI) should be calculated. Using 
the RCRI, one point is assigned for each of the following: 
ischemic heart disease, cerebrovascular disease, heart 
failure, insulin-dependent diabetes, chronic kidney disease 
(serum creatinine level  

≥2.0 mg/dL), and high-risk surgery (intraperitoneal, 
intrathoracic, or vascular). Those with a score of zero have 
a very low perioperative risk of MACE and may proceed to 
surgery. For those with a score above zero, patients who 
are able to walk up a hill or climb two flights of stairs (4 
METS of activity) without cardiopulmonary symptoms do 
not require ischemia testing and may proceed to surgery. 
In patients who have poor functional capacity and can’t 
achieve this level of exertion, it is controversial as to 
whether to perform ischemia testing. The controversy stems 
from the fact that coronary revascularization prior to surgery 
in patients with abnormal ischemia tests has not been 
shown to improve perioperative MACE rates. Additionally, 
a recent study looked at over 36,000 patients with an RCRI 
score of one or higher who had a stress test prior to elective 
knee surgery and compared them to matched controls 
who did not undergo stress testing. The perioperative MI 
and cardiac death rates in both groups were statistically 
identical.3 Routine coronary revascularization is not 
recommended before noncardiac surgery to reduce 
perioperative MACE. Thus, the reason to consider ischemia 
testing is if an abnormal outcome would change the 
decision to have the surgery, or materially change the 
perioperative medical or surgical management of the 
patient. For this group of patients, ischemia testing may be 
considered, and cardiology consultation obtained. Coronary 
computed tomography angiography (CCTA) alone is not 
recommended as a replacement for ischemia testing but 
CCTA with fractional flow reserve (FFR) could be considered 
as an alternative to ischemia testing in this setting. 

Preoperative echocardiogram. The evaluation of left 
ventricular function is not routinely indicated. It should be 
reserved for suspected moderate to severe valvular disease 
in patients who have new signs or symptoms or have not 
had their valvular disease assessed within the past year. 
Treatment of severe valvular disease should be considered 
prior to elective surgery. 

Preoperative measurement of BNP levels. This is an 
area of emerging interest as there have been several studies 
correlating postoperative MACE with preoperative  
BNP levels. A recent study prospectively looked at pre-op 
NT–proBNP levels in over 10,000 patients in nine countries.4 
Providers caring for these patients were blinded to the 
levels. Patients with elevated levels were placed into three 
groups and had the following rates of the primary endpoint 
of perioperative vascular death or MI: 

•	 100–200 pcg/ml: 12%
•	 200-1,500 pcg/ml: 20.8%
•	 >1,500 pcg/ml: 37.5%

(continued on page 3)
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A similar meta-analysis of individual patient data from 18 
prospective observational studies looked at preoperative 
BNP levels greater than 92 pg/mL or NT–proBNP levels 
greater than 300 pg/mL. These elevations were associated 
with increased risk of death or myocardial infarction at 
30 days (21.8% in those with elevated levels versus 4.9% 
in patients with BNP below these levels).5 The Canadian 
guidelines now recommend preoperative BNP measurement 
in patients in three circumstances: over age 65, having an 
elevated RCRI, or having a history of CAD. This has not 
been adopted by the AHA/ACC guidelines. Pending revision 
of the U.S. guidelines, where might pre-op BNP levels be 
useful in changing management? On average, patients age 
75 or older have a 9.5% perioperative mortality and this is 
not always communicated prior to surgery. One potential 
application of preoperative BNP measurement would be in 
elective surgery for those patients at high CV risk and in 
the frail or elderly. Identification of BNP levels which would 
predict a much higher perioperative mortality rate can be 
discussed with the patient and used to help inform their 
decisions around their desire for elective surgery. 

Beta blocker and ACE/ARB use perioperatively. 
Although there are theoretical advantageous effects to 
the perioperative use of these drug classes, randomized 
controlled trials have failed to demonstrate benefits with 
their use, and in fact have shown an increase incidence of 
adverse outcomes including stroke, MI and mortality. This 
is likely related to the fact that these adverse perioperative 
outcomes are strongly associated with intraoperative 
hypotension and all three of these drug classes increase 
this risk. It is possible that initiation of beta blocker therapy 
one week or more preoperatively may minimize the risk 
of intraoperative hypotension and maintain the potential 
benefits. However, this has yet to be demonstrated in 
randomized trials. 

Perioperative anticoagulation. Patients with nonvalvular 
atrial fibrillation do not require bridging anticoagulation. 
This also holds true for most patients on long-term 
anticoagulation for recurrent deep venous thrombosis 
or pulmonary embolus. In a trial of 1,884 patients with 
nonvalvular atrial fibrillation randomly assigned to either 
perioperative bridging therapy with low-molecular 
weight heparin or placebo, the incidence of arterial 
thromboembolism was not different between the groups, but 
perioperative bleeding was increased in the bridging group.6 

In a study of 3,640 patients with atrial fibrillation taking 
a direct oral anticoagulant, stopping use of the oral 
anticoagulant one to two days prior to a procedure 
with a low bleeding risk (e.g., eye surgeries or dental 
procedures) and two to four days before a procedure with 
a high bleeding risk (e.g., orthopedic surgeries or vascular 
surgeries) without perioperative bridging therapy was 
associated with low rates of arterial thromboembolism 
(0.33%).7 Patients with mechanical mitral and certain 
mechanical aortic valves do require bridging anticoagulation 
with heparin. Lastly, unless the risk of coronary ischemia is 
significant, routine use of aspirin perioperatively is also not 
recommended due to an increase in bleeding risk without 
an improvement in MACE. 

Patients with prior coronary stenting procedures. We 
are commonly faced with a decision around the timing of 
elective surgery post coronary stent. Individuals requiring 
surgery within one year after PCI are at increased risk of 
perioperative events compared with those without coronary 
stents (8.9% vs. 1.5%).8 Specific factors increasing the 
event rates include time from stent placement, the type of 
stent, the specific thrombotic risk of the surgery and the 
timing of discontinuation of antiplatelet therapy. Due to 
the complexity of this decision, the timing of surgery should 
be determined in consultation with cardiology. Guidelines 
suggest that elective surgery be delayed at least 30 days 
post bare metal stent placement and one-year post drug 
eluting stent (DES) placement. However, new data suggest 
that elective surgery may be safe three to six months post 
DES placement. 

In summary, the goal of a preoperative evaluation is not 
to “clear” the patient for surgery. Rather it is to use an 
evidence-based approach to quantitate the specific risks to 
the patient based upon their medical conditions and the 
type of surgery that is planned. These risks should then be 
communicated to the patient in a shared decision-making 
approach. This approach should outline any preoperative 
testing that is indicated, as well as how this testing could 
impact perioperative management in order to reduce the 
perioperative risks. Please reference the Preoperative CV Risk 
Evaluation algorithm which summarizes the above approach 
on the next page.

 (continued from page 2)

(continued on page 4)
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 (continued from page 3)

Preoperative cardiac surgical risk assessment: non-cardiac surgery

Box 1: Examples of high-risk surgical conditions
•	 Cardiac implantable device
•	 Congenital heart disease
•	 Decompensated heart failure
•	 High-grade arrhythmias

•	 �Moderate or greater valvularstenosis or regurgitation 
(particularly aortic)

•	 Moderate or severe pulmonary hypertension
•	 Unstable angina or MI within 60 days

Box 2: Examples of low-risk surgical procedures
•	 Arthroscopic procedures
•	 Dermatology procedure
•	 Ophthalmologic surgery

•	 Partial mastectomy
•	 Simple mastectomy (complete breast)

Box 3: Revised cardiac risk index
•	 �High-risk site (any vascular, intraperitoneal, or  

intrathoracic site)
•	 History of ischemic heart disease
•	 Previous myocardial infarction or a positive exercise test
•	 �Current complaint of chest pain considered to be 

secondary to myocardial ischemia
•	 Use of nitrate therapy

•	 ECG with pathological Q waves
•	 �Coronary revascularization procedures  

(DO NOT COUNT unless at least one other criterion for 
ischemic heart disease is present)

•	 History of heart failure
•	 History of cerebrovascular disease
•	 Diabetes requiring insulin therapy
•	 Preoperative serum creatinine >2 mg/dl

NO

YES
Patient has ≥1 high risk  
condition(s) (see Box 1) Cardiac consultation

 

NO

NO
Evaluate surgical risk with revised
cardiac risk index (RCRI) (see Box 3).
Is patient free of RCRI risk factors?

Is patient having a low-risk  
surgery (see Box 2)

YES

YES

NO

Is patient able to achieve 4 METS of activity?  
(Any one of the below is an example of a 4 MET activity.)
•	 Climbing a flight of stairs
•	 Bowling, golf, dancing
•	 Walking up a hill
•	 Doubles tennis
•	 Heavy cleaning (washing windows, vacuuming, mopping)

Proceed to surgery

YES

�Fleisher LA, Fleischmann KE, Auerbach AD, et al. 2014 ACC/AHA guideline on perioperative cardiovascular evaluation and management of patients undergoing noncardiac 
surgery: executive summary: a report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines. Circulation 2014;130:2215.
Hlatky MA, Boineau RE, Higginbotham MB, et al. A brief self-administered questionnaire to determine functional capacity (the Duke Activity Status Index). Am J Cardiol. 
1989 Sep 15;64(10):651-4.
Lee TH, Marcantonio ER, Mangione CM, et al. Derivation and prospective validation of a simple index for prediction of cardiac risk of major noncardiac surgery. Circulation. 
1999;100(10):1043.
�Devereaux PJ, Goldman L, Cook DJ, et al. Perioperative cardiac events in patients undergoing noncardiac surgery: A review of the magnitude of the problem, the 
pathophysiology of the events, and methods to estimate and communicate risk. CMAJ 2005; 173:627.
�Bilimoria KY, Liu Y, Paruch JL, et al. Development and evaluation of the universal ACS NSQIP surgical risk calculator: a decision aid and informed consent tool for patients and 
surgeons. J Am Coll Surg 2013; 217:8.
Wijeysundera DN, Pearse RM, Shulman MA, et al. Assessment of functional capacity before major non-cardiac surgery: An international, prospective cohort study. Lancet. 
2018;391(10140):2631.
Biccard B. Proposed research plan for the derivation of a new cardiac risk index. Anesth Analg 2015; 120: 543–53.
Cohn SL, Fleisher LA. Section editor: Pellikka PA. Deputy editors: Givens J, Saperia GM. Evaluation of cardiac risk prior to noncardiac surgery. UpToDate. This topic last 
updated: July 16, 2019.
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Apixaban versus rivaroxaban: Safety and efficacy analysis in patients with nonvalvular  
atrial fibrillation

Of the four available direct-acting oral anticoagulants (DOAC), apixaban and rivaroxaban are the two most frequently 
prescribed. Several observational trials dating back to 2012 have suggested that apixaban is more efficacious and has a better 
safety profile compared to rivaroxaban. Added to this body of evidence is a new study which looked at over 90,000 patients in 
a single commercial health plan database spanning seven years.9 Overall, the apixaban group had a slightly higher comorbidity 
burden. After propensity matching, the stroke and systemic embolism rate was lower in the apixaban group compared with 
the rivaroxaban group (6.6 events compared with 8.0 events per 1,000 patient years). In the group over 70 years of age, the 
stroke/systemic embolism rate for apixaban-treated patients was 8.3 compared to 10.5 in those treated with rivaroxaban. At 
the same time, the major bleeding risk in apixaban-treated patients was 12.9 per 1,000 patient years compared with 21.9 with 
rivaroxaban. This reduced rate included both lower rates of gastrointestinal and intracranial bleeding. 

The potential reason for the improved outcomes with apixaban may be related to its twice- rather than once-daily dosing.  
Anti-factor Xa activity can be used as a surrogate for the therapeutic effect of these drugs. The twice-daily dosing of apixaban 
allows for more stable blood levels. There is a lower peak anti-factor Xa activity possibly contributing to the lower relative 
bleeding risk, as well as a higher trough level possibly accounting for the relative reduction in stroke and systemic embolism.  
This study now adds to the available evidence suggesting improved outcomes with apixaban compared to rivaroxaban.  
Pending the results of an ongoing randomized head-to-head trial, apixaban should be considered the preferred agent. 

Continued bisphosphonate use warranted: Reduced fracture risk outweighs increase in  
atypical fractures

Researchers at Kaiser reviewed the records of more than one million women over 50 years of age and followed 196,129 
women with bisphosphonate treatment histories from 2007 to 2017.10 There was a clear increased risk of atypical fracture 
(atypical fragility fractures in the subtrochanteric region and along the femoral diaphysis) in women on bisphosphonates  
(see Table 1).

Table 1. Bisphosphonates atypical fracture risk

Exposure to bisphosphonates Atypical fracture risk (hazard ratio) 95% Confidence interval 

Less than 3 months 1.0 NA

3 years to less than 5 years 8.86 2.79–28.2

More than 8 years 43.51 13.7–138.1

This risk has been appreciated and reported in a number of studies. The risk for these atypical fractures is increased in Asians 
vs. Whites. However — and importantly — the reduction in risk for osteoporotic fractures of the hip and other locations far 
outweighed the increase in risk of atypical fractures. Even with the increased risk of atypical fractures in Asians, the highest 
risk subgroup, the benefits of bisphosphonates remain clear (see Table 2).

Table 2. Number of bisphosphonate-associated atypical fractures vs. clinical fractures prevented  

Patient group
Bisphosphonate-associated  

atypical fracture
Hip fractures prevented Clinical fractures prevented

Associated with 5 years duration of bisphosphonate treatment (per 10,000 women)

Asian 38 174 524

White 8 286 859

Hispanic 1 194 576

This study emphasizes the importance of understanding both the risk and benefit of bisphosphonate use to prevent 
osteoporotic fractures and supports the continued use of bisphosphonates in the treatment of osteoporosis in women.  
It also very importantly highlights the association of prolonged bisphosphonate use with an increase in the incidence of atypical 
fractures. The atypical fracture rate increased fivefold in those on bisphosphonate therapy for greater than eight years compared 
to those on treatment for three to five years. This underscores the appropriateness of a bisphosphonate holiday in most women 
to minimize the risk of atypical femur fractures while maintaining the therapeutic effect of decreasing fragility fractures.

PH
A

RM
A

C
Y



Forum for Evidence-Based Medicine — November/December, 2020 | 6

Shared decision-making tool for anticoagulation 

Atrial fibrillation (AF) is associated with increased risk of systemic embolism and stroke. The use of anticoagulation reduces 
the risk of stroke by about 65% among patients with non-valvular AF. Yet nearly half of patients with AF do not start 
anticoagulation or do not remain compliant.11 A major 2014 guideline addressing the management of AF issued a class 
I recommendation for the use of shared decision-making (SDM) to individualize the benefits and harms of anticoagulant 
treatment for patients at risk of stroke.12 Although SDM tools have been developed, rigorous evaluation of the tools is 
lacking. A recently published study compared several quality and outcome measures between patients with AF who were 
randomly selected to receive the SDM intervention about anticoagulation and control patients who received standard care 
(discussions without the SDM tool).13

The clinical trial was conducted at several locations including emergency and inpatient hospital departments, primary care 
clinics and cardiology clinics. All participating clinicians had experience discussing the use of anticoagulation for AF. Eligible 
patients were diagnosed with nonvalvular AF, were at high risk of a thromboembolic event based on CHA2DS2-VASc score 
and were literate. Survey items about the discussions were completed by patients and clinicians. Patient involvement in 
decision-making was assessed by video recording of the encounter and use of the Observing Patient Involvement in  
Decision-Making (OPTION) scale. 

Among 942 patients recruited, 463 were randomized to the SDM intervention and 459 to standard care. Patient reports 
were similar between groups for survey items about clinicians showing respect, listening carefully and using terms that were 
easy to understand. Patients recommended the communication approach with and without SDM similarly (90.9% versus 
89.9%). Decisional conflict, assessed from the Decisional Conflict Scale, was similarly low in both groups; patient–clinician 
concordance about treatment selection was similarly high in both groups. Clinicians were more satisfied with the encounters 
where SDM was used and more likely to recommend the SDM approach to others. Patients were more involved in decision-
making when SDM was used. Yet, the encounter durations with and without SDM did not differ, with mean 32±16 minutes 
versus 31±17 minutes. 

Thus, an SDM tool about anticoagulation may improve clinician satisfaction, better engage patients in the decision-making 
process, and does not necessarily prolong the encounter duration. Some study limitations were present. The nature of the 
intervention precluded clinician blinding, which may have affected how clinicians interacted with patients and how they  
rated their own satisfaction with SDM. Selection bias also may be present, including the participation of clinicians based  
on experience with these discussions and the possibility of selective enrollment of patients by clinicians.
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Pulmonary rehabilitation in Medicare 
beneficiaries decreases mortality

Researchers used Medicare claims data to study 197,376 
patients hospitalized for COPD exacerbations in the 
United States in 2014.14 Patients who began pulmonary 
rehabilitation within 90 days of discharge (1.5%) had a 7.3% 
mortality rate at one year. Patients not undergoing pulmonary 
rehabilitation or beginning rehabilitation more than 90 days 
after discharge had a one-year mortality rate of 19.6%. 
The absolute lower risk of death resulting from initiation of 
pulmonary rehabilitation within 90 days of hospitalization 
was 12.3%. Authors did acknowledge that patients receiving 
rehabilitation had fewer comorbidities, a lower frailty index, 
were younger and lived nearer to a rehabilitation facility. 
Authors attempted to account for these differences using 
a propensity-matched cohort but acknowledged potential 
unaccounted for confounding factors. Another recent meta-
analysis of 13 studies (801 patients) similarly showed the 
benefits of early pulmonary rehabilitation following hospital 
discharge (relative mortality risk 0.58).15

Remarkably, only 1.5% of patients with COPD hospitalizations 
in this study participated in pulmonary rehabilitation. In an 
accompanying editorial, three reasons are suggested for 
this contradiction: 1) providers failing to encourage or order 
pulmonary rehabilitation at discharge; 2) failure likely resulting 
from the lack of financial or quality incentives and/or a lack 
of awareness of patients and providers of the benefit of 
pulmonary rehabilitation; and 3) consistently under-resourced 
pulmonary rehabilitation programs.16

With noninvasive ventilation and continuous oxygen therapy in 
severely hypoxic patients, the only treatments to show a survival 
benefit in COPD, the benefits of pulmonary rehabilitation 
post hospital discharge should be welcomed by clinicians and 
patients. This study should serve as an important notice to 
clinicians, patients, health plans and payors of the benefits of 
early pulmonary rehabilitation for patients with COPD following 
an exacerbation. 

Asymptomatic intracranial artery stenoses are 
common and confer relatively low stroke risk 

Although intracranial artery stenosis is a leading cause of 
stroke, little is known about the prevalence or the prognosis 
of intracranial stenoses that are found incidentally and are 
asymptomatic. A recent population-based study addressed 
these gaps in knowledge.17 Investigators recruited patients 
who had a transient ischemic attack (TIA) or minor stroke 
and underwent vascular imaging by magnetic resonance 
angiography (MRA), computed tomography angiography 
(CTA), or transcranial Doppler. Significant stenosis was defined 
as ≥50% of the vessel luminal diameter. If the intracranial 
artery stenosis corresponded with the TIA clinical presentation 
or the parenchymal stroke, it was labeled symptomatic, 
whereas asymptomatic stenoses were unrelated to any clinical 
events or parenchymal evidence of stroke. Stenoses of the 
carotid artery bifurcations were also evaluated. Follow-up was 
done at 1, 6, 12, 24, 60, and 120 months.

Of the 1,368 patients eligible for the study, 426 intracranial 
stenoses were identified in 260 patients. Of these, 58 
patients (4.2%) had only symptomatic stenoses; 155 (11.3%) 
had only asymptomatic stenoses; and 47 (3.4%) had both 
symptomatic and asymptomatic stenoses. The prevalence of 
asymptomatic stenoses increased with age: 4.8% among 
patients younger than 70 years and 34.6% among patients 
90 years of age and older. Additionally, asymptomatic 
intracranial stenosis was more common than asymptomatic 
carotid artery (extracranial) stenosis in this cohort (14.8% 
versus 7.2%).

Among patients with only asymptomatic intracranial 
stenoses, 506 patient-years of follow-up led to detection of 
eight recurrent strokes. However, only three strokes occurred 
in the stenotic artery distributions, for an annualized stroke 
rate from asymptomatic intracranial stenoses of 0.6%. The 
major morbidity with surgery for intracranial stenosis is as 
high as 5%, or close to tenfold higher than the annual stroke 
rate with medical management. 

In summary, asymptomatic intracranial arterial stenoses are 
common, especially among older aged patients, and confer 
relatively low stroke risk. Based on these results, when an 
intracranial arterial stenosis is found on neuroimaging and  
is unrelated to the clinical presentation or stroke distribution, 
the patient can be counseled about the low stroke risk,  
and the clinician can avoid follow-up imaging to monitor the 
asymptomatic lesion. The treatment should be  
guideline-directed medical therapy. 
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