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Abstract

Within the last generation, the management of patients with heart disease has been transformed by advances in drug treat-
ments, interventions and diagnostic technologies. The management of arterial iypertension saw
from [first- to third{lin€ treatment. Recent studies suggest that the goal of treatment may have to change to lower systolic

blood pressures to prevent long-term organ damage. Today less than [15% of [coronary révascularizations are Strgical and

more than [85% are done by interventional cardiologists inserting coronary §ténts. Thus, managing patients on [dual'antiplas

[t€I&t therapy has become an important issue. With fléw generations| of coronary Sténts, recommendations are changing
fast. In the past, decisions concerning non-cardiac surgery after acute myocardial infarction were based on the delay

between infarction and non-cardiac surgery. Today, the [ain'concern is the [patient’s/status in respect of [dual @ntiplatelet
therapy after primary percutaneous intervention. There have been[@dvances in the management of heartfailure but iew
drugs sacubitrl/valsartan) and cardiac resynchronization are recommended only in patieris with an ejection
[fraction below 35% on [optimal medication. Heart failtire remains a [ajor perioperative risk factor. Prospective studies have
shown that [ffoponin elevations represent myocardial [ifijury (ot necessarily myocardial infarction), are mostly Silent and

are associated withjincreased 30-day mortality. Monitoring (troponin assays) for myocardial injury in non-cardiac surgery

(MINS) seems increasingly justified The treatment of MINS needs further research. Technological advances, such as intelli-
gent, portable monitors benefit not only patients with cardiac disease but all patients who have undergone major surgery
and are on the wards postoperatively.

Key words: cardiac; drugs; technology

Over the past 25yr there have been innumerable innovations
in the management of cardiac disease, many of which have

Arterial IjpeFtension

impacted on the perioperative management of surgical
patients. No doubt more innovations are coming and we have
to be prepared. As a result of the large number of recent
innovations, a selection was chosen for this review with
a view of highlighting those most likely to influence
clinical practice for adult patients, and particularly elderly
patients.

Changing medication over 25yr

Twenty-five yr ago treatment of hypertension was recom-
mended in patients with blood pressures above 160/100 mm Hg
with a target of less than 140/90 mm Hg. First-line antihyperten-
sive agents were beta-blockers and diuretics associated, where
necessary, with calcium channel blockers and angiotensin-
converting enzyme inhibitors (ACE inhibitors). It was customary
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to maintain all antihypertensive agents up until the day of sur-
gery to avoid the risk of rebound hypertension on their discon-
tinuation. In 2005, evidence from the

a randomized controlled trial (RCT) with
19257 patients, showed that a[betablocker (atenolol, associated
or not with a diuretic) was effective in controlling blood pres-

sure but was inférior to a [calcium [channel blocker (amlodipine,

associated or not with an ACE inhibitor, perindopril) in

to target ! Hence,-

el Blockers  and  ACERHIBISTS [or if poorly tolerated

angiotensin-receptor antagonists (ARAs)] became [first-ling
treatment and [betabIGEKers were relegated to [thifd- or even
fourth-line treatment.” > As a result of the increased use of ACE
inhibitors and ARAs, the practice of maintaining drug therapy

was questioned. Recent [gUidelings suggested that Stopping ACE
the daybefore Sirgery should be considered

because of the risk of perioperative hypotension.* Data from the
VISION study (Vascular events In noncardiac Surgery patients

cOhort evaluatioN) showed that Withholding ACE inhibitors or

IARAS fo non-cardiac surgery significantly
30-day - and perioperative °

Future guidelines are likely to advise more strongly withholding
these drugs for 24h before surgery as best management. The
is generally used in patients
for control.

with that
The best is with 7 However

administration can be [Rarmful in patients withltype Il'diabetes

as seen in the ALTITUDE trial.? ° As it interferes with the renin-
angiotensin system, it would seem

At variance with ACE inhibitors, [lisSKiren does
have effects in hear‘c-10

Evolution of f@fget blood pressiites

More recently, the target blood pressure for antihypertensive
medication was a blood pressure of less than 140/90mm Hg.
Some recent guidelines have suggested a target offless than 150/
90mm Hg in patients over the age of 60yr,"* '* and less than
160/90 mm Hg in those over the age of 80yr."* However, a recent
RCT, the [SPRINT [Trial (Systolic Blood Pressure Intervention
Trial),"* showed that reducing blood pressure to

tolic was not best management as patients whose systolic blood
pressure had been brought down even lower to less than
120mm Hg by intensified therapy showed reduced morbidity
[andmortalityl A systematic review of target blood pressures has
shown, in a total of more than that systolic
blood pressure * In order to
achieve this target, [tfiplé or even [quadruple [antihypertensive
therapy is likely to be ié€ded in many patients. Therapy would
necessarily include an ACE inhibitor or a ARA. This more inten-

sive therapy is likely to increase the risk of perioperative
hypotension.'® This is of concern as recent evidence shows that

[pre- and rative is a [iSK factor for
perioperative 719 A very large
study with more than 250 000 surgical patients’® has shown that

belowiaisystolicpressurelof 119mmHg the 0ddS ratio for 30-day
[mGrtality starts to [ificrease in the €lderlyl By contrast, there is

[odds ratic for mortality. Yet, there is an association between
[raised [diastoli€ blood pressure and [mortality. For the surgical
patient the question remains: f{perioperative blood pressure:

[What is [toohigh, too 6w, or just fight?’ as stated in the editorial

commenting on the above paper.”* The risk associated with low

on 27 Novenber 2017

systolic blood pressure may not be surprising as in a large study

in more than 22000 patients with Known [coronary artery dis-

ease lowering blood pressure

22

Thus, with hypertension there have been three phases.
When treatment was rather ineffective, hiyjpértension was a sig-

nificant [ASK factor for [perioperative [adverse cardiovascular
events; with improved féatment, liypertension Eeased to be

considered a significant [fiSK factor, to the extent that it is

[noteven mentioned in the American College of Cardiology/
American Heart Association  (SGCHEENSHETENG0H -

However, with [mcre intensive management of hypertension
with targets of [12076r 230mm Hg for [ystolic blood pressure,
hypertension may again become an [important Fisk factor
because of the [possibility of [druginduced perioperative
Iypotension, Ve will have gonefullcirelel

New concepts in the pathophysiology of hypertension

Considering the future, it is possible that the approach to the
treatment of hypertension could be affected by féw findings

suggesting that the paEHOPYSIOlogy of BYPEREASION includes
[changes in the [EtiVity of neuronal nitric oxide synthase (ANG|
[synthase). There is evidence for the fole'6f NNO'synthase in the

control of blood pressure’® and of the coronary circulation.”

A small study has shown that of in
arterial blood 26

healthy human subjects
If this is confirmed in larger studies, it may stimulate develop-

ment of iéW pharmacological @gents| capable of Stimulating
nNO synthase.

Coronary FevaSGulaRZAGH

The rise of percutaneous coronary interventions

In 1992, 20000 patients underwent surgical coronary
revascularization in the UK while only 10000 underwent percuta-
neous coronary angioplasty; of these only 319 received bare metal
coronary stents.”’ Five yr later, the numbers of surgical (20000)
and interventional (20000) coronary revascularizations were
equal. Sixty per cent of interventions involved insertion of bare
metal stents (BMS).?® The 2015 British Cardiovascular Intervention
Society (BCIS) audit shows that 16 500 surgical and 97 000 interven-
tional coronary revascularizations were performed; [8815% of the
latter using drug-eluting stents . and only 11.5% using BMS.”
With both types of stents there is the problem of managing dual
antiplatelet therapy (DAPT) in surgical patients. The risk of stent
thrombosis if DAPT is stopped, and the risk of excessive bleeding
if it is maintained must be carefully evaluated, together with the
risk involved in delaying non-cardiac surgery. The fécommenda®
[tionTis)whenever possible, to [delay non-cardiac surgery until
DAPT is no longer needed (12months afer acute coronary syn-
o iFTESPECtiVe of thelfypEGTSIent, probably SELMONMS for
stable angina for DES, and four weeks for BMS) accordini to recent

guidelines.” ** The most recent guideline of the

Non-cardiac surgery in patients with coronary stents

The same guideline®® clarifies the delay between insertion of
stents and non-cardiac surgery (Fig. 2). For BMS, more than
[30days is recommended before non-cardiac surgery; for DES,

is recommended before surgery is
to be considered, preferably waiting for Siximonths before
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BMS

Fig 1

DES

DES or BMS

(redrawn from Levine and

colleagues. ] Am Coll Cardiol 2016; 68: 1082-115,* with permission). BMS, bare metal stent; DES, drug eluting stent.

proceeding. However, there is still an important question that is

not addressed as clearly as it should. After’an acute coronary
syndrome, it i recommended to continue with DAPT for one yr
[irrespective of the type of stents. Does the algorithm in Figure 2
apply to these patients? The guideline is silent on this question.
For some patients, there may be significant [fiskslin'delaying
[non=cardiac surgery. Studies published between 2009 and 2019

showed the FiSK of non-cardiac surgery in patients with coro-

nary stents to be Wery during the after
stent insertion.”’ ** With
recent studies suggest that the [fiSK is already Substantially

insertion,**> and may not be
very different from the risk of non-cardiac surgery in patients
without coronary disease who undergo non-cardiac surgery.

Thus, the most fécent guidelineé suggests that it is [Safe to

with non-cardiac and fif clearly
nsertion.”

An important question is the [saféty of neuraxial blockade in
patients receiving antiplatelet therapy, irrespective of its rea-
son. A specific guideline on this topic is clear: @part from [aspirin

and only when no heparin is used) should
hbe used in the of ongorrm36 ¥
In respect of antiplatelet therapy with clopidogrel'alone, a study
in vascular surgical patients has shown the of
_38 However, the authors state: ‘owing to theh
sample [5iz€, we [cannot fecommend the liberal use of epidural

analgesia with on-going clopidogrel administration’. Thus, the
guideline stands.
Where managing patients on [DAPT, it should not be forgot-

ten thatSpontaneous bleedingoccurs. As an example, a study of
over 8000 patients with Spontaneous intracranial haemorrhage

has shown and to
have an adverse effect on outcome.** As some surgical

on 27 Novenber 2017

procedures can be carried out while patients receive DAPT, the

possibility of a Spontaneous bleeding complication [outside the
[surgical ffield must be kept in mind during the perioperative
period.

B8 coronary Stehits Proteet against cardiac complications

of non-cardiac

While the 2014 European Society of Cardiology/European
Society of Anaesthesiology (ESC/ESA) guideline states that
patients with coronary stents remain at higher risk,* the 2014
ACC/AHA guideline considers data to be inconclusive.”® In the
light of

** Indeed, the study by and
colleagues® showed that the risk of 30-day myocardial infarc-
tion in patients with DES inserted within one yr of surgery was
higher than the risk in patients without coronary artery disease
only for the first two months after stent insertion. The study’s
4303 stented patients were matched with 22232 controls. This
study suggests that

It is generally recommended to [Maintainl DAPT or ‘
s wheneer pssile it

0 Unfortunately the literatur.
events to be the

show the
whether 34 40 The most

recent study that has addressed thrs issue, based on over 1082
patients who underwent cardiac and non-cardiac surgery after

insertion of stents (63% DES), concluded that [antiplatelet disy

continuation increases the 30-day risk of major cardiovascular

while {6t offering significant protection
m Moreover, a small study of 201 subjects
suggests that the incidence of MACE is high in patients under-
going non-cardiac surgery after previous percutaneous coronary
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BMS
Treated with DAPT

< 30 days > 30 days
since since
implantation implantation

Fig 2 Recommendations for

Treated with DAPT

< 3 months
since
implantation

B8 months

since DES
Stop DAPT

(redrawn from Levine and colleagues.

J Am Coll Cardiol 2016; 68: 1082-115,’° with permission). BMS, bare metal stent; DAPT, dual antiplatelet therapy; DES, drug-eluting stent.

intervention in spite of adequate perioperative antiplatelet
therapy.*

For the management of patients with coronary stents, the
2016 ACC/AHA guideline reiterates that ‘decisions are best
determined by a consensus of the surgeon, anesthesiologist,
cardiologist, and patient.”*” There is a need to consider the time
that elapsed since percutaneous coronary intervention (PCI)
with stent insertion, the type of stent, the risk of severe bleed-
ing, the risk that even limited bleeding may negate the benefits
of surgery (closed cavity surgery) and the risk of stent thrombo-
sis if DAPT is stopped.

There has been huge investment in the development of coro-
nary stents with novel vascular skeletons and newer eluted
drugs. Recovery of vascular function as the vascular skeleton is
resorbed may prove to be a significant advance. However, this is

not yet proven.*> Moreover,

ESEIGHENEHEBEE; * hus, the Gulation of DARY in o

patient with a [skeleton may have to be that
It may have to be as “‘6

with
with a substantial fisk of blé€ding complications.

‘1 patients with préviouis myocardial

Forty yr ago, the introduction of fibfinolysis revolutionized the
treatment of acute myocardial infarction”” *® and, where com-
plemented by [€atly [béta-blockade, significantly reduced its

on 27 Novenber 2017

mortality as shown in the -1.49 With this approach the
management of patients presenting later for non-cardiac sur-
gery after myocardial infarction was simple: sufficient time
needed to have elapsed before elective non-cardiac surgery.

f there was no ischaemia on a stress test.”® The
introduction of primary percutaneous coronary intervention
(PPCI) transformed the management of acute myocardial infarc-
tion. It is undoubtedly a great success but it means that of

and will be on DAPT for
12 months. As 0% of patients within
of stent insertion,* at least will present for non-
cardiac surgery in the first year after PCI for myocardial infarc-
tion. Recent studies show that patients are at Fery high'risk
for postoperative cardiac complications

receiving [Stents| for myocardial

5152

In the longer term, there may be a decrease in the number of
patients suffering acute myocardial infarction. Plaque fupture is
a major cause of acute coronary events. It could be prevented by

therapies aimed at reducing apoptosis of smooth muscle,
[Smcath muscle constitutes a very [important part of the [inters
[face between the [fhrombogenic core of atheroma and the [Umen
of the vessel. Reducing its [destruction would feéduce the risk of
[plaque [distuption. There is experimental evidence that it is

possible to strengthen this interface so that plaques become
less likely to rupture.>® >*
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Heart e

Pharmacological advances in the treatment of heart
failure

e failuze aS AbAAIBIOgAOSIS and, in the surgical setting,

is

® %5 Over the past 25yr its medical treatment has pro-
gressed with the use of [ACE inhibitors, [Béta-blockers and more
recently [aldosterone [antagonists, while digoxin is given only to
patients in whom management of atrial fibrillation by more
active drugs is poorly tolerated. Innovations have included a

brain natriuretic peptlde but results
a blocker of the

were

, reduces the If current so that the
spontaneous depolarization of the cells becomes slower and
[heart rate 'decreases. The slower heart rate is favourable in
ischaemic heart disease and in heart failure. More recently,
[sacubitril/valsartan has been introduced. Sacubitiil is a blocker
of meprilysin, the enzyme that [dégrades| both [@trial and brain

[natritretic peptides. Thus, more of these peptides remain active
and contribute to improving cardiac function; the beneficial
effects are by the afterload-reducing properties of the
Jnever, it is important to note that guidelines
prepared by the National Institute for Health and Care

Excellence (NIGE)* ©° recommend and
|sartan only in patients on optimal heart failure medication and

with an EjéctonFACHORIGFIESSHAMESY Although treatment
of heart failure has progressed,.remains very high:
20% at one yr, 50% at fiveyr and ”

RESYRERFORIZANON therapy

Dyssynchrony of ventricular contraction decreases its pumping
efficiency. This can be overcome by the use of cardiac resynch-
ronization devices.*’ Such devices often associate a cardi-
overter-defibrillator and/or a cardiac pacemaker and improve
the survival of selected groups of patients as a high proportion
of deaths among patients with heart failure occur suddenly and
unexpectedly because of electrical disturbances in their

myocardium.®” These complex devices are recommended only
i patients with an Gecion facion less has 564 The
development of [éadless pacemakers and dual chamber stimu-

lators may facilitate their use and prevent problems associated
with intracavitary leads.®*

Challenges for the future

There is still a large number of patients who have advanced
heart failure with poor prognosis despite optimal medical ther-
apy. The PUMbEL of patients is [creasing because [improved
management of acute myocardial ififafction has reduced its
early mortality. This has led to an as
more people survive the initial episode but suffer from signifi-
cant cardiac dysfunction.®® Thus, the burden of heart failure is
growing.®®
Mechanical assistance of the heart started with the intra-
aortic balloon pump almost 60yr ago® and led to the develop-
ment of ventricular assist devices. Today great progress has
been made with
rather than bridge to heart transplant.®® However,
mechanical assistance of the heart is still associated with some
disability in the form of lifestyle limitations. For this reason, cel-
lular repair of the myocardium is becoming an important area
for research. The greatest advances in the management of heart
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failure are likely to be the introduction of techniques for ifSerts
[ing bone marrow cells into the damaged myocardium and
promoting vessel growth.®”’? An alternative approach is the
development of small molecules that ‘direct’ the development
o 7475 These new therapies may still
be some [jfearsiaway but would offer true repair of damaged
myocardium. They may also offer hope to patients with angina
that is refractory to conventional medical treatment and in
whom coronary revascularization cannot be considered.”®

[DEtEEHisH of silent myocardial damage and implications:
the concept of myocardial injury in non-cardiac surgery

For many years there was considerable interest in [perioperative

[silent'myocardial ischaemia as recorded by ambulatory ECG
monitors. is frequent in surgical
patients.”® /7 However, its with peri- and post-
operative [@dverse cardiovascular events| is Variable. By contrast,
studies of cardiac biomarkers such as show a [strong

between elevated levels and outcome.”®
study, with over  showed

in fourth-generation troponin T (TnT) to be consistenty associ-
[atéd with postoperative mortality. EVen modest elevations,
much I6WeT than the level regarded as [ifidicative of myocardial
[infarction, [predict 30-day mortality. Modest elevations of TnT
[indicate the presence of [Myocardial [imjury. MINS is
characterized by TnT above 0.03ng litre *.*° Most frequently,
this modest elevation is [iot'associated with [clinical Signs of
myocardial i[Schaémia Thus, injury would be unrecognized in
the [abSence of Foutine troponin assays. High-sensitivity TnT
(hs-TnT) levels, as observed in 21000 patients, confirmed the
[prognostic 1ol of elevated troponins with a of [911%
for hs-TnT between glitre 'a for hs-TnT
above [1000ng litre ' Similarly, elevatlons of Tnl)
after major non-cardiac surgery are [associated with a consider-
able increase in postoperative death, especially Within the first
82 In non-cardiac, non-vascular sur-
gery, a systematic review based on 11 studies with 2123 patients

has show and [Iyrmortality of, respec-

tively, 53| (95% CI 2.21-5.62) and [2153| (95% CI 1.20-5.36), and for
major [Gadiag events of 5192 (95% CI 1.67-20.96) at 30-
day and (95% CI 1.43-6.29) at‘83 Age may play a role in
the association between elevated troponins and outcome as a
relatively small study in elderly patients with hip fracture has
shown that isolated troponin I elevation was not associated
with adverse outcome while a clinical acute coronary syndrome

was.®*

VGG BEPOMIAg and managing their rise

While the 2014 guidelines suggested that postoperative troponin
assays may be useful in very high-risk patients, ** a 2017

(CaMaGiaNEUIGEIRE recommends to obtain Gail HEBORA meas-
urements for 485721 [@fter non-cardiac [SUIgery in patients with
|baseline 1isk of mote than 5% for cardiac death or non-fatal myo-

cardial infarction.® A clear strategy for the management of
patients with MINS is needed. Studies show that many of the
patients who develop MINS suffer from cardiovascular disease but
are not on optimal therapy. The first approach is to [optimize their
[réatment. This may be achieved by adding agents they should
receive as part of their long-term medication, or increasing the
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dosage of the appropriate medications, including [béta-blockers,
statins, [ACE inhibitors and an [antiplatelet agent (often @spitin) if

are inadequate.®® ® The effectiveness of this approach has
been demonstrated in a small (proof-of-concept) study: it
decreased the risk of adverse events.* 8

Recent studies have shown that even in [patients clearly at sk for

-7 828990 After POISEY and the most recent data

on the benefits of withholding ACE inhibitors and ARAs in hyper-
tensive patients presenting for non-cardiac surgery,” it may seem
paradoxical to propose their introduction to intensify treatment in
patients with elevated troponins. However, the context is com-

pletely different. In the face of €léar évidence of myocardial injury
[betablockers and ACEinhibitors are given for the treatment of an

ischaemic event [@§ they would be under pon=surgical settings
where their benefits are undoubted.”* *?

As the adverse role of MINS is better recognized this will
stimulate research in novel therapies that may include coronary

revascularization, or the of [dabigay
- currently investigateMAs pharma-
cological protection against perioperative cardiovascular events
is elusive, with the exception of statins,” it may more

sense to monitor patients postoperatively (troponin assay, ECG)

and develop effective strategies to treat myocardial injury.

BNP and N-terminal prohormone of brain natriuretic
peptide (NSPFGBNE)
BNP and NT-proBNP [fragments are released from the myocar-
dium in response to a complex integration among fechanical,
[, T L e ¢ A
inputs.”” °° Assays for these molecules have been used for
nearly two decades as markers of heart failure.””
[@ssays are extremely [S€ful in EMErgency departments.
However, these biomarkers have been used less frequently
in the context of perioperative medicine. Yet €lévated BNP or
INTSHOBINP are /ety SeFul HATKEES of cardiac dysfinction and
correlate with @dVerse outcome. Associated with the Fevised
patients at

%8 Moreover,
day and over in non-cardiac surgery.

Thus, Fé- and [oStoperative MORKGHN of NP or NIZPIGENE
may Relp to identify patients at Fery high'risk and facilitate

their pharmacological management.

The field of biomarkers is expanding and elevation of pre-
sepsin, a humoral marker for systemic inflammatory response
syndrome and sepsis, is associated with increased 30-day,
6 months and 2 yr mortality in cardiac surgery patients.'*

99 100

Technological advances
Transcatheter aortic valve implantation (TN

[Precperative aortic valve replacement before non-cardiac sur-
gery is based on the severity of the stenosis and accompanying
symptoms. The introduction of TAVI has not changed the indi-
cations but has made it possible to offer the intervention to
patients in whom the risks of surgical repair would be too high.
Indeed, a2017 NICE guideline states that fFAVI offers a potential
[tréatment for patients with aortic for whom surgical
aortic valve would-be 102

The 2015 BCIS Audit shows that over the period extending
from 2007 to 2015 the number of TAVI has grown from 66 in
2007 to 2473 in 2015. The mean age of patients was 81yr. The

on 27 Novenber 2017

has decreased from nearly 4% in 2007 to less
thanlin 2012.2% As the risk of the procedure decreases, more
elderly patients may be offered TAVI. This may reduce the num-
ber of patients with significant uncorrected aortic stenosis

presenting for non-cardiac surgery.
Many types of valves have been developed. Some are [Self-

[nflating whereas others are [balloon inflated. The valve itself is
made of [ielogical Fatetial attached to a etlic SEFACEAFE
[Fémoral and [subclavian [@rteries are used for their insertion.

Increasingly the procedure is carried out under local anaesthe-
sia with or without some additional sedation Unless valve

insertion is through the apex of the [[€ff Ventricle via a [small

Transcatheter mitral valve replacement (TMVR)

TMVR may be an option for selected patients with severe mitral
regurgitation. This intervention may help address an unmet
need in patients at high risk for non-cardiac surgery. Several
systems have been developed.’® A potentially simpler techni-
que consists in the advancement of a[€lip positioned in the mid4
[dleTof the regurgitant valve 'such that blood flows on both sides
of the now split mitral orifice.'® However, progress has been
slow in the UK as three implantations were performed in 2008
and still only 86 in 2015.%°

Pharmacogenetics

While we expect a 100% efficacy with an iv. induction agent
and with agents for the maintenance of anaesthesia, Gutsidel
[anaesthesia most [drugs do ot [cure 100% of the patients they
are designed to treat. It is quite [possiblé that, on occasion, the
[lackiof efficacy relates to the [genetic make=up of patients. With
[clopidogrel, the FSK of adverse [cardiovascular events is, for

example, in patients with cytochrome P4502C19 poly-
2 this [GGHEASEY i BMUPIREIEE activity. ™ In the

treatment of heart failure beta(1) AR-389 alters signal-
ling and therapeutic responses t 97 For

[statins, variants in are strongly associated with an
increased - of 108 Altered efficacy

and patterns of side-effects are likely to play an important role
with many drugs. Advances in pharmacogenetics will make it
possible to personalize treatments.**’

Ambulatory monitoring of myocardial ischaemia has been
available for many years. Ambulatory monitoring of blood pres-
sure has become an essential tool in the diagnosis of arterial
[hypertension before initiating treatment but it is [GE yet
fwireless. By contrast, ECG telemonitoring has entered
out-of-hospital practice and transmits relevant events outside
the hospital environment to a specialist centre. It is an impors

[sionto hospital, and to the detection and management of
severe fhyEhmias. The most recent implantable cardioverter
defbrllators can be FEMOLElY SMEEHOgated where patients are

close to a remote captor system so that events can be analysed.

Many HSEWatcheSize BIoGd PresSuTE BNITors are under

development. They are based on the principle of analysing the

waveform| at the level of the [fadial artery, without any need to
stop blood flow. The data include §ystoli€ and [diastolic blood
pressures and heart [fatél While monitors work well under rest-

ing conditions, their feliability during [eXercise remains to be
[demonstrated Transmitted via a mobile phone, data can be
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Innovations in management of cardiac disease
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remotely downloaded for examination. Such devices could
play an important role in the preoperative assessment of
hypertensive patients as data collected over a few days would
be more reliable than isolated readings. However, as with
all technical advances there is a cost attached to them
and there is a need to demonstrate that using such devices is
cost-effective.

On the wards, early warning score systems have become an
essential part of patient management. While current vital signs
such as systolic and diastolic blood pressures, respiratory rate,
heart rate and temperature are in general use, /detection of
trends| increases the accuracy of models designed to detect
critical illness on the ward."° Electronic data collection makes
this possible and facilitates identification of at-risk patients by
remote interrogation of the data. The development of easily
wearable and reliable ECG, pulse oximetry and blood pressure
monitors, with data transmitted wirelessly to a central server,
will make it possible to monitor mobile patients on the ward,"™
and institute treatment in good time to prevent adverse
outcomes.

Cardiac investigations

While cardiac |catheterization and coronary [angiography are
invasive gold standard investigations, [radionuclide assessment
of the coronary circulation, computed tomography (CT)
including [CT angiography and |cardiac magnetic resonance
imaging (CMR) continue to expand and their indications
to extend. Thus, more and more information is becoming
available mon-invasively.

The initial phase of CMR collects data on four long-axis, one
short-axis and an aortic valve short-axis view according to a
standardized acquisition protocol that is used worldwide.'*?
Thus, basic structure and function can be easily determined and
result in narrower normal reference ranges| that make it [easier
to identify abnormal phenotypes.'*® Adoption of CMR in clinical
practice was stimulated by the introduction of compounds for
contrast enhancement, most commonly |gadolinium-based
Such |CMR [contrast agents [shorten the relaxation times of nuclei
within body tissues [following joral or i.v. administration. The
late gadolinium enhancement (LGE) technique allows
visualization of infarction and assessment of the potential for
functional recovery. "' It also informs on disease aetiology. [Scar
extent predicts the [risk of heart failure. LGE can be used as a
surrogate endpoint to evaluate the efficacy of therapeutic inter-
ventions.'”” In addition, stress perfusion using adenosine can
detect significant coronary stenoses.'®

Conclusions

In the last 25 yr considerable innovation in the management of
cardiac disease, drugs, treatment strategies; and technology has
taken place. More innovations can be predicted and the changes
are likely to accelerate over the next 25yr. What seems to be
almost science fiction today may then be daily routine!

Declaration of interest

No relevant interests.

Funding

No external source of funding.

on 27 Novenber 2017

References

1.

10.

11.

12.

13.

Dahlof B, Sever PS, Poulter NR, et al. Prevention of cardiovas-
cular events with an antihypertensive regimen of amlodi-
pine adding perindopril as required versus atenolol adding
bendroflumethiazide as required, in the Anglo-Scandinavian
Cardiac Outcomes Trial-Blood Pressure Lowering Arm
(ASCOT-BPLA): a multicentre randomised controlled trial.
Lancet 2005; 366: 895-906

Williams B, Poulter NR, Brown M]J, et al. British
Hypertension Society guidelines for hypertension manage-
ment 2004 (BHS-IV): summary. Br Med ] 2004; 328: 63440
NICE. Hypertension. The clinical management of primary
hypertension in adults. 2011. https://www.nice.org.uk/guid
ance/cgl27/evidence/cgl27-hypertension-full-guideline3
(accessed 14 March 2017)

Kristensen SD, Knuuti J, Saraste A, et al. 2014 ESC/ESA
Guidelines on non-cardiac surgery: cardiovascular assess-
ment and management: the Joint Task Force on non-cardiac
surgery: cardiovascular assessment and management of the
European Society of Cardiology (ESC) and the European
Society of Anaesthesiology (ESA). Eur Heart ] 2014; 35:
2383-431

Roshanov PS, Rochwerg B, Patel A, et al. Withholding versus
continuing angiotensin-converting enzyme inhibitors or
angiotensin II receptor blockers before noncardiac surgery:
an analysis of the vascular events in noncardiac surgery
patients cohort evaluation prospective cohort. Anesthesiology
2017;126: 16-27

Oh BH, Mitchell J, Herron JR, Chung J, Khan M, Keefe DL.
Aliskiren, an oral renin inhibitor, provides dose-dependent
efficacy and sustained 24-hour blood pressure control in
patients with hypertension. ] Am Coll Cardiol 2007; 49:
1157-63

Brown MJ, McInnes GT, Papst CC, Zhang J, MacDonald TM.
Aliskiren and the calcium channel blocker amlodipine
combination as an initial treatment strategy for hyperten-
sion control (ACCELERATE): a randomised, parallel-group
trial. Lancet 2011; 377: 312-20

Parving HH, Brenner BM, McMurray JJ, et al. Cardiorenal end
points in a trial of aliskiren for type 2 diabetes. N Engl] Med
2012; 367:2204-13

LiuY, Yan R, Song A, et al. Aliskiren/amlodipine vs. aliskiren/
hydrochlorothiazide in hypertension: indirect meta-analysis
of trials comparing the two combinations vs. monotherapy.
Am] Hypertens 2014; 27: 268-78

McMurray JJ, Krum H, Abraham WT, et al. Aliskiren, enalap-
ril, or aliskiren and enalapril in heart failure. N Engl ] Med
2016; 374: 1521-32

James PA, Oparil S, Carter BL, et al. 2014 evidence-based guide-
line for the management of high blood pressure in adults:
report from the panel members appointed to the Eighth joint
National Committee (JNC 8). JAMA 2014; 311: 507-20

Qaseem A, Wilt TJ, Rich R, Humphrey LL, Frost J, Forciea
MA. Pharmacologic treatment of hypertension in adults
aged 60 years or older to higher versus lower blood pressure
targets: a clinical practice guideline from the American
College of Physicians and the American Academy Of Family
Physicians. Ann Intern Med 2017; 166: 430-7

Daskalopoulou SS, Rabi DM, Zarnke KB, et al. The 2015
Canadian Hypertension Education Program recommenda-
tions for blood pressure measurement, diagnosis, assess-
ment of risk, prevention, and treatment of hypertension. Can
J Cardiol 2015; 31: 549-68


Deleted Text: s'
Deleted Text: <sup>108</sup> 
Deleted Text: ,
Deleted Text: <sup>109</sup> 
Deleted Text: catherisation 
Deleted Text: ,
Deleted Text: ,
Deleted Text: ,
Deleted Text: standardised 
Deleted Text: the 
Deleted Text: <sup>110</sup> 
Deleted Text: <sup>111</sup> 
Deleted Text: intravenous 
Deleted Text: visualisation 
Deleted Text: <sup>112</sup> 
Deleted Text: :
Deleted Text: lLate gadolinium enhancement 
Deleted Text: <sup>113</sup> 
Deleted Text: <sup>114</sup>
Deleted Text: years 
Deleted Text: twenty-five
Deleted Text: years
Deleted Text: -
https://www.nice.org.uk/guidance/cg127/evidence/cg127-hypertension-full-guideline3
https://www.nice.org.uk/guidance/cg127/evidence/cg127-hypertension-full-guideline3
John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel



i30 | Foéx

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Downl oaded from https://academni c. oup. conl bja/article-abstract/ 119/ suppl _1/i 23/ 4638466

by John Vogel
on 27 Novenber 2017

Wright JT Jr, Williamson JD, Whelton PK, et al. A random-
ized trial of intensive versus standard blood-pressure con-
trol. N Engl] Med 2015; 373: 2103-16

Ettehad D, Emdin CA, Kiran A, et al. Blood pressure lowering
for prevention of cardiovascular disease and death: a sys-
tematic review and meta-analysis. Lancet 2016; 387: 957-67
Anastasian ZH, Gaudet JG, Connolly ES Jr, Arunajadai S,
Heyer EJ. The effect of antihypertensive class on intraopera-
tive pressor requirements during carotid endarterectomy.
Anesth Analg 2011; 112: 1452-60

Devereaux PJ, Yang H, Yusuf S, et al. Effects of extended-
release metoprolol succinate in patients undergoing non-
cardiac surgery (POISE trial): a randomised controlled trial.
Lancet 2008; 371: 1839-47

Walsh M, Devereaux PJ, Garg AX, et al. Relationship between
intraoperative mean arterial pressure and clinical out-
comes after noncardiac surgery: toward an empirical defi-
nition of hypotension. Anesthesiology 2013; 119: 507-15
Salmasi V, Maheshwari K, Yang D, et al. Relationship
between intraoperative hypotension, defined by either
reduction from baseline or absolute thresholds, and acute
kidney and myocardial injury after noncardiac surgery: a
retrospective cohort analysis. Anesthesiology 2017; 126:
47-65

Venkatesan S, Myles P, Manning HJ, et al. Cohort study eval-
uating preoperative blood pressure values and risk of 30-
day mortality following elective non-cardiac surgery. Br ]
Anaesth 2017; 119: 65-7

Sweitzer BJ, Howell S]. The Goldilocks principle as it applies
to perioperative blood pressurde: what is too high, too low,
or just right? Br J Anaesth 2017; 119: 7-10

Vidal-Petiot E, Ford I, Greenlaw N, et al. Cardiovascular
event rates and mortality according to achieved systolic
and diastolic blood pressure in patients with stable coro-
nary artery disease: an international cohort study. Lancet
2016; 388: 2142-52

Fleisher LA, Fleischmann KE, Auerbach AD, et al. 2014 ACC/
AHA Guideline on perioperative cardiovascular evaluation
and management of patients undergoing noncardiac sur-
gery: executive summary: a report of the American College
of Cardiology/American Heart Association Task Force on
Practice Guidelines. ] Am Coll Cardiol 2014; 64: 2373-405
Forstermann U, Sessa WC. Nitric oxide synthases: regula-
tion and function. Eur Heart ] 2012; 33: 829-37

Seddon M, Melikian N, Dworakowski R, et al. Effects of neu-
ronal nitric oxide synthase on human coronary artery
diameter and blood flow in vivo. Circulation 2009; 119:
2656-62

Shabeeh H, Khan S, Jiang B, et al. Blood pressure in healthy
humans is regulated by neuronal NO synthase. Hypertension
2017, 69: 970-6

Ludman PF. BCIS audit returns for 1997. 1997. https://www.
bcis.org.uk/education/beis-audit-presentation-audit-
returns-1997/ (accessed 03 March 2017)

Ludman PF. BCIS audit returns 2007. 2007. https://www.bcis.
org.uk/wp-content/uploads/2016/12/Ludman_PF_092008_
Crew2008.pdf (accessed 03 March 2017)

Ludman P. BCIS Audit returns 2015. 2017. https://www.bcis.
org.uk/education/adult-interventional-procedures/
(accessed 06 February 2017)

Levine GN, Bates ER, Bittl JA, et al. 2016 ACC/AHA Guideline
focused update on duration of dual antiplatelet therapy in
patients with coronary artery disease: a report of the
American College of Cardiology/American Heart Association

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

Task Force on Clinical Practice Guidelines. ] Am Coll Cardiol
2016; 68: 1082-115

Cruden NL, Harding SA, Flapan AD, et al. Previous coronary
stent implantation and cardiac events in patients under-
going noncardiac surgery. Circ Cardiovasc Interv 2010; 3:
23642

Albaladejo P, Marret E, Samama CM, et al. Non-cardiac sur-
gery in patients with coronary stents: the RECO study. Heart
2011, 97: 1566-72

Wijeysundera DN, Wijeysundera HC, Yun L, et al. Risk of
elective major noncardiac surgery after coronary stent
insertion: a population-based study. Circulation 2012; 126:
1355-62

Hawn MT, Graham LA, Richman JS, Itani KM, Henderson
WG, Maddox TM. Risk of major adverse cardiac events fol-
lowing noncardiac surgery in patients with coronary stents.
JAMA 2013; 310: 1462-72

Egholm G, Kristensen SD, Thim T, et al. Risk associated with
surgery within 12 months after coronary drug-eluting stent
implantation. ] Am Coll Cardiol 2016; 68: 2622-32

Gogarten W, Vandermeulen E, Van Aken H, Kozek S, Llau
JV, Samama CM. Regional anaesthesia and antithrombotic
agents: recommendations of the European Society of
Anaesthesiology. Eur ] Anaesthesiol 2010; 27: 999-1015

Vela Vasquez RS, Peldez Romero R. Aspirin and spinal hae-
matoma after neuraxial anaesthesia: Myth or reality? Br J
Anaesth 2015; 115: 688-98

Osta WA, Akbary H, Fuleihan SF. Epidural analgesia in vas-
cular surgery patients actively taking clopidogrel. Br J
Anaesth 2010; 104: 429-32

Stein M, Misselwitz B, Hamann GF, Kolodziej M, Reinges
MH, Uhl E. In-hospital mortality after pre-treatment with
antiplatelet agents or oral anticoagulants and hematoma
evacuation of intracerebral hematomas. J Clin Neurosci 2016;
26:42-5

Anwaruddin S, Askari AT, Saudye H, et al. Characterization
of post-operative risk associated with prior drug-eluting
stent use. JACC Cardiovasc Interv 2009; 2: 542-9

Rossini R, Angiolillo DJ, Musumeci G, et al. Antiplatelet ther-
apy and outcome in patients undergoing surgery following
coronary stenting: results of the surgery after stenting
registry. Catheter Cardiovasc Interv 2017; 89: E13-25
Wasowicz M, Syed S, Wijeysundera DN, et al. Effectiveness
of platelet inhibition on major adverse cardiac events in
non-cardiac surgery after percutaneous coronary interven-
tion: a prospective cohort study. Br J Anaesth 2016; 116:
493-500

Serruys PW, Chevalier B, Sotomi Y, et al. Comparison of an
everolimus-eluting bioresorbable scaffold with an everolimus-
eluting metallic stent for the treatment of coronary artery
stenosis (ABSORB II): a 3year, randomised, controlled, single-
blind, multicentre clinical trial. Lancet 2016; 388: 2479-91
Toyota T, Morimoto T, Shiomi H, et al. Very late Scaffold
thrombosis of bioresorbable vascular Scaffold: systematic
review and a meta-analysis. JACC Cardiovasc Interv 2017; 10:
27-37

Wykrzykowska JJ, Kraak RP, Hofma SH, et al. Bioresorbable
Scaffolds versus metallic stents in routine PCI. N Engl ] Med
2017, 376:2319-28

Mukherjee D. Device thrombosis with bioresorbable
Scaffolds. N Engl ] Med 2017; 376: 2388-9

Rentrop KP, Blanke H, Karsch KR, et al. Acute myocardial
infarction: intracoronary application of nitroglycerin and
streptokinase. Clin Cardiol 1979; 2: 354-63


https://www.bcis.org.uk/education/bcis-audit-presentation-audit-returns-1997/
https://www.bcis.org.uk/education/bcis-audit-presentation-audit-returns-1997/
https://www.bcis.org.uk/education/bcis-audit-presentation-audit-returns-1997/
https://www.bcis.org.uk/wp-content/uploads/2016/12/Ludman_PF_092008_Crew2008.pdf
https://www.bcis.org.uk/wp-content/uploads/2016/12/Ludman_PF_092008_Crew2008.pdf
https://www.bcis.org.uk/wp-content/uploads/2016/12/Ludman_PF_092008_Crew2008.pdf
https://www.bcis.org.uk/education/adult-interventional-procedures/
https://www.bcis.org.uk/education/adult-interventional-procedures/

Innovations in management of cardiac disease | i31

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Downl oaded from https://academni c. oup. conl bja/article-abstract/ 119/ suppl _1/i 23/ 4638466

by John Vogel
on 27 Novenber 2017

Baigent C, Collins R, Appleby P, Parish S, Sleight P, Peto
RISIS-2. 10year survival among patients with suspected
acute myocardial infarction in randomised comparison of
intravenous streptokinase, oral aspirin, both, or neither.
The ISIS-2 (Second International Study of Infarct Survival)
Collaborative Group. Br Med ] 1998; 316: 1337-43

ISIS-1. Randomised trial of intravenous atenolol among
16 027 cases of suspected acute myocardial infarction: ISIS-
1. First International Study of Infarct Survival Collaborative
Group. Lancet 1986; 2: 57-66

Fleisher LA, Beckman JA, Brown KA, et al. ACC/AHA 2007
guidelines on perioperative cardiovascular evaluation and
care for noncardiac surgery: executive summary: a report of
the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines (Writing
Committee to Revise the 2002 Guidelines on Perioperative
Cardiovascular Evaluation for Noncardiac Surgery): devel-
oped in collaboration with the American Society of
Echocardiography, American Society of Nuclear Cardiology,
Heart Rhythm Society, Society of Cardiovascular
Anesthesiologists, Society for Cardiovascular Angiography
and Interventions, Society for Vascular Medicine and
Biology, and Society for Vascular Surgery. Circulation 2007;
116: 1971-96

Livhits M, Ko CY, Leonardi MJ, Zingmond DS, Gibbons MM,
de Virgilio C. Risk of surgery following recent myocardial
infarction. Ann Surg 2011; 253: 857-64

Holcomb CN, Graham LA, Richman JS, Itani KM, Maddox
TM, Hawn MT. The incremental risk of coronary stents on
postoperative adverse events: a matched cohort study. Ann
Surg 2016; 263: 924-30

Di Gregoli K, George §J, Jackson CL, Newby AC, Johnson JL.
Differential effects of tissue inhibitor of metalloproteinase
(TIMP)-1 and TIMP-2 on atherosclerosis and monocyte/
macrophage invasion. Cardiovasc Res 2016; 109: 318-30

Di Gregoli K, Mohamad Anuar NN, Bianco R, et al. MicroRNA-
181b controls atherosclerosis and aneurysms through
regulation of TIMP-3 and elastin. Circ Res 2017; 120: 49-65
Hammill BG, Curtis LH, Bennett-Guerrero E, et al. Impact of
heart failure on patients undergoing major noncardiac sur-
gery. Anesthesiology 2008; 108: 559-67

Maile MD, Engoren MC, Tremper KK, Jewell E, Kheterpal S.
Worsening preoperative heart failure is associated with
mortality and noncardiac complications, but not myocar-
dial infarction after noncardiac surgery: a retrospective
cohort study. Anesth Analg 2014; 119: 522-32

O’Connor CM, Starling RC, Hernandez AF, et al. Effect of
nesiritide in patients with acute decompensated heart fail-
ure. N Engl] Med 2011; 365: 3243

Okumura N, Jhund PS, Gong J, et al. Effects of Sacubitril/
Valsartan in the PARADIGM-HF trial (prospective compari-
son of ARNI with ACEI to determine impact on global mor-
tality and morbidity in heart failure) according to
background therapy. Circ Heart Fail 2016; 9: pii=e003212
NICE. Ivabradine for treating chronic heart failure. NICE
guidance 2012. https://www.nice.org.uk/guidance/TA267/
NICE. Sacubitril valsartan for treating symptomatic chronic
heart failure with reduced ejection fraction. NICE guidance
2016. https://www.nice.org.uk/guidance/ta388 (accessed 25
May 2017)

Taylor CJ, Ryan R, Nichols L, Gale N, Hobbs FR, Marshall T.
Survival following a diagnosis of heart failure in primary
care. Fam Pract 2017; 34: 161-8

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC
Guidelines for the diagnosis and treatment of acute and
chronic heart failure: The Task Force for the diagnosis and
treatment of acute and chronic heart failure of the
European Society of Cardiology (ESC)Developed with the
special contribution of the Heart Failure Association (HFA)
of the ESC. Eur Heart ] 2016; 37: 2129-200

NICE. Implantable cardioverter defibrillators and cardiac
resynchronisation therapy for arrhythmias and heart fail-
ure. 2014. https://www.nice.org.uk/guidance/ta314 (accessed
9 September 2017)

Wiles BM, Roberts PR. Lead or be led: an update on leadless
cardiac devices for general physicians. Clin Med (Lond) 2017;
17:33-6

Braunwald E. Shattuck lecture-cardiovascular medicine at
the turn of the millennium: triumphs, concerns, and oppor-
tunities. N Engl] Med 1997; 337: 1360-9

Beattie WS, Wijeysundera DN. The growing burden of peri-
operative heart failure. Anesth Analg 2014; 119: 506-8
Kantrowitz A, Tjonneland S, Freed PS, Phillips SJ, Butner
AN, Sherman JL. Jr., Initial clinical experience with intra-
aortic balloon pumping in cardiogenic shock. JAMA 1968;
203:113-8

Pinney SP, Anyanwu AC, Lala A, Teuteberg]J, Uriel N, Mehra
MR. Left ventricular assist devices for lifelong support.] Am
Coll Cardiol 2017; 69: 2845-61

Choudry F, Hamshere S, Saunders N, et al. A randomized
double-blind control study of early intra-coronary autolo-
gous bone marrow cell infusion in acute myocardial infarc-
tion: the REGENERATE-AMI clinical trialdagger. Eur Heart J
2016; 37: 256-63

Khan AR, Farid TA, Pathan A, et al. Impact of cell therapy on
myocardial perfusion and cardiovascular outcomes in
patients with angina refractory to medical therapy: a sys-
tematic review and meta-analysis. Circ Res 2016; 118: 984-93
Jeevanantham V, Butler M, Saad A, Abdel-Latif A, Zuba-
Surma EK, Dawn B. Adult bone marrow cell therapy
improves survival and induces long-term improvement in
cardiac parameters: a systematic review and meta-analy-
sis. Circulation 2012; 126: 551-68

Fisher SA, Doree C, Mathur A, Taggart DP, Martin-Rendon A.
Stem cell therapy for chronic ischaemic heart disease and
congestive heart failure. Cochrane Database Syst Rev 2016; 12:
CD007888

Patel AN, Henry TD, Quyyumi AA, et al. Ixmyelocel-T for
patients with ischaemic heart failure: a prospective rando-
mised double-blind trial. Lancet 2016; 387: 2412-21

Angeloni E, Melina G, Roscitano A, et al. betaBlockers
improve survival of patients with chronic obstructive pul-
monary disease after coronary artery bypass grafting. Ann
Thorac Surg 2013; 95: 525-31

Aguilar JS, Begum AN, Alvarez J, Zhang XB, Hong Y, Hao J.
Directed cardiomyogenesis of human pluripotent stem
cells by modulating Wnt/beta-catenin and BMP signalling
with small molecules. Biochem ] 2015; 469: 235-41

Allman KG, Muir A, Howell SJ, Hemming AE, Sear JW, Foex
P. Resistant hypertension and preoperative silent myocar-
dial ischaemia in surgical patients. Br ] Anaesth 1994; 73:
574-8

Higham H, Sear JW, Neill F, Sear YM, Foex P. Peri-operative
silent myocardial ischaemia and long-term adverse out-
comes in non-cardiac surgical patients. Anaesthesia 2001;
56:630-7


https://www.nice.org.uk/guidance/TA267/
https://www.nice.org.uk/guidance/ta388
https://www.nice.org.uk/guidance/ta314

i32 | Foéx

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Downl oaded from https://academni c. oup. conl bja/article-abstract/ 119/ suppl _1/i 23/ 4638466

by John Vogel
on 27 Novenber 2017

Levy M, Heels-Ansdell D, Hiralal R, et al. Prognostic value of
troponin and creatine kinase muscle and brain isoenzyme
measurement after noncardiac surgery: a systematic
review and meta-analysis. Anesthesiology 2011; 114: 796-806
Devereaux PJ, Chan MT, Alonso-Coello P, et al. Association
between postoperative troponin levels and 30-day mortal-
ity among patients undergoing noncardiac surgery. JAMA
2012; 307: 2295-304

Botto F, Alonso-Coello P, Chan MT, et al. Myocardial injury
after noncardiac surgery: a large, international, prospective
cohort study establishing diagnostic criteria, characteris-
tics, predictors, and 30-day outcomes. Anesthesiology 2014;
120:564-78

Devereaux PJ. Relationship between high sensitive troponin
T measurements and 30-day mortlaity after noncardiac
surgery. American College of Cardiology 2017; Abstract
17-LB-16217-ACC

Kim M, Son M, Lee DH, Park K, Park TH. Troponin-I level
after major noncardiac surgery and its association with
long-term mortality. Int Heart ] 2016; 57: 278-84

Ekeloef S, Alamili M, Devereaux PJ, Gogenur I. Troponin eleva-
tions after non-cardiac, non-vascular surgery are predictive of
major adverse cardiac events and mortality: a systematic
review and meta-analysis. Br ] Anaesth 2016; 117: 559-68
Vallet H, Breining A, Le Manach Y, et al. Isolated cardiac tro-
ponin rise does not modify the prognosis in elderly patients
with hip fracture. Medicine (Baltimore) 2017; 96: e6169
Duceppe E, Parlow ], MacDonald P, et al. Canadian
Cardiovascular Society Guidelines on perioperative cardiac
risk assessment and management for patients who
undergo noncardiac surgery. CanJ Cardiol 2017; 33: 17-32
Foucrier A, Rodseth R, Aissaoui M, et al. The long-term
impact of early cardiovascular therapy intensification for
postoperative troponin elevation after major vascular sur-
gery. Anesth Analg 2014; 119: 1053-63

Devereaux PJ, Xavier D, Pogue J, et al. Characteristics and
short-term prognosis of perioperative myocardial infarc-
tion in patients undergoing noncardiac surgery: a cohort
study. Ann Intern Med 2011; 154: 523-8

De Hert S, Moerman A, De Baerdemaeker L. Postoperative
complications in cardiac patients undergoing noncardiac
surgery. Curr Opin Crit Care 2016; 22: 357-64

Devereaux PJ, Mrkobrada M, Sessler DI, et al. Aspirin in
patients undergoing noncardiac surgery. N Engl ] Med 2014;
370: 1494-503

Devereaux PJ, Sessler DI, Leslie K, et al. Clonidine in patients
undergoing noncardiac surgery. N Engl ] Med 2014; 370:
1504-13

Stone JG, Khambatta HJ, Sear JW, Foex P. Beta-blockers:
must we throw the baby out with the bath water? Anesth
Analg 2009; 108: 1987-90

O’Gara PT, Kushner FG, Ascheim DD, et al. 2013 ACCF/AHA
guideline for the management of ST-elevation myocardial
infarction: a report of the American College of Cardiology
Foundation/American Heart Association Task Force on
Practice Guidelines. ] Am Coll Cardiol 2013; 61: €78-140
Devereaux PJ. Management of Myocardial Injury After
Noncardiac Surgery Trial (MANAGE). 2012. https://cli/ct2/
show/NCT01661101 (accessed 26 May 2017)

London M]J, Schwartz GG, Hur K, Henderson WG.
Association of perioperative statin use with mortality and
morbidity after major noncardiac surgery. JAMA Intern Med
2017;177:231-42

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Struthers A, Lang C. The potential to improve primary pre-
vention in the future by using BNP/N-BNP as an indicator of
silent ‘pancardiac’ target organ damage: BNP/N-BNP could
become for the heart what microalbuminuria is for the kid-
ney. Eur Heart ] 2007; 28: 1678-82

Clerico A, Giannoni A, Vittorini S, Passino C. Thirty years of
the heart as an endocrine organ: physiological role and clin-
ical utility of cardiac natriuretic hormones. Am ] Physiol
Heart Circ Physiol 2011; 301: H12-20

Maisel AS, Krishnaswamy P, Nowak RM, et al. Rapid
measurement of B-type natriuretic peptide in the emer-
gency diagnosis of heart failure. N Engl ] Med 2002; 347:
161-7

Rodseth RN, Lurati Buse GA, Bolliger D, et al. The predictive
ability of pre-operative B-type natriuretic peptide in
vascular patients for major adverse cardiac events: an
individual patient data meta-analysis. ] Am Coll Cardiol
2011;58:522-9

Rodseth RN, Biccard BM, Chu R, et al. Postoperative B-type
natriuretic peptide for prediction of major cardiac events in
patients undergoing noncardiac surgery: systematic review
and individual patient meta-analysis. Anesthesiology 2013;
119:270-83

Rodseth RN, Biccard BM, Le Manach Y, et al. The prognostic
value of pre-operative and post-operative B-type natriuretic
peptides in patients undergoing noncardiac surgery: B-type
natriuretic peptide and N-terminal fragment of pro-B-type
natriuretic peptide: a systematic review and individual
patient data meta-analysis. ] Am Coll Cardiol 2014; 63:
170-80

Bomberg H, Klingele M, Wagenpfeil S, et al. Presepsin
(sCD14-ST) is a novel marker for risk stratification in cardiac
surgery patients. Anesthesiology 2017; 126: 631-42

NICE. Transcatheter aortic valve implantation for aortic
stenosis. 2017. https://nice.org.uk/guidance/IPG586 (accessed
08 August 2017)

Ludman PF, BCIS Audit Returns for TAVI to 2015. 2016.
https://www .bcis.org.uk/education/bcis-audit-presenta
tion-tavi-audit-returns-2015 (accessed 06 February 2017)
Muller DW, Farivar RS, Jansz P, et al. Transcatheter mitral
valve replacement for patients with symptomatic mitral
regurgitation: a global feasibility trial. ] Am Coll Cardiol 2017;
69:381-91

Bail DH, Doebler K. The MitraClip System: a systematic
review of indications, procedural requirements, and guide-
lines. Thorac Cardiovasc Surg 2014; 62: 18-25

Collet JP, Himbet F, Steg PG. Myocardial infarction after
aspirin cessation in stable coronary artery disease patients.
Int] Cardiol 2000; 76: 257-8

Liggett SB, Mialet-Perez ], Thaneemit-Chen S, et al. A poly-
morphism within a conserved beta(1)-adrenergic receptor
motif alters cardiac function and beta-blocker response in
human heart failure. Proc Natl Acad Sci USA 2006; 103:
11288-93

Link E, Parish S, Armitage J, et al. SLCO1B1 variants and
statin-induced myopathy-a genomewide study. N Engl J
Med 2008; 359: 789-99

Zaiou M, El Amri H. Cardiovascular pharmacogenetics: a
promise for genomically-guided therapy and personalized
medicine. Clin Genet 2016; 91: 355-70

Churpek MM, Adhikari R, Edelson DP. The value of vital sign
trends for detecting clinical deterioration on the wards.
Resuscitation 2016; 102: 1-5


https://cli/ct2/show/NCT01661101
https://cli/ct2/show/NCT01661101
https://nice.org.uk/guidance/IPG586
https://www.bcis.org.uk/education/bcis-audit-presentation-tavi-audit-returns-2015
https://www.bcis.org.uk/education/bcis-audit-presentation-tavi-audit-returns-2015
John Vogel


John Vogel



Innovations in management of cardiac disease | i33

111.

112.

113.

Downl oaded from https://academni c. oup. conl bja/article-abstract/ 119/ suppl _1/i 23/ 4638466

by John Vogel
on 27 Novenber 2017

Clifton L, Clifton DA, Pimentel MA, Watkinson PJ,
Tarassenko L. Predictive monitoring of mobile patients by
combining clinical observations with data from wearable
sensors. IEEE ] Biomed Health Inform 2014; 18: 722-30

Kramer CM, Barkhausen ], Flamm SD, Kim R], Nagel E.
Standardized cardiovascular magnetic resonance imaging
(CMR) protocols, society for cardiovascular magnetic reso-
nance: board of trustees task force on standardized proto-
cols. ] Cardiovasc Magn Reson 2008; 10: 35

Maceira AM, Prasad SK, Khan M, Pennell DJ. Normalized
left ventricular systolic and diastolic function by steady
state free precession cardiovascular magnetic resonance.
] Cardiovasc Magn Reson 2006; 8: 417-26

114.

115.

116.

Kim TK, Choi BI, Park SW, et al. Gadolinium mesoporphyrin
as an MR imaging contrast agent in the evaluation of
tumors: an experimental model of VX2 carcinoma in rab-
bits. AJR Am ] Roentgenol 2000; 175: 227-34

Desch S, Eitel I, de Waha S, et al. Cardiac magnetic
resonance imaging parameters as surrogate endpoints in
clinical trials of acute myocardial infarction. Trials 2011; 12:
204

Doesch C, Seeger A, Hoevelborn T, et al. Adenosine
stress cardiac magnetic resonance imaging for the assess-
ment of ischemic heart disease. Clin Res Cardiol 2008; 97:
905-12



