
Study Perioperative  
Medicine MSc /  
Diploma / Certificate
www.ucl.ac.uk/surgery/periopmed

The first distance learning programme of its kind –  

the entire programme is online with no requirement to come to UCL. 

Aims to improve the quality of care for patients and develop the 
understanding of a multidisciplinary approach. 

Course content designed to reflect the needs of the evolving health 
systems in the UK and across the world. 

Developed to review and understand the current evidence, question 
it and look to change your practice.

UCL DIVISION OF SURGERY  
& INTERVENTIONAL SCIENCE



Evaluating	the	Heart	before		
Non-Cardiac	Surgery	

Dr	Rob	Stephens		
Anaesthetist	UCLH		+	UCL	



www.ucl.ac.uk/anaesthesia/people/stephens	
Google	UCL	Stephens	



www.ucl.ac.uk/anaesthesia/people/stephens	
Google	UCL	Stephens	



Contents	

•  Introduction	
•  Basic	Principles	
•  Guidelines:	Decisions	
•  Guidelines:	Putting	it	all	together	
•  Which	test?	
•  ECHO	
•  CPET	
•  B	Block?	
•  Summary	



•  You’re	all	experts!	
•  Seems	big,	complex	

•  Conflicting,	absent		and	changing	evidence!	

•  Assessing	CVS	system	vs	interventions	

Introduction	



Introduction	



Background:	Basic	Principles?	

Aims	
Assess	risk:	consent	+	patient	decisions	

Assess	risk:	specific	interventions	
Diagnose	conditions	:	caution	=	screening?	

Cancer	surgery:	Expidited	

Test:	what	next?	

Ischaemia	vs	Heart	Failure	vs	Death	

“Probably”,	“reasonable”,	“is	not	well	established”	



Guidelines	1	History	

•  Canadian	2017	
•  2014	ACC/AHA	guideline	revision	
•  2014	ESC/ESA	guideline	revision	
•  ACC/AHA	2007	(small	revision	2009)	
•  ESC	2009		
•  Guidelines	-	Cardiology	
•  Fraud	of	Poldermans		
•  B	Blocker	story	

•  	RCoA	/	AAGBI	?	



2014	Guidelines	+	others	
•  MINS-	Myocardial	Injury	after	Non-Cardiac	Surgery	
–  Troponin	Canadians	2017	for	2-3	days	postop		

•  ‘MACE’-	Major	Adverse	Cardiac	Event	
•  Different	Order	to	risk	asses		
•  Risk	Asses	using		
–  NSQIOP	riskcalculator.facs.org	
–  rCRI		or	‘SORT	surgery’	

•  CPET	–’considered	for	elevated	risk	procedures	in	
unknown	functional	capacity’	

•  Coronary	Stent	Guidelines	
•  POISE	2	study	–	no	benefit	in	adding	asprin	
•  METS	study	





ESC	and	ESA	2014	



Step 1 Urgent surgery

Patient or surgical specific factors dictate the strategy, and do not allow further 
cardiac testing or treatment. The consultant provides recommendations on 
peri-operative medical management, surveillance for cardiac events and 
continuation of chronic cardiovascular medical therapy.

No

Yes

Step 2 One of active or unstable
cardiac conditions (table 9)

Treatment options should be discussed in a multidisciplinary team, involving all 
peri-operative care physicians as interventions might have implication on 
anaesthesiological and surgical care. For instance in the presence of unstable 
angina, depending on the outcome of this discussion, patients can proceed for 
coronary artery intervention, with the initiation of dual-anti platelet therapy if 
the index surgical procedure can be delayed, or directly for operation if delay 
is impossible with optimal medical therapy. 

No

Yes

Step 3 Determine the risk of the
surgical procedure (table 3)

The consultant can identify risk factors and provide recommendations on 
lifestyle and medical therapy, according to the ESC Guidelines.
In patients with one or more clinical risk factors, preoperative baseline 
ECG may be considered to monitor changes during the peri-operative 
period.

In patients with known IHD or myocardial ischaemia, initiation of a titrated 
low-dose beta-blocker regimen may be considered before surgerya.
In patients with heart failure and systolic dysfunction, ACEI should be 
considered before surgery.
In patients undergoing vascular surgery, initiation of statin therapy should 
be considered.

Intermediate or high

Low

Step 4 Consider the functional 
capacity of the patient

< 4 METs

> 4 METs

Step 5 In patients with a poor functional capacity
consider the risk of the surgical procedure  

In addition to suggestions above:
In patients with one or more clinical risk factors, non-invasive stress testing 
may be considered.

High-risk 
surgery

Intermediate
risk surgery

Step 6 Cardiac risk factors (table 4)

In addition to suggestions above:
Rest echocardiography and biomarkers may be considered for evaluation of LV 
function and obtaining prognostic information for peri-operative and late 
cardiac events

> 3

< 2

Step 7

Consider non-invasive testing. Non-
invasive testing can also be considered

prior to any surgical procedure for patient
counselling, change of peri-operative
management in relation to type of
surgery and anaesthesia technique. 

Balloon angioplasty: 
Surgery can be performed 

> 2 weeks after intervention 
with continuation 

of aspirin treatment. 

Bare-metal stent:
Surgery can be performed 

>4 weeks after intervention. 
Dual antiplatelet therapy 
should be continued for 

at least 4 weeks.

Surgery can be performed
within 12 months after 

intervention for old-generation 
DES and within 6 months for 

new-generation DES.

Continuation or discontinuation of aspirin in patients previously treated
with aspirin may be considered in the peri-operative period, and should be
based on an individual decision that depends on the peri-operative bleeding
risk weighed against the risk of thrombotic complications (see also Table 8).

CABG

Interpretation of non-invasive
stress test results 

Surgery

Proceed with the planned surgeryb. 

An individualized peri-operative management is recommended considering 
the potential benefit of the proposed surgical procedure compared with the 
predicted adverse outcome, and the effect of medical therapy and/or 
coronary revascularization. 

No/mild/
moderate

stress-induced 
ischaemia

Extensive
stress-induced 

ischaemia

aTreatment should be initiated optimally between 30 days and at least 2 days before surgery and should be continued postoperatively aiming at target resting heart rate of 60–70
beats per minute and systolic blood pressure >100 mmHg. 
bFor strategy of anaesthesia and perioperative monitoring see appropriate sections.
ACEI = angiotensin converting enzyme inhibitor; CABG = coronary artery bypass graft; DES = drug-eluting stent ECG = electrocardiogram; IHD = ischaemic heart disease;
MET =  metabolic equivalent.

Figure 3 Summary of pre-operative cardiac risk evaluation and perioperative management.

ESC/ESA Guidelines 2423

ESC/ESA	2014	



Mythen,	Biccard	





CARP	
Revascularised	vs	not	before	Vascular	Surgery	
•  5859	patients	screened;		
•  510	selected	revascularization	vs	not	

Postoperative	30	day	mortality	

•  3.1%	vs	3.4%,		 	rev	vs	not;		 	P	=	.87	

Long	term	mortality	2.8	years	

•  22%	vs	24%,	 	 	rev	vs	not	 	 	P	=	.92		

McFalls	2004	





CASS		
Coronary	Artery	Surgery	Study	

•  24,959	Pts	undergoing	Coronary	Angiogram	1970’s	

•  Pts	randomised	to	CABG	vs	Medical	

•  Retrospectively	examined	

•  ~3500	Patients	non-cardiac	operations	in	Yr	1	
– Hi	risk		Thoracic,	Abdominal	Max	Fax	
– vs	low	risk		

Eagle	1997	



CASS		
Coronary	Artery	Surgery	Study	

Eagle	1997	



CASS		

Eagle	1997	

But	CABG	
associated	
deaths	
excluded	!	



Guideline	2	

ACC/AHA	and	ESC/ESA	2014	
•  Surgery	Urgency	
•  Active	Cardiac	Condition		
•  Patient	Exercise	Capacity	
•  Surgery	Severity	
•  Patient	Specific	risks	/	Comorbidities	

ACC/AHA	214	and	ESC/ESA		and	Canadian	2018	
•  Biomarkers	



Guideline	2	

ACC/AHA	and	ESC/ESA	
•  Surgery	Urgency	
•  Active	Cardiac	Condition			
•  Patient	Exercise	Capacity	
•  Surgery	Severity		
•  Patient	Specific	risks	/	Comorbidities	

ACC/AHA	214	and	ESC/ESA		
•  Biomarkers	



Guideline	3	

Surgery	Urgency	(US	vs	NCEPOD)	
– Emergency/	Immediate	 	 	 	proceed		



NCEPOD	2004	



Guideline	4	

Surgery	Urgency	
– Truly	Elective	–	time	to	treat	/	discuss	

– Treat/refer	broadly	as	according	to	non-	
preoperative	guidelines	
– warn	about	possible	delay	to	surgery	
– 	evidence	of	benefit	for	subsequent	surgery	?		



Guideline	5	

Surgery	Urgency		
– Cancer	-	?Not	truly	Elective!	

•  Consider	effect	of	Ix	+Rx		
•  Consider		
– lack	of	benefit	from	CVS	interventions	

– potential	delay	after	CVS	intervention	
– coronary	stent	anticoagulation	



Guideline	6	

ACC/AHA	and	ESC/ESA	
•  Surgery	Urgency	
•  Active	Cardiac	Condition			
•  Patient	Exercise	Capacity	
•  Surgery	Severity		
•  Patient	Specific	risks	/	Comorbidities	

ACC/AHA	214	and	ESC/ESA		
•  Biomarkers	



Guideline	7	

•  ACC/AHA	and	ESC/ESA		Patient	Risk	factors	
•  3	levels:		Serious	/	‘Intermediate	‘	/	’Minor’	

•  ‘Serious’	;	‘active	cardiac	conditions’	
– Recent	MI/Unstable	Angina	
– New	/Acute	Ht	Failure	
– Serious	abnormal	rhythm	

– Severe	valve	disease	

Pause	and	discuss	with	teams	



Guideline	8	

ACC/AHA	and	ESC/ESA	
•  Surgery	Urgency	
•  Active	Cardiac	Condition			
•  Patient	Exercise	Capacity	
•  Surgery	Severity		
•  Patient	Specific	risks	/	Comorbidities	

ACC/AHA	214	and	ESC/ESA		
•  Biomarkers	



Guideline	9	

Patient	Exercise	Capacity	
•  Metabolic	Equivalent	of	Task	-	MET	

•  1	MET	is	02	uptake	at	rest	=	

C	3.5	ml/min/kg	02	uptake	

2	METS	~	2x	02	uptake	of	1	METS	

Easily	Quantified	by	CPEx	

Mostly	estimated	by	history		



Rest		1MET	
300ml/min	02	uptake	
80kg	
300/80	=3.75ml/min/kg	

Maximum	
3800ml/min	02	uptake	
80kg	
3800/80	=47.5ml/min/kg	
c	12.6	METS	



Guideline	10	

Patient	Exercise	Capacity	
2	MET	 	Strolling	

4	MET 	Fast	flat	walking,	up	1-2	flight	stairs	

		 	 	?do	everything	in	a	normal	day	

		 	 	walking	a	dog,	moderate	gardening	

6+	 	 	Most	sports,	running		

		 	 	‘Playing	a	heavy	musical	instrument	 	 	
	 	 	while	actively	running	in	a	marching	band’	



Guideline	11	

Patient	Exercise	Capacity	

4	METS	without	significant	symptoms	

Operations	 	 	 	proceed	

Less	than	4	METS 	 	 	consider	



Guideline	12	

ACC/AHA	and	ESC/ESA	
•  Surgery	Urgency	
•  Active	Cardiac	Condition			
•  Patient	Exercise	Capacity	
•  Surgery	Severity		
•  Patient	Specific	risks	/	Comorbidities	

ACC/AHA	214	and	ESC/ESA		
•  Biomarkers	



Guideline	13	

Severity	of	surgery	
•  Minor	 	 	 	proceed	

•  Intermediate 	 	 	 	consider	further		

•  Major	 	 	 	 	consider	further	



The objective is to endorse a standardized and evidence-based ap-
proach to perioperative cardiac management. The Guidelines recom-
mend a practical, stepwise evaluation of the patient that integrates
clinical risk factors and test results with the estimated stress of the
planned surgical procedure. This results in an individualized cardiac
risk assessment, with the opportunity of initiating medical therapy, cor-
onary interventions, and specific surgical and anaesthetic techniques in
order to optimize the patient’s perioperative condition.

Compared with the non-surgical setting, data from randomized
clinical trials—which provide the ideal evidence-base for the guide-
lines—are sparse. Consequently, when no trials are available on a
specific cardiac-management regimen in the surgical setting, data
from the non-surgical setting are extrapolated and similar recom-
mendationsmade, butwith different levels of evidence. Anaesthesiol-
ogists, who are experts on the specific demands of the proposed
surgical procedure, will usually co-ordinate the pre-operative evalu-
ation. The majority of patients with stable heart disease can undergo
low and intermediate-risk surgery (Table 3 ) without additional evalu-
ation. Selected patients require evaluation by a team of integrated
multidisciplinary specialists including anaesthesiologists, cardiolo-
gists, and surgeons and, when appropriate, an extended team (e.g.
internists, intensivists, pulmonologists or geriatricians).8 Selected
patients include those identified by the anaesthesiologist because
of suspected or known cardiac disease with sufficient complexity
to carry a potential perioperative risk (e.g. congenital heart disease,
unstable symptoms or low functional capacity), patients in whom
pre-operative medical optimization is expected to reduce periopera-
tive risk before low- and intermediate-risk surgery, and patients with
known or high risk of cardiac disease who are undergoing high-risk
surgery. Guidelines have the potential to improve post-operative
outcomes and highlight the existence of a clear opportunity for im-
proving the quality of care in this high-risk group of patients. In add-
ition to promoting an improvement in immediate perioperative
care, guidelines should provide long-term advice.

Because of the availability of new evidence and the international
impact of the controversy over the DECREASE trials, the ESC/ESA
and American College of Cardiology/American Heart Association

both began the process of revising their respective guidelines concur-
rently. The respective writing committees independently performed
their literature review and analysis, and then developed their recom-
mendations. Once peer reviewof bothguidelineswascompleted, the
writing committees chose to discuss their respective recommenda-
tions regarding beta-blocker therapy and other relevant issues. Any
differences in recommendations were discussed and clearly articu-
lated in the text; however, the writing committees aligned a few
recommendations to avoid confusion within the clinical community,
except where international practice variation was prevalent.

Following the development and introduction of perioperative
cardiac guidelines, their effect on outcome should be monitored.
The objective evaluation of changes in outcome will form an essential
part of future perioperative guideline development.

Recommendations on pre-operative evaluation

Recommendations Classa Levelb Ref. c

Selected patients with cardiac 
disease undergoing low-and 
intermediate-risk non-cardiac 
surgery may be referred by 
the anaesthesiologist for  
cardiological evaluation and 
medical optimization.

IIb C

A multidisciplinary expert 
team should be considered for 
pre-operative evaluation of 
patients with known or high 
risk of cardiac disease 
undergoing high-risk non-
cardiac surgery.

IIa C 8

aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

Table 3 Surgical risk estimate according to type of surgery or interventiona,b

CAS ¼ carotid artery stenting; CEA ¼ carotid endarterectomy.
aSurgical risk estimate is a broad approximation of 30-day risk of cardiovascular death and myocardial infarction that takes into account only the specific surgical intervention, without
considering the patient’s comorbidities.
bAdapted from Glance et al.11

ESC/ESA Guidelines2388 2014	



Guideline	14	

ACC/AHA	and	ESC/ESA	
•  Surgery	Urgency		
•  Patient	Exercise	Capacity	
•  Surgery	Severity		
•  Patient	Specific	risks	/	Comorbidities	

ACC/AHA	214	and	ESC/ESA		

•  Biomarkers	



Guideline	15	

•  ACC/AHA	and	ESC/ESA		Patient	Risk	factors	
•  3	levels:		Serious	/	‘Intermediate	‘	/	’Minor’	

•  ‘Serious’	;	‘active	cardiac	conditions’	
– Recent	MI/Unstable	Angina	
– New	/Acute	Ht	Failure	
– Serious	abnormal	rhythm	

– Severe	valve	disease	

Pause	and	discuss	with	teams	



Guideline	16	

•  ACC/AHA	and	ESC/ESA		Patient	Risk	factors	
•  3	levels:		Serious	/	‘Intermediate	‘	/	‘minor’	
•  ‘Intermediate’-	same	as	‘Lees	rCRI’	0-2	vs	≥3	
– Any	Ischaemic	Ht	Disease	
– Any	Ht	Failure	
– Any	Cerebro-Vascular	Disease	
– Diabetes	–	insulin	
– Renal	Injury	(Cr	177+)	

•  Do	a	risk	score:		1%	Cardiac	risk	or	more?	















Guideline	17	

ACC/AHA	and	ESC/ESA	
•  Surgery	Urgency		
•  Patient	Exercise	Capacity	
•  Surgery	Severity		
•  Patient	Specific	risks	/	Comorbidities	

ACC/AHA	214	and	ESC/ESA		

•  Biomarkers	



Guideline	18	
•  Biomarkers	in	ESC	Guidelines	2009	

	“a	characteristic	that	can	be	objectively	measured	that	is	
an	indicator	of	pathology	or	an	abnormal	response	to	
treatments”	

Troponin	 	 		-	myocardial	cell	injury	

BNP	 	 	 	 	-	myocardial	wall	stress	increases	
+	pro	NT	BNP	

CRP 	 	 	 	-	liver	and	smooth	muscle	

ESC,	Biccard,	Devereaux	2012	



Guideline	19	
•  Biomarkers	in	ESC	Guidelines	2009	&	Canadian	2017		

Troponin	

	Postop	–	small	!	associated	! mortality	‘VISION’	
	Preop	–	predictive,	no	ideal	cut	off		

BNP	+	pro	NT	BNP	

	Ht	Failure	/IHD	/	ACS		-	rises	relate	to	outcome	
	Preop	–	adds	predictive	ability		>48	pg/ml	

CRP	–	‘inflammatory	marker’		

ESC,	Biccard,	Devereaux	2012	



Guideline	20	
•  Biomarkers	in	ESC	Guidelines	2009	

All	higher	in	patients	that	have	postoperative	cardiac	events	/	
die	

None	recommended	for	routine	screening	

•  Canadian	use	Preop	BNP		and	postop	Troponin	

Troponin	
BNP		
CRP	



Assessing	CVS	disease:	Together	



ACC/AHA	
2009		



Step 1 Urgent surgery

Patient or surgical specific factors dictate the strategy, and do not allow further 
cardiac testing or treatment. The consultant provides recommendations on 
peri-operative medical management, surveillance for cardiac events and 
continuation of chronic cardiovascular medical therapy.

No

Yes

Step 2 One of active or unstable
cardiac conditions (table 9)

Treatment options should be discussed in a multidisciplinary team, involving all 
peri-operative care physicians as interventions might have implication on 
anaesthesiological and surgical care. For instance in the presence of unstable 
angina, depending on the outcome of this discussion, patients can proceed for 
coronary artery intervention, with the initiation of dual-anti platelet therapy if 
the index surgical procedure can be delayed, or directly for operation if delay 
is impossible with optimal medical therapy. 

No

Yes

Step 3 Determine the risk of the
surgical procedure (table 3)

The consultant can identify risk factors and provide recommendations on 
lifestyle and medical therapy, according to the ESC Guidelines.
In patients with one or more clinical risk factors, preoperative baseline 
ECG may be considered to monitor changes during the peri-operative 
period.

In patients with known IHD or myocardial ischaemia, initiation of a titrated 
low-dose beta-blocker regimen may be considered before surgerya.
In patients with heart failure and systolic dysfunction, ACEI should be 
considered before surgery.
In patients undergoing vascular surgery, initiation of statin therapy should 
be considered.

Intermediate or high

Low

Step 4 Consider the functional 
capacity of the patient

< 4 METs

> 4 METs

Step 5 In patients with a poor functional capacity
consider the risk of the surgical procedure  

In addition to suggestions above:
In patients with one or more clinical risk factors, non-invasive stress testing 
may be considered.

High-risk 
surgery

Intermediate
risk surgery

Step 6 Cardiac risk factors (table 4)

In addition to suggestions above:
Rest echocardiography and biomarkers may be considered for evaluation of LV 
function and obtaining prognostic information for peri-operative and late 
cardiac events

> 3

< 2

Step 7

Consider non-invasive testing. Non-
invasive testing can also be considered

prior to any surgical procedure for patient
counselling, change of peri-operative
management in relation to type of
surgery and anaesthesia technique. 

Balloon angioplasty: 
Surgery can be performed 

> 2 weeks after intervention 
with continuation 

of aspirin treatment. 

Bare-metal stent:
Surgery can be performed 

>4 weeks after intervention. 
Dual antiplatelet therapy 
should be continued for 

at least 4 weeks.

Surgery can be performed
within 12 months after 

intervention for old-generation 
DES and within 6 months for 

new-generation DES.

Continuation or discontinuation of aspirin in patients previously treated
with aspirin may be considered in the peri-operative period, and should be
based on an individual decision that depends on the peri-operative bleeding
risk weighed against the risk of thrombotic complications (see also Table 8).

CABG

Interpretation of non-invasive
stress test results 

Surgery

Proceed with the planned surgeryb. 

An individualized peri-operative management is recommended considering 
the potential benefit of the proposed surgical procedure compared with the 
predicted adverse outcome, and the effect of medical therapy and/or 
coronary revascularization. 

No/mild/
moderate

stress-induced 
ischaemia

Extensive
stress-induced 

ischaemia

aTreatment should be initiated optimally between 30 days and at least 2 days before surgery and should be continued postoperatively aiming at target resting heart rate of 60–70
beats per minute and systolic blood pressure >100 mmHg. 
bFor strategy of anaesthesia and perioperative monitoring see appropriate sections.
ACEI = angiotensin converting enzyme inhibitor; CABG = coronary artery bypass graft; DES = drug-eluting stent ECG = electrocardiogram; IHD = ischaemic heart disease;
MET =  metabolic equivalent.

Figure 3 Summary of pre-operative cardiac risk evaluation and perioperative management.

ESC/ESA Guidelines 2423

ESC/ESA		
2014	



Fleisher,	2014	

AHA	2014	



Guideline	21	

•  Putting	it	together:	1	Urgency	
•  Emergency	 	 	 	operation	

•  Elective 	 	 	 	 	consider	further		

•  In	between	 	 	 	consider	further			



Guideline	22	

Putting	it	together:	2	Active	Cardiac	Condition	



Guideline	23	

Putting	it	together:	2	Active	Cardiac	Condition	
•  Serious’	=		‘active	cardiac	condition’	
– Recent	MI/Unstable	Angina	

– Acute	LVF	
– Serious	abnormal	rhythm	

– Severe	valve	disease		



Guideline	24	

Putting	it	together:	2	Active	Cardiac	Condition	
Yes	

Emergency	 	 	 	operation	and	Rx	

Elective	 	 	 	 	pause		&	refer/Ix/Rx	

In	between 	 	 	pause		&	consider	refer	

No	

Elective	 	 	 	 	consider	further		

In	between 	 	 	consider	further		



Guideline	25	

Putting	it	together:	3	Operation	risk			
?Low	risk	surgery 	 	 	 		

Intermediate	or	higher	



The objective is to endorse a standardized and evidence-based ap-
proach to perioperative cardiac management. The Guidelines recom-
mend a practical, stepwise evaluation of the patient that integrates
clinical risk factors and test results with the estimated stress of the
planned surgical procedure. This results in an individualized cardiac
risk assessment, with the opportunity of initiating medical therapy, cor-
onary interventions, and specific surgical and anaesthetic techniques in
order to optimize the patient’s perioperative condition.

Compared with the non-surgical setting, data from randomized
clinical trials—which provide the ideal evidence-base for the guide-
lines—are sparse. Consequently, when no trials are available on a
specific cardiac-management regimen in the surgical setting, data
from the non-surgical setting are extrapolated and similar recom-
mendationsmade, butwith different levels of evidence. Anaesthesiol-
ogists, who are experts on the specific demands of the proposed
surgical procedure, will usually co-ordinate the pre-operative evalu-
ation. The majority of patients with stable heart disease can undergo
low and intermediate-risk surgery (Table 3 ) without additional evalu-
ation. Selected patients require evaluation by a team of integrated
multidisciplinary specialists including anaesthesiologists, cardiolo-
gists, and surgeons and, when appropriate, an extended team (e.g.
internists, intensivists, pulmonologists or geriatricians).8 Selected
patients include those identified by the anaesthesiologist because
of suspected or known cardiac disease with sufficient complexity
to carry a potential perioperative risk (e.g. congenital heart disease,
unstable symptoms or low functional capacity), patients in whom
pre-operative medical optimization is expected to reduce periopera-
tive risk before low- and intermediate-risk surgery, and patients with
known or high risk of cardiac disease who are undergoing high-risk
surgery. Guidelines have the potential to improve post-operative
outcomes and highlight the existence of a clear opportunity for im-
proving the quality of care in this high-risk group of patients. In add-
ition to promoting an improvement in immediate perioperative
care, guidelines should provide long-term advice.

Because of the availability of new evidence and the international
impact of the controversy over the DECREASE trials, the ESC/ESA
and American College of Cardiology/American Heart Association

both began the process of revising their respective guidelines concur-
rently. The respective writing committees independently performed
their literature review and analysis, and then developed their recom-
mendations. Once peer reviewof bothguidelineswascompleted, the
writing committees chose to discuss their respective recommenda-
tions regarding beta-blocker therapy and other relevant issues. Any
differences in recommendations were discussed and clearly articu-
lated in the text; however, the writing committees aligned a few
recommendations to avoid confusion within the clinical community,
except where international practice variation was prevalent.

Following the development and introduction of perioperative
cardiac guidelines, their effect on outcome should be monitored.
The objective evaluation of changes in outcome will form an essential
part of future perioperative guideline development.

Recommendations on pre-operative evaluation

Recommendations Classa Levelb Ref. c

Selected patients with cardiac 
disease undergoing low-and 
intermediate-risk non-cardiac 
surgery may be referred by 
the anaesthesiologist for  
cardiological evaluation and 
medical optimization.

IIb C

A multidisciplinary expert 
team should be considered for 
pre-operative evaluation of 
patients with known or high 
risk of cardiac disease 
undergoing high-risk non-
cardiac surgery.

IIa C 8

aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

Table 3 Surgical risk estimate according to type of surgery or interventiona,b

CAS ¼ carotid artery stenting; CEA ¼ carotid endarterectomy.
aSurgical risk estimate is a broad approximation of 30-day risk of cardiovascular death and myocardial infarction that takes into account only the specific surgical intervention, without
considering the patient’s comorbidities.
bAdapted from Glance et al.11

ESC/ESA Guidelines2388 2014	



Guideline	26	

Putting	it	together:	3	Operation	risk		
?Low	risk	surgery 	 	 	 		

Elective	 	 	 	 	 	operation	

In	between 	 	 	 	operation	

Intermediate	or	higher	

Elective	 	 	 	 	 	consider	further		

In	between 	 	 	 	consider	further		



Guideline	27	

Putting	it	together:	4	Exercise	capacity	>	4	METS	
without	symptoms……’probably’ 	 	 	 		

Elective	 	 	 	 	 	operation	

In	between 	 	 	 	operation	

Less	than	4	METS	or	can’t	tell	

Elective	 	 	 	 	 	consider	further		

In	between 	 	 	 	consider	further		



Guideline	28	

Putting	it	together:	5	Intermediate	risk	factors		

		 		



Guideline	29	

Putting	it	together:	5	Intermediate	risk	factors		
3	levels:		Serious	/	‘Intermediate	‘	/	‘minor’	

•  ‘Intermediate’-	same	as	rCRI	
– Any	Ischaemic	Ht	Disease	
– Any	Ht	Failure	
– Any	Cerebro-Vascular	Disease	
– Diabetes	–	insulin	
– Renal	Injury	(Cr	177+)	



Guideline	30	

Putting	it	together:	5	Intermediate	risk	factors		

No		intermediate	risk	factors		 	 	 	proceed	

Any	intermediate	risk	factors 	 	 		
	 	 	More	factors	increases	risk	
		 	proceed	+/-	‘B	Blockade’	or		
	 	 	‘consider	testing	if	changes	management’	

Do	risk	score-	more	than	1%	?	



Guideline	31	

Always	in	the	context	of	‘what	next?’	ie		
‘will/should	it	change	management?’	
?	Calculate	Cardiac	Risk		
“Consider	testing”	ACC/AHA	

Stress	ECHO	
Myocardial	Perfusion	Scan	
CPET	–	includes	Exercise	ECG	
Exercise	ECG	
MRI	or	CT	



Next	
• ECHO	
• CPET	
• B	Blockers	



ECHO	Evidence	
•  Valves,	Function,	estimates	Pulmonary	pressures		

•  Degree	of	dysfunction,	regional	wall	motion	abn	

•  LVEF	<40%	-	2x	higher	risk	
– sensitivity	43%	
– positive	predictive		13%	

•  “resting	LV	function	was	not	found	to	be	a	consistent	
predictor	of	perioperative	ischemic	events	or	death”	

•  But	ECHO	enthusiasts	in	preassessment.. 		
–  30%	new	CVS	disease,	!Mx	20%		Mx	"34%	

Halm,	Rofdhe,	Canty	



ECHO	indication	

Routine	Evaluation	–	NO	
Dyspnea	of	unknown	origin	–	reasonable	

Ht	Failure	with		!symptoms	(1	yr)	-		reasonable	

New	murmur	-		reasonable		

Ht	Failure	/	Valves	clinically	stable	–		

‘not	well	established’	

ACC/AHA	2009	



CPET	Background	
Functional	assessment	
Population	data	–	survival			

Heart	Failure	Classification	

VO2	peak,	AT,	VE/VCO2,		ECG	ischaemia		etc	

But	

Associations	with	outcome	and	complications	

Most	studies	unblinded,	small	

Await	results	of	only	RCT	

‘Prehabilitation’	studies	awaited	
Older,		Hennis,	Snowden,	O’Doherty		



V02	at	Anaerobic	T	
1600ml/min	02	uptake	
80kg	
1600/80	=20ml/min/kg	

Peak	V02	
3800ml/min	02	uptake	
80kg	
3800/80	=47.5ml/min/kg	



From	Biccard	2005	



Complication 	 	AT	<	10.1	 	AT	>	10.1	 	p=	
on	day	7 	 	 	 	n=		51	 	 	n=65	

Pulmonary	 	 	 	57%	 	 	 	15%	 	 	 	<0.0001	
Renal		 	 	 	 	40% 	 	 	11% 	 	 	0.0004	
GI		 	 	 	 	 	33% 	 	 	11% 	 	 	0.005	
Infective		 	 	 	27% 	 	 	11% 	 	 	0.003	
Cardiovascular		 	25% 	 	 	3%	 	 	 	0.0005 		
Neurological	 	 	10%	 	 	 	5%	 	 	 	0.29	
Hematology	 	 	8%	 	 	 	0 	 	 	 	0.04	
Pain	 	 	 	 	 	8%	 	 	 	0 	 	 	 	0.04	
Wound	 	 	 	 	4%		 	 	 	0 	 	 	 	0.2	

Snowden	2010	

CPET	Background	



CPET	use	
“Cardiopulmonary	exercise	testing	may	be	considered	for	
patients	undergoing	elevated	risk	procedures	in	whom	
functional	capacity	is	unknown”				AHA/ACC	2014	

•  Use	very	variable,	increasing 		
•  Enthusiasts	vs	sceptics	
•  Probably	best	not	to	emphasise	single	value	
–  VO2	peak,	AT,	VE/VCO2,		ECG	ischaemia	

•  ATS/ACCP	2001	
	“helpful	in	objectively	assessing	the	adequacy	of	CV	reserve	
and	in	predicting	CV	risk	in	elderly”	

•  ESC	2009’		
“not	established	role	in	preoperative	assessment”	



CPEx	/	CPET	use	
www.ucl.ac.uk/anaesthesia/research/CPET	
Google	UCL	CPEX	



B	Block?	background	
•  B	blockers	–	in	community	
–  reduce	adrenergic	activity	+	myocardial	02	use	
– associated	with	survival		

•  RCT	Perioperative	studies	
Mangano		
POISE	
DECREASE,	Others	

•  Observational	perioperative	data	
•  US	and	European	Perioperative	Guidelines	

Mangano,	London,	Sear,	Devereaux,	Bouri		



B	Block?		

ESC	2009	



The POISE trial randomized8351 patients to metoprolol succinate
or placebo.78 Patients were aged ≥45 years and had known CVD, or
at least three of seven clinical risk factors for high-risk surgery, or
were scheduled for major vascular surgery. Treatment consisted of
metoprolol succinate 100 mg 2–4 hours before surgery, 100 mg
during the first 6 hours after surgery, but medication was withheld
if systolic blood pressure dipped below 100 mm Hg. Maintenance
therapy started 12 hours later, bringing the total dose of metoprolol
succinate in the first24 hours to400 mg in some patients. Therewas a
17% decrease in the primary composite endpoint of death, myocar-
dial infarction, or non-fatal cardiac arrest at 30 days (5.8% vs. 6.9%;
P¼ 0.04); however, the 30% decrease in non-fatal myocardial infarc-
tion (3.6% vs. 5.1%; P , 0.001) was offset by a 33% increase in total
mortality (3.1% vs. 2.3%; P¼ 0.03) and a doubling of stroke incidence
(1.0% vs. 0.5%; P ¼ 0.005). Hypotension was more frequent with
metoprolol (15.0% vs. 9.7%; P , 0.0001). Post-hoc analysis showed
that hypotension carried the greatest attributable risk of death and
stroke.84

Eight meta-analyses have pooled 9, 25, 5, 11, 6, 8, 22, and 33 pub-
lished, randomized trials onperioperativebeta-blockers, totalling, re-
spectively, 10 529, 12 928, 586, 866, 632, 2437, 2057, and 12 306
patients.85– 92 Four meta-analyses showed a significant reduction in
perioperative myocardial ischaemia and myocardial infarction in

patients receiving beta-blockers,88,89,91,92 this being more marked
in high-risk patients. Two meta-analyses showed no significant reduc-
tion in perioperative myocardial infarction or cardiac mortality in
patients receiving beta-blockers.87,90 These meta-analyses (except
the two most recent ones)85,86 have been criticized because of het-
erogeneity of included studies and types of surgery, inclusion of
studies of the DECREASE family, imprecision regarding patients’
cardiac risk profiles, and variable timing of beta-blocker administra-
tions, doses, and targets.93 The recent POISE trial had the greatest
weight in all of these analyses. In POISE, all-cause mortality increased
by 33% in patients receiving beta-blockers; perioperative death
in patients receiving metoprolol succinate were associated with
perioperative hypotension, bradycardia, and stroke. A history of
cerebrovascular disease was associated with an increased risk of
stroke. Hypotension was related to high-dose metoprolol without
dose titration.

In a meta-analysis that excluded the DECREASE trials,85 peri-
operative beta-blockade was associated with a statistically significant
27% (95% CI 1–60) increase in mortality (nine trials, 10 529 patients)
but the POISE trial again largely explained this result,78 and also the
reduced incidence of non-fatal myocardial infarction and increased
incidence of non-fatal strokes. Another recent meta-analysis, involv-
ing 12 928 patients, examined the influence of beta-blockade on all-

Table 5 Summary of randomized, controlled trials evaluating the effect of peri-operative beta-blockade on post-
operative mortality and non-fatal myocardial infarction

BBSA ¼ Beta-Blocker in Spinal Anesthesia; DIPOM ¼ Diabetic Postoperative Mortality and Morbidity; IHD ¼ ischaemic heart disease; MaVS ¼ Metoprolol after Vascular Surgery;
MI ¼ myocardial infarction; POBBLE ¼ PeriOperative Beta-BlockadE; POISE ¼ PeriOperative ISchemic Evaluation.
aAt 6 months and including in-hospital deaths.
bP ¼ 0.0317.
cP ¼ 0.0008.

ESC/ESA Guidelines2396



B	Block?:	Endpoints	important!	
POISE	Lancet	2008	
•  8351	patients	
•  with/at	risk	of,	atherosclerotic	disease		
•  non-cardiac	surgery		
•  B	Block	24	hrs	preoperatively	–	30	days	postop		

	Metoprolol	vs	Placebo	

MI	 	 	 	4·2%	vs	5·7%	 	0·84		 	p=0·002		

Stroke		 	 	1·0%	vs	0·5%	 	 	2·17 	p=0·005	
↓BP	 	 	 	15.0%	vs.	9.7%	 	 	p	<	0.0001	
Bradycardia	 	 	6.6%	vs.	2.4% 	 	 	p	<	0.0001	

Deaths	 	 	3·1%	vs	2·3%	 	 	1·33	 	p=0·03	

Devereaux	







B	Block	
•  Maintain	current	B	Blockade	
•  Treat	concomitant	anaemia	
•  Meta-analysis	/	prospective	studies	don’t	support	

•  Use	in	‘high	risk’	people	only	
–  Those	that	may	be	on	B	Blockers	anyway	
–  rCRI	>1	

•  ?Atenolol	or	Bisoprolol	
•  Start	/titrate	to	rate	of	60-80	bpm	
•  ?7+	days	before	
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Thank	you	

For	listening	
Please	Google	‘stephens	UCL’	for	website	

This	full	talk	

All	Guidelines	

Some	References	



n=548		

Lower	anaerobic	threshold	worse:			 	higher	mortality	
Raised	Respiratory	Equivalent:	 	 	 	higher	mortality	

	 	 	 	 	 	 	 	 	 	 	 	 	 	Mortality	
AT	more	14	ml/min	/kg 	 	 	 	 	 	 			0%	
AT	more	11	ml/min	/kg	but	other	badness	1.7%	
AT	less			11	ml/min	/kg 	 	 	 	 	 	 			4.6% 	 		

CPET	Background	

Older	1999	


