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Abstract

More than 64 million people worldwide have heart failure (HF), and these numbers are expected to rise. Acute HF (AHF) is the leading cause of
hospitalization in patients over 65 years old and is linked to high mortality and readmission rates. AHF may also be a frequent complication in patients
hospitalized for other medical reasons as well as after cardiac or non-cardiac surgery. These three entities are summarized as secondary AHF. As
secondary AHF has been largely overlooked by medical research and education, little is known about its pathophysiology, phenotypes, diagnosis,
management, and prognosis. Secondary AHF occurring after non-cardiac surgery warrants particular attention due to its very high mortality rates
of up to 44% within 1 year and is therefore the focus of this review. The scope of this document is to summarize the available evidence regarding the
pathophysiology, prevention, diagnosis, treatment, and prognosis of AHF after non-cardiac surgery. Key to prevention is understanding and addres-
sing the pathophysiology of AHF after non-cardiac surgery, which involves close monitoring of fluid status to avoid volume overload and/or hypo-
volemia, avoiding hypo- and/or hypertension, treating pain and anaemia to prevent tachycardia, and avoiding electrolyte disturbances to prevent
arrhythmias. Cardiac biomarkers, such as cardiac troponins and natriuretic peptides, serve as important diagnostic tools and enhance risk stratifi-
cation in the perioperative setting. A low threshold to perform echocardiography in this population is suggested. Vigilant post-operative care is es-
sential for the early recognition and treatment of AHF after non-cardiac surgery, which could help improve outcomes for patients.
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Graphical Abstract

Acute heart failure after non-cardiac surgery
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Prevention, diagnosis, management and prognosis of acute heart failure after non-cardiac surgery. HF, heart failure; COPD, chronic obstructive pul-
monary disease; PAD, peripheral artery disease; CAD, coronary artery disease; AF, atrial fibrillation; PMI, perioperative myocardial infarction/injury;
BNP, B-type natriuretic peptide; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

Introduction

Heart failure (HF) represents a global pandemic and is associated with high
mortality and morbidity and significant healthcare costs. More than 64 mil-
lion people worldwide have HF, and these numbers are expected to rise
due to improvements in overall survival rates and better management of
other underlying cardiac diseases, such as myocardial infarction (IVII).1'2
Primary acute HF (AHF) is the leading cause of hospitalization in patients
over 65 years old and is linked to high in-hospital (4%—10%) and 1-year
(20%-30%) mortality rates, as well as high rates of rehospitalization.>
AHF may also be a frequent complication in patients hospitalized for
other medical reasons, such as pneumonia, other infections, or after Ml
as well as after cardiac or non-cardiac surgery.** These three entities
are summarized as secondary AHF. As secondary AHF has been largely
overlooked by medical research and education, little is known about its
pathophysiology, phenotypes, diagnosis, management, and prognosis.
Secondary AHF occurring after non-cardiac surgery warrants particular
attention for several reasons and is therefore the focus of this review.
First, AHF after non-cardiac surgery seems to be a major contributor
to 30-day death after surgery.® Considering that more than 300 million
surgeries are performed worldwide each year,7 and an estimated 4.2
million of these patients die within 30 days, post-operative deaths are
the third greatest contributor to global mortality, following ischaemic
heart disease and stroke.® Second, AHF after non-cardiac surgery is

associated with very high mortality rates of up to 44% within 1 year.”
Third, these patients are mostly not seen by cardiologists. A better un-
derstanding of the current state of the art on AHF after non-cardiac
surgery is necessary to mitigate the burden of this complication and im-
prove prognosis after non-cardiac surgery.

The scope of this document is to summarize the available evidence
and, in the absence of evidence, provide expert opinion regarding the
pathophysiology, prevention, diagnosis, treatment, and prognosis of
AHF after non-cardiac surgery.

Incidence and prognosis of AHF
after non-cardiac surgery

Incidence

The precise incidence of AHF after non-cardiac surgery remains uncer-
tain, primarily due to a scarcity of epidemiological studies that designate
AHF as a primary endpoint. Over the past few decades, research on car-
diac complications following non-cardiac surgery has primarily focused
on cardiac ischaemic events, such as post-operative M, and more recent-
ly, myocardial injury after non-cardiac surgery and perioperative myocar-
dial infarction/injury (PMI). Traditionally, AHF after non-cardiac surgery
has been included as part of a composite endpoint of major adverse car-
diovascular events or recognized only when presenting as acute
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pulmonary oedema. Furthermore, some studies have concentrated on
specific populations or surgical disciplines, and the diagnostic criteria
used for AHF after non-cardiac surgery or even pulmonary oedema
were not standardized. Given these limitations, reported incidences of
AHF after non-cardiac surgery widely vary between 0.9% and 19%.” 3

A prospective multi-centre cohort study involving 3387 patients aged
40 years or older undergoing intermediate and high-risk non-cardiac sur-
gery reported an incidence of AHF after non-cardiac surgery, diagnosed by
the attending physician based on clinical symptoms and signs, of 1.2%,'
while a more recent prospective multi-centre cohort study of 9164 pa-
tients aged 65 years or older, or those over 45 years with diagnosed ath-
erosclerotic disease undergoing major non-cardiac surgery (median age
73 years), found the incidence of AHF after non-cardiac surgery to be
2.5% in the overall population and 4.5% in the subgroup of those under-
going urgent or emergency surgeries.” These data corroborate that older
age is a major contributor to the incidence of AHF after non-cardiac sur-
gery, similar to the incidence of HF outside the perioperative setting.”

Additionally, AHF after non-cardiac surgery appears to be more
common following vascular, thoracic, and orthopaedic surgeries.”¢®
It remains unclear whether this higher incidence is attributable to the
particularities of these surgical procedures or the clinical characteristics
of patients typically undergoing these procedures or the perioperative
management of these patients.

Prognosis

The prognosis of patients who experience AHF after non-cardiac sur-
gery remains largely unknown, with most existing studies focusing on
the outcomes of patients with known HF undergoing non-cardiac sur-
gery. In alarge cohort study including 21 560 996 non-cardiac surgeries,
4.9% of patients were identified as having perioperative HF. Any kind of
perioperative HF was associated with higher in-hospital mortality [4.8%
vs 0.78%, adjusted odds ratio (aOR) 2.2, 95% confidence interval (Cl)
2.1-2.2]. Among the cases, in which it was possible to differentiate be-
tween acute and chronic HF, the in-hospital mortality of patients with
AHF after non-cardiac surgery was 8%, higher than the mortality of pa-
tients with chronic HF (4%), and similar to the patients with
acute-on-chronic HF (8%).%3

Recently, a prospective cohort study including 9164 patients at in-
creased cardiovascular risk undergoing major non-cardiac surgery, in
which the main outcome of AHF after non-cardiac surgery was central-
ly adjudicated, revealed a very high 1-year mortality rate for these pa-
tients [44% vs 11% in patients without AHF after non-cardiac
surgery, adjusted hazard ratio (aHR) 1.7, 95% Cl, 1.3-2.2]. When fur-
ther stratifying the cohort into four groups, patients with
acute-on-chronic HF had the highest mortality (52%), followed by pa-
tients with de novo AHF after non-cardiac surgery (36%), patients
with chronic HF without AHF (21%), and patients without HF (9%,
P <.001).” These findings highlight the higher mortality rates of AHF
after non-cardiac surgery compared not only to primary AHF but
also to secondary AHF outside the perioperative setting of non-cardiac
surgery, which carries a 1-year mortality of approximately 20%.>

Furthermore, AHF after non-cardiac surgery was associated with a
15% risk of rehospitalization for AHF within 1 year.”

Pathophysiology of AHF after
non-cardiac surgery

The physiopathology of AHF after non-cardiac surgery is multi-
factorial, involving complex interactions between the underlying

structural heart disease (substrate), the trigger (in this case, the oper-
ation), and any amplifying mechanisms.>* The physiological and patho-
physiological changes that occur in response to surgical trauma are
influenced by the magnitude, invasiveness, type, and duration of the sur-
gery. The surgical stress response encompasses both the neurohormo-
nal and immune-inflammatory responses, but may also promote an
imbalance in the coagulation system and can lead to the development
of a systemic inflammatory response syndrome (SIRS), characterized
by hypermetabolism and hypercatabolism. >

Neurohormonal response

Surgical trauma activates the sympatho-adrenomedullary axis
(SAM). Upon SAM activation, acetylcholine neurotransmitters are
released, stimulating the adrenal glands to produce noradrenaline
and adrenaline, resulting in increased blood pressure and heart
rate. Blood flow is redirected towards vital organs, reducing supply
to the kidneys and gastrointestinal system. This reduction activates
the renin—angiotensin—aldosterone (RAA) system, affecting cardio-
vascular and renal systems, resulting in post-operative fluid reten-
tion, oliguria, increased blood volume, and elevated systemic
vascular resistance.”® Glucagon secretion increases, prompting gly-
cogenolysis and hepatic gluconeogenesis, while insulin secretion de-
creases, leading to a transient rise in post-operative blood glucose
levels. There is also activation of the hypothalamic—pituitary—adrenal
axis, with secretion of adrenocorticotropic hormone (ACTH) and
vasopressin. ACTH promotes cortisol production from the adrenal
cortex.?® Cortisol can remain elevated for up to 7 days after major
surgery.”’

Immunoinflammatory response

Immediately after surgical trauma, the innate immune system is ac-
tivated, and neutrophils and macrophages rapidly migrate to the in-
jury site, phagocytizing damaged tissue and releasing cytokines,
which are critical to the inflammatory response.28 Key
pro-inflammatory cytokines include interleukin 1B (IL1p), interleu-
kin 6 (IL6), interleukin 8 (IL8), and tumour necrosis factor-alpha
(TNFa). Major anti-inflammatory cytokines include interleukin 4
(IL4), 10 (IL10), and IL1 receptor antagonist.
Cytokines, particularly IL6, induce significant systemic changes,
comprising the acute phase response, which increases liver pro-
teins, including C-reactive protein (CRP), fibrinogen, and a2 macro-
globulin, while albumin and transferrin levels decrease. CRP rises
shortly after tissue injury and has a short half-life, making it a reliable
post-operative biomarker of inflammation. Elevated CRP levels on
the third to fourth post-operative day are linked to complications.*®
Additionally, surgery provokes oxidative stress caused by reactive
oxygen species generated from tissue injury and ischaemia—reperfu-
sion lesions. On occasion, the immune system responds to surgical
stress through an initial exaggerated inflammatory reaction leading
to the SIRS.

interleukin

Coagulation system

Patients are at the highest risk of bleeding during surgery; however,
these patients can develop hypercoagulability post-operatively as a re-
sult of changes in the plasma levels of coagulation factors and in platelet
activation and impairment in post-operative fibrinolysis, which in-
creases the likelihood of thrombotic events.?®>® Inflammatory pro-
cesses characterized by high levels of inflammatory cytokines
enhance coagulation by boosting the initiation phase, offering
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procoagulant surfaces for signal amplification and inhibiting natural anti-
coagulant mechanisms. Additionally, inflammatory mediators can ele-
vate platelet count and increase their reactivity.?'

Anaesthesia

Anaesthetic medications and techniques can attenuate the surgical
stress response and also impact the cardiovascular system. Volatile
anaesthetics have reversible myocardial depressant effects and cause
vascular smooth muscle relaxation, reducing systemic vascular resist-
ance. Additionally, they suppress the release of cortisol and catecho-
lamines. Intravenous anaesthetics agents, such as propofol, inhibit the
sympathetic nervous system and exert anti-inflammatory and anti-
oxidant effects, but also induce vasodilatation and hypotension.
Opioids reduce cortisol secretion and have immunosuppressive ef-
fects. Regional anaesthesia (spinal/epidural) attenuates the neuro-
hormonal response by reducing cortisol secretion and inducing
sympathetic blockade, which lowers blood pressure and heart rate.>

Development of AHF after non-cardiac
surgery

AHF after non-cardiac surgery occurs when the heart is unable to meet
the cardiac output required to match the systemic metabolic demands
of the body and/or when there is impaired ventricular filling, leading to
elevated cardiac filling pressures. It is postulated that the majority of
AHF after non-cardiac surgery likely occurs in patients with decreased
cardiovascular reserve prior to surgery, often due to underlying struc-
tural heart disease. Sympathetic nervous system stimulation, leading to
tachycardia and hypertension, and impaired left ventricular (LV) relax-
ation increase LV and left atrial pressure, causing pulmonary congestion
and triggering AHF after non-cardiac surgery. Intra-operative hypoten-
sion and bleeding can lead to vigorous fluid administration, further con-
tributing to this process. Post-operatively, factors such as pain (resulting
in catecholamine secretion, hypertension, and tachycardia), anaemia
(demanding a higher cardiac output), cortisol, and activation of the
RAA system (leading to sodium and water retention, increased blood
volume, and elevated systemic vascular resistance) can exacerbate or
perpetuate AHF after non-cardiac surgery. Oxidative stress, caused
by reactive oxygen species generated during the perioperative period,
can result in direct myocardial damage and accelerate HF progression.
The occurrence of SIRS may lead to myocardial depression due to cyto-
toxic effects of pro-inflammatory cytokines. Myocardial injury can act
both as a trigger and a consequence of AHF after non-cardiac surgery.
Surgical stress (e.g. blood pressure fluctuations, tachycardia, anaemia,
bleeding) can cause cardiac troponin (cTn) release due to myocardial
oxygen supply—demand imbalance, leading to ischaemia. Conversely,
acute cardiac volume or pressure overload in AHF after non-cardiac
surgery can cause non-ischaemic cTn release secondary to myocardial
stretch. Elevated circulating catecholamines, inflammatory cytokines,
and oxidative stress may further contribute to cTn release.
Impairment of LV relaxation may prolong compression of intra-
myocardial arterioles, restricting early diastolic coronary flow, also con-
tributing to imbalance in oxygen supply and demand.***? In patients
with known HF with reduced LV ejection fraction (HFrEF), the inter-
action between the magnitude of these mechanisms and the severity
of LV dysfunction may lead to cardiogenic shock. These patients could
be classified according to the Society for Cardiovascular Angiography
and Intervention (SCAI) as SCAI-A, e.g. patients at risk of developing
cardiogenic shock. Closely monitoring these patients can lead to early
recognition of cardiogenic shock allowing rapid initiation of appropriate

interventions to reverse the underlying cause and the introduction of
supportive therapies.>* Patients with known HF with preserved LVEF
(HFpEF) have decreased venous capacitance and therefore increased
vascular wall tension and are at increased risk of pulmonary oedema
when exposed to surgical stress response and fluid overload.*®
Cardiac arrhythmias are significant triggers for AHF after non-cardiac
surgery, particularly atrial fibrillation (AF) with a high ventricular rate,
in which the loss of left atrial contraction and reduced diastolic time
lead to inadequate left ventricle filling and cardiac output.®

Unlike post-operative ischaemic events, which mostly occur
within the first 2 days after surgery, about 50% AHF episodes occur
within the first week after non-cardiac surgery, with a high risk of
persisting up to 15days and sometimes even 30 days post-
operatively.” Contributing factors for the occurrence of these
late cases include failure to reinstitute HF therapy in known HF pa-
tients, unrecognized hypervolemic states post-surgery, delayed
treatment in patients without an history of HF, and ongoing aggra-
vating conditions such as anaemia, inflammation, fever, infections,
and pain.

Less common mechanisms of AHF after non-cardiac surgery include
Type 1 acute Ml due to post-operative plaque rupture (caused by
post-operative  prothrombotic ~ state)*’*® acute myocarditis,
Takotsubo syndrome (more frequent up to 24 h after surgery),>® and
acute right ventricular (RV) failure. Acute right HF can be caused by
pulmonary embolism (thrombus, fat, bone cement, amniotic fluid, air/
gas, etc.), acute respiratory distress syndrome (ARDS), RV Ml, second-
ary to acute LV failure or decompensation of chronic RV failure, which
can be due to primary RV dysfunction (RV cardiomyopathy, amyloid-
osis, cardiotoxicity, post-cardiac surgery, sarcoidosis, systemic
sclerosis) or secondary RV dysfunction (pulmonary hypertension,
tricuspid regurgitation, pulmonary regurgitation, etc.).**=*

The type of surgery is an important consideration in evaluating the
mechanisms leading to AHF after non-cardiac surgery. For instance, after
thoracic surgery, patients have a high incidence of AF**; after vascular
surgery, patients are more likely to have coronary artery disease and
ischaemic cardiopathy, predisposing them to ischaemic events and AHF
after non-cardiac surgery23'46; and after major orthopaedic surgery, patients
often have known or unrecognized HFpEF, making them more susceptible
to AHF after non-cardiac surgery due to volume overload, tachycardia, and
bleeding 2

In summary, the pathophysiology of AHF after non-cardiac surgery is
multi-factorial, due to the interaction between the substrate (under-
lying heart disease), the magnitude of the surgical stress, the effects
of anaesthesia, intra-operative haemodynamic and volume manage-
ment, and post-operative amplifying factors and their management
(Figure 1).

Pre-operative risk assessment
and management

Patients with known HF

The prevalence of chronic HF in patients undergoing non-cardiac sur-
gery varies between 3% and 12%, depending on the population stud-
ied.”**8 |n a large contemporary Swedish cohort including 283 632
patients, the prevalence of pre-operative HF was 3.6% in elective sur-
geries and 6.6% in emergency surgeries. Among patients older than
65 years of age, the prevalence increases to 6.6% in elective surgeries
and 12.5% in emergency surgeries.*’ Due to the retrospective nature
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of most studies, the true prevalence of pre-operative HF may have been
underestimated and remains to be confirmed in prospective studies fo-
cusing specifically on HF.

Perioperative risk in patients with HF

Chronic HF is a known risk factor for mortality after non-cardiac
surgery and is therefore included in commonly used risk
scores.”®™7 In the recent Swedish cohort study of 283 632 pa-
tients, mortality rates for HF patients undergoing elective surgery
were 3% at 30 days, 7% at 90 days, and 16% at 1 year—over five
times higher than patients without HF. After adjusting for confoun-
ders, the mortality risk remained 80% higher in HF patients. For
emergency surgery, mortality rates were 14% at 30 days, 22% at
90, and 39% at 1 year.*?

A study from the US Veterans Affairs Surgical Quality Improvement
Project evaluated 609 735 patients undergoing non-cardiac surgery, of
whom 7.9% had HF pre-operatively. Patients were classified based on
LVEF and symptom presence. Sixty per cent had LVEF >50%, 16%
had LVEF 40%-49%, and 22% had LVEF <40%, while 12% presented
with HF symptoms. Adjusted analyses showed that HF presence signifi-
cantly increased 90 day mortality, regardless of symptoms or LVEF,
though symptomatic patients had a higher mortality risk. Lower LVEF
was associated with higher mortality, with those having LVEF <30% fa-
cing the worst prognosis.48

Pre-operative HF not only increases the risk of perioperative death
but also AHF after non-cardiac surgery (10%-25%).%>8>°

Risk stratification and pre-operative management of
patients with HF

The performance of commonly used risk scores in the specific popula-
tions of HF patients is largely unknown.>'>3¢%¢1 Therefore, a risk score

specific for HF patients was developed in 16827 HF patients
(Andersson’s score), of whom 1787 (10.6%) died within 30 days post-
surgery. The c-statistic was 0.79, and calibration was reasonable.
Mortality risk ranged from <2% for a score <5 to >50% for a score
>20 (Table 1).5% This score could be useful for stratifying mortality
risk in HF patients undergoing non-cardiac surgery, but it still requires
external validation.

The current 2022 ESC Guidelines on cardiovascular assessment and
management of patients undergoing non-cardiac surgery®*
mends that, during the pre-operative consultation, symptoms accord-
ing to the New York Heart Association (NYHA) class, signs of HF,
current medications, LVEF, high-sensitivity cTn (hs-cTn), and natriuretic
peptides (NPs) must be assessed. In stable patients who had an echo-
cardiogram in the last 6 months, a repeat echocardiogram seemed re-
dundant.>**? It is recommended by the same ESC Guidelines that
patients with HF undergoing non-cardiac surgery receive optimal med-
ical treatment.>* This, of course, particularly applies to patients with
known HF (Stages C and D according to the 2022 AHA/ACC/HFSA
Heart failure guidelines).** Special attention should be given to the daily
monitoring of fluid balance, since high-volume and high-sodium infu-
sions are often administered in the perioperative period.

For patients with clinical signs of AHF (e.g. pulmonary rales, elevated
jugular vein distension, peripheral oedema, third heart sound, cold ex-
tremities), NYHA Class IV, or HF Stage D, surgery should be postponed
until clinical compensation is achieved, except in cases where emer-
gency surgery is required (Figure 2). In patients with NYHA Class I
symptoms, postponing surgery until clinical improvement, deconges-
tion (in case of urgent or time-sensitive surgery), and up-titration of
HF medications (in case of elective surgery) is reasonable. All patients
with known HF, including those with NYHA Class I/ll (Stages B/C),
should be on maximally tolerated guideline-recommended optimal
medical therapy before elective surgery.sl"57

recom-
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Table 1 Risk stratification scores

Revised cardiac risk index

Population

Variables
Ischaemic heart disease
Cerebrovascular disease
History of HF
Diabetes with insulin
Serum creatinine level >2 mg/dL

High-risk surgery®

Derivation population 1422 patients

Qutcomes M, death, cardiac arrest in 30 days
Outcome rates Class | (0 points)
Class Il (1 point)
Class Il (2 points)

Class IV (=3 points)

Andersson’s score

Points Points

1 Male sex 1

1 Cerebrovascular disease 1

1 Diabetes with insulin 1

1 Renal disease 1

1 Age 55-65 years

1 Age 66-75 years
Age 75-85 years
Age >85 years
BMI < 18.5 kg/m?

w A N U NN

BMI 18.5-25 kg/m?
BMI 25-30 kg/m?

-

BMI >30 kg/m?

Emergency surgery

w U1 O

High-risk surgery

16 827 HF patients

Mortality
3.9% <5 points <2%
6% 5-8 points 2%—5%
10% 9—11 points 5%—-10%
15% 12-14 points 10%-20%
15-16 points 20%-30%
17-19 points 30%—40%

>20 points >50%

HF, heart failure; BMI, body mass index; MI, myocardial infarction.>"?

?Intra-thoracic, intra-abdominal, or vascular supra-inguinal.

In emergency surgery, standard pre-operative optimization is not
feasible, but post-operative management should be planned and re-
commended. The pre- and intra-operative optimization remain at the
discretion of the anaesthesiologists. For urgent surgery, if the patient
shows clinical signs of decompensation, introducing intravenous diure-
tics for rapid resolution of congestion is reasonable and may prevent
further decompensation after surgery. Managing patients undergoing
‘time-sensitive’ surgeries, such as oncological procedures, is challenging.
In these cases, weighing the risk of post-operative mortality against the
risk of disease progression by delaying surgery requires careful consid-
eration. A patient-centred management driven by a multi-disciplinary
approach involving all specialists in a pre-operative meeting seems
advisable.

In principle, all specific HF medications should be continued during
the perioperative period.>* However, there have been concerns re-
garding the risk of refractory hypotension associated with continuation
of renin—angiotensin system inhibitors (RASI) before non-cardiac

surgery, but recent randomized studies, including the STOP-or-NOT
trial, demonstrated that a continuation strategy of RASI before surgery
was not associated with a higher rate of post-operative complications
than a discontinuation strategy in a general population of patients
undergoing non-cardiac surger‘y.(’s'66 There is controversy regarding
the possible need to discontinue SGLT2 inhibitors due to the small
risk of euglycemic ketoacidosis in patients with diabetes mellitus.>*
The ongoing PeriOP-CARE HF trial, a randomized controlled trial
designed to evaluate if a standardized approach to the pre-operative
evaluation, optimization, and perioperative management will reduce
post-operative morbidity in HF patients aged 65 years or older under-
going non-cardiac surgery with intermediate or high surgical risk, may
provide evidence-based approaches to these patients in the future.®’
A particular situation is the perioperative management of patients
with advanced HF supported with LV assist devices (LVADs). Small
studies have suggested that it is feasible to perform non-cardiac surgery
in these patients, although the perioperative management of these
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Acute heart failure in non-cardiac surgery

Clinical history, examination, ECG, hs-cTn, NP, Echocardiogram*

0

I Emergency operation? ]

Yes

‘No

> | Assess NYHA class l

]

Yes
| NYHA IV/decompensated HF? |

‘No

‘No

| Optimal medical treatment for HF? |

|

|

1

|

|

1

|

| Yes Yes
| | NYHA I |4—| Urgent operation?l = INYHA 1/1 |
|

|

1

|

|

I

|

|

lNo

lYes

Consider Postpone operation and reassess

Operation

Figure 2 Proposed algorithm for pre-operative risk assessment in patients with known HF. *If not performed in the last 6 months. ECG, electro-
cardiogram; hs-cTn, high-sensitivity cardiac troponin; NP, natriuretic peptides; NYHA, New York Heart Association; HF, heart failure

patients is complex, due to the perioperative risk of bleeding and
thrombotic complications, the risk of injury or contamination of the
VAD driveline, and challenges in haemodynamic monitoring and man-
agement.®® Therefore, all LVAD patients undergoing non-cardiac sur-
gery should have a multi-disciplinary team of specialists, including
surgeons (cardiac and non-cardiac), anaesthesiologists, HF cardiolo-
gists, and dedicated VAD personnel co-ordinating their care.®” The
perioperative approach to patients with VAD undergoing non-cardiac
surgery is described in Table 2.>*

In summary, perioperative management of patients with HF include
close clinical and haemodynamic monitoring, serial volume status as-
sessments, maintenance of guideline-directed medical recommended
therapy, and their reintroduction as early as possible post-operatively.

Patients without known HF

Identifying high-risk patients through comprehensive pre-operative as-
sessment is key, considering that nearly half of the patients developing
AHF after non-cardiac surgery do not have known HF (de novo AHF
after non-cardiac surgery). Very often, their baseline characteristics
may allow categorization as Stage A or Stage B HF, according to the uni-
versal definition of HF.”® It may be also possible that undetected con-
gestion, at the time of hospital admission, may contribute to
erroneous classification and missed HF diagnosis. Independent predic-
tors of AHF after non-cardiac surgery include age, coronary artery dis-
ease, peripheral artery disease, diabetes, urgent/emergent surgery,
chronic HF, AF, chronic obstructive pulmonary disease (COPD), an-
aemia, and chronic myocardial injury.””"

Moreover, undiagnosed HF seems to be a problem in elderly patients
undergoing major non-cardiac surgery. A recent study demonstrated
that only about half of patients with centrally adjudicated HF pre-
operatively had been identified in routine clinical care.”* Therefore, dur-
ing pre-operative evaluation, high awareness for HF combined possibly

with active surveillance using B-type NP (BNP) or N-terminal
pro-B-type NP (NT-proBNP) testing (Table 3) will help in the detection
of previously undiagnosed HF.>”*” Special attention should be given to
actively questioning at-risk patients about HF symptoms. As HF is an in-
sidious disease, elderly patients may attribute their effort intolerance or
inability to climb stairs to their normal aging, which might actually be HF
manifestations.

Patients with dyspnoea

For patients with dyspnoea and/or leg oedema, irrespective of the
planned surgery, clinical assessment, an electrocardiogram (ECG), and
serum levels of BNP or NT-proBNP help in the assessment to deter-
mine whether HF is the most likely cause.>”37>7¢ Clinical suspicion, ele-
vated NPs (Table 3), or heart murmurs warrant further testing with an
echocardiogram>® If HF is diagnosed, risk assessment and pre-
operative management should follow the steps described in the
‘Patients with known HF’ section and Figure 2.

Asymptomatic patients

In most asymptomatic patients scheduled for non-cardiac surgery, de-
tailed clinical assessment without additional investigations is sufficient.
However, the 12-lead ECG and hs-cTn can complement clinical assess-
ment in patients above the age of 65 years or in those with known car-
diovascular risk factors undergoing
intermediate or high-risk surgery (Figure 3).>*

Perioperative screening with hs-cTn can help identify patients with
pre-operative chronic HF, as HF often causes chronic myocardial injury
(i.e. chronic elevation of hs-cTn above the 99th percentile of the upper
reference limit).”" Elevated pre-operative hs-cTn concentrations are
associated with increased post-operative mortality and cardiac compli-
cations.'%’7~7? Recently, chronic myocardial injury has also been

disease or cardiovascular
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Table 2 Perioperative management of patients with ventricular assist devices undergoing non-cardiac surgery

Pre-operative

Intra-operative

Post-operative

* Multi-disciplinary team identified (primary surgical + Standard American Society of Anesthesiologists monitors * Standard post-anaesthesia care

and anaesthesia teams, cardiac surgery, HF + Cerebral tissue oxygenation, processed electroencephalogram,

cardiologist, VAD personnel)

Pre-operative medical optimization when
possible or necessary

Physical examination focused on the sequelae of
HF

Baseline ECG, echocardiogram, and laboratory
values

afterload

Manage pacemaker/ICD settings when indicated

CT examination to evaluate possible driveline
interference with the operative field

Hold, bridge, or reverse anticoagulation when
indicated, after VAD team consultation

arterial line with ultrasound guidance, central venous catheter if
fluid shifts are expected, PA catheter only if severe pulmonary
hypertension, TEE available

Monitor VAD control console

External defibrillator pads in place

Optimize pre-load, support RV function, avoid increase in

Gradual peritoneal insufflations and position changes

unit unless ICU is otherwise
indicated

Extubation criteria are
unchanged

Avoid hypoventilation, optimize
oxygenation

Resume heparin infusion when
post-op bleeding risk is
acceptable

Adapted from Halvorsen et al>*

HF, heart failure; VAD, ventricular assist device; ICD, Implantable cardioverter—defibrillator; ECG, electrocardiogram; CT, computed tomography; TEE, transoesophageal

echocardiography; ICU, intensive care unit; PA, pulmonary artery; RV, right ventricular.

Table 3 Natriuretic peptides cut-offs for diagnose of chronic and AHF

Chronic HF NT-proBNP (ng/L) BNP (ng/L)

HFunI|ke|y<125 .................................................................................. <35 ...........
HF likely >300 (SR) >80 (SR)

>600 (AF) >150 (AF)
AHF NT-proBNP (ng/L) BNP (ng/L)
Age <50 years Age 50-75 years Age >75 years

. HFunh kely ...................... <300 .................................... <300 ......................................... <300 .................................... <1 00 .........

HF likely >450 >900 >1800 >400

In patients with BMI > 35kg/m?, cut-offs have to be reduced by 50%.

HF, heart failure; NT-pro BNP, N-terminal pro-B-type natriuretic peptide; BNP, B-type natriuretic peptide; BMI, body mass index; SR, sinus rhythm; AF, atrial fibrillation.

identified as an independent predictor of AHF after non-cardiac sur-
gery.” BNP/NT-proBNP testing and an echocardiogram seems reason-
able in patients with elevated hs-cTnh concentrations.

Surveillance and diagnosis of AHF
after non-cardiac surgery

The diagnosis of AHF after non-cardiac surgery can be made in two
ways. The traditional way occurs in patients developing severe enough
acute dyspnoea after surgery, triggering detailed clinical assessment and
work-up, which then subsequently lead to the identification of AHF as
the cause of symptoms. However, specific challenges apply to detecting
post-operative cardiac complications in general and AHF after non-
cardiac surgery in particular. First, due to anaesthesia and opioids,
symptoms of AHF after non-cardiac surgery may be less severe or atyp-
ical including abdominal discomfort, nausea, and vomiting caused by
hepatic/gastrointestinal congestion due to right-sided overload.
Additionally, AHF after non-cardiac surgery could be missed by attrib-
uting its symptoms to other aspects including post-operative nausea

63,73-76

and vomiting, post-surgical fatigue, post-operative pain, and drains.
Second, cardiologists are usually not directly involved in post-operative
care; therefore, the early detection and treatment of AHF after non-
cardiac surgery is performed by non-cardiologists, sometimes with little
training in the early detection of acute cardiac disorders. Additionally,
RV dysfunction could be an overlooked cause of immediate post-
operative haemodynamic deterioration, particularly in patients under
mechanical ventilation, patients after thoracic surgery, and in the pres-
ence of ARDS, 0438081

The second way for diagnosing AHF after non-cardiac surgery is dur-
ing active surveillance for PMI, as recommended by the 2022 ESC
Guidelines.>* When a PMI (defined as an absolute delta of the upper
reference limit (URL) of the hs-cTn assay above pre-operative concen-
trations or between two post-operative concentrations if the pre-
operative value was missing) is detected, a work-up is triggered that
then identifies AHF after non-cardiac surgery as the cause of PMI
(Figure 4).>*82

High awareness for AHF after non-cardiac surgery, detailed clinical
assessment, and BNP or NT-proBNP testing are mandatory not to
miss AHF after non-cardiac surgery. The cut-off levels of NPs used
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l non-cardiac surgery (NCS) |

Yes
I Emergent or urgent NCS? ] =’ | Cardiac testing not feasible

‘No

Yes Multidisciplinary decision of
| Time-sensitive NCS | mmmmm) | individualized cardiac testing
‘No If time, manage as elective NCS

Accurate history and clinical examination, including standard lab tests*

Advise on stopping smoking, optimize guideline-recommended medical therapy*

1

Y
é [ No cardiac testing |

lNo
! l l

<65 years without any
CVD/CV risk factors

2 65 years
or with CV risk factors

Patients with established CVD

4 4

&

Intermediate-risk NCS

Intermediate-risk NCS

Intermediate-risk NCS

ECG, biomarlers**

No cardiac testing ECG, biomarkers* ECG, biomarkers*
Functional capacity** Functional capacity**

High-risk NCS High-risk NCS High-risk NCS

In patients >45 years,consider ECG, biomarkers*

ECG, biomarkers*
Functional capacity**

Functional capacity**
+ cardiology consultation

Multidisciplinary decision

Figure 3 Pre-operative risk stratification in general. Modified from Halvorsen et al.>* CV, cardiovascular; CVD, cardiovascular disease; ECG, electro-
cardiogram; NCS, non-cardiac surgery. ¥Class | recommendation according to the 2022 ESC Guidelines on cardiovascular assessment and management
of patients undergoing non-cardiac surgery. ¥*Class lla recommendation according to the 2022 ESC Guidelines on cardiovascular assessment and man-
agement of patients undergoing non-cardiac surgery. CV risk factors: hypertension, smoking, dyslipidemia, diabetes, family history of CVD. Biomarkers:
hs-cTn T/I and/ or BNP/NT-proBNP. Functional capacity based on Duke Activity Status Index (DASI) or the ability to climb two flights of stairs

for diagnosing AHF in patients presenting at the emergency depart-
ment (Table 3) have not been validated for the post-operative period,
but they can offer some useful guidance. It has been shown in an
individual patient data meta-analysis of 2167 patients with both
pre- and post-operative BNP/NT-proBNP measurements that after
surgery, NP concentrations increased in 76% of patients [median
BNP increase of 66 ng/L, interquartile range (IQR) 123 ng/L and
median NT-proBNP 323 ng/L, IQR 874 ng/L]1.® In a cohort of
2051 patients who had NP measured within 7 days post-surgery, a
post-operative BNP >245ng/L and NT-proBNP >718 ng/L
independently predicted HF within 30 days. Unfortunately, these
thresholds were developed using receiver operating curves for
prediction of combined endpoint of Ml and mortality, and not AHF
after non-cardiac surgery.®*

It is crucial to consider other causes of dyspnoea/hypoxemia post-
surgery, such as pneumonia, atelectasis, pulmonary embolism, COPD,
and metabolic disorders. These conditions could either trigger or coex-
ist with AHF after non-cardiac surgery and should always be considered
in differential diagnosis.

Management of AHF after
non-cardiac surgery

The treatment of AHF after non-cardiac surgery is in line with the man-
agement of primary AHF as outlined in current guidelines.** However,
specific considerations pertinent to the perioperative setting have to be
considered. A flowchart for the management of AHF after non-cardiac
surgery is shown in Figure 5.

The primary goal of therapy is to resolve congestion. Intravenous
loop diuretics serve as the cornerstone of initial management. A bolus
dose of furosemide 1 mg/kg or at least 40 mg intravenously, or 50% of
the total daily oral dose previously administered, should be given, fol-
lowed by response assessment and dose adjustments. Close monitor-
ing of electrolytes is essential. Mineralocorticoid receptor antagonists
(MRAs) such as spironolactone or eplerenone can be initiated early
to prevent hypokalaemia induced by loop diuretics. If there is insuffi-
cient response to initial therapy, additional diuretics acting at different
sites, such as thiazides, metolazone, or acetazolamide, may be consid-
ered (Table 4).2 Patients submitted to surgeries with high volume
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| Systematic work-up and treatment of peri-operative myocardial injury/infarction |

4

l | 12-lead ECG, symptoms, and haemoglobin |
sTforsTlor |Jes | Yes , Immediate transfusion
typical chest pain | TS ST I Jpe2t followed by reassessment for ICA
‘NG _NOD Type 1 MI —OI ICA, aspirin<, statin, monitoring I
Transthoracic
echocardiography
‘ Yos Tachyarrhythmia (type 2 MI)
| Other cardiac cause |— Acute heart failure (injury) —_—
Aortic valve stenosis (injury)

‘No

Yes
| Non-cardiac cause | —| Sepsis, pulmonary embolism, stroke (injury) |-| Treat cause |

lNo

Severe anaemia (Hb<80g/l)?
Severe (documented) hypotension®

‘No

Yes
——[Type 2m1]

Treat cause

Relative or undocumented hypotension® |£>| Type 2 Ml or missed type 1 | sy | GSPIrIN, statin,

stress imaging/CCTA/ICA

Figure 4 Perioperative myocardial infarction/injury systematic work-up. Modified From Halvorsen et al.>* ECG, electrocardiogram; ST, ST-segment;
MI, myocardial infarction; ICA, invasive coronary angiography; Hb, haemoglobin; CCTA, coronary computed tomography angiography. *Or active
bleeding. °Other Type 2 Ml trigger such as hypoxaemia, tachycardia, and hypertension. “Dual antiplatelet therapy after coronary stenting. “Possibly
in combination with dabigatran 110 mg b.i.d. Most patients with Type 2 Ml and silent Type 1 Ml should be scheduled for stress imaging or CCTA/
ICA as outpatients after discharge, depending on symptoms prior to or after surgery and known CAD

loading deserve special attention regarding clinical monitoring of signs
of volume overload and prompt initiation of diuretics.%®

Patients with pulmonary oedema and systolic blood pressure
>110 mmHg may benefit from intravenous or transdermal nitrates
and should receive non-invasive positive pressure ventilation as soon
as possible to reduce symptom worsening and the need for endo-
tracheal intubation, unless contra-indicated (Table 4). Early detection
and management of complications, such as arrhythmias and low output
syndrome, are critical for optimal outcomes. Applying the SCAI classi-
fication in advance seems reasonable to promptly recognize cardiogenic
shock>* Inotropes (Table 4) are an option for patients with
hypoperfusion.®

Patients with isolated RV failure deserve specific considerations. The
right ventricle is volume-tolerant but pressure intolerant. Once RV fail-
ure is identified, measures should be taken to avoid the installation of a
vicious circle of systemic hypotension with RV ischaemia and dilatation,
which can lead to rapid haemodynamic decline. The most important
intervention is to correct hypotension through the optimization of vol-
ume status and administration of vasopressors. Volemia must receive
particular attention because patients with RV dysfunction are pre-load
dependent, but also tolerate hypervolemia poorly, developing RV dila-
tation and failure. Potential causes of increase pulmonary vascular re-
sistance, such as hypoxia and hypercarbia, must be corrected,
keeping in mind that in positive pressure ventilation, inspiration leads

to a general increase in RV afterload and drop in RV pre-load. If there
is persistent RV failure, selective pulmonary vasodilatation with inhaled
nitric oxide or prostaglandins should be considered. The use of ino-
tropes may be necessary to maintain cardiac output and systemic per-
fusion. Determination and treatment of the underlying cause is
essential. Perioperative RV failure is most often, although not exclusive-
ly, secondary to acute pulmonary hypertension (increased afterload),
and pulmonary embolism should be proactively investigated.**4%*3
Following echocardiography and determination of LVEF, the main
medication classes recommended by current HF guidelines should be
progressively introduced before discharge. These include angiotensin-
converting enzyme inhibitor (ACE-I) or angiotensin receptor-neprilysin
inhibitors (ARNI), MRAs, beta-blockers, and SGLT?2 inhibitors for
HFrEF, and SGLT?2 inhibitors for HFpEF.3’63 A recent randomized con-
trolled trial showed that finerenone in patients with HF with mildly re-
duced LVEF (HFmrEF) and HFpEF reduced rate of a composite of total
worsening HF events and death from cardiovascular causes than pla-
cebo.®? Additional patient-level meta-analysis of randomized trials sug-
gested that the use of MRAs in HFmrEF and HFpEF reduces the risk of
re-hospitalizations.”® Although this evidence has not yet been incorpo-
rated into ESC Guidelines, it seems reasonable to start an MRA in pa-
tients with HFmrEF and HFpEF. It is important to note that caution is
needed with the introduction and up-titration of beta-blockers in pa-
tients with HFrEF and an acute decompensation. If specific causes of

Gz0z Jequisldag og uo 1s8nb Aq 6616£28/6551eY8/MuBaYINS/S60 L 01 /10p/a0iB-a0uBApE/lUBayINa /W00 dno-olWwspeoe//:sdny woJj papeojumoq



Acute heart failure in non-cardiac surgery

1

|Clinical assessment of hypoperfusion and congestion |

d 4

4

ECG l Congestion/fluid overload |
Natriuretic peptides

Echocardiogram

Laboratory exams® | Furosemide 40-80mg i.v®

Signs of
Hypoperfusion

No! l‘le S

. = Treat cause +
Signs of concomitant | Yes 4
infections/SIRs |7 | Vasopressors’,

consider inotropes®
Nol

Consider inotropes?

| Reassess perfusion/congestion, response

to treatment |

4

4

Adequate urine output?® |Yes Persist

ent signs of hypoperfusion l

Congestion relief?

Yes l'

‘No

Increase diuretic doses
and/or combine diuretics’

Consider vasopressorsé
if no improvement,
consider MCS

4

Diuretic resistance or

end-stage renal failure | Medical therapy optimization

lYes

Renal replacement therapy I

Figure 5 Management of patients with AHF after non-cardiac surgery. Mo

dified from McDonagh TA et al’ ECG, electrocardiogram; SIRS, systemic

inflammatory response syndrome; MCS, mechanical cardiac support. *1 mg/kg or 50% of the total daily oral dose previously administered. ®Initial exams:
troponin, serum creatinine, electrolytes, blood urea nitrogen or urea, haemoglobin. “Sampling, liberal imaging to search for infect, as well as liberal intro-
duction of antibiotics. “Additional arguments for inotropes vs vasopressors: low diastolic blood pressure = vasopressors preferred; proportional pulse
pressure <25% = inotropes preferred. *Urine output >100—150 mL/h during the first 6 h; if monitoring not possible, at least 2—3 times diuresis within

2 h. fAcetazolamide 500 mg i.v. or p.o. for 3-5 days OR metolazone 5 mg p

AHF after non-cardiac surgery, such as severe valve disease, MI, or pul-
monary embolism, are identified, management should follow current
guidelines. 3?12

Patients in the post-operative period may present with comorbid-
ities or non-cardiac complications requiring medications that could
interact with HF management. Many intravenous medications are rou-
tinely diluted in large volumes of saline, potentially exacerbating hyper-
volemia. Interdisciplinary collaboration, including nursing staff, is crucial
to minimize the fluids administration, optimizing treatment efficacy.
Additionally, the administration of blood products can contribute to
volume overload, and an extra dose of intravenous loop diuretics
may help mitigate this issue. Finally, it is advisable to check for interac-
tions between the medicaments used to treat HF and other medica-
tions commonly used after surgery, such as antibiotics or antifungal
agents and proton pump inhibitors. For example, amphotericin B, an
antifungal agent, is associated with the incidence of hypokalaemia espe-
cially when used concomitantly with loop diuretics. Furosemide has
been shown to increase the plasma concentrations and/or reduce the
clearance of several cephalosporins. Ototoxicity-associated with ami-
noglycoside antibiotics is potentiated by also by the coadministration
of a loop diuretic. Loop diuretics can also lead to hypomagnesemia
when associated with proton pump inhibitors, such as esomeprazole,

.0. for 3—5 days. 8Preferable norepinephrine.

lansoprazole, and omeprazole.”® In patients receiving ACE-I/ARB/
ARNI, the use of trimethoprim, pentamidine, or fluconazole could
cause hyperkalaemia. Antifungal drugs, such as fluconazole and keto-
conazole, inhibit the metabolism of losartan.”*

As SGLT?2 inhibitors are currently indicated in the treatment of HF
regardless of the LVEF, some particularities of these medications
have to be highlighted. These medications are contra-indicated in pa-
tients with Type 1 diabetes due to the risk of euglycemic ketoacidosis.
However, it has been shown that the euglycemic ketoacidosis can also
happen in patients with Type 2 diabetes in the presence of certain risk
triggers, such as prolonged fasting, infection, trauma, and surgery. The
usual symptoms are fatigue, nausea, vomiting, dyspnoea, abdominal
pain, altered mental status, and seizures.” As the symptoms are unspe-
cific and frequently observed due to other causes after surgery, the
diagnosis of ketoacidosis is challenging. Therefore, the initiation/re-
introduction of the SGLT2 inhibitor after surgery should be cautious
in patients with diabetes with monitoring of clinical symptoms. If ketoa-
cidosis is suspected, the diagnosis is made with blood gas analysis and
measuring ketones in urine or blood, because glycaemia can be normal
due to glucosuria. Cases of ketoacidosis in patients without known dia-
betes have been described.”® Therefore, in case of prolonged fasting,
infections, or severe illness, it seems reasonable to postpone the
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Table 4 Drugs used to treat AHF

Diuretics

Urine output >100—150 mL/h/first 6 h
Achieve complete decongestion

Pharmacology

Furosemide

Torasemide

Acetazolamide

Metolazone

Hydrochlorothiazide

Spironolactone

Eplerenone

Bolus 1 mg/kg or 40-80 mg i.v. or
50% previous daily doses
2—4 daily boluses
Maximal 1000 mg/day

Bolus 10-20 mg i.v.
Maximal 200-300 mg/day

500 mg i.v. or p.o. o.d. for 3-5 days

2.5-10 mg p.o. o.d.

12.5-100 mg p.o. o.d.

25-50 mg p.o. o.d.

25-50 mg p.o. o.d.

Class: loop diuretics
Site of action: ascending loop of Henle
Onset: p.o.: 0.5—1 h, i.v.: 5-10 min;
Half-life: 1.5-3.0 h

Class: loop diuretics
Site of action: ascending loop of Henle
Onset: p.o.: 0.5—1 h, iv.. 5-10 min
Half-life: 3-6 h

Site of action: proximal nephron
Onset: p.o.: 1 h, iv.: 15-60 min
half-life: 2.4-5.4 h

Class: thiazide-like diuretics
Site of action: early distal convoluted tubule
Onset: p.o.: 1-2.5h
Half-life: 6-20 h

Class: thiazide-like diuretics
Site of action: early distal convoluted tubule
Onset: p.o.: 1-2.5h
Half-life: 6-15 h

Class: MRA
Site of action: late distal tubule
Onset: p.o.: 4872 h
Half-life: 16.5 h

Class: MRA
Site of action: late distal tubule
Onset: p.o.: 4872 h
Half-life: 3—6 h

Intravenous vasodilators

Improvement of lung congestion and symptoms, improve forward
stroke volume in low cardiac output with preserved blood pressure,
and decrease blood pressure in hypertension

Drug Dose
Nitroglycerine Start: 10-20 pg/min, increase
up to 200 pg/min
Nitroprusside Start: 0.3 pg/kg/min, increase
up to 5 pg/kg/min
Isosorbide Start: 1 mg/h, increase up to
dinitrate 10 mg/h

Converts to NO, activates guanylate cyclase — 1 cGMP — smooth muscle relaxation — vasodilation

(predominantly venous dilation at lower doses, arterial dilation at higher doses)

Onset: ca. 2 min
Half-life: ca. 1-3 min.

Releases NO directly — activates guanylate cyclase — 1 ¢cGMP — smooth muscle relaxation — balanced

arterial and venous vasodilation.

Onset: <1 min
Half-life: < 2 min

(primarily venous dilation)
Onset: 1-2 min
Half-life: ca. 9—10 min

Metabolized to NO, activates guanylate cyclase — 1 cGMP — smooth muscle relaxation — vasodilation

Continued
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Table 4 Continued

Inotropes/vasopressors

Improvement of organ perfusion

Pharmacology

Class: p-agonist

[ 1-receptor agonist, 1 adenylate cyclase activity, tcAMP, 1 calcium influx, 1 contractility
Onset: 1-2 min
Half-life: 2 min

Drug Dose
DObUtamme e 2_20pg/kg/mm ...................................
Milrinone 0.375-0.75 pg/kg/min

Class: phosphodiesterase inhibitors

Inhibit phosphodiesterase Ill, T cAMP, 1 calcium influx, 1 contractility, vasodilatation
Onset: 5-15 min
Half-life: ca. 2 h

Levosimendan 0.05-2.0 pg/kg/min?

Class: calcium sensitizers

1 sensitivity of cardiac troponin C to calcium, 1 contractility

opens ATP-sensitive potassium channels — vasodilatation
Onset: 1 h
Half-life: 75—80 h (active metabolite OR-1896)

Norepinephrine 0.02-1.0 pg/kg/min

Class: a4, a,, and p,-adrenergic agonist

o,-adrenergic receptors — vasoconstriction — 1SVR, 1BP
[-adrenergic stimulation — tmyocardial contractility and HR
Onset: <2 min

Half-life: ca. 2 min.

MRA, mineralocorticoid receptor antagonist; i.v., intravenous; p.o., per os; o.d., once daily; min, minutes; h, hours.
Usually 0.1 pg/kg/min; NO, nitric oxide; SVR, systemic vascular resistance; BP, blood pressure; HR, heart rate; cAMP, cyclic AMP.>8>-87,

introduction of these medications.”” If the oral intake is normal and no
severe illness is identified, the SGLT?2 inhibitor could be reintroduced 1
or 2 days after surgery.98

In order to prevent rehospitalization, it is important to ensure that
the patient is euvolemic before discharge, as the presence of congestion
is a strong predictor of readmission in patients with primary AHF.”
Initiation and/or optimization of guideline-directed optimal medical
treatment before discharge is also key to prevent readmission.®
Given that a significant number of deaths occur early after discharge,
the early post-operative period represents a window of opportunity
to improve long-term prognosis. However, the optimal management
of these patients during and immediately after hospitalization needs
to be defined. Patient education regarding HF and scheduling a follow-
up visit in 2—4 weeks after discharge may help further prevent new hos-
pitalizations as well as improve prognosis. In cases of a concomitant cTn
elevation, an ambulatory non-invasive functional test to detect myocar-
dial ischaemia should be considered.

Knowledge gaps

The true incidence of pre-operative HF, as well as AHF, after non-
cardiac surgery in the overall population is yet to be determined.
Detailed clinical characterization of patients with chronic HF under-
going non-cardiac surgery is lacking.

Risk factors for the occurrence of AHF after non-cardiac surgery
have to be confirmed.

Performance of the currently used pre-operative risk scores for risk
prediction in patients with chronic HF is unknown.

* Andersson’s score for estimation of mortality in patients with HF

need external validation.

Ideal timing for elective surgery in patients with newly diagnosed HF

after introduction and optimization of HF therapy is unknown.

Further studies are needed to determine which patients benefit from

pre-operative NPs measurements.

Exact timing for suspension and reintroduction of SGLT2 inhibitors is

unclear.

» The NP cut-offs for AHF diagnosis after non-cardiac surgery are cur-
rently unclear.

* The role of surveillance with post-operative NP measurements is

unknown.

The utility of clinical decision support (e.g. through electronic medical

records) for the early detection of patients at high risk for AHF after

non-cardiac surgery and specific management recommendation

should be examined.

Conclusions

AHF after non-cardiac surgery is a neglected complication, yet it is as-
sociated with high mortality. There is a major need to increase aware-
ness of the risk associated with AHF after non-cardiac surgery among
several specialists including surgeons, anaesthesiologists, intensivists, in-
ternal medicine physicians, and cardiologists.

In patients with known HF, a detailed cardiac history including assess-
ment of the NYHA functional class, clinical examination, optimization of
medical treatment according to current guidelines, and ensuring euvo-
lemia before surgery are crucial for preventing post-operative compli-
cations and reducing mortality.
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For patients without known HF but with risk factors for HF, a thor-
ough pre-operative evaluation to diagnose potential undetected HF and
optimize the treatment of cardiac comorbidities is essential to reduce
the likelihood of AHF after non-cardiac surgery.

Understanding the mechanisms of AHF after non-cardiac surgery is
vital for prevention, which involves closely monitoring fluid status to
avoid both volume overload and hypovolemia, avoid hypo- or hyper-
tension, treating pain and anaemia to prevent tachycardia, and prevent-
ing electrolyte disturbances to avoid arrhythmias.

Vigilant post-operative care is essential for the early diagnosis and
treatment of AHF after non-cardiac surgery, which could help mitigate
risk and improve outcomes for patients. Cardiac biomarkers such as
cTnand NPs enhance risk stratification and serve as important diagnos-
tic tools in the perioperative setting.

Continued research and refinement of perioperative strategies are
needed to further improve the care of this vulnerable patient
population.
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Appendix Practical tips, including
examples of clinical scenarios

We prepared some common scenarios of perioperative cases, as ex-
amples to help clinicians put the scientific evidence in clinical practice.

Scenario 1: HFrEF undergoing high-risk non-cardiac
surgery

This case involves a 55-year-old male patient scheduled for an elective
pancreaticoduodenectomy due to pancreatic adenocarcinoma. His
medical history includes arterial hypertension and chronic HF with
HFrEF. The patient experiences dyspnoea consistent with NYHA
Class Il, with a metabolic equivalent score of over 4. The patient’s vital
signs include a blood pressure of 100/60 mmHg and a heart rate of
60 beats/min. His body mass index (BMI) is 22 kg/m?. There are no signs
of congestion upon clinical examination. His medication regimen in-
cludes enalapril 10 mg twice daily, carvedilol 25 mg twice daily, spirono-
lactone 25 mg once daily, dapaglifiozin 10 mg once daily, and
furosemide 40 mg once daily. Complementary examinations reveal a si-
nus rhythm and LV hypertrophy on the ECG. Echocardiography shows
a dilated LV with an LVEF of 35% and diffuse hypokinesis. Previous
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coronary angiography indicates normal coronary arteries. Additionally,
laboratory tests show a BNP concentration of 210 ng/L, high-sensitivity
cardiac troponin T (hs-cTnT) of 16 ng/L, creatinine levels of 1.0 mg/dL,
and a haemoglobin level of 130 g/L.

Comments: Although the patient has a history of HFrEF, he is cur-
rently stable, without clinical signs of congestion, and under optimal
HF medical treatment. Recent assessment of LVEF showed reduced
LVEF, whereas the BNP concentrations acceptable.
According to the Revised Cardiac Risk Index, the risk of post-operative
complications is 10% (Class Ill), and according to the Andersson’s score,
the mortality risk is 2%-5%. Considering that the surgery is time-
sensitive and curative for the underlying disease, this patient should
be referred for surgery as soon as possible. It is advised to continue cur-
rent HF medications (except the SGLT2 inhibitor, which should be
stopped 3 days before the procedure) until surgery.>® Close monitor-
ing of fluid balance throughout the perioperative period is necessary,
with resumption of medications as soon as possible after surgery.
Monitoring of electrolytes, renal function, hs-cTn, haemoglobin, and
thrombosis prophylaxis with low-molecular-weight heparin is also
advised.

Follow-up: The patient underwent surgery without complications
and was safely discharged. Given the possibility of late episodes of
AHF after non-cardiac surgery, an outpatient cardiology consultation
for clinical evaluation in 2 weeks was scheduled.

were

Scenario 2: post-operative cardiac consultation in a
patient without known HF undergoing urgent
moderate-risk surgery

This case involves a 74-year-old female patient admitted to the ortho-
paedic surgery department due to a right knee joint dislocation, render-
ing her unable to walk. Her medical history includes arterial
hypertension, Type 2 diabetes mellitus managed with insulin, COPD,
and obesity with a BMI of 41.8 kg/m? The ECG showed a sinus rhythm
without signs of ischaemia or arrhythmias. The knee operation was per-
formed without problems, and she was transferred to the orthopaedic
ward. On the second post-operative day, a cardiac consultation was
performed due to a PMI detected during screening with hs-cTnT (pre-
operative hs-cTnT was 28 ng/L, 33 ng/L on the first post-operative day,
and 47 ng/L on the second post-operative day, e.g. Delta 19 ng/L). The
patient complained of orthopnoea since the previous day but no chest
pain. She reported dyspnoea (NYHA Class Il) for 2 years, attributed to
obesity and sedentarism. Clinical examination revealed pulmonary
rales, jugular vein distension, and peripheral oedema. Blood pressure
was 160/90 mmHg, and heart rate was 102 beats/min. The ECG
showed sinus rhythm without ischaemic changes. The NT-proBNP
was 3156 ng/L. Haemoglobin concentrations were 100 g/dL, and cre-
atinine was 1.3 mg/dL. Echocardiography showed enlarged atria, con-
centric remodelling of the LV, and preserved LVEF. Pre-operative
NT-proBNP concentrations were 594 ng/L. The patient was receiving
intravenous fluids, and antihypertensive medications were discontinued
on the day of the operation.

Comments: This patient experienced an episode of AHF after non-
cardiac surgery due to HFpEF that was diagnosed because of a cardiac
consultation triggered by perioperative troponin screening. Around 4%
of PMI cases are due to AHF after non-cardiac surgery, and these pa-
tients have high rates of mortality (49%) and major adverse cardiac
events (56%) within 1 year.'® Likely causes for the episode include a
combination of volume overload, hypertension, anaemia, and tachycar-
dia due to post-operative inflammation. Differential diagnosis with

pulmonary embolism should be considered; however, the patient was
under recommended prophylaxis, had no hypoxemia, no signs of
deep venous thrombosis, and clinical/echocardiographic features sug-
gested pulmonary congestion and left heart decompensation. It is
also probable that this patient had undiagnosed chronic HF before
the operation, indicated by dyspnoea (NYHA Class Il), elevated
NT-proBNP above diagnostic thresholds for HF (even considering
underestimation due to obesity), and compatible structural heart ab-
normalities. The pre-operative NT-proBNP was already elevated, indi-
cating a higher risk for post-operative complications and mortality. Even
before measuring the NPs in the chronical setting, an HF diagnosis
should have been suspected; once she had, for example, a H2FPEF
score'®! of at least 5 points, which confers a probability of HF of
80%. Given the urgent nature of the operation, there was no time
for additional testing or therapies before surgery, but closer monitor-
ing of volume status and early symptoms or signs of decompensation
were warranted. If it had been an elective surgery, performing an
echocardiogram before surgery and optimizing medical treatment
of comorbidities and volume status could have prevented AHF after
non-cardiac surgery.

Follow-up: Intravenous fluids were stopped, and intravenous loop di-
uretic, MRA, and SGLT2 inhibitor were initiated, with the antihyperten-
sive treatment resumed. Due to multiple risk factors for coronary
artery disease (CAD) and PMI, chronic CAD could not be excluded.
Statins were started, and the patient was referred for a non-invasive is-
chaemic test after discharge. Early follow-up ambulatory consultation
around 2 weeks post-discharge is advised to reduce the risk of readmis-
sion due to new decompensation episodes.

Scenario 3: patient without known HF undergoing
urgent moderate-risk non-cardiac surgery

This case involves an 83-year-old male patient admitted emergently to
the orthopaedic surgery department due to a right pertrochanteric fe-
mur fracture caused by a non-syncopal fall. His medical history includes
arterial hypertension managed with valsartan. He had no cardiovascular
complaints. While no recent ECG is available, a transthoracic echocar-
diogram (TTE) performed 6 months prior to the operation showed an
LVEF of 67% with no wall motion abnormalities. The TTE also revealed
Grade Il diastolic dysfunction, a systolic pulmonary artery pressure of
41 mmHg, and mild aortic stenosis. The patient underwent an open re-
duction and internal fixation for the right femur fracture. The patient’s
perioperative and post-operative course was uncomplicated. The
perioperative troponin screening did not indicate a PMI but revealed
a chronic high-sensitivity troponin elevation without dynamics
(hs-cTnT 24 ng/L), thus not warranting a cardiology consultation.
Post-operative pain was well-controlled. Clinical examination showed
a dry wound dressing with intact peripheral circulation, motor func-
tion, and sensation in the right lower extremity. Mobilization pro-
ceeded without issues, and he was transferred to a rehabilitation
institution. On the 15th post-operative day, the patient was referred
back to the hospital due to progressive dyspnoea and was diagnosed
with AHF.

Comments: Although approximately half of AHF after non-cardiac
surgery cases occur in the first week after surgery, the risk persists in
the first 30 days, being higher in the first 15 days post-surgery.
Patients undergoing orthopaedic surgery and urgent or emergency sur-
gery are particularly at high risk for AHF after non-cardiac surgery.
Although only 20% of acute HF after non-cardiac surgery patients
meet the criterion for PMI, about 80% have chronic myocardial injury,
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i.e. pre-operative hs-cTn levels above the 99th percentile of the URL.
These patients require close monitoring for signs of acute HF after non-
cardiac surgery. Retrospectively, this patient had NT-proBNP concen-
trations before discharge of 2621 ng/L. It is well known that, in patients
discharged after an episode of primary AHF, the presence of congestion
signs and elevated NP concentrations at discharge are strong predictors
of readmissions due to AHF.”%1°2 Therefore, early diagnosis and treat-
ment of congestion are essential.

Follow-up: intravenous loop diuretic, MRA, and SGLT2 inhibitor
were initiated, an echocardiography was performed, which revealed
stable findings compared with the pre-operative echocardiography,
and the patient could be safely discharged after some days, with a rec-
ommendation of a cardiac consultation for clinical assessment in 2—
4 weeks.
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