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ABSTRACT

Worldwide, more than 2 million patients die within 30 days after noncardiac
surgery anually. Postoperative ischemic myocardial injury is frequent, however, no
consensus exists about its definition.

Objective: to develop a term Myocardial Injury after Noncardiac Surgery (MINS) caused
by myocardial ischemia, requiring at least, troponin T (TnT) elevation, and with
prognostic relevance at 30 days after surgery.

Methods: we performed a prospective study including 15,167 patients >45 years-old
undergoing noncardiac surgery, who had fourth-generation TnT measurements during the
first 3 postoperative days. We undertook Cox regression analyses with 30-day mortality
after surgery as the dependent variable, using different TnT thresholds, clinical features
and several perioperative variables. Non-ischemic etiologies were excluded. Furthermore,
we developed a scoring system to predict risk in MINS patients.

Results: MINS was defined as TnT >0.03 ng/mL with or without clinical features, and it
was an independent predictor of 30-day mortality (adjusted HR 3.82, Cl 95% 2.84-5.10).
We determined that MINS incidence was 8%, its population attributable risk 33.7%, and 30-
days mortality rate 9.6%. Patients did not experience ischemic symptoms in 84% of MINS
cases. Additionally, we developed a scoring system in patients suffering MINS with 3
independent predictors of death (age >75 years, new ST elevation or left bundle branch

block, and anterior location of ECG changes),
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Conclusion: Among patients undergoing noncardiac surgery, we defined MINS based on
a TnT threshold >0.03 ng/mL. Mostly, MINS patients were asymptomatic. Therefore, this
strongly suggests the importance of a troponin monitoring during the first few days after

surgery.
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Chapter 1

INTRODUCTION

Worldwide, more than 200 million adults undergo a major noncardiac surgery
annually.™? Based on contemporary data from the largest prospective cohort® and the
largest randomized trial*, we estimate that each year more than 2 million patients die
within 30 days after noncardiac surgery, and that almost 1 out of 2 occur due to a
cardiovascular reason. Additionally, 6 to 10 million patients suffer a myocardial
infarction (MI) during the same period. Therefore, cardiovascular complications after
noncardiac surgery represent a major public health challenge.

Coronary artery disease is the progressive thickening of the wall of coronary
arteries resulting from a chronic inflammatory process characterized mainly by the
accumulation of fatty materials (e.g., cholesterol). In situations when the arterial lumen is
significantly reduced due to a chronic narrowing and a high myocardial oxygen demand
occurs, or when the blood flow is suddenly reduced by a thrombus formation or a
significant blood pressure decrease, the cardiac cells or myocytes do not receive an
adequate amount of oxygen and nutrients and suffer a process called “myocardial
ischemia”. Clinically, the patient may experience chest pain or shortness of breath,
electrocardiographic (ECG) abnormalities, and elevation of cardiac biomarkers (i.e.,
proteins like creatine-kinase MB and troponin), as a consequence of the myocardial

damage.
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During the perioperative period of noncardiac surgery, a patient with a chronic
severe coronary obstruction may suffer myocardial ischemia triggered by an increased
oxygen demand due to increase in heart rate and blood pressure as a consequence of
surgical stress (i.e., surgical trauma, anesthesia/analgesia, pain, bleeding, anemia,
hypothermia, fasting, intubation/extubation).> Furthermore, a sudden coronary blood flow
reduction caused by local thrombus formation, coronary vasospasm or significant
hypotension, represents a second mechanism that may precipitate ischemia. Reasons are
attributed to endothelial damage produced by an increased shear stress in an enhanced
inflammatory and hypercoagulable environment due to the neurohumoral changes
mentioned above, ° and bleeding as a consequence of surgery.

Whatever the responsible mechanism, myocardial ischemia may be clinically
symptomatic or silent.® Furthermore, it may be self-limited or aborted by treatment.
However, if the blood flow is not quickly restored (i.e., within 30 minutes), the myocytes
deprived of oxygen begin suffering a process of cell death. This process that takes from a
few minutes up to 2 to 4 hours to be completed is called “myocardial infarction” and
presume “myocardial necrosis”, which means irreversible death of myocardial cells.’

During or after a Ml the patient may experience electric disturbances of the heart,
i.e., arrhythmias, or an extensive damage of the cardiac muscle with the subsequent risk of
cardiac failure. Both mechanisms may result in short or long-term mortality.

Since M1 has not only clinical, but also social, psychological, and economic
implications, an accurate diagnosis is crucial. Traditionally, it was based on a

requirement of two of the following three elements: clinical symptoms (e.g., chest pain,
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shortness of breath), ischemic ECG abnormalities, and elevation of myocardial enzymes
or biomarkers.® Currently, the most sensitive and specific serum biomarkers are a family
of regulatory proteins called troponins (i.e., subunits T and I), found in the skeletal and
cardiac muscle, but not smooth muscle, that have an important role during the contraction
process of the heart. They have demonstrated a great diagnostic performance for
detecting myocardial damage’, and nowadays, they are overwhelmingly used in hospitals

to diagnose Ml.

1.1 The problem

First in 2000, and later in 2007, a joint committee of the leading international
scientific societies in cardiovascular disease updated the universal definition of M1.”*
They stated that the term MI reflects necrosis or cell death of cardiac myocytes caused by
ischemia, which is the result of a coronary perfusion imbalance between supply and
demand. The term MI does not include myocardial cell death associated with mechanical
injury from coronary artery bypass grafting (CABG) (e.g., ventricular venting or
manipulation of the heart) nor does it include myocardial necrosis due to miscellaneous
causes (e.g. heart failure, cardioversion, electrophysiological ablation, renal failure,
sepsis, myocarditis, cardiac toxins, or infiltrative diseases).’

This consensus group developed the diagnostic criteria for acute MI presented in
the Table 1. These criteria offer a specific definition for M1 after cardiac procedures like
percutaneous coronary interventions (PCI)) and CABG; however, they did not provide a

specific criterion for M1 after noncardiac surgery.’
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Therefore, there are two main arguments to propose a new term related to the
ischemic complications after noncardiac surgery. First, the spectrum of myocardial injury
includes from a few minutes of myocardial ischemia up to the established M1 with
irreversible necrosis. Perioperative M1 is a well known independent predictor of adverse
results;'® however, there is evidence demonstrating that intermediate reversible ischemic
episodes, such as prolonged ischemia (i.e., 30 minutes of ST segment depression) are also
independent predictors of short and long-term mortality.* Moreover, it is probable that
small peak troponin values, which have important short-term prognostic implications,’ do
not represent myocardial necrosis but rather myocardial injury due to prolonged
ischemia. '™

Second, perioperative M1 after noncardiac surgery frequently goes undetected.
The POISE Trial investigators demonstrated than 65% of perioperative Mls were
asymptomatic.'® This likely occurs because the vast majority of them take place within
the first 48 hours after surgery when most patients are receiving high dose analgesic
medication that may mask ischemic symptoms. As a result, ECG or troponin
measurements are not timely performed, making ECG abnormalities frequently absent,
even when troponin is elevated, usually 12-24 hours after the MI onset.

Consequently, it might be argued that prognostically relevant asymptomatic
myocardial injury patterns that happen early after noncardiac surgery may not fulfill the
criteria of the universal definition of Ml (i.e., cell death of cardiac myocytes caused by
ischemia), therefore, the application of this definition is not suitable for the perioperative

period of noncardiac surgery.
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1.2 Thesis proposal

We propose that for any diagnosis to have clinical relevance, its definition and
diagnostic criteria must fulfill, at least, the following two criteria: 1) there must be a
perceived shared pathophysiology; and 2) it must have prognostic relevance.

We propose the term “Myocardial Injury after Noncardiac Surgery” (MINS), that
is defined as “myocardial cell injury caused by ischemia, which is the result of a
coronary perfusion imbalance between supply and demand, has prognostic relevance and
occurs during or within 30 days after noncardiac surgery, and is characterized, at least,
by troponin elevation”. MINS does not include perioperative myocardial injury that is
due to pulmonary embolism, sepsis, cardioversion, chronic troponin elevation or another
known nonischemic etiology.

Although there are potential arguments as to why the noncardiac surgery
community should utilize the universal definition of M1 in the noncardiac surgery setting
(e.g., this definition is highly referenced and known), by introducing a new term we could
frame the definition to ensure we capture those prognostically relevant perioperative
myocardial injuries due to myocardial ischemia that at present, would not fulfill that
universal definition of MI.

Introducing a new term would also: 1) allow us to minimize the risk that
individuals will assume that what is known about non-operative Mls (e.g.,
pathophysiology, treatment) applies to these perioperative myocardial events; 2) allow us
to avoid the labeling and implications of the term Ml that is based upon non-operative

Mis (e.g. insurance, employment); 3) facilitate establishing diagnostic criteria based upon
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research demonstrating prognostic relevance; and 4) bring attention to a topic that is
relevant, and focus the medical community on the perioperative setting.

To establish our proposed diagnostic criteria we will evaluate a large international
prospective cohort of adult patients undergoing major noncardiac surgery, who have had
the same postoperative biomarker measurement with troponin T (TnT), thus avoiding
inconsistency in prognostic thresholds across various troponin asssays.

Regarding the evidence about this concept, small studies have suggested that post-
operative troponin elevation is related to myocardial damage and represent a significant
predictor for adverse cardiovascular outcomes.***> However, no individual study has
evaluated if further clincial criteria is required (e.g., ischemic symptoms, ECG changes)
beyond the biomarker elevation to demostrate prognostic relevance. Additionally, no
study has addressed the ischemic versus non-ischemic etiology linked to the biomarker
elevation.

Currently, the most robust evidence arises from the recent first publication of the
Vascular events In noncardiac Surgery patlents cOhort evaluatioN (VISION) Study that
included more than 15,000 patients and demonstrated that a peak of TnT >0.02 ng/mL
within the first 72 hours after noncardiac surgery, occurring in 11.6% of patients, was an
independent predictor of death at 30 days.® This report carries an important prognostic
message indicating that postoperative monitoring of TnT can enhance risk stratification
after noncardiac surgery. This paper did not, however, explore the diagnostic criteria and
prognostic relevance of TnT elevation associated to a shared ischemic pathophysiology,

which are the aims of the present thesis.
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1.3 Thesis objectives

1.3.1 Primary objective

Among patients undergoing major noncardiac surgery, we will develop diagnostic
criteria for Myocardial Injury after Non-cardiac Surgery (MINS) using the VISION Study
database through exploration of various criteria based upon an assumption of shared
underlying ischemic pathophysiology and demonstrated prognostic relevance (established

through independent impact on 30-day mortality).

1.3.2 Secondary objectives

We will describe the characteristics of patients suffering MINS (i.e., age, gender,
cardiovascular risk profile, ischemic symptoms, ECG abnormalities) and determine its
preoperative independent predictors. Finally, we will develop a clinical score to predict

mortality risk at 30 days after surgery among patients suffering MINS.
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Table 1. Universal definition of Myocardial Infarction ’

Criteria for Acute Myocardial Infarction
The term myocardial infarction should be used when there is evidence of myocardial necrosis in a clinical setting consistent with
myocardial ischaemia. Under these conditions any one of the following criteria meets the diagnosis for myocardial infarction:

1- Detection of rise and/or fall of cardiac biomarkers (preferably troponin) with at least one value above the 99th percentile of the upper
reference limit (URL) together with evidence of myocardial ischaemia with at least one of the following:

+ Symptoms of ischaemia;

* ECG changes indicative of new ischaemia (new ST-T changes or new left bundle branch block [LBBB]);
* Development of pathological Q waves in the ECG;

* Imaging evidence of new loss of viable myocardium or new regional wall motion abnormality.

2- Sudden, unexpected cardiac death, involving cardiac arrest, often with symptoms suggestive of myocardial ischaemia, and accompanied by
presumably new ST elevation, or new LBBB, and/or evidence of fresh thrombus by coronary angiography and/or at autopsy, but death occurring
before blood samples could be obtained, or at a time before the appearance of cardiac biomarkers in the blood.

3- For percutaneous coronary interventions (PCl) in patients with normal baseline troponin values, elevations of cardiac biomarkers above the
99th percentile URL are indicative of peri-procedural myocardial necrosis. By convention, increases of biomarkers greater than 3 _ 99th percentile
URL have been designated as defining PCl-related myocardial infarction. A subtype related to a documented stent thrombosis is recognized.

4- For coronary artery bypass grafting (CABG) in patients with normal baseline troponin values, elevations of cardiac biomarkers above the 99th
percentile URL are indicative of peri-procedural myocardial necrosis. By convention, increases of biomarkers greater than 5 _ 99th percentile URL
plus either new pathological Q waves or new LBBB, or angiographically documented new graft or native coronary artery occlusion, or imaging
evidence of new loss of viable myocardium have been designated as defining CABG-related myocardial infarction.

5- Pathological findings of an acute myocardial infarction.

Criteria for Prior Myocardial Infarction
Any one of the following criteria meets the diagnosis for prior myocardial infarction:
1- Development of new pathological Q waves with or without symptoms.
2- Imaging evidence of a region of loss of viable myocardium that is thinned and fails to contract, in the absence of a non-ischaemic cause.

3- Pathological findings of a healed or healing myocardial infarction.

11
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Chapter 2

THEORETICAL FRAMEWORK

2.0 Global burden of noncardiac surgery and relevance of cardiovascular
complications

Recent estimations of the global volume of surgery obtained from the World
Health Organization and the United Nations Population Fund based on data from 56
countries accounts for 234.2 million (95% CI 187.2-281.2) surgeries per year, which
translates in 1 operation every 25 persons per year. > If we consider that a small number
are cardiac or pediatric procedures, we can calculate that noncardiac surgery represents
over 200 million cases per year.

During the last few decades, surgery has experienced an impressive growth,
particularly due to development and worldwide dissemination of significant advances that
improved life expectancy and quality of life. Therefore, the primary increment in surgical
volume has occurred among the elderly, which represent the highest risk population for
adverse outcomes. Consequently, cardiovascular complications after noncardiac surgery
have increased and represent a major public health challenge with substantial economic
implications.

A prospective and relatively unselected cohort study published in 1999, including
4,315 patients undergoing elective major noncardiac surgeries, showed that major cardiac

complications (ventricular fibrillation/cardiac arrest, complete heart block, acute

12
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myocardial infarction and pulmonary edema) during the admission were 2.1%, cardiac
death 0.3% and total death 1%.% The incidence of perioperative M1 was 1%. For a long
time, these results were the best available evidence. Nearly one decade later, POISE
Trial, the largest cardiovascular randomized controlled trial performed in perioperative
medicine (8351 patients undergoing major noncardiac surgery recruited in 23 countries),
showed a higher complications rate, i.e., cardiac death (1.6 %) and MI (5%).* Given the
restrictive nature of randomized trials (i.e., high risk patients), these results are not
representative of the real world, therefore, a prospective large international cohort of
patients of 45 years old or more undergoing non-cardiac surgery was designed to generate
valid data from a contemporary representative sample (VISION Study).

Currently, VISION has recruited more than 32,000 patients. Among the first
16,000 patients, the observed rate of death and perioperative M1 or elevated troponin at
30 days were 2% and 6.8%, respectively. > Thus, taking into account that more than 100
million adults over 45 years old undergo noncardiac surgery, 2 we can estimate that each
year 2 million die and 6.8 million suffer a perioperative M1 or troponin elevation.
Furthermore, we may argue that given the scarcity of available data from poor countries
and its higher rate of death °, the number of complications may increase even more,
reinforcing the need of improving the quality of health care during the perioperative

period of noncardiac surgery.

2.1 Physiopathology of perioperative myocardial ischemia and infarction

Pre-operative factors that may influence post-operative cardiovascular

13
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complications have been exhaustively investigated either to predict risk or to understand
their physiopathology. As a consequence, several predictive risk models were
developed.> " Coronary artery disease has emerged as an independent predictor of
perioperative complications suggesting that myocardial ischemia may represent an
essential pathway leading to perioperative MI and cardiac death.

In general terms, myocardial ischemia is defined as an imbalance between
myocardial oxygen supply and demand. There are two different mechanisms to consider:

a) high-demand ischemia, caused by an increase in myocardial oxygen demand
determined by an elevated heart rate or systolic blood pressure (e.g., exercise, emotion) in
individuals with a severe fixed coronary artery obstruction.

b) low-supply ischemia, caused by a reduction in the oxygen supply determined
by intracoronary thrombosis or coronary vasospasm, that is usually the consequence of
plaque dysruption, platelet activation, and endothelial dysfunction of coronary
atherosclerotic plaques with different degree of stenoses. Significant hypotension may be
also included within this group.

In the non-operative setting, a chronic stable coronary artery disease, and an acute
coronary syndrome (i.e., unstable angina, myocardial infarction) represent the first and
the second mechanism, respectively. Traditionally, perioperative myocardial ischemia
was mainly attributed to the first mechanism, triggered by surgical stress. Thus,
preoperative stress-testing to detect myocardial ischemia and subsequent coronary
revascularization of severe coronary stenoses before noncardiac surgery were

recommended for risk reduction . 1%
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Currently, evidence supports the second mechanism for a large proportion of these
events. Several surgical conditions (i.e., surgical trauma, anesthesia and analgesia, pain,
bleeding, anemia, hypothermia, fasting, intubation/extubation) increase levels of cortisol
and catecholamines, which increase heart rate and blood pressure. These factors promote
a stressful physiological situation and increase coronary shear stress across coronary
arteries. Further, an inflammatory, hypercoagulable and hypoxic enviroment is generated
by neurohumoral changes.'? As results, both ischemic mechanisms may occur, leading to
myocardial ischemia and potentially to M1 (Figure 1). Finally, the apparent benefit of
pharmacological agents without anti-ischemic properties (i.e., statins) supports the low-
supply mechanism through endothelial dysfunction and anti-inflammatory pathways that
can cause coronary thrombosis.™

In summary, among patients undergoing noncardiac surgery the resulting
enviroment resembles performing an extreme myocardial stress-test, that may result in

coronary thrombosis, ischemia, and MI.

2.1.1. Histopathological evidence

Autopsy heart specimens suggested that severe multivessel coronary disease and
left main disease are highly prevalent in patients who suffer a perioperative fatal M.
Significant triple-vessel disease was observed in 54% and 59% of cases, and left main in
19% and 23% in two series (Table 1).***> These observations might be interpreted as a
cause for myocardial ischemia, which may often lead to MI. Further, as the number of

diseased vessels increase, the places that may serve for plaque rupture and thrombosis
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also increase. Thus, since both mechanisms, i.e., increased demand ischemia due to
severe fix obstructions and reduced supply ischemia due to thrombosis in non-significant
obstructions, are not mutually exclusive, they may coexist in the same patient. These
autopsy studies showed an incidence of plaque rupture between 46 and 55%, and
intracoronary thrombosis between 28 and 35% in patients that suffered a fatal peri-
operative MI (Table 1).**** Similar findings were observed in patients with a fatal non-
operative M1.**

A limitation of these studies relied on a selection bias toward a mechanism of
demand ischemia in patients with severe coronary obstructions rather than coronary
thrombosis, and toward the sicker group of patients.***> Further, both series included a
very small sample size (total of 68 autopsies). Therefore, some degree of caution in the
interpretation is required.

Additional evidence supporting coronary plaque rupture and thrombosis as a
dominant mechanism in perioperative MI emerged from 2 observational clinical studies.
The first, was a small case-control study that included patients who suffered a peri-
operative M1 or died in-hospital after vascular surgery and had a previous coronary
angiogram (average of 6 days before surgery).'® Peri-operative Mls were significantly
related to inadequately collateralized total oclussions and to non-obstructive coronary
lesions. Interestingly, no culprit artery had a severe obstruction between 70 and 99%, and
multivariable analysis determined that the number of lesions >30% had the strongest
association with the outcomes.

The second study, was recently published and included 120 consecutive patients

16



M.Sc Thesis — Fernando O. Botto
McMaster University, Health Research Methodology

who were evaluated with a coronary angiography after suffering an acute coronary
syndrome, mostly acute MI, after noncardiac surgery. Results demostrated that 45% of
patients had a type of lesions with characteristics strongly associated with plaque rupture
and trombosis (i.e., Ambrose’s type II). Similar findings were observed in a second
group of 120 patients who underwent angiography due to a nonoperative acute coronary
syndrome. Further, both groups showed a significantly higher incidente of thrombotic
obstructions when compared with a third participating group of 240 patients with stable

coronary artery disease.'’

2.1.2. Clinical evidence

Interpretation of physiopathological data emerged from clinical studies may also
help to understand the mechanisms of peri-operative myocardial ischemia and infarction.

The high-demand ischemia mechanism is supported by ECG analysis of peri-
operative MI. Most of these events were preceeded by prolonged myocardial ischemia
(i.e., more than 30 or 60 minutes) accompanied by ST segment depression rather than ST

elevation'®?*

and they showed no Q wave development in most cases (i.e., 60 to 100%
were adjudicated as non-Q-wave myocardial infarctions).'®**?® Furthermore, tachycardia
was a common finding and was associated to ST segment depression.'®?” Although an
increased heart rate could have favored thrombosis due to an increased coronary shear

stress and plaque disruption, it is also a well-known determinant of myocardial oxygen

demand.

17



M.Sc Thesis — Fernando O. Botto
McMaster University, Health Research Methodology

The high-demand theory may, however be debated based on indirect data arisen
from POISE Trial.* Pre-operative administration of beta-blockers reduced the rate of
perioperative MI. This evidence is inconsistent with the high-demand theory because
beta-blockers produced significant hypotension and this phenomenon should have
increased the rate of perioperative MI due to a blood-flow reduction across severe fix
coronary obstructions. Therefore, to explain the reduction of M, it might be argued that
beta-blockers improved the hypercoagulable state triggered by surgery.?®*

More conflicting data against the high-demand mechanism was revealed from
trials evaluating prophylactic coronary revascularization. Bypass surgery and coronary
angioplasty were traditionally advocated before noncardiac surgery in patients with
inducible myocardial ischemia caused by severe fixed coronary stenoses.** However,
two meta-analyses showing no reduction in death and M1 at 30 days after noncardiac
surgery challenged this approach®*** We recently conducted a systematic review
including newly available randomized trial evidence. Four trials were included,
comprising a total of 1245 patients.**>® Results showed that systematic coronary
revascularization did not reduce the composite of death and Ml at 30 days after
noncardiac surgery compared to a conservative approach. Eighty-one (12.9%) events
occurred among the 628 patients randomized to systematic coronary revascularization,
and 79 (12.8%) among the 617 patients treated with a conservative approach (RR 0.83,
95% CI 0.40-1.71) (Figure 2). Regarding peri-operative Ml, there were 59 (9.4%) events
in the first group and 63 (10.2%) in the second (RR 0.91, 95% CI 0.50-1.67) (Figure 3).

Therefore, in spite of the inconclusive evidence (i.e., underpowered meta-analysis,
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substantial heterogeneity) we may speculate that treating preoperative fixed severe
coronary obstructions with revascularization does not alter the incidence of perioperative
ischemic complications, thus challenging the high-demand theory.

Finally, data emerging from VISION Study with more than 15,000 patients**
showed that “recent high-risk coronary artery disease” (i.e., unstable angina, Ml or CCSC
[11 or IV angina) during the last 6 months was an independent predictor of death at 30
days after noncardiac surgery. However, stable coronary artery disease beyond 6 months
before surgery was not an independent predictor. This evidence further supports that the
severity of coronary artery stenoses does not represent the main underlying mechanism

for perioperative myocardial ischemia leading to death.

2.1.3. Summary of the evidence

Although the existing evidence about the physiopathology of perioperative
myocardial ischemia and infarction has substantial limitations, it does provide insights.
The burden of coronary artery disease is apparently the strongest predictor of risk rather
than focal severe obstructions. Regarding the ischemic mechanism, the surgical
enviroment (i.e., stress, inflammation, hypercoagulability, hypoxia) may either promote
plaque rupture and subsequent trombosis and vasoespasm, mostly occuring in non-
obstructive coronary plaques, as it happens in 86% of non-operative MIs*, or trigger
myocardial ischemia upon severe pre-existing fixed coronary obstructions, which may
finally turn into a MlI, particularly in the presence of tachycardia, hypertension or

hypotension, anemia or hypoxemia.
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2.2 Clinical presentation and prognosis of perioperative myocardial ischemia in
noncardiac surgery. Basis for the thesis proposal

The ischemic cascade was described more than 20 years ago. ** It begins with an
imbalance between myocardial oxygen supply and demand that produces ventricular
diastolic and systolic dysfunction; thereafter, ECG changes (i.e., ST segment shifts) may
happen, and finally, symptoms may appear (e.g., chest pain, dyspnea). The full sequence
may take less than 1 minute. Importantly, ECG and ischemic symptoms not always occur
and further, they are not specific for myocardial ischemia. If the ischemic process is not
quickly resolved (i.e., in less than 30 minutes), myocardial cells begin to die. This
process represents a M1, and cell death is pathologically defined as necrosis. Necrosis
needs 2 to 4 hours or more to be completed in the involved coronary territory, depending
on several factors, such as collateral circulation, persistent or intermittent coronary
occlusion, sensitivity of myocytes to ischemia, pre-conditioning and individual
myocardial demand for oxygen. As a result, different proteins or biochemical markers
are released into the circulation, i.e., troponin, creatine-kinase MB, myoglobin.

Therefore, perioperative myocardial ischemia in the clinical practice may be
monitored through symptoms, ECG, and biochemical markers. However, clinical
features may be frequently absent or unrecognized, as we will describe later.
Furthermore, imaging techniques (i.e., echocardiogram, nuclear scintigraphy) may be
helpful, but just to confirm or discard individual diagnoses instead of being applied to

every patient during the early postoperative hours.
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2.2.1 The universal definition of MI. Does it fail to capture perioperative Mls
and relevant ischemia after noncardiac surgery?

Refinements in the development of cardiac biomarkers, particularly troponin
assays, made them even more sensitive and specific, allowing even minimal microscopic
areas of necrosis of less than one gram of tissue to be detected. In 1999, and later on in
2007, a joint ESC/ACCF/AHA/WHF consensus updated the definition of acute Ml as “a
typical rise and fall of troponin (indicates myocardial necrosis) as the preferred
biomarker, plus one or more ischemic features between symptoms, new ST-T changes,
new left bundle branch block, new Q waves, or imaging evidence of new loss of viable
myocardium or new regional wall motion abnormality (indicates clinical setting
consistent with myocardial ischemia)”. 42

Troponin elevation was defined as a value exceeding the 99th percentile of a
normal reference population (or URL= upper reference limit), with a coefficient of
variation <10% at that threshold to improve precision. The guidelines also stated that “if
troponin is elevated in the absense of ischemic features, an alternative explanation for
myocardial necrosis other than ischemia should be explored because the elevation by
itself does not indicate the mechanism”. Later on, we will comprehensively discuss this
concept because it is critical for the thesis development.

Other reported etiologies of troponin elevation are pulmonary embolism,
congestive heart failure, myocarditis, aortic dissection, tachyarrhythmias or

bradyarrhythmias, cardioversion, electrophysiological ablation, infiltrative diseases, renal
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failure, drug toxicity, toxins, respiratory failure, and sepsis.*

This consensus established also definitions for peri-procedural Ml after CABG
and PCL.* In both settings, ischemic symptoms were not required criteria. After PCI, the
definition was based only on troponin elevation, such as more than three times the 99th
percentile URL; and after CABG, was based on troponin elevation, such as more than
five times the 99th percentile URL during the first 72 hours, associated to ECG (i.e., new
Q waves or LBBB), angiographic (i.e., new graft or native artery occlusion) or imaging
(i.e., new loss of viable myocardium) evidence of MI. These definitions provided the
basis for monitoring of ECG and biomarkers during the early post-procedural hours, and
help physicians to take diagnostic and therapeutic decisions intended to reduce morbidity
and mortality.

No specific criteria were included for MI after noncardiac surgery despite the
known high rate of unrecognized perioperative MI. Pooled evidence based on
prospective cohort studies with a sample size of more than 300 patients undergoing
noncardiac surgery who had at least one post-operative measurement of a cardiac
biomarker (total of 1309 patients and 38 perioperative MIs), showed that only 14% of
perioperative MIs experienced chest pain, and 53% experienced any potential ischemic
symptom or sign (Table 2).% 2”44 According to a recent POISE subanalysis including
8351 patients and 415 (5%) perioperative Mls, 65% did not experience ischemic
symptoms.*® Several factors may explain this high rate of asymptomatic perioperative
M1, such as the use of potent analgesics, communication difficulties of patients under

mechanical ventilation or conscious impairment, and physician’s misinterpretations due
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to the occurrence of nonspecific signs (e.g., tachycardia, hypoxia, hypotension) or
symptoms (e.g., dyspnea, nausea).

Consequently, ECG abnormalities and troponin elevation required to fulfil the
universal definition of MI are potentially missed in the majority of patients without
ischemic symptoms during the postoperative period.

Perioperative MI without ischemic symptoms is an independent predictor of death
at 30 days (adjusted OR 4.00, Cl 95% 2.65-6.06). *® Therefore, we believe that there is a
great opportunity to improve medical care by a timely detection of patients suffering

high-risk myocardial ischemia.

2.2.2 ST segment depression may independently predict either perioperative
MI and mortality, but with a suboptimal performance

As mentioned above, clinically relevant ischemic episodes of myocardial ischemia
are underestimated. Myocardial infarction is a well-known independent predictor of
short-term mortality within the spectrum of postoperative myocardial ischemia. Similarly,
prolonged ischemic periods detected by ECG monitoring are also independent predictors
of cardiac short and long-term mortality.'® 22347

We searched for studies that included more that 300 patients who underwent
noncardiac surgery and evaluated myocardial ischemia through ST segment analysis (i.e.,
standard ECG, Holter recordings or continuous 12-lead ECG monitoring) and Ml
ascertained through cardiac biomarker assessment during the early postoperative days.

19, 27,48, 49

We found 4 original studies, and 2 complementary analyses using a different
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methodology in the same cohorts of patients.”® > Two studies that included patients who
underwent different types of noncardiac surgery (n=474) 2" and vascular surgery (n=385)
“® and were monitored with Holter recordings, demonstrated that the incidence of pre-
operative ST segment depression >1 mm was 20% and 33.5%, intra-operatively 25% and
36%, and post-operatively 41% and 46%, respectively. Differences may represent the
higher prevalence of coronary artery disease in vascular surgery patients.

Multivariable analysis determined that postoperative silent ischemia was the only
independent predictor of in-hospital ischemic events (i.e., cardiac death, nonfatal Ml, and
unstable angina), with an OR of 9.2; Cl 95%, 2.0-42.0; p=0.004. %" Likewise, the
occurrence of perioperative ischemic time >1% of patients' total perioperative time (OR
3.67; p<0.001), and age (OR 1.08; p<0.04) were the only independent predictors of
perioperative M1 in the second study.*® In both studies, ST segment depression was
suboptimal to predict adverse events since sensitivity was 80% and 84%, specificity 66%
and 71%, positive predictive value 7% and 13% and negative predictive value 99% and
99%, respectively. Positive likelihood ratios were between 2 and 3 and likelihood ratios
of absence of ST segment depression were between 0.2 and 0.3. The clinical utility was
mainly related to the negative predictive value when ST depression was absent during
monitoring.

More contemporary results from 447 patients undergoing vascular surgery under
continuous 12-lead ECG monitoring demonstrated that prolonged episodes of ischemia
>15 minutes, >30 minutes and >60 minutes were significantly associated with different

threshold criteria defining MI, from the lower (troponin I [TnlI] >0.6 ng/mL or troponin T
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[TnT] >0.03 ng/mL) to the higher (Tnl >3.1 ng/mL or TnT >0.2 ng/mL) cut-off points.
Multivariable analysis including pre and postoperative variables indicated than prolonged
ischemia >30 and >60 minutes were associated with long-term mortality (OR 2.59 CI
95% 1.51-4.45 and OR 3.75 CI 95% 2.07-6.82, respectively) independent of biomarker
elevation.*

Finally, a multivariable analysis of data from 3564 patients who had ECGs
performed immediately after noncardiac surgery demostrated that ST depression or
elevation >1 mm in >2 leads, or T wave inversion consistent with ischemia, were
independent predictors of adverse cardiac events (i.e., MI, pulmonary edema, ventricular
fibrillation or primary cardiac arrest, and complete heart block) after adjusting for the pre-
operative Revised Cardiac Risk Index (RCRI) and intraoperative variables (OR 2.2, ClI
95% 1.2-3.9, p<0.01).”® The low number of events (n=18) in the subgroup with ischemia
on the ECG reduces the reliability of these estimations. Interestingly, this work considers
T wave inversion as part of the definition of myocardial ischemia, but unfortunately, a
separate analysis from ST abnormalities was not reported, probably due to the low
number of cases. Regarding the predictive performance of ECG changes, sensitivity was
23%, specificity 93%, positive predictive value 7% and negative predictive value 98%.
Resulting positive and negative likelihood ratios were 3.28 and 0.82, respectively,
reinforcing once again the suboptimal prediction capabilities for cardiovascular
complications.

In summary, in spite of the underpowered nature of the available evidence,

prolonged and silent myocardial ischemia defined by ST segment depression of more than
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30 minutes might be considered a strong predictor of short and long-term cardiac events,
even in patients not fulfilling the universal definition of MI.

Unfortunately, reliable ST segment monitoring through a continuous 12-lead ECG
performed in every patient after every surgery is unrealistic and requires advanced and
expensive technology. Moreover, it has to be considered a substantial patient discomfort
due to the cables glued to the chest, even with a wireless system. Regarding the
indication of standard ECG, the silent nature of myocardial ischemia in this context makes
it difficult deciding the most appropriate time for this practice, in addition to the

aforementioned moderate diagnostic yield.

2.2.3 Post-operative troponin elevation independently predicts death
regardless the diagnosis of Ml

Similar to the ECG and ST segment monitoring, cardiac biomarkers (i.e.,
troponins, CK MB) surveillance after noncardiac surgery is not routinely performed.
Therefore, among patients whithout symptoms there are no clues to inform the physician
that the patient is having a silent ischemic event. Thus, regarding the universal definition
of MI, relevant subclinical episodes of myocardial ischemia followed by necrosis
commonly go undetected because ST segment depression and troponin elevation are
usually missed. Moreover, if detected, biomarker elevation is frequently trivialized, as
suggested by the underuse of cardiovascular medication at hospital discharge among

patients who suffered a perioperative M1.*°
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A systematic monitoring of troponin measurements during the first few days after
surgery would prevent physicians missing ischemic episodes. Such a proposal does,
however, require evidence supporting the clinically significant prognostic implications of
such findings.

Small studies have suggested the utility of post-operative troponin elevation as a
significant predictor for cardiovascular adverse events and its relationship with
myocardial damage. A meta-analysis of 14 studies performed in the noncardiac surgery
setting was recently published.>® It included 3318 patients who underwent post-operative
TnT and I surveillance, 459 deaths occurred in the 1-2 years following surgery. Pooled
data showed that a troponin elevation predicted death at 1 year (OR 6.7, Cl 95% 4.1-
10.9), and beyond 1 year of follow-up (OR 1.8, Cl 95% 1.4-2.3). A second meta-analysis
including 8 studies restricted to vascular surgery (7 measured Tnl and one measured TnT)
evaluated 1873 patients and 63 deaths, and demonstrated that a troponin elevation
predicted all-cause mortality at 30 days (OR 5.03, Cl 95% 2.88-8.79).>

Despite this encouraging evidence, several limitations weaken the validity of both
meta-analyses, particularly that the models in each study were at substantial risk of
overfitting. Further, the variable utilization of either TnT or | assays, with various cut-off
points and analytical methods prevents generalization to clinical practice. Finally, no
individual study adjusted for the predictive value of ischemic clinical variables (i.e., chest
pain, ECG abnormalities).

To improve the specificity of the evidence supporting the utility of low TnT

thresholds during the early hours after noncardiac surgery, we searched and reviewed
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studies including more than 300 patients with TnT assessment, but not Tnl, during the
first postoperative days, using low cut-off points (i.e., below 0.1 ng/mL), and reporting
prognostic implications at 30 days after surgery.

We found only 3 studies fulfilling our criteria. The first two were exclusively
focused on vascular surgery and were performed in a single hospital. Landesberg et al.,
included 447 patients who underwent post-operative monitoring with continuous ST
segment technology and CK-MB, TnT and I. The main results were focused on long-
term follow-up, and the association between TnT, clinical features of MI and mortality at
30-days were not reported.'® The second study included 513 patients and was also
focused on long-term outcomes. Results demonstrated that low TnT values were
independently associated with all-cause mortality after adjusting for gender, cardiac risk
factors, site and type of surgery, post-operative ECG changes and clinical symptoms.**
The prognostic impact of low-level TnT >0.01 ng/mL was not reported, but we calculated
an OR of 11.6 (CI 95% 4.4-30.1, p<0.001) for 30-day mortality. Limitations of this study
were: 1) the small sample size with only 20 deaths at 30 days, making estimates
imprecise; 2) the etiology of TnT elevation was not considered (e.g., ischemia, sepsis,
pulmonary embolism); 3) the association between TnT and clinical features (i.e., chest
pain, ECG changes) was not comprehensively analyzed at the short-term follow-up; and
4) the low generalizability of results since all patients underwent vascular surgery in only
one hospital.

The third study was recently published; it represents the first analysis of the

ongoing multicenter VISION Study that included 15,133 patients evaluating the
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prognostic value of post-operative TnT after noncardiac surgery.*® Multivariable
analyses demonstrated that a peak of TnT >0.02 pg/L within the first 72 hours after
noncardiac surgery, occurring in 11.6% of patients, independently predicted death at 30
days when compared with a reference value of TnT <0.01 pg/L: peak TnT=0.02 pg/L
(adjusted hazard ratio [aHR], 2.41; 95% CI, 1.33-3.77); 0.03-0.29 pg/L (aHR, 5.00; 95%
Cl, 3.72-6.76); and >0.30 pg/L (aHR, 10.48; 95% ClI, 6.25-16.62). The observed
population attributable risk suggested that the biomarker elevation explained 41.8% of
deaths.

This first VISION analysis carries an important prognostic message, which
indicates that post-operative monitoring of TnT can enhance the risk stratification process
after noncardiac surgery. However, it does not support any therapeutic message because
neither the etiology of troponin elevation, nor the association with the clinical features
required by the universal definition of MI were explored. Thus, focusing on myocardial
ischemia as the responsible etiology and excluding from the analysis those patients with
sepsis (i.e, myocardial toxicity), pulmonary embolism (i.e., acute right ventricular
overload) and electric cardioversion, we will be able to develop the concept of
Myocardial Injury after Noncardiac Surgery (MINS) with a relatively homogeneous
population regarding the cause of TnT elevation.

In summary, no adequately powered study has still completely addressed the
relationship between conventional or even minor troponin elevation, ischemic features
(i.e., clinical signs and symptoms and ECG changes) and prognosis in the first 30 days

after noncardiac surgery. Moreover, no trial has excluded troponin elevation due to a
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suspected pulmonary embolism or sepsis, and it is recognized that both conditions have a
different physiopathology, prognosis, and treatment compared with myocardial ischemia.
We have the opportunity in the VISION Study to explore these ischemic troponin
elevations through the analysis of clinical and biochemical data on more than 15,000

patients.

2.2.4 Ischemic troponin leak without myocardial necrosis

Initially, investigators believed that troponin release was related to myocardial
damage, even when small elevations were identified, but it was not considered criteria for
MI. Later on, troponin elevation was associated with myocardial necrosis and thus
included as an essential part of the universal definition of M1.*? In the perioperative
setting of noncardiac surgery, it was proposed as a risk predictor for cardiovascular
complications, and also, as a marker of myocardial ischemia and infarction.>>>®

Evidence has demostrated that release of creatine-kinase, the traditional marker of
myocardial necrosis, may occur after short periods of coronary occlusion without signs of
necrosis, meaning transient reversible ischemia. The explanation resides in the leak of
creatine-kinase located in the cytosolic compartment of cardiac myocites.*
Approximately 5 to 8 % of TnT or | is unbound in the cytosol,*® ®* and after a reversible
damage to the myocyte membrane by any cause, a similar phenomenom may result in the
release of troponin from the cytosol. Since the half-life of troponin is short (i.e., 2 hours)

small peaks may be observed in the blood lasting for short periods (i.e., 24 hours) rather

than prolonged periods of 5 to 10 days that have been observed after degradation and
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continuous leak of structural troponin (i.e., troponin linked to the contractile system). ®2

In the absense of myocardial necrosis, the exact mechanisms of troponin leak
without irreversible rupture of the sarcolemma have not been explained. Recently, Dr H.
White in an editorial comment has described six potential pathobiological mechanisms to
explain troponin elevation; five out of them are not linked to myocardial necrosis and
three are potentially caused by ischemia.®® These mechanisms are:

1- Myocyte necrosis, the most frequent, caused by ischemic, inflammatory,
infiltrative, direct trauma, and toxic causes including sepsis.

2- Apoptosis or programmed cell death, when enzymes called caspases break
structural proteins and may cause troponin leaks. This mechanism has been associated to
progression of end-stage cardiomyopathies.®

3- A normal myocyte cell turnover or regeneration process is apparently related to
aging. However, uncertainty exists whether this slow process may determine circulating
levels of troponin.®

4- Cellular release of small fragments of troponin due to proteolytic degradation
without cell death and cellular membrane disruption. It was demostrated that Tnl is
degraded in stunned myocardium by an intrecellular calpain protease after 20 minutes of
global ischemia followed by 20 minutes of reperfusion.®®®” Others, observed a similar
Tnl degradation pattern mediated by calpains, however the trigger was an increased
preload (i.e., left ventricular end-diastolic pressure) independent of the presence of
ischemia.®®

5- Increased cellular wall permeability of cytosolic troponin without cell necrosis
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triggered by reversible myocyte membrane injury (i.e., myocardial stretch or ischemia).®”
% Experiments performed by Hessel M. and colleagues in viable cultures
cardiomyocytes have demostrated intact Tnl release in the absense of necrosis by
stimulation of stretch-responsive integrins (i.e., a type of adhesion molecules), which
differs from necrotic troponin release explained by extensive troponin degradation.®®
This finding simulates myocardial strain, like volumen or pressure overload that usually
occurs in heart failure and pulmonary embolism.

6- Development and release of membranous blebs with cytoplasmic contents from

972 3150 associated to

cardiac myocytes during ischemia, without suffering necrosis,
integrins stimulation.®® ”® Experiments in animals have demostrated that hepatocytes
develop membrane blebs over 1 to 3 hours after anoxia, and on reoxygenation early
stages are fully reversible. Blebs are reabsorbed or shed into the circulation releasing
cytoplasmic contents, but plasma membranes remain intact and there is no loss of cell
viability.”*"® Clinically, a rapid rise and fall of hepatocyte intracellular enzymes occurs
when cardiac output is restored in ischemic hepatitis, and no hepatic necrosis occurs.
Otherwise, if perfusion is not quickly improved, the blebs grow and finally break, with
the consequent break of plasma membranes, thus hepatocelular necrosis occurs with a
prolonged enzyme elevation." """ 8

Evidence supporting the same pathophysiological process of reversible troponin
release exists in cultured cardiac myocytes, showing bleb development and release

without suffering myocardial necrosis.’®">"® These results are consistent with the short

or prolonged periods of TnT release after ischemic induction of perfused rat hearts,
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depending on the faster or the slower myocardial re-oxygenation.”® Unlike the first case
of rapid re-oxygenation and myocytes survival, if prolonged ischemia occurs they become
necrotic.

Uncertainty exists regarding whether the process of cell separation in-vitro may
damage the membranes and that blebs may occur as a onsequence of this technical issue.
However, in actual hearts bleb formation has been documented.®®

In the clinical practice, the dynamic process of troponin release shows a biphasic
curve; first, a fast peak as a consequence of an early cytosolic pool release, and later, a
slow and prolonged leak cause by the structural troponin linked to the contractile
system.®® We may speculate that during acute MI, while the coronary artery is occluded,
downstream myocytes become hypoxic and the initial troponin peak results from an early
bleb release, which turns rapidly normal if reperfusion is restored due to a short cytosolic
troponin half-life. However, if myocardial reperfusion is delayed, myocytes membranes
break due to blebs rupture and a persistent troponin elevation determined by the structural
long half-life troponin leak may last for 7 to 11 days, suggesting the presence of
myocardial necrosis.”® # In patients with unstable angina, some authors have suggested
that transient myocardial ischemia has occurred after detecting troponin elevation which
becomes normal a few hours later, attributed to the release of short half-life troponin from
cytosol.®
We believe that troponin release by both ischemic and necrotic mechanisms are
usually overlapped. Therefore, patients suffering ST-elevation Mls are expected to show

a predominant necrotic release of troponin, as opposed to those with non-ST elevation,
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who show a predominant ischemic troponin leak, as proposed by others.®

Troponin release due to a suspected ischemic cause may be observed across a
wide spectrum of other clinical conditions without clear evidence of myocardial necrosis,
such as the following:

1- Patients with supraventricular tachyarrhytmias may show troponin elevation
with or without apparent severe coronary artery disease, suggesting a mechanism of
demand ischemia.*® Moreover, Turer et al., detected TnT release under conventional
cut-off point using a High Sensitive TnT assay in response to pacing-induced stress,
even in cases without ischemia ascertained through the quantification of myocardial
lactate.®” These findings may be interpreted as the consequence of ischemia without
development of myocardial necrosis. However, evidence is not solid enough because it
emerges from small studies with potential type | or Il errors, and furthermore, it is not
still clearly defined whether tachyarrhytmias, in the absence of severe CAD, may
trigger troponin release due to underlying structural heart disease, inflammatory states
or due to an imbalance between oxygen demand/supply.

2- Results recently reported from 120 patients included in TIMI 35 Study
demostrated a troponin increase in the setting of stress test-induced transient myocardial
ischemia using a novel ultrasensitive Tnl assay, but not with less accurate TnT and |
commercial assays. ® The observed magnitude was proportional to the degree of
ischemia on perfusion scans, and the duration of ischemia was brief (i.e., 2 minutes on
average), suggesting a small amount of cytosolic troponin release.

3- Troponin elevation has been documented associated to strenuous exercise in
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apparently healthy individuals, as demostrated by a meta-analysis, ®° supporting again a
short-half life troponin leak since blood samples demostrated becoming normal shortly
after the exercise. Further, no evidence of irreversible myocardial damage was
ascertained by means of imaging methods.** %

4- A disorder referred to as stress cardiomyopathy, Takotsubo disease, or “broken-
heart” syndrome is characterized by transient reversible left ventricular dysfunction and
no severe obstructions in coronary arteries. Clinical presentation includes acute chest
pain or dyspnea, ST-T changes on ECG and a moderate elevation of cardiac biomarkers
such as troponin or CK-MB, mimicking an acute myocardial infarction.***® Furthermore,
wall-motion abnormalities are found on the echocardiogram usually demonstrating apical
ballooning. Complete myocardial function recovery is achieved within 1 to 6 weeks in
nearly all cases. The etiology remains nuclear, however catecholamines seem to have a
pivotal role, probably generating coronary artery vasospasm, microcirculation
dysfunction or transient obstruction of the left ventricular outflow tract.***® This acutely

developed cardiomyopathy clearly demonstrates myocardial disfunction due to a highly

probable ischemic cause, troponin elevation, and no residual myocardial necrosis.

2.3 Myocardial Injury after Non-cardiac surgery (MINS). Thesis proposal summary
My thesis proposal will consist in developing a new term entitled MINS

(Myocardial Injury after Noncardiac Surgery) to capture those perioperative myocardial

injuries that occurs as a result of myocardial ischemia, and impact independently on the

30-day mortality after noncardiac surgery. For this purpose, we will use the data obtained
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from approximately 15,000 patients recruited in an international multicenter prospective
cohort study (VISION Study).

Defining MINS will hopefully become a pivotal step for deciding on routine
postoperative monitoring with biomarkers, for establishing timely and appropriated
therapeutic indications, and finally, for designing research projects in the field of

perioperative medicine.
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Figure 1. Potential triggers of states associated with perioperative elevations in troponin levels, arterial thrombosis and

myocardial infarction (adapted from ref 12)

Surgical Trauma

Anesthesia/analgesia

Surgical Trauma

Anesthesia/analgesia

Surgical Trauma
Anesthesia/analgesia
Intubation/extubation
Pain

Hypothermia
Bleeding/anemia

Fasting

Anesthesia/analgesia
Hypothermia

Bleeding/anemia

—_—

 ——_—

Inflammatory

state

—— Plaque rupture

Hypercoagulable

\ Acute coronary

n

N

state thrombosis \
Perioperative
myocardial
Stress _ Plaque rupture infarction
state T Oxygen demand /
\ Myocardial
/ ischemia

Hypoxic |——> | Oxygen delivery

state

50



M.Sc Thesis — Fernando O. Botto
McMaster University, Health Research Methodology

Figure 2. Prophylactic coronary revascularization. Pooled results of the composite

of mortality and myocardial infarction at 30 days). Random-effects model.

System Coro Rev  Conservative Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total M-H, Random, 95% CI M-H, Random, 95% CI
llluminati 0 216 10 210 0.05 [0.00, 0.79] +¥—m—
Monaco 4 105 11 103 0.36 [0.12,1.08) ———=——
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Total (95% CI) 628 617 0.83 [0.40, 1.71] ol
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Figure 3. Prophylactic coronary revascularization. Pooled results of myocardial

infarction at 30 days

System Coro Rev  Conservative Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total M-H, Random, 95% CI M-H, Random, 95% CI
llluminati 0 216 9 210 0.05 [0.00, 0.87] ¥—m
Monaco 2 105 4 103 0.49 [0.09, 2.62] +
Poldermans 17 49 16 52 1.13 [0.64, 1.97] ——
McFalls 40 258 34 252 1.15 [0.75, 1.75] —i—
Total (95% CI) 628 617 0.91 [0.50, 1.67] —~a—
Total events 59 63
Heterogeneity: Tau® = 0.16; Chi* = 5.93, df = 3 (P = 0.11); I’ = 49% ID 1 012 0=5 jl _é" 10:

Test for overall effect: Z = 0.29 (P = 0.77)
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Table 1. Pathologic characteristics of coronary arteries in patients with fatal

peri-operative myocardial infarction (from references 14 and 15)

Left main disease
Three-vessel disease
Two-vessel disease
One-vessel disease
Plaque disruption
Intracoronary

thrombus

53

Dawood et al 15 Cohen and Aretz 14

(n=42) (n=26)

8 (19%) 6 (23%)

25 (59%) 14 (54%)

12 (29%) 8 (31%)
1(2.4%) 1 (4%)

23 (55%) 12 (46%)

12 (28%) 9 (35%)
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Table 2. Incidence of myocardial infarction (MI) and presence of signs or symptoms among patients undergoing

non-cardiac surgery (adapted from reference 44)

Incidence of MI; no. (%) of patients

Study No. of patients Total With chest pain With any sign Study definition of Ml
or symptom

Mangano 474 12 (3) 1(8) 8 (67) Elevated CK-MB value

et al 26 and 1 of the following:

* new Q-wave changes
* persistent ST-segment
and T-wave changes

* autopsy evidence

Ashton 512 8(2) 2 (25) 5 (62) 2 of the following:
et al 45 * new Q-wave changes
* elevated CK-MB value
* positive pyrophosphate scan

Badner 323 18 (6) 3(17) 7 (39) Elevated CK level and 2 of
etal 24 the following:

* elevated CK-MB/CKratio

* new Q-wave changes

* elevated troponin level

* positive pyrophosphate scan

Total 1309 38(3) 6 (14) 20 (53) -
(pooled result)*

Note: CK-MB = creatine kinase MB isoenzyme. *The results were pooled with the use of a fixed-effects model. The pooled
results did not show significant heterogeneity (MI with chest pain, p = 0.57 for heterogeneity; M| with any sign or symptom,
p = 0.24 for heterogeneity).
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Chapter 3

METHODOLOGICAL DESIGN

3.0 OBJECTIVES

Among patients undergoing non-cardiac surgery, we sought to:

3.1 Establish a definition of Myocardial Injury after Noncardiac Surgery (MINS)
based upon a belief in a common ischemic pathophysiology and an important change in
prognosis.

3.2 Describe the current characteristics of patients suffering MINS.

3.3 Determine the preoperative independent predictors of MINS.

3.4 Develop a scoring system to predict mortality risk at 30 days among patients

suffering MINS.

3.1 STUDY DESIGN

The Vascular events In noncardiac Surgery patlents cOhort evaluatioN (VISION)
Study is a large ongoing multicentre, international, prospective cohort study in patients
undergoing noncardiac surgery. VISION was designed to recruit 40,000 patients around
the world, and has currently recruited more than 31,000 patients. After recruiting 15,000
patients the event rates were approximately three times higher than expected. Since this

number assured the sample size requirements for the fourth-generation TnT analyses, the
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Operations Committee decided to change the previous biomarker to the new fifth-
generation high-sensitivity TnT.

Notable design and organizational aspects of VISION include: 1) the simplicity of
the study design with simple entry criteria and a plan to record only essential baseline and
outcome data ensures feasibility and facilitates rapid recruitment and completion; 2) our
multicentre international study (including both university and non-university hospitals)
broad eligibility criteria (including all noncardiac surgeries requiring hospital admission)
ensure widely applicable results; and 3) the study’s large sample size ensure an adequate

number of events to provide precise estimates and avoid overfitting in our models.

3.2 JUSTIFICATION FOR STUDY DESIGN

Data emerged from the largest randomized trial performed in perioperative
medicine, the POISE Trial *, or another randomized controlled trial, cannot address our
objectives because of their restrictive eligibility criteria that target high or moderate to
high-risk patients, and biomarker measurements with different TnT or | asssays using
different cut-off points. Further, studies have shown limited performance of prediction
models developed from randomized controlled trial data when applied to general
populations. %3

On the other hand, an administrative database study is a suboptimal design to
address our objectives for the following reasons: the lack of details on important
prognostic factors; * the inaccuracy of comorbidity data; > ° the data distinguish only

between events that happened pre and post admission but not pre and post surgery; the
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data do not capture whether patients experienced symptoms or signs of a myocardial
infarction; the data do not capture which patients had troponins after surgery; and if
monitoring troponins after surgery facilitates diagnosing myocardial infarctions, and
given that troponin screening is unusual,  then the administrative data are very likely to
underestimate the incidence of perioperative myocardial injury.

Therefore, a multicenter, international, prospective cohort study is the best design
to address our study objectives, as it allow us to prospectively collect complete and
accurate risk factor data, ensure patients have troponins measured, closely monitor
patients for perioperative events, ensure unbiased and comprehensive ascertainment of
events, and include a heterogeneous group of patients who are >45 years of age
undergoing a broad spectrum of noncardiac surgeries in both university and non-

university hospitals.

3.3 ELEGIBILITY CRITERIA
3.3.1 Inclusion criteria
All patients who undergo noncardiac surgery are eligible if they are >45 years of age

and receive a general or regional anesthetic (i.e., plexus block, spinal, or epidural).
3.3.2 Exclusion criteria

Patients undergoing noncardiac surgery who do not require at least an overnight

hospital admission after surgery, or those who only receive infiltrative (i.e., local) or topical
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anesthesia are excluded. Patients previously enrolled in the VISION Study and patients

who do not consent to participate are also excluded.

3.4 SCREENING AND ENROLMENT OF PATIENTS

Through simple eligibility criteria, screening and enrolment procedures, we have
ensured that investigators require minimal effort to recruit patients. In all centers,
research personnel screen the patient list in the preoperative assessment clinic and use a
variety of methods to capture those admitted through the emergency department and
patients who do not attend the preoperative assessment clinic. These methods include
screening the daily surgical list for eligible patients and the surgical list from the previous
day to ensure no patients were missed, patients in the preoperative holding area, and the
patient list on surgical wards and intensive care units.

Research personnel approach all patients (or patient families) who fulfill the
eligibility criteria to obtain informed consent. Once a patient has consented and
undergone surgery they are considered enrolled in the VISION study.

Centers recruit consecutive patients including patients undergoing surgery at night
and on the weekends. The study protocol facilitates recruitment of these patients through
the policy of allowing research personnel to obtain consent within the first 24 hours after
surgery for patients in whom they cannot obtain consent prior to surgery. Further, if
research personnel are not available to recruit consecutive patients week after week
because a centre’s surgical volumes are too high, then the project office assign randomly

selected weeks for the centre to recruit patients.
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3.5 VARIABLES COLLECTED

After obtaining written informed consent, research personnel interview and
examine patients and review their charts to obtain information on patient characteristics
that are potential predictors of major perioperative vascular events. This pre-operative
patient characteristics are: age, coronary artery disease, recent high-risk coronary artery
disease, recent coronary artery revascularization, atrial fibrillation, cerebrovascular
disease, peripheral vascular disease, congestive heart failure, diabetes, hypertension,
hypercholesterolemia treated with drug therapy, smoking history, history of cardiac
arrest, renal insufficiency, chronic obstructive pulmonary disease, and obstructive sleep
apnea. Appendix | reports the definitions of these variables. We also collect the

following baseline descriptive data: ethnicity, active cancer, and chronic pain.

3.6 MONITORING, FOLLOW-UP, AND DATA COLLECTION

We have kept the follow-up procedures simple and to a minimum. Patients have
blood drawn sometime between 6 to 12 hours postoperatively and on the 1%, 2" and 3"
day after surgery to measure troponin. Roche fourth-generation Elecsys TnT was the
assay chosen for the VISION Study. Standard orders ensured these tests were
undertaken, and also ensure that an ECG is undertaken immediately after an elevated
troponin measurement is detected. If a troponin measurement is elevated but the patient
has no ECG changes, ischemic symptoms, or pulmonary edema to fulfill the diagnostic
criteria for Ml, then the patient will undergo an echocardiographic study. Research

personnel follow patients throughout their time in hospital and personally evaluate

60



M.Sc Thesis — Fernando O. Botto
McMaster University, Health Research Methodology

patients and review patients’ medical records ensuring study orders have been followed
and noting any primary or secondary outcomes. The research personnel contact patients
by phone at 30 days and 1 year after surgery. If patients indicate that they have
experienced an outcome, the research personnel contact their physicians to obtain the

appropriate documentation.

3.7 STATISTICAL AND ANALYTICAL METHODS

3.7.1 Analysis population

Analyses included all patients enrolled in VISION Study who had at least one
fourth-generation TnT measurement after noncardiac surgery. We report how many
patients were excluded from the analyses and the corresponding reasons. We report the
median number (and intequartile range)) of troponins measured per patient. We consider
TnT elevation as the presence of one or more measurements during the first 30
postoperative days after non-cardiac surgery that exceeded the proposed threshold
according to the different phases of analyses. We use the peak TnT measurements that
were obtained and assume these peak values represent the true peak value. Patients who
had a documented pre-operative TnT value that exceeded the determined threshold in
MINS analyses were not counted as having suffered MINS unless they suffered a separate
event with a TnT elevation after their noncardiac surgery.

Follow-up was until day-30 after surgery. We report how many patients either die

before 30 days or completed the 30-day follow-up. We censored patients at the time of
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their last assessment if they did not complete the 30-day follow-up. We analyzed data
generated by the VISION Adjudication Committee. We excluded patients from Italy

because they did not include a representative sample at their centre.

3.7.2 Statistical analyses plan

As a general concept, VISION Study protocol used TnT >0.04 ng/mL as the
threshold for assessing patients (i.e., inquiring about ischemic symptoms, obtaining ECGs
- see Myocardial Infarction definition ® in Appendix 11 for complete list), and study
personnel reported on a case report form whether a patient had any of these defining
clinical features of myocardial injury. This was based upon the guideline
recommendations that suggested a TnT >0.04 ng/mL was the threshold defining
abnormal. Because we did not inquire about ischemic symptoms and we did not obtain
ECGs in patients with TnT values <0.04 ng/mL, we did not know whether patients with
these lower values had clinical features of myocardial injury. Therefore, every time that
we describe characteristics or prognosis of defining features we refer to a patients with
TnT >0.04 ng/mL, even though our definition from the first objective may include lower

values.
3.7.2.1 First objective: ""To establish a definition of Myocardial Injury

after Non-cardiac Surgery (MINS) based upon a belief in a common ischemic

pathophysiology and an important change in prognosis™
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For our first approach to define MINS, we included in the analysis patients with
TnT >0.04 ng/mL based upon the blinded adjudicators decision of an assumed ischemic
pathophysiology. Therefore, we excluded those who had a peak TnT >0.04 ng/mL due to
a non-ischemic etiology (i.e., myocardial injury that was due to pulmonary embolism
[PE], sepsis, cardioversion, a known TnT antibody or chronically elevated TnT
measurements). The resulting population was divided into two subgroups: one with >1
clinical feature of MINS (see Myocardial Infarction definition in Appendix I1), and the
other without any clinical feature of MINS.

A prior VISION analysis demonstrated that TnT peak measurements of 0.02 and
0.03 ng/mL during the first 3 days after surgery were independent predictors of 30-day
mortality. Based on these findings, we also excluded those patients in this first step,
because we did not know whether they had clinical features of MINS. We included
patients with TnT peak <0.01 ng/mL as the reference group.

We undertook a Cox proportional hazards model in which the dependent variable
was the time to 30-day mortality after noncardiac surgery. Independent variables
included the independent predictors of 30-day mortality previously demonstrated in
VISION analyses ° (i.e., age 65-75 vs 45-65, and age >75 vs 45-65; recent high risk
coronary artery disease, history of stroke, peripheral vascular disease, COPD, urgent or
emergent surgery; active cancer; general surgery vs other surgery; and neurosurgery vs
other surgery). We also added time-dependent post-operative significant clinical events
as independent variables (i.e., stroke, arm or leg deep venous thrombosis [DVT],

pneumonia, and infection), and we further added sepsis or PE that were not related to the
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troponin elevation (as above, patients with sepsis or PE that were associated with a
troponin elevation were excluded from these analyses). Finally, this model included TnT
>0.04 ng/mL with and, separately, without clinical features of myocardial injury as
independent variables.

The proposed MINS definition was established prior to the analyses according to
2 potential scenarios:

1- Both TnT >0.04 ng/mL with and without clinical features independently
predicts mortality at 30 days; therefore MINS definition requires only a TnT >0.04
ng/mL, without accounting for the clinical features. In the next step, we would explore
whether a lower TnT cut-off value (i.e. 0.02 or 0.03 ng/mL) independently predicts death
in the model above, without knowledge of whether the patients did or did not experience
clinical features of myocardial injury. We would exclude from this analysis patients with
a peak TnT=0.02 or 0.03 ng/mL and with a potential non-ischemic etiology detected
within the 48 hours before the troponin measurement (i.e., PE, sepsis, cardioversion, a
known TnT antibody or chronically elevated TnT).

2- Only TnT >0.04 ng/mL with any clinical features but not without clinical
features independently predicts mortality at 30 days; therefore MINS definition requires
TnT >0.04 ng/mL plus any clinical feature. In the next step, we would explore which
clinical features should be included in the definition of MINS through a Cox proportional
regression analysis including ischemic symptoms, and ECG changes (i.e., new Q waves,

ST elevation, ST depression, T wave inversion, new LBBB).
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We calculated the population attributable risk (PAR) and its 95% CI for each
independent predictor of 30-day mortality ** .
Whatever the proposed definition of MINS, we also determined in patients with

TnT >0.04 ng/mL the prevalence of each clinical feature and the prognostic impact of

each one on the 30-day mortality.

3.7.2.2 Second objective: ""To describe the current characteristics of

patients suffering MINS"

We described the baseline and surgical characteristics of patients with and without
MINS. We also reported the hemodynamics from the adjudication form for systolic
blood pressure and heart rate at the time of MINS. Proportions across the groups were
compared using Fisher’s exact test and continuous variables using the student’s T or
Mann-Whitney U test as appropriate.

Furthermore, we reported the prevalence and prognostic impact of clinical features
in MINS patients with a peak TnT >0.04, even though our definition from objective 1
included lower troponin values. For those patients with more than one episode of MINS
with TnT >0.04, we only considered the first episode.

We determined the proportion of MINS with TnT >0.04 that “probably would
have gone undetected without monitoring of troponin after surgery”, defined as a MINS
without chest discomfort, other possible symptoms (i.e., arm, neck, or jaw discomfort,

shortness of breath), or pulmonary edema.
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Depending on our determined definition of MINS, we reported the outcomes (i.e.,
30-day mortality, non-fatal cardiac arrest, congestive heart failure, cardiac catheterization,
stroke) for patients with MINS who did and did not experience clinical features and the
timing of patients suffering MINS. We informed odds ratios (OR) and 95% confidence

intervals (CI).

3.7.2.3 Third objective: ""To determine the preoperative independent

predictors of MINS™

We performed a Cox proportional regression analysis among the complete set of
patients undergoing noncardiac surgery (with and without TnT elevation) to develop a
generic model. The dependent variable was the occurrence of MINS (as far as it was
defined in the first objective) at 30 days. The independent variables were 17 baseline
clinical variables and 7 types of surgeries. We included age and estimated glomerular
filtration rate (eGFR) as categorical variables, based on a previous VISION analysis; age
was divided in 45-64, 65-74 and >75 years, and eGFR in > 60, 45-60, 30-44, and <30
ml/min (we included in this group patients on dialysis). ° eGFR was only included in a
sensitivity analysis due to the fact that creatinine was not measured in all patients prior to
surgery.

For all Cox regression analyses we used forced simultaneous entry (all candidate
variables remained in the model) as opposed to automated stepwise selection, because

simulation studies have demonstrated a higher risk of overfitting with the latter approach.
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1213 To assess the reliability of our models we undertook bootstrapping, ** because this

technique is superior to cross-validation and jack-knife techniques. *°

3.7.2.4 Fourth objective: ""To develop a risk score to predict short-term
mortality among patients suffering MINS"

We performed a logistic regression analysis to develop a clinical scoring system
for predicting mortality in patients suffering MINS. The dependent variable was
mortality at 30 days. The independent variables were the preoperative variables (i.e. age,
sex). Furthermore, we included characteristics of the index episode of MINS: chest
discomfort, neck/jaw/or arm pain, dyspnea, pulmonary edema, ECG abnormalities (i.e.,
new Q wave, ST elevation or new LBBB, ST depression, T wave inversion), ECG
location (i.e., anterior, lateral, inferior, septal, other reference). Based on our prior data,
we also included a TnT elevation variable in this model defined as >0.30 ng/mL versus
<0.30 ng/mL.% Logistic regression analyses included only patients with a peak TnT >0.04
ng/mL. For those patients with more than one episode of MINS with TnT >0.04 ng/mL,
we only considered the first episode.

To validate the identified independent predictors, we performed bootstrapping
based on 10,000 samples, and we further included the identified significant predictors
alone in a model to determine their adjusted ORs. Then, a scoring system was achieved
by assigning integer points to each independent predictor based on the obtained ORs.

Finally, we predicted risk by summing integer points and observing a risk reference table.

16
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For all regression models, we reported the ORs (for logistic regression) or hazard
ratio [HR] (for Cox proportional hazard regression), corresponding standard error, 95%
Cl and associated p-values. We reported P-values to 3 decimal places with p-values less
than 0.001 reported as p<0.001. For all tests, we used alpha = 0.05 level of significance.

Goodness-of-fit for the models were performed using appropriate tests. For
multivariable regression analysis, we anticipated multicolinearity (correlations among
predictor variables). }” We assessed colinearity using the variance inflation factor (VIF)
which measures the extent to which the variance of the model coefficients was inflated
(because of the correlation of the variable with other predictor variables) if that variable
was included in the model. We considered variables with VIF>10 colinear. We

performed all analyses using SAS version 9.2 (Cary, North Carolina).

3.7.3 Sample Size

Our adjusted Cox regression model to explore the association between MINS and
30-day mortality included 17 predictor variables. Simulation studies demonstrated that
logistic models require 12 to 15 events per predictor to produce stable estimates.**%
Therefore, with the available 262 deaths we had sufficient events to avoid overfitting the
model for our main objective.

Regarding our fourth objective, to determine the independent predictors of death
at 30 days in patients suffering MINS, we analysed 15 variables in the model, including

clinical features (e.g., chest discomfort, dyspnea, ST depression, etc). The available

number of MINS was 944 and the number of deaths was 95. We performed
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bootstrapping to test the stability of adjusted ORs, and we dropped from the model those

variables with non-significant results.

3.8 PARTICIPATING COUNTRIES AND HOSPITALS
Twelve hospitals from eight countries (Brazil, Canada, USA, China, Colombia,
Ausralia, India, Spain) participated in this first VISION Study phase. Every center

recruited between 1000 — 4000 patients.

3.9 STUDY ORGANIZATION
The VISION coordinating centre responsible for the day-to-day study monitoring
and management is located in McMaster University. It reports directly to the Operations

Committee, and the Operations Committee reports directly to the Steering Committee.

3.10 ENSURING DATA QUALITY

Several procedures ensured data quality including: 1) all research personnel
underwent a 1 day training session prior to study initiation to ensure consistency in study
procedures including data collection and reporting; 2) all centres had a detailed study
operations manual that outlined each step of the protocol; 3) investigators used a toll-free
phone number to call a help line at the project office to resolve any problems or
questions; 4) the project office personnel evaluated all data as soon as it is received and
quality control checks identified any errors or omissions and notified the sender of any

such issues via secure internet, FAX, telephone, or visit if necessary; 5) the project office
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personnel reviewed detailed monthly reports on screening, enrollment, patients follow-up,
data transmission, consistency of data collection, and event rates, and they immediately

addressed any identified issues with the appropriate sites.

3.11 ETHICS

All centre principal investigators submitted this protocol to their Ethics Review
Board. Research personnel approached all potentially eligible patients who fulfil
eligibility criteria for consent. All patients signed a consent form to participate in VISION
Study.

Confidentiality of patient data was maintained at local hospitals and the project
office. Research personnel stored paper copies of case report forms (CRFs) in locked
cabinets at their hospitals. The project office stored the electronic files of CRFs on a
high-security computer system that has password protection. All study personnel ensured
no patient identifiers were present on any files transmitted to any committee or clinical

centre. We also ensured anonymization of all data in final reports.
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Appendix I. Study Definitions of Preoperative Patient Characteristics

1. Age — Patient age in years was recorded and subsequently categorized as 45-64 years
of age, 65-74 years of age, and >75 years of age.

2. Sex — Male or female.

3. History of coronary artery disease — A current or prior history of any one of the
following: i.angina; ii. myocardial infarction or acute coronary syndrome; iii. a segmental
cardiac wall motion abnormality on echocardiography or a segmental fixed defect on
radionuclide imaging; iv. a positive radionuclide exercise, echocardiographic exercise, or
pharmacological cardiovascular stress test demonstrating cardiac ischemia; v. coronary
angiographic or computer tomography (CT) coronary angiographic evidence of
atherosclerotic stenosis >50% of the diameter of any coronary artery; vi. ECG with

pathological Q waves in two contiguous leads.

4. Recent high-risk coronary artery disease — A physician diagnosis <6 months prior to
noncardiac surgery of: a myocardial infarction, acute coronary syndrome, Canadian
Cardiovascular Society Class (CCSC) Il angina, or CCSC IV angina CCSC Il angina -
angina occurring with level walking of 1-2 blocks or climbing <1 flight of stairs at a
normal pace CCSC IV angina - inability to carry on any physical activity without the

development of angina.
5. History of cardiac arrest — A patient with a prior history of a cardiac arrest.
6. History of congestive heart failure — A physician diagnosis of a current or prior

episode ofcongestive heart failure or prior radiographic evidence of vascular

redistribution, interstitialpulmonary edema, or frank alveolar pulmonary edema.
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7. History of peripheral vascular disease — A physician diagnosis of a current or prior
history of: intermittent claudication, vascular surgery for atherosclerotic disease, an
ankle/arm systolic blood pressure ratio <0.90 in either leg at rest, or angiographic or
doppler study demonstrating >70% stenosis in a noncardiac artery.

8. History of stroke — A physician diagnosis of a current or prior stroke, or CT or
magnetic

resonance (MR) evidence of a stroke.

9. History of deep venous thrombosis (DVT) or pulmonary embolus (PE) — A patient
with a current or prior history of a DVT or PE.

10. Diabetes — Patient stated that they have a diagnosis of diabetes or a physician has
previously recorded that the patient has diabetes. This included gestational diabetes at the
time of noncardiac surgery, but not past gestational diabetes that had resolved.

11. Hypertension — A physician diagnosis of hypertension.

12. Hypercholesterolemia treated with drug therapy — patients taking drug therapy
(e.g., statin, fibrate) for hypercholesterolemia in the week prior to surgery.

13. Smoking history — a patient with a current history of smoking.

14. Current atrial fibrillation — A patient with a current history of atrial fibrillation.

15. Obstructive sleep apnea — A physician or sleep study diagnosis of obstructive sleep

apnea.

16. Chronic obstructive pulmonary disease (COPD) — A physician current or prior
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diagnosis ofchronic bronchitis, emphysema, or COPD, or a patient provided a history of

daily production of sputum for at least 3 months in 2 consecutive years.

17. Active cancer — A patient was designated as having active cancer if they fulfilled any
of the following criteria: i. undergoing surgery for cancer; ii. known metastatic disease; or
iii. patient had received active treatment for their cancer (e.g., chemotherapy, radiation, or
surgery) within the 6 months prior to their surgery, but this did not apply to patients with

non-melanoma skin cancers or surgery for a biopsy.

18. Urgent/Emergency surgery — Emergency surgery was surgery that occurred <24
hours after a patient developed an acute surgical condition, and urgent surgery was
surgery that occurred 24-72 hours after a patient developed an acute surgical condition.

19. Major orthopedic surgery — A patient undergoing one or more of the following
orthopedicsurgeries: major hip or pelvis surgery, internal fixation of femur, knee
arthroplasty, above knee amputations, or lower leg amputation (amputation below knee

but above foot).

20. Major general surgery — A patient undergoing one or more of the following general
surgeries: complex visceral resection, partial or total colectomy or stomach surgery, other

intra-abdominal surgery, or major head and neck resection for non-thyroid tumor.

21. Major urology or gynecology surgery — A patient undergoing one or more of the
following major urology or gynecology surgeries: nephrectomy, ureterectomy, bladder
resection, retroperitoneal tumor resection, exenteration, cytoreduction surgery,

hysterectomy, radical prostatectomy, or transurethral prostatectomy.

22. Major neurosurgery — A patient undergoing one or more of the following

neurosurgeries: craniotomy or major spine surgery (i.e., surgery involving multiple levels
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of the spine).

23. Major vascular surgery — A patient undergoing one or more of the following
vascular

surgeries: thoracic aorta reconstructive vascular surgery, aorto-iliac reconstructive
vascular

surgery, peripheral vascular reconstruction without aortic cross-clamping, extracranial

cerebrovascular surgery, or endovascular abdominal aortic aneurysm repair.

24. Major thoracic surgery — A patient undergoing one or more of the following
thoracic
surgeries: pneumonectomy, lobectomy, wedge resection of lung, resection of mediastinal

tumor, or major chest wall resection.

25. Low-risk surgeries — A patient undergoing one or more of the following surgeries:
parathyroid, thyroid, breast, hernia, local anorectal procedure, oopherectomy,
salpingectomy, endometrial ablation, peripheral nerve surgery, ophthalmology,
ears/nose/throat surgery, vertebral disc surgery, hand surgery, cosmetic surgery, arterio-

venous access surgery for dialysis, or any other surgery not mentioned above.
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Appendix 1. Study outcome definitions

1. Sub Classification of Death

Judicial outcome assessors will classify all deaths as either vascular or non-
vascular. Vascular death is defined as any death with a vascular cause and includes those
deaths following a myocardial infarction, cardiac arrest, stroke, cardiac revascularization
procedure (i.e., percutaneous coronary intervention [PCI] or coronary artery bypass graft
[CABG] surgery), pulmonary embolus, hemorrhage, or deaths due to an unknown cause.
Non-vascular death is defined as any death due to a clearly documented non-vascular

cause (e.g. trauma, infection, malignancy).

2. Myocardial Infarction ®
The diagnosis of myocardial infarction requires any one of the following criterion:
1. A typical rise of troponin or a typical fall of an elevated troponin detected at its
peak post surgery in a patient without a documented alternative explanation for an
elevated troponin (e.g., pulmonary embolism). This criterion also requires that 1 of the
following must also exist:
A. ischemic signs or symptoms (i.e., chest, arm, neck, or jaw discomfort;
shortness of breath, pulmonary edema)
B. development of pathologic Q waves present in any two contiguous leads
that are > 30 milliseconds
C. ECG changes indicative of ischemia (i.e., ST segment elevation [> 2
mm in leads V1, V5, or V3 OR > 1 mm in the other leads], ST segment depression
[> 1 mm], or symmetric inversion of T waves > 1 mm) in at least two contiguous
leads
D. coronary artery intervention (i.e., PCI or CABG surgery)
E. new or presumed new cardiac wall motion abnormality on

echocardiography or new or presumed new fixed defect on radionuclide imaging
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2. Pathologic findings of an acute or healing myocardial infarction.
3. Development of new pathological Q waves on an ECG if troponin levels were

not obtained or were obtained at times that could have missed the clinical event.

3. Nonfatal Cardiac Arrest

Nonfatal cardiac arrest is defined as successful resuscitation from either
documented or presumed ventricular fibrillation, sustained ventricular tachycardia,
asystole, or pulseless electrical activity requiring cardiopulmonary resuscitation,

pharmacological therapy, or cardiac defibrillation.

4. Stroke
Stroke is defined as a new focal neurological deficit thought to be vascular in

origin with signs and symptoms lasting more than 24 hours.

5. Leg or arm DVT/PE
Deep Venous Thrombosis of Leg or Arm: the diagnosis of DVT requires any one
of the following:
1. A persistent intraluminal filling defect on contrast venography
2. Noncompressibility of one or more venous segments on B mode compression
ultrasonography
3. Aclearly defined intraluminal filling defect on contrast enhanced computed

tomography

Pulmonary Embolus: The diagnosis of PE requires any one of the following:

1. A high probability ventilation/perfusion lung scan

2. An intraluminal filling defect of segmental or larger artery on a helical CT
scan

3. Anintraluminal filling defect on pulmonary angiography
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4. A positive diagnostic test for DVT (e.g., positive compression ultrasound) and
one of the following:
A. non-diagnostic (i.e., low or intermediate probability) ventilation/perfusion
lung scan.
B. non-diagnostic (subsegmental deffects or technically inadequate study)

helical CT scan.

6. Bleeding:
Bleeding is defined as bleeding which results in a drop in hemoglobin of 3g/dL (or

30 g/L), or leads to a transfusion, reoperation, or is thought to be the cause of death

7. New Acute Renal Failure Requiring Dialysis
Dialysis is defined as the use of a hemodialysis machine or peritoneal dialysis

apparatus.

8. Sepsis/Infection.

Infection is defined as a pathologic process caused by the invasion of normally
sterile tissue or fluid or body cavity by pathogenic or potentially pathogenic organisms.
Sepsis is a clinical syndrome defined by the presence of both infection and a systemic
inflammatory response. Systemic inflammatory response requires 2 or more of the
following factors: core temperature > 38 °C or < 36 °C; heart rate > 90 bpm; respiratory
rate > 20 breaths/min; white blood cell count > 12 x 10%/L or < 4 x 10%/L.

9. Pneumonia

The diagnosis of postoperative pneumonia requires any one of the following:>®
1. Rales or dullness to percussion on physical examinations of chest AND any of the
following:

A. New onset of purulent sputum or change in character of sputum

B. Isolation of organism from blood culture
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C. Isolation of pathogen from specimen obtained by transtracheal aspirate,
bronchial brushing, or biopsy
2. Chest radiography showing new or progressive infiltrate, consolidation, cavitation, or
pleural effusion AND any of the following:
A. New onset of purulent sputum or change in character of sputum
B. Isolation of organism from blood culture
C. Isolation of pathogen from specimen obtained by transtracheal aspirate,
bronchial brushing, or biopsy
D. Isolation of virus or detection of viral antigen in respiratory secretions
E. Diagnostic single antibody titer (IgM) or fourfold increase in paired serum
samples (1gG) for pathogen

F. Histopathologic evidence of pneumonia

10. New Clinically Important Atrial Fibrillation
New clinically important atrial fibrillation is defined as new atrial fibrillation that
results in angina, congestive heart failure, symptomatic hypotension, or that requires

treatment with a rate controlling drug, antiarrhythmic drug, or electrical cardioversion.

11. Congestive Heart Failure

The definition of congestive heart failure requires at least one of the following
clinical signs (i.e. any of the following signs: elevated jugular venous pressure,
respiratory rales/crackles, crepitations, or presence of S3) and at least one of the
following radiographic findings (i.e., vascular redistribution, interstitial pulmonary
edema, or frank alveolar pulmonary edema).

12. Cardiac Revascularization Procedures

Cardiac revascularization procedures include PCI and CABG surgery.
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Chapter 4

RESULTS AND DISCUSSION

4.1 RESULTS

From August 2007 to January 2011, 11 hospitals from 8 countries recruited 16,087
patients in VISION Study. After excluding 914 patients who did not have a troponin
measurement or the absolute value was not reported, and 6 patients with missing variables
assessed in model, 15,167 patients were included who had at least one fourth-generation
TnT measurement after noncardiac surgery. The median number of troponins obtained
during the first 3 days after surgery was 3 (interquartile range [IQR] 2-4).

In the following sections we describe the results according to the outlined four

objectives, methodology and statistical analysis plan described in Chapter 3.

4.1.0 First objective: Definition of Myocardial Injury after Noncardiac
Surgery (MINS)

After excluding patients with a peak TnT >0.04 ng/mL due to a non-ischemic
etiology, those with a TnT value of 0.02 or 0.03 ng/mL and those with missing predictors,
14,314 patients and 228 deaths were available for this first analysis. A Cox proportional
hazards model including time to 30-day mortality as the dependent variable, baseline

independent predictors obtained from first VISION Study report (i.e., age, recent high
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risk CAD, history of stroke, PVD and COPD, cancer, urgent/emergent surgery, general
surgery and neurosurgery) *, time-dependent postoperative significant clinical events (i.e.,
stroke, pneumonia, PE, DVT, sepsis) and the proposed MINS variable categorized in
three groups (i.e., postoperative peak TnT >0.04 ng/mL with >1 clinical feature,
postoperarative peak TnT >0.04 ng/mL with no clinical feature and postoperative peak
TnT <0.01 ng/mL as reference variable) showed that postoperative peak TnT >0.04
ng/mL with >1 clinical feature (adjusted HR [aHR] 4.61, Cl 95% 3.26-6.52, p<0.001) and
postoperative peak TnT >0.04 ng/mL with no clinical feature (aHR 3.52, CI1 95% 2.41-
5.14, p<0.001) were independent predictors of 30-day mortality (Table 1).

Since peak TnT >0.04 ng/mL independently predicted death both with and without
clinical defining features, we added back into the model, 640 patients with a peak TnT of
0.02 and 0.03 ng/mL, and excluded 96 patients with peak TnT >0.02 ng/mL due to a non-
ischemic etiology (89 for sepsis, 5 for pulmonary embolism and 2 for cardioversion). Of
the resulting 15,071 patients, 15,049 with no missing predictors and 262 deaths were
available for this second analysis. Both postoperative peak TnT >0.04 ng/mL with >1
clinical feature (aHR 4.47, Cl 95% 3.18-6.28, p<0.001) and with no clinical features
(aHR 3.43, Cl 95% 2.35-5.00, p<0.001), and also postoperative peak TnT =0.03 ng/mL
(aHR 4.24, Cl 95% 2.62-6.87, p<0.001) were independent predictors of 30-day mortality.
A postoperative peak TnT =0.02 ng/mL (aHR 1.62, Cl 95% 0.91-2.85, p=0.099) was not
a significant predictor. (Table 2)

Based on these data our diagnostic criteria for MINS is “a post-operative peak

TnT >0.03 ng/mL.” According to this definition, MINS incidence was 7.96% (1,200 out
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of 15,071 patients) in the whole population, and the median time of occurrence was day 1
(IQR 0-2) after surgery.

Table 3 shows the final Cox proportional hazards model including 15,049 patients
with no missing predictors, 262 deaths and the binary definition of MINS based on TnT
>(0.03 ng/mL entered as a time-dependent covariate. Simultaneously, known baseline
independent predictors from VISION Study * and time-dependent postoperative
significant clinical events were included in the model. MINS showed a bootstrapped aHR
of 3.82, C1 95% 2.84-5.10, p<0.001. Other post-operative independent prognostic factors
were sepsis (aHR 6.95, Cl 95% 4.74-9.73, p<0.001), PE (aHR 6.35, Cl 95% 2.15-14.63,
p<0.001) and stroke (aHR 3.24, Cl1 95% 1.54-6.52, p<0.001). The preoperative
independent predictors were older age, recent high-risk CAD, history of stroke, history of
PVD, COPD, active cancer, urgent or emergent procedures, general surgery, and
neurosurgery. The model showed a good discrimination, with a C index= 0.89 (CI 95%
0.87-0.91). All the identified independent predictors potentially explain the majority of
deaths that occurred at 30 days after noncardiac surgery (i.e., the total population
attributable risk [PAR] was 91.9%, Cl 95% 88.7- 94.6). Of the potentially modifiable

risk factors, MINS demonstrated the largest PAR (33.7%).

4.1.1 Second objective: Characteristics of patients suffering MINS

4.1.1.2 Baseline characteristics
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Table 4 shows that among VISION Study overall population (N=15,071), 24% of
patients were >75 years old, 51% were women, 19% diabetics, and 51% hypertensives.
Prevalence of CAD was 12%, active cancer 26 % and impaired estimated glomerular
filtration rate [eGFR] (<60 mL/min per 1.73 m?) 19.7%. More frequent types of surgeries
were general (20%), orthopedic (18.4%), and low risk procedures (39.5%). Urgent or
emergent surgery occurred in 14% of the patients. Finally, more frequent types of
anesthesia were general (50.2%) and neuroaxial (i.e., spinal or epidural) (25.7%).

Regarding patients who suffered MINS, they were significantly older, and had
significantly more risk factors, such as hypertension and diabetes, history of other
cardiovascular disorders (i.e., CAD, congestive heart failure, PVD, stroke, renal failure),
current atrial fibrillation, and COPD. Similarly, both major orthopedic and vascular
surgery were significantly associated to MINS, as well as urgent or emergent procedures.
On the contrary, low risk category of surgery was less frequently associated; however, a

MINS incidence of 5% was observed among this subgroup of patients (Table 4).

4.1.1.3 Outcomes at 30 days

Overall, follow-up at 30 days after surgery was completed in 99.7% of patients.
The total mortality rate was 1.74% (262/15,071).

Based on our proposed definition, MINS patients showed a significantly higher
30-day mortality rate of 9.6% (CI 95% 8.0-11.4%) when compared with 1.1% (CI 95%

0.9-1.2%) in patients without MINS, showing an unadjusted OR of 9.9 (Cl 95% 7.69-
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12.73%). The timing of death of MINS patients showed a median of 12 (IQR 5-18) days
after surgery and 9 (IQR 3-16) days after MINS diagnosis.

Other important individual outcomes, such as non-fatal cardiac arrest, congestive
heart failure, stroke, cardiac catheterization and coronary revascularization were also
significantly increased in patients who suffered MINS. The incidence of a composite
cardiovascular outcome (i.e., non-fatal cardiac arrest, congestive heart failure, stroke, and
mortality) at 30 days was 18.7% in MINS patients versus 2.4% in those without MINS

(unadjusted OR 9.48, CI 95% 7.90-11.37) (Tables 5 and 6).

4.1.1.4 Prevalence and prognostic impact of clinical features

Aiming to analyze the prevalence and prognostic impact of clinical features in
MINS patients, we considered the available information from 944 patients with peak TnT
>0.04 ng/mL, instead TnT >0.03 ng/mL, and 95 deaths.

Ischemic symptoms (e.g, chest pain) were experienced in 16.2% of patients
suffering MINS. Therefore, 83.8% (791 of 944) probably would have gone undetected
without monitoring of troponin after surgery.

Ischemic ECG abnormalities (e.g., ST depression) were observed in 34.9% of
patients suffering MINS. The most common ECG abnormalities were ST segment
depression (16.3 %) and T wave inversion (23.3%). Findings such as new Q waves, ST
segment elevation or LBBB were infrequent (Table 7).

MINS without clinical features showed a 30-day mortality of 7.7% and MINS

with one or more clinical feature 12.9%, unadjusted ORs of 7.81 (Cl 95% 5.44-11.21%)
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and 13.84 (C1 95% 9.99-19.18 %) respectively, when both were compared to patients
without MINS (30-day mortality of 1.1 %). Other important outcomes (i.e, stroke, heart
failure) were also significantly increased by MINS with and without clinical features
(Tables 5 and 6).

A further analysis determined that MINS with no ischemic symptoms had a 30-
day mortality of 9.0% and MINS with one or more ischemic symptom (i.e.,

chest/neck/jaw/arm discomfort, dyspnea, pulmonary edema) 15.7% (Tables 5, 6 and 7).

4.1.2 Third objective: Pre-operative independent predictors of MINS

Table 8 shows a Cox proportional hazards model including 13,820 patients with
no missing predictors and 1137 cases with MINS (peak TnT >0.03 ng/mL). The
dependent variable was time to MINS within 30 days and the independent variables were
those previously explored as baseline characteristics in the objective 2 (item 4.1.1).

The observed preoperative independent predictors of MINS were age >75 years
old (aHR 1.76, Cl 95% 1.49-2.09, p<0.001), gender (aHR for female gender 0.71, Cl 95%
0.62-0.80, p<0.001), current atrial fibrillation (aHR 1.39, CI 95% 1.10-1.75, p=0.006),
history of diabetes (aHR 1.32, Cl 95% 1.15-1.51, p<0.001), history of hypertension (aHR
1.33, C195% 1.14-1.55, p<0.001), history of congestive heart failure (aHR 1.40, C1 95%
1.13-1.73, p=0.002), history of CAD (aHR 1.38, CI 95% 1.15-1.65, p<0.001), history of
high risk CAD (aHR 1.67, Cl 95% 1.15-2.38, p=0.007), history of PVD (aHR 1.90, CI

95% 1.56-2.29, p<0.001), history of stroke (aHR 1.31, Cl 95% 1.06-1.60, p=0.013),
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cancer (aHR 1.17, C1 95% 1.00-1.37, p=0.047), increased heart rate (every 10 beats per
mimute increase, aHR 1.10, C1 95% 1.06-1.15, p<0.001), preoperative eGFR (ml/min per
1.73 m? body surface) <30 ml/min (aHR 7.70, C1 95% 6.41-9.22, p<0.001), 30-44 ml/min
(aHR 2.37, CI 95% 1.92-2.89, p<0.001) and 45-59 ml/min (aHR 1.70, CI 95% 1.41-2.03,
p<0.001), and urgent or emergent surgery (aHR 1.69, ClI 95% 1.44-1.99, p<0.001).

A sensitivity analysis excluding the preoperative eGFR from the previous model
was performed. The available number of patients for this analysis was 14,932 and
number of MINS was 1183. Independent predictors of MINS were similar, with the
exception of atrial fibrillation and cancer that were no longer independent predictors

(Table 9).

4.1.3 Fourth objective: Predictors of 30-day mortality in patients suffering
MINS. Development of a scoring system.

A multiple logistic regression analysis including 944 MINS patients with peak
TnT >0.04 ng/mL with no missing data and 95 deaths, determined that age >75 years old
(adjusted OR [aOR] 2.59, CI 95% 1.41-4.76, p<0.002), the presence of ischemic chest
discomfort (aOR 1.94, Cl 95% 1.01-3.71, p<0.046), ST elevation or new LBBB (aOR
4.06, C1 95% 1.45-11.34, p=0.008), and the anterior location of ECG changes (aOR 2.22,
C195% 1.14-4.34, p=0.020) were independent predictors of mortality at 30 days (Table
10). The model had a good calibration (Hosmer-Lemeshow goodness-of-fit test,
p=0.727). Bootstrapping based on 10,000 samples validated than age >75 years old, ST

elevation or new LBBB and anterior location of ECG changes were significant
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independent predictors, but not ischemic chest discomfort which showed a bootstrapped
aOR of 1.98, C1 95% 0.96-3.77.

A final model including only the significant variables is displayed in Table 11.
Adjusted OR for age >75 years old was 2.08 (Cl 95% 1.33-3.25, p=0.001), for ST
elevation or new LBBB 3.61 (Cl 95% 1.51-8.63, p=0.004), and for the anterior location
of ECG changes 2.36 (Cl 95% 1.49-3.75, p<0.001). Therefore, we assigned 2 points to
age >75 years, 2 points to the anterior location of ECG changes, and 3 points to new ST
elevation or LBBB according to the weighted aOR (Table 12). The scoring system
ranged from O to 7 points.

Table 13 shows the estimated risk of death at 30 days in patients with a diagnosis
of MINS: 0 points, 5.21%; 2 points 10.84%; 3 points, 15.31%; 4 points 21.20%; 5 points
28.58% and 7 points 46.96%. Table 14 shows the risk estimate using the logistic formula

directly.

4.2 DISCUSSION

4.2.1 Principal findings

In this prospective international cohort study with more than 15,000 patients >45
years old undergoing noncardiac surgery under a general or regional anesthetic, and
requiring at least an overnight hospital admission after surgery, we developed and validated
diagnostic criteria for a new diagnosis “Myocardial Injury after Noncardiac Surgery”

(MINS).
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We found that peak TnT >0.03 ng-mL due to a perceived ischemic pathophysiology
was an independent and strong predictor for 30-day mortality after noncardiac surgery,
increasing the risk almost four times (aHR 3.82, Cl 95% 2.84-5.10). A Cox proportional
hazards model determined that the prognostic impact was independent of the association
with ischemic symptoms and new ECG abnormalities, that are usually required for the
universal definition of MI.2

Therefore, our definition for MINS is “myocardial cell injury caused by
ischemia, characterized by a TnT value >0.03 ng/mL, which occurs during surgery or
within 30 days after noncardiac surgery and has prognostic relevance at a short term”

According to this definition, the observed post-operative 30-day incidence of MINS
was 8% and its mortality at 30 days was 9.6%. The population attributable risk analysis
determined that MINS accounted for 33.7% of the total number of deaths. Given that 83.8%
of MINS events would probably have gone undetected without postoperative troponin
monitoring, this strongly suggests the need of its implementation during the first few days
after surgery.

Additionally, we developed a seven point scoring system to estimate the mortality
risk at 30 days in those patients with diagnose of MINS allocating points to the following 3
independent clinical predictors: age >75 years old, ECG with new ST elevation or left
bundle branch block, and anterior location of any ischemic ECG abnormality (i.e., ST
elevation or depression, T wave inversion, new Q wave development). By applying the
score to patients suffering MINS, the estimation of mortality risk at 30 days showed a

gradient from 5.2% (zero points) to 47% (7 points).
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4.2.2 Strengths and limitations

Strengths of our study include the broad and heterogeneous prospective selection
criteria that reduce bias and allows for generalizability, including urgent/emergent
surgeries and all types of noncardiac surgeries requiring hospital admission; an
international participation including both university and non-university hospitals; and
patients recruitment during day and night, and also week-ends. All patients were closely
monitored after surgery for troponin elevation during several days with the same assay,
thus avoiding misinterpretation of different cut-off points. Furthermore, ECG evaluation
was routinely required when troponin was elevated, and an echocardiogram was
recommended. More than 99% of patients completed the follow-up at 30-days, and
troponin elevations were centrally adjudicated using standardized definitions by
independent physicians with expertise in perioperative medicine. Finally, the large
sample size ensured an appropriate number of events to provide precise estimates and
avoid overfitting in our models.

Our analysis has also limitations. Since we measured exclusively fourth-
generation TnT, we cannot extend our conclusions to other commercially available
assays. Furthermore, based upon guideline recommendations, by protocol we required
the investigators to only assess (e.g., inquiring about ischemic symptoms, obtaining
ECGs) a patient exceeding a threshold of TnT >0.04 ng/mL. Therefore, in patients
suffering MINS with peak TnT =0.03 ng/mL we did not have data about clinical features.
Consequently, the description of ischemic symptoms and ECG changes, and their

association to risk prediction, outcomes and scoring system came from the analyses based
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on TnT >0.04 ng/mL. The clinical expression of MINS based on a lower threshold (i.e.,
>(0.03 ng/mL) might be more silent than our observed results, thus supporting our
conclusions. Further, given the risk association for a TnT =0.03 ng/mL versus >0.04
ng/mL, we believe that it is unlikely that patients with peak TnT =0.03 ng/mL would
require clinical features to impact mortality.

Since we excluded patients with peak TnT >0.03 ng/mL with sepsis and PE that
occurred during the previous 48 hours to the biomarker elevation, we cannot extrapolate

MINS results to these subgroups.

4.2.3 Comparison to other studies

Two meta-analyses addressed the independent prognostic value of troponin
measurements after non-cardiac surgery regarding mortality at 30-days (8 studies, 1873
patients, 63 deaths),® and at 1 year and beyond 1 year of follow-up (14 studies, 3318
patients, 459 deaths).* Troponin elevation significantly predicted mortality at 30 days
(OR 5.03, Cl1 95% 2.88-8.79),% at 1 year (OR 6.7, Cl 95% 4.1-10.9)," and beyond 1 year
of follow-up (OR 1.8, Cl 95% 1.4-2.3).* However, both meta-analyses have several
limitations: 1) the low number of events that prevents stable and reliable estimations; 2)
the utilization of diverse troponin assays (mostly Tnl) with different cut-off points across
the hospitals that prevents extrapolation to the clinical practice; 3) the vast majority of
studies were restricted to vascular surgery patients, thus preventing generalizability; 4) no

individual study comprehensively explored troponin results in association to ischemic
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clinical findings (i.e., chest pain, ECG abnormalities); and 5) no study was focused on
the ischemic etiology as the cause of biomarker elevation.

Recently, the first VISION Study analysis evaluating the prognostic value of post-
operative TnT level was published.! Among 15,133 patients undergoing noncardiac
surgery, multivariable analyses demonstrated that a peak of TnT >0.02 ng/mL within the
first 72 hours after noncardiac surgery independently predicted death at 30 days when
compared with a reference value (TnT <0.01 ug/L) regardless of the cause of the

elevation.

4.2.4. Interpretation

The aforementioned VISION analysis supported a prognostic message
demonstrating that postoperative monitoring of TnT can enhance risk stratification after
noncardiac surgery. * In the present analyses we developed and validated a new term,
“Myocardial Injury after Non-cardiac Surgery” (MINS), based on postoperative TnT
elevation resulting from an ischemic myocardial injury, not necessarily irreversible,
capturing even small but prognostically relevant TnT values.

Clinical guidelines have suggested a fourth-generation TnT cut-off point of 0.04
ng/mL or more, including a coefficient of variation less than 10%.%° Our analysis
confirmed the prognostic value of this troponin level recommendation, but we have also
expanded it even to a lower value of TnT >0.03 ng/mL, which independently predicted

almost a four-fold increase in the mortality risk at 30 days after noncardiac surgery.
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We demonstrated that MINS represents a strong independent predictor of short-
term mortality, as do a number of baseline conditions (i.e., older age, prior cardiovascular

disorders, urgent/emergent surgery),* ®®

or serious postoperative complications (i.e.,
sepsis, PE, stroke).> *® However, analysis of population attributable risk determined that
MINS (PAR=33.7%) and sepsis (PAR=28.9%) were the most frequent independent risk
factors which may be treated if they are timely diagnosed, or even prevented.

Furthermore, supporting a simple clinical concept, our analysis determined that
MINS criteria does not require any additional clinical feature, such as those stated in the
universal definition of M1.> Our results demostrated a four-fold increase in its
independent association with the risk of dying at 30 days. This finding is consistent with
POISE Trial results, which showed that either symptomatic or asymptomatic
perioperative MIs were independent predictors of death at 30 days. **

Previous reports have emphasized the subclinical nature of perioperative Ml and
ischemia *#**, POISE Trial substudy, which evaluated the highest number of
perioperative Mls in a trial using a mandatory biomarker and ECG monitoring after
surgery, determined than 65.3% of them were asymptomatic **. Based on peak TnT
>(.04 ng/mL data, we also found that ischemic symptoms (1 of 6 patients, 16.2 %) and
ECG changes (1 of 3 patients, 34.9 %) were an infrequent expression of MINS in our
large unselected population. A possible explanation is related to residual anesthesia and
indication of analgesics during the early hours after surgery.

MINS includes small peak TnT elevation due to myocardial ischemia that

progress to irreversible necrosis, but also, that returns to normality. Troponin elevation
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has long been considered synonymous with myocardial necrosis. > However, many
authors have reported a cytosolic release from myocytes triggered by ischemia in
different experimental and clinical conditions where no myocardial necrosis was
ascertained (i.e, tachyarrhythmias, strong exercise, unstable angina, stress-induced
cardiomyopathy).’>#

Histopathologically, there are several proposed mechanisms justifying troponin
elevation without evidence of myocardial necrosis.”®?’ The first, resembles hepatocytes
deprived from oxygen (e.g., ischemic hepatitis), which develop membrane blebs that are
reabsorbed or shed into the circulation after reoxygenation without irreversible cellular
damage.”®3 This process has been replicated for troponin release in cultured cardiac
myocytes.®*3. Another 2 proposed mechanisms involve release of small fragments of
troponin without membranes disruption after proteolytic degradation by calpains, and an
increased permeability of sarcolemma by stimulation of stretch-responsive integrins.**’

Regarding prognostic relevance, unadjusted analyses showed that MINS increased
nearly 10 times the risk of death or cardiovascular complications at 30 days (composite of
non-fatal cardiac arrest, congestive heart failure, stroke, or mortality). Worldwide, more
than 100 million adults over 45 years old undergo non-cardiac surgery per year %;
consequently, nearly 8 million suffer MINS. Interestingly, based on our results, 84% of
these patients, accounting for more than 6 million, are currently undetected without a

systematic troponin monitoring. We may estimate that 1.5 million of MINS patients

suffer a major vascular event and 800,000 die by day 30 because of this reason.
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Evidence emerged from more than 100 randomized trials that recruited high-risk
patients demonstrated that aspirin reduces vascular death by approximately 15% and
nonfatal vascular events by 30%. Therefore, merely aspirin administration to every
patient with MINS may avoid approximately 500,000 major vascular events, and 120,000
deaths per year.

To our knowledge, this is the first study evaluating the relationships between
troponin levels, clinical features and short-term mortality after noncardiac surgery in
patients with a suspected ischemic etiology. We believe that this evidence strongly
supports the implementation of a systematic troponin monitoring, mainly during the first
48 hours, when most cases of MINS occur.

Regarding pre-operative prediction of MINS, as expected from prior evidence,®
40.41 several vascular conditions (i.e., diabetes, hypertension, congestive heart failure,
coronary artery disease, high risk coronary artery disease, peripheral vascular disease and
stroke) were independent predictors. Likewise, older age, male gender and urgent or
emergent surgery increased the risk of MINS. Interestingly, heart rate (i.e., every 10 bpm
increase) was an independent predictor but not systolic blood pressure. These finding
may support research with pharmacologic perioperative reduction of heart rate with
agents that minimize or not affect blood pressure, such as ivabradine or low-dose
clonidine (the ongoing POISE-2 trial is testing this hypothesis). Beta-blockers have
demonstrated to reduce perioperative MI, however, they increase the stroke and may

increase mortality.
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No individual type of surgery was found as independent predictor of MINS. This
finding challenges the information from our first VISION analysis * where major general
surgery and neurosurgery were independent predictors of mortality at 30 days. A possible
explanation may underline non-ischemic etiologies, such as sepsis, PE or major bleeding.

Several widely applied scores have been developed for predicting risk in patients
with non-operative acute coronary syndromes, such as GRACE and TIMI Scores.** %
Since patients profile and physiopathology during the perioperative period are different,
its application is unlikely optimal. Therefore, we developed a scoring system for
predicting mortality risk at 30 days in patients suffering MINS. We found that age >75
years, new ST segment elevation or LBBB, and the anterior location of any ECG
abnormality (i.e., ST elevation or depression, T wave inversion, new Q wave) were
independent predictors of death at 30 days. The resulting score showed a gradient for 30-
day mortality ranging from 5.2% (zero points) to 47% (7 points). For example, a 78 years
old man, with MINS (TnT >0.03 ng/mL) diagnosed at 48 hours after a hip replacement
surgery and an ECG showing T wave inversion from V1 to V4 has 4 points according to
our MINS Score; the estimated risk of mortality at 30 days is 1 out of 5 patients (21.2%).

The universal definition of MI 2 has explicit diagnostic criteria for M1 after PCI
and CABG, however no specific criteria has been established after non-cardiac surgery.
Although continuous debate about whether troponin release should be considered a
marker of myocardial necrosis or occasionally ischemia without necrosis, does not refute

our MINS definition proposal. In fact, we are not intending to fill the gap of a Ml

definition after noncardiac surgery. Our proposed concept is broader, aiming to predict,
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diagnose, provide a prognostic message and inform therapeutic options. However, the
complete spectrum of these objectives should be addressed in the near future by trial
designs focused on MINS prevention and treatment.

Finally, as more sensitive troponin assays become commercially available, the
proposed threshold defining MINS based on the fourth-generation TnT test will have to
be reevaluated. The second part of our ongoing VISION Study (currently there are more
than 32,000 patients recruited) will answer this question based on the fifth-generation

TnT High Sensitivity assay.
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Table 1. MINS development. First Cox regression model to explore the association

between postoperative peak TnT >0.04 ng/mL with and without clinical features and

30-day mortality

n=14314 with no missing predictors and 228 deaths.

Adjusted HR
(95% CI)

p-value

Peak TnT >0.04 ng/mL with clinical features
Peak TnT >0.04 ng/mL with no clinical features
Peak TnT <0.01 ng/mL

4.61 (3.26 - 6.52)
3.52 (2.41 - 5.14)
1.00

<0.001
<0.001
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Table 2. MINS development. Second Cox regression model to explore the association
between postoperative peak TnT >0.04 ng/mL with and without clinical features and
30-day mortality, including patients with peak TnT =0.02 and 0.03 ng/mL

n=15049 with no missing predictors and 262 deaths

Adjusted HR p-value
(95% CI)
Peak TnT >0.04 ng/mL with clinical features 4.47 (3.18 - 6.28) <0.001
Peak TnT >0.04 ng/mL with no clinical features 3.43 (2.35-5.00) <0.001
Peak TnT = 0.03 ng/mL 4.24 (2.62 - 6.87) <0.001
Peak TnT = 0.02 ng/mL 1.62 (0.91 - 2.85) 0.099
Peak TnT <0.01 ng/mL 1.00 -
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Table 3. Final adjusted Cox regression model to explore the association between MINS (postoperative peak TnT >0.03

ng/mL) and 30-day mortality

n=15049 with no missing predictors and 262 deaths

Model Derivation

Model Validation

Incidence of Adjusted HR p-value Bootstrapped PAR
Predictors (95% CI) Adjusted HR* (95% CI**)
(%) (95% CI)

Age (years) 42.2% (28.3, 55.0)

45-64 7677 (51.0) 1.00 - 1.00

65-74 3751 (24.9) 1.53 (1.07, 2.19) 0.019 1.53 (1.05, 2.27)

>75 3621 (24.1) 2.79 (2.05, 3.80) <0.001 2.83 (2.04, 3.99)
Recent high risk CAD 170 (1.1) 2.80 (1.66, 4.71) <0.001 2.79 (1.53, 4.59) 4.1% (1.1, 7.2)
History of stroke 692 (4.6) 1.64 (1.15, 2.34) 0.006 1.64 (1.06, 2.37) 7.2% (1.8, 12.5)
History of PVD 795 (5.3) 1.97 (1.39, 2.81) <0.001 1.97 (1.31, 2.84) 8.1% (2.8, 13.2)
History of COPD 1261 (8.4) 1.75 (1.29, 2.36) <0.001 1.73 (1.24, 2.38) 10.3% (3.9, 16.6)
Urgent/Emergent surgery | 2115 (14.1) 3.39 (2.59, 4.43) <0.001 3.44 (2.53, 4.60) 31.5% (24.0, 39.1)
Cancer 3992 (26.5) 2.03 (1.52, 2.70) <0.001 2.04 (1.47, 2.83) 21.1% (12.3, 29.8)
General surgery 3033 (20.2) 1.63 (1.23, 2.17) <0.001 1.63 (1.19, 2.18) 16.1% (6.5, 25.0)
Neurosurgery 887 (5.9) 2.04 (1.32, 3.16) 0.001 2.08 (1.22, 3.24) 5.5% (1.4, 9.7)
Post-op stroke 79 (0.5) 3.14 (1.81, 5.45) <0.001 3.24 (1.54, 6.52) 4.2% (1.0, 7.4)
Post-op pneumonia 338 (2.2) 1.44 (0.98, 2.10) 0.062 1.44 (0.94, 2.23) -
Post-op PE 95 (0.6) 6.12 (3.15,11.88) | <0.001 6.35 (2.15, 14.63) 3.4% (0.9, 6.1)
Post-op DVT 86 (0.6) 1.57 (0.72, 3.43) 0.260 1.66 (0.48, 5.22) -
Post-op Sepsis/infection 28.9% (22.3, 35.4)t

Sepsis 783 (5.2) 6.81 (4.92, 9.44) <0.001 6.95 (4.74,9.73)

Infection, not sepsis 940 (6.2) 1.23 (0.73, 2.09) 0.436 1.23 (0.64, 2.12)

Neither 13326 (88.6) 1.00 - 1.00
MINS 1196 (7.9) 3.83(2.93, 5.00) <0.001 3.82(2.84,5.10) | 33.7% (26.6, 41.2)

(peak TnT >0.03 ng/mL)
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* Obtained from 1,000 bootstrap samples: median, 2.5 and 97.5 percentiles.

** Only variables that are significant predictors in the Cox model are included in the model for PAR. 95% Cls for PAR are from 10,000 bootstrap
samples. Overall PAR is 91.9% (88.7, 94.6).

+ PAR for sepsis vs no sepsis.
Incidence of MINS and post-op events are reported as ever within 30 days post-op.
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Table 4. Baseline characteristics of patients who did and did not suffer MINS (peak
TnT >0.03 ng/mL).

n=15071. n (%) unless otherwise stated.

Total No MINS MINS |
(n=15071 (n=13871) (n=1200) | Pvalue
Age (years) <0.001
45-64 7685 (50.9) 7347 (53.0) 338 (28.2)
65-74 3758 (24.9) 3489 (25.2) 269 (22.4)
>75 3628 (24.0) 3035 (21.9) 593 (49.4)
Gender, females 7777 (51.6) 7240 (52.2) 537 (44.8) <0.001
Current Atrial Fibrillation 496 (3.29) 385 (2.8) 111 (9.3) <0.001
History of
Diabetes 2935 (19.4) 2534 (18.3) 401 (33.4) <0.001
Hypertension 6949 (46.1) 6802 (49.0) 867 (72.3) <0.001
CHF 694 (4.6) 517 (3.7) 177 (14.8) <0.001
CAD 1818 (12.0) 1486 (10.7) 332 (27.7) <0.001
High risk CAD 170 (1.1) 117 (0.8) 53 (4.4) <0.001
Cor Revasc, anytime* 773 (5.1) 634 (4.6) 139 (11.6) <0.001
Cor Revasc, < 6 months** 54 (0.3) 44 (0.3) 10 (0.8) 0.009
Cardiac arrest 68 (0.4) 57 (0.4) 11 (0.9) 0.021
PVD*** 797 (5.2) 591 (4.3) 206 (17.2) <0.001
Strokef 693 (4.6) 554 (4.0) 139 (11.6) <0.001
COPD 1263 (8.3) 1086 (7.8) 177 (14.8) <0.001
Cancer yes to any of: active Ca, Sx 3994 (26.5) 3691 (26.6) 303 (25.3) 0.323
for Ca, metst
Preop clinical examination
HR, mean + SD+ 76.4+14.4 79.9+17.2 <0.001
Systolic BP, mean + SD% 139.1 £ 23.3 144.0 £ 26.7 <0.001
Preop eGFR (ml/min)i <0.001
<30 508 (3.6) 263 (2.1) 245 (21.3)
30-44 752 (5.4) 592 (4.6) 160 (13.9)
45-59 1485 (10.6) 1304 (10.2) 181 (15.7)
> 60 11207 (80.3) 10641 (83.1) 566 (49.1)
Type of Surgery
Vascular 499 (3.3) 404 (2.9) 95 (7.9) <0.001
General 3038 (20.1) 2782 (20.1) 256 (21.3) 0.294
Thoracic 372 (2.4) 340 (2.5) 32 (2.7) 0.628
Major Urologic/Gynecologic 1888 (12.5) 1758 (12.7) 130 (10.8) 0.069
Major Orthopaedia 2783 (18.4) 2415 (19.6) 368 (30.7) <0.001
Major Neurology 888 (5.9) 828 (6.0) 60 (5.0) 0.180
Low risk surgeries 5956 (39.5) 5657 (40.8) 299 (24.9) <0.001
Urgent/emergent surgery 2118 (14) 1811 (13.1) 307 (25.6) <0.001

*n=15061, ** n=15068, *** n=15070, ¥ n=15064, 11 n=15057, 111 n=14965, { n=14993, i n=13952,

11 n=15067
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Cor revasc: coronary revascularization, CHF: congestive heart failure, CAD: coronary artery
disease, PVD: peripheral vascular disease, COPD: chronic obstructive pulmonary disease, Ca:
cancer, HR: heart rate, BP: blood pressure, eGFR: estimated glomerular filtration rate
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_Patients All patients with MINS MINS with peak TnT 0.04 and | MINS with peak TnT >0.04 and
Outcome without MINS = - . . . .
n=13871 n=1200 clinical features* n=426 without clinical features* n=518
n (%) n (%) Unadjusted OR n (%) Unadjusted OR n (%) Unadjusted OR (95%
(95% ClI), vs no (95% ClI), vs no Cl), vs no MINS
MINS MINS
Non-fatal cardiac 8 (0.06) 8 (0.7) 11.63 7 (1.6) 28.95 1(0.2) 3.35
arrest (4.36 - 31.04) (10.45 - 80.21) (0.42 - 26.84)
CHF 138 (1.0) 115 (9.6) 10.55 74 (17.4) 20.92 32 (6.2) 6.55
(8.17 - 13.61) (15.47 - 28.28) (4.41-9.73)
Stroke 58 (0.4) 21 (1.8) 4.24 10 (2.3) 5.72 6 (1.2 2.79
(2.57 -7.01) (2.91-1.28) (1.20 - 6.50)
Cardiac cath 8 (0.06) 47 (3.9) 70.64 41 (9.6) 184.54 4 (0.8) 13.49
(33.30 - 149.84) (85.93 - 396.29) (4.05 - 44.93)
PCI or CABG 4 (0.03) 23 (1.9) 67.74 22 (5.2) 188.78 1(0.2) 6.71
(23.39 - 196.21) (64.76 - 550.34) (0.75 - 60.10)
Mortality 147 (1.1) 115 (9.6) 9.90 55 (12.9) 13.84 40 (7.7) 7.81
(7.69 - 12.73) (9.99 - 19.18) (5.44 - 11.21)
Composite of 328 (2.4) 224 0.48 121 16.38 74 (14.3) 6.88
Nonfatal Cardiac (18.7) (7.90,11.37) (28.4) (12.92, 20.77) (5.26,9.01)

arrest, CHF,
stroke, or mortality

* For patients with multiple episodes of MINS with peak troponin >0.04, we have used the first episode.

CHEF: congestive heart failure, Cath: catheterization, PCI: percutaneous coronary intervention, CABG: coronary artery bypass grafting
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Table 6. Mortality at 30 days of patients with and without MINS, and subgroups

defined by clinical features (i.e., ischemic symptoms, ECG abnormalities).

Mortality at 30 days
count/n % (95% CI)
No MINS, all 147/13871 1.1(0.9,1.2)
MINS, all 115/1200 9.6 (8.0,11.4)
In those with peak TnT >0.04*
Isolated TnT elevation ** 40/518 7.7 (5.7, 10.3)
With > 1 clinical feature 55/426 12.9 (10.1, 16.4)
In those with peak TnT >0.04*
No ischemic symptoms 71/791 9.0(7.2,11.2)
At least one ischemic symptom 24/153 15.7 (10.8, 22.3)

* For patients with multiple episodes of MINS with peak TnT >0.04, we have used the
first episode
** Without clinical features
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Table 7. Clinical features of MINS: prevalence and 30-day mortality rate.

n=944 patients with peak troponin >0.04 and 95 deaths.

Defining feature

Prevalence of
defining feature,

Mortality at 30 days,

(%) n % (95% CI)

Ischemic symptoms

- chest discomfort 86 (9.1) 18 20.9 (13.7, 30.7)

- neck/jaw/arm discomfort 5(0.5) 0 0.0 (0.0, 43.4)

- dyspnea 68 (7.2) 11 16.2 (9.3, 26.7)

- pulmonary edema 48 (5.1) 9 18.8 (10.2, 31.9)
Any ischemic symptom 153 (16.2) 24 15.7 (10.8, 22.3)
ECG abnormality

- New Q waves 13 (1.4) 1 7.7 (1.4,33.3)

- ST elevation 21 (2.2) 6 28.6 (13.8, 50.0)

- ST depression 154 (16.3) 21 13.6 (9.1, 19.9)

- T wave inversion 220 (23.3) 31 14.1 (10.1, 19.3)

- New LBBB 5(0.5) 3 60.0 (23.1, 88.2)
Any ECG abnormality 329 (34.9) 47 14.3 (10.9, 18.5)
New WMA on Echo 21 (2.2) 3 14.3 (5.0, 34.6)
Presumed new WMA on Echo 86 (9.1) 4 4.7 (1.8,11.4)
New FD on Nuclear imaging 1(0.1) 0 0.0 (0.0, 79.3)
Presumed new FD on Nuclear 5(0.5) 0 0.0 (0.0, 43.4)
imaging
SBP at time of MINS 124.2 (28.0) - -
(N=272), mean (SD)
HR at time of MINS (N=459), 90.0 (23.2) - -

mean (SD)

LBBB: left bundle branch block
WMA: wall motion abnormality
FD: fix defect
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Table 8. Pre-operative predictors of MINS (peak TnT >0.03) at 30 days

n=13820, 1137 with MINS.

Model Derivation

Model Validation

. Bootstrapped
A?ég(s;oe(é:;l? p-value Adjusted HRs*
(95% CI)
Age (years)
45-64 1.00 - 1.00
65-74 1.05 (0.89, 1.25) 0.554 1.05 (0.88, 1.25)
=75 1.76 (1.50, 2.06) <0.001 1.76 (1.49, 2.09)
Gender, females 0.71 (0.62, 0.80) <0.001 0.71 (0.62, 0.80)

Current atrial fibrillation

1.39 (113, 1.72)

0.002 1.39 (1.10, 1.75)

History of
Diabetes
Hypertension
CHF
CAD
High risk CAD
Cor Revasc, anytime
Cor Revasc, < 6 months
Cardiac arrest
PVD
Stroke
COPD

1.32 (1.16, 1.50)
1.33 (1.15, 1.54)
1.39 (1.16, 1.68)
1.38 (1.17, 1.64)
1.66 (1.20, 2.29)
0.98 (0.78, 1.23)
0.57 (0.28, 1.16)
1.76 (0.96, 3.21)
1.89 (1.58, 2.26)
1.30 (1.08, 1.57)
1.14 (0.96, 1.35)

<0.001 | 1.32(1.15,1.51)
<0.001 | 1.33(1.14,1.55)
<0.001 | 1.40(1.13,1.73)
<0.001 | 1.38(1.15,1.65)

0.02 1.67 (1.15, 2.38)
0/842 0.98 (0.76 (1.24)
0.122 0.56 (0.22, 1.16)
0.067 1.76 (0.81, 3.14)
<0.001 | 1.90 (1.56,2.29)
0.006 1.31 (1.06, 1.60)
0.145 1.14 (0.94, 1.35)

Cancer yes to any of: active Ca,
surgery for Ca, mets

1.17 (1.004, 1.37)

0.044 1.17 (1.001, 1.37)

Preop clinical examination
HR, every 10 bpm increase
Systolic BP, every 10 mm

1.10 (1.06, 1.14)
1.01 (0.99, 1.03)

<0.001 | 1.10(1.06,1.15)
0.406 1.01 (0.98, 1.04)

Hg increase
Preop eGFR (ml/min)
<30 7.62 (6.46, 8.98) <0.001 7.70 (6.41, 9.22)
30-44 2.37 (1.96, 2.86) <0.001 2.37 (1.92, 2.89)
45-59 1.70 (1.42, 2.02) <0.001 1.70 (1.41, 2.03)
> 60 1.00 - 1.00
Type of Surgery
Vascular 1.23(0.82, 1.84) 0.315 1.23 (0.77, 1.86)
General 0.90 (0.63, 1.27) 0.541 0.90 (0.59, 1.29)
Thoracic 1.30(0.80, 2.12) 0.289 1.30 (0.74, 2.10)
Major Uro/Gyn 1.03 (0.73, 1.46) 0.849 1.03 (0.69, 1.47)
Major Ortho 1.17 (0.82, 1.68) 0.381 1.18 (0.77, 1.69)

Major Neuro
Low risk surgeries

1.23 (0.80, 1.89)
0.70 (0.50, 0.97)

0.337 1.23 (0.75, 1.87)
0.032 0.70 (0.47, 0.98)

Urgent/emergent surgery

1.69 (1.46, 1.96)

<0.001 | 1.69 (144, 1.99)
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* Obtained from 1,000 bootstrap samples: median, 2.5 and 97.5 percentiles.

Cor revasc: coronary revascularization, CHF: congestive heart failure, CAD: coronary artery
disease, PVD: peripheral vascular disease, COPD: chronic obstructive pulmonary disease, Ca:
cancer, HR: heart rate, BP: blood pressure, Ca: cancer, Mets: metastasis
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Table 9. Sensitivity analyses of pre-operative predictors of MINS (peak TnT >0.03)
at 30 days excluding eGFR from the model in Table 9.

n=14932 with no missing predictors, 1183 with MINS

Model Derivation Model Validation
. Bootstrapped
Atzlégcs;:(é:;R p-value Adjusted HRs*
(95% CI)
Age (years)
45-64 1.00 - 1.00
65-74 1.16 (0.98, 1.37) 0.078 1.16 (0.98, 1.37)
=175 2.29 (1.97, 2.66) <0.001 2.28 (1.97, 2.68)
Gender, females 0.73 (0.65, 0.83) <0.001 0.73 (0.65, 0.83)
Current atrial fibrillation 1.24 (0.998, 1.53) 0.053 1.25 (0.96, 1.58)
History of
Diabetes 1.44 (1.27, 1.64) <0.001 1.44 (1.26, 1.64)
Hypertension 1.54 (1.34, 1.78) <0.001 1.54 (1.33, 1.79)
CHF 1.89 (1.58, 2.27) <0.001 1.90 (1.55, 2.30)
CAD 1.42 (1.19, 1.68) <0.001 1.41 (1.18, 1.68)
High risk CAD 1.72 (1.25, 2.36) <0.001 1.74 (1.20, 2.43)
Cor Revasc, anytime 1.06 (0.84, 1.32) 0.630 1.06 (0.83, 1.34)
Cor Revasc, < 6 months 0.68 (0.34, 1.34) 0.263 0.67 (0.27, 1.42)
Cardiac arrest 1.56 (0.86, 2.85) 0.145 1.57 (0.70, 2.90)
PVD 2.15 (1.80, 2.57) <0.001 2.17 (1.78, 2.62)
Stroke 1.36 (1.13, 1.64) 0.001 1.36 (1.11, 1.65)
COPD 1.11 (0.94, 1.31) 0.229 1.11 (0.93, 1.31)
Cancer yes to any of: active Ca, 1.15(0.98, 1.34) 0.083 1.14 (0.98, 1.33)
surgery for Ca, mets
Preop clinical examination
HR, every 10 bpm increase 1.12 (1.08, 1.17) <0.001 1.13(1.08,1.17)
Systolic BP, every 10 1.00 (0.98, 1.03) 0.709 1.00 (0.98, 1.03)
mmHg
increase
Type of Surgery
Vascular 1.24 (0.83, 1.85) 0.292 1.23(0.79, 1.83)
General 1.08 (0.76, 1.52) 0.663 1.07 (0.74, 1.47)
Thoracic 1.31(0.81, 2.10) 0.272 1.29 (0.76, 2.03)
Major 1.22 (0.87, 1.69) 0.246 1.21 (0.84, 1.64)
Urologic/Gynecologic 1.30 (0.91, 1.85) 0.151 1.29 (0.87,1.79)
Major Orthopaedia 1.13(0.74,1.72) 0.568 1.12 (0.71, 1.65)
Major Neurology 0.76 (0.55, 1.05) 0.097 0.75(0.52, 1.02)
Low risk surgeries
Urgent/emergent surgery 1.79 (1.55, 2.07) <0.001 1.80 (1.55, 2.09)

* Obtained from 10,000 bootstrap samples: median, 2.5 and 97.5 percentiles.

116




M.Sc Thesis — Fernando O. Botto
McMaster University, Health Research Methodology

Cor revasc: coronary revascularization, CHF: congestive heart failure, CAD: coronary artery
disease, PVD: peripheral vascular disease, COPD: chronic obstructive pulmonary disease, Ca:
cancer, HR: heart rate, BP: blood pressure, Ca: cancer, Mets: metastasis
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Table 10. Predictors of 30-day mortality in patients with MINS (peak TnT >0.04).

n=944 with 95 deaths.

Patients Adjusted OR Bootstrapped
n (%) (95% CI) Wfl'ue Adjusted OR
(95% CI)

Age (years)

45-64 years 273 (28.9) 1.00 - -

65-74 years 215(22.8) | 1.59(0.77,3.28) | 0.214 1.61 (0.74, 3.59)

> 75 years 456 (48.3) | 2.59 (1.41,4.76) | 0.002 2.64 (1.48,5.41)
Gender, female 434 (46.0) | 0.82(0.51,1.30) | 0.387 0.82 (0.51, 1.32)
Peak TnT >0.30 156 (16.5) | 1.50(0.86, 2.62) | 0.151 1.54 (0.82, 2.72)
Ischemic symptoms
- chest discomfort 86(9.1) | 1.94(1.01,3.71) | 0.046 1.98 (0.96, 3.77)
- neck/jaw/arm discomfort* 5(0.5) - - -
- dyspnea 68 (7.2) | 0.98(0.44,2.19) | 0.957 0.97 (0.38, 2.05)
- pulmonary edema 48 (5.1) | 1.49(0.62,3.57) | 0.374 1.44 (0.56, 3.17)
New Q waves 13(1.3) | 0.37(0.04,3.61) | 0.393 | 0.29(0.000, 2.21)
ST elevation 21 (2.2) - - -
ST depression 154 (16.3) | 0.72(0.33,1.61) | 0.428 0.71(0.27,1.71)
T wave inversion 220(23.3) | 1.12(0.54,2.31) | 0.768 1.11 (0.49, 2.26)
New LBBB 5(0.5) - - -
ST elevation and/or New 26 (2.8) 4.06 (1.45, 0.008 4.21 (1.34, 12.50)
LBBB 11.34)
ECG Location
- Anterior vs not 202 (21.4) | 2.22(1.14,4.34) | 0.020 2.23 (1.20, 4.30)
- Lateral vs not 186 (19.7) | 1.59 (0.76, 3.34) | 0.219 1.61 (0.71, 3.76)
- Inferior vs not 75(7.9) | 0.47(0.17,1.29) | 0.141 | 0.44(0.09, 1.22)
- Septal vs not 76 (8.1) | 0.42(0.16,1.11) | 0.081 0.40 (0.10, 1.05)
- Other* vs not 5 (0.5) - - -

* No deaths occurred in patients with neck/jaw/arm discomfort and other ECG location. Therefore
these variables have not been included in the logistic model.
Based on 10,000 bootstrap samples.

LBBB: left bundle branch block

118



M.Sc Thesis — Fernando O. Botto
McMaster University, Health Research Methodology

Table 11. Model including only significant variables for developing the scoring

system
Number of Patients Adjusted OR val

(%) (95% CI) p-vaiue
Age > 75 years 456 (48.3) 2.08 (1.33 - 3.25) 0.001
ST elevation and/or new 26 (2.8) 3.61 (1.51, 8.63) 0.004
LBBB
Anterior ECG change 202 (21.4) 2.36 (1.49 - 3.75) <0.001
(vs not anterior)

Hosmer-Lemeshow goodness-of-fit test, p=0.482 indicating no evidence of a lack of fit.
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Risk factor

Points

Age > 75 years

2

ST elevation and/or new LBBB

3

Anterior ECG change

2

LBBB: left bundle branch block
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Table 13. Total points determined by score and estimate of risk of 30-day mortality

after non-cardiac surgery

Total Points Estimate of risk of 30-day death, %

0 5.21

10.84

15.31

21.20

28.58

N[O DWW IN

46.96
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Table 14. Risk estimate using logistic formula directly

Risk factors Points Estimate of risk of 30-day death, %
None 0 5.21
Age>75 2 10.23
Anterior ECG change 2 11.48
ST elevation and/or new LBBB 3 16.53
Age > 75 and Anterior ECG 4 21.20
change

Age > 75 and ST elevation 5 29.12
and/or new LBBB

Anterior ECG change and ST 5 31.86
elevation and/or new LBBB

Age > 75, Anterior ECG change 7 49.24

and ST elevation and/or new
LBBB
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Chapter 5

CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE RESEARCH

Perioperative myocardial ischemia is the most frequent perioperative
cardiovascular complication. Unfortunately, most of these patients do not experience the
typical symptoms or ECG abnormalities. Further, biochemical markers of cardiac
damage are not routinely measured. Therefore, these ischemic syndromes are usually
ignored, resulting in a short-term poor prognosis for many patients after surgery.

We developed and validated a new diagnosis with independent prognostic value at
30 days after surgery entitled “Myocardial Injury after Non-cardiac Surgery”
(MINS), based on the monitoring of a biochemical marker, i.e., TnT, after surgery.

We defined MINS as “myocardial cell injury caused by ischemia, which is the
result of a perfusion imbalance between supply and demand, and has prognostic relevance
and occurs during noncardiac surgery or within 30 days after noncardiac surgery.” Our
analyses established the diagnostic criteria for MINS as a TnT value >0.03 ng/mL.

MINS occured in 1 every 13 patients >45 years of age undergoing noncardiac
surgery, and explained 1 of 3 deaths within 30 days after surgery. This suggest that for
every 1000 adults undergoing noncardiac surgery, 80 will suffer MINS and of these
patients, 8 will die within 30 days after the procedure.

We additionally developed a 7 points scoring system to predict mortality risk at

30 days in patients suffering MINS, through a simple ascertainment of only 3 clinical
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variables (i.e., age and 2 ECG attributes).

The implications of these findings are extremely important and strongly support a
routine monitoring of cardiac TnT during the early hours after noncardiac surgery.

Patients suffering MINS deserve consideration of more intensive monitoring and
correction of abnormalities such as hypoxia, anemia, volume overload, tachycardia, and
hypotension. Through these and other medical indications, postoperative complications
of millions of patients will be reduced.

Clinical trials are, however, needed to address therapeutic interventions with more
specific pharmacologic agents, (i.e., angiotensin-converting enzyme inhibitors, statins,
beta-blockers, platelet P2Y 1, receptor inhibitors, and anticoagulants). In this regard, the
upcoming MANAGE Trial will be the first attempt to recruit patients suffering MINS to
address the indication of the direct thrombin inhibitor dabigatran versus placebo in
addition to aspirin treatment.

Finally, my thesis work has laid the foundation for a new diagnostic entity that has
potential to bring focus to this common problem with prognostic relevance. The
identification of patients suffering MINS has enormous potential to help millions of

patients worldwide on an anual basis.
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