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ABSTRACT

This review article presents the current state of knowledge about major perioperative cardiovascular
complications in noncardiac surgery patients and the role of the currently available stratification models
and biomarkers in risk prediction. The authors discuss a recent paper presented by the VISION Investiga-
tors in the June edition of the Journal of the American Medical Association and its practical implications
in day-to-day perioperative practice. According to this study, the authors conclude that troponin (Tn)
measurement up to 3 days after noncardiac surgery substantially improves perioperative risk estima-
tion, and peak Tn values (even the levels previously considered as normal) strongly predict 30-day
mortality. One in 25 patients with a peak fourth generation troponin T (TnT) measurement of 0.02 ug/I,
1in 11 patients with a peak TnT measurement of 0.03 to 0.29 ug/l, and 1 in 6 patients with a peak TnT
measurement of 0.30 pg/l or higher will die within 30 days of surgery. Postoperative monitoring of TnT
measurements substantially improves risk stratification after noncardiac surgery and may help identify
patients requiring further therapeutic interventions.

Over the last few decades, the field of noncardi-
ac surgery has undergone substantial changes.
The introduction of new surgical techniques, com-
bined with improved anesthesia, has improved

surgical care; however, the age and comorbidities

of patients undergoing noncardiac surgery has in-
creased. Worldwide, more than 200 million pa-
tients undergo major noncardiac surgery annu-
ally, and this number continues to grow.! Despite

the benefits of surgery, major postsurgical com-
plications occur, of which cardiovascular (i.e., vas-
cular death, nonfatal myocardial infarction [MI],
nonfatal cardiac arrest, and nonfatal stroke) are

the most common serious complications.? Further,
more than 1 million patients die within 30 days

following noncardiac surgery annually.'

Of the major perioperative cardiovascular com-
plications, MI is the most common. The patho-
genesis of perioperative MI (PMI) is not fully un-
derstood; however, two main mechanisms have
emerged as the most probable. The first mech-
anism is that PMI shares the same pathophys-
iology as the majority of nonoperative acute

coronary syndromes (i.e., plaque rupture, fissur-
ing, or erosion with consequent superimposed
arterial thrombosis). This hypothesis is support-
ed, among others, by the fact that surgery acti-
vates the inflammatory process and the coagula-
tion cascade and acts on stress-related pathways.
Moreover, cardiac catheterization data compar-
ing patients who have suffered a PMI, a nonoper-
ative acute coronary syndrome, or who have un-
dergone elective cardiac catheterization suggest
that many patients suffering a PMI have cathe-
terization findings similar to nonoperative acute
coronary syndrome patients.?
The second proposed mechanism of PMI s supply-
-demand mismatch.*® It is potentially provoked
by many factors that commonly take place dur-
ing surgery, such as fluid shifts, hypotension, cat-
echolamine release, pain, anemia, tachycardia,
or hypoxia. Additionally, as the population ages,
many patients that undergo a surgical procedure
end up having accompanying coronary artery dis-
ease, which in turn places them in a higher-risk
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group, as most patients with PMI have some de-
gree of underlying coronary stenosis.”?

The diagnosis of a PMI has challenges be-
cause it typically occurs in the first 48 hours af-
ter surgery®'® when most patients are receiving
analgesic medications that can mask cardiac isch-
emic symptoms, and some patients remain se-
dated and on mechanical ventilation, which lim-
its communication.?'%'? Only 35% of patients
suffering a PMI will experience cardiac ischemic
symptoms,'? a number which differs substantial-
ly from the emergency room setting. Changes in
electrocardiogram (ECG) patterns are transient
and often missed because patients, when they
are having the event, experience symptoms too
rarely to trigger health care providers to obtain
an ECG.>'? Regardless of the presence of symp-
toms, PMI occurrence is associated with an in-
crease of 30-day mortality up to 11.6%.'"° There-
fore, it is essential to identify patients who would
require more intensive monitoring and manage-
ment in order to decrease the perioperative mor-
tality risk.

Several preoperative risk prediction indices
for major vascular complications and mortali-
ty have been developed.'®-'® The Revised Cardi-
ac Risk Index (RCRI) introduced by Lee et al." is
probably the most widely used model. It is easy
to use and consists of 6 equally weighted clinical
components: high-risk surgery (intraperitone-
al, intrathoracic, or suprainguinal vascular sur-
gery), history of ischemic heart disease, history
of congestive heart failure, history of cerebro-
vascular disease (both stroke and transient isch-
emic attack), diabetes requiring insulin therapy,
and impaired renal function with preoperative se-
rum creatinine level above 176.8 pmol/l. Based on
their scores, patients are grouped into 3 groups
at risk of developing major vascular events af-
ter surgery: low-, intermediate-, and high-risk
groups (presence of at least 3 risk factors corre-
sponds to 11% risk of complications).’ Nonethe-
less, the risk prediction accuracy of RCRI has been
recently questioned by many authors, mostly due
to underestimation of vascular complications and
subsequent mortality following surgery.2417.18
Moreover, methodological limitations of the orig-
inal RCRI study have been raised,* for exam-
ple, that the study was conducted at a single-
-center, that there was a small number of events
on which the index was based (only 92 adverse
events),'* that there was absence of stroke as
an outcome event (which is an independent se-
rious predictor of mortality and disability after
surgery),'® and that patients undergoing emer-
gency surgery were excluded even though they
belong to the group with the highest risk of com-
plications.”™ Some researchers suggest also add-
ing age into the RCRI model to improve its pre-
diction outcomes."”

The recently published data from the large Peri-
Operative Ischemic Evaluation (POISE) Trial?10.20
that included over 8000 patients in a randomized
controlled trial in 190 centers in 23 countries

comparing the effects of B-blockers with place-
bo among patients undergoing noncardiac sur-
gery, revealed a large underestimation in the ma-
jor vascular events with the use of the RCRI. Ac-
cording to the POISE results, the overall vascular
mortality in the first 30 days after surgery was
1.6%; PMI occurred in 5% of patients, stroke in
0.7%, and nonfatal cardiac arrest in 0.5%.2 The au-
thors concluded that physicians should expect
double or triple the risk of major events as pre-
dicted by the RCRL.*

Taking into account the burden of perioper-
ative vascular complications and the problems
with diagnosing PMI, the medical community is
searching for a biomarker that could predict ad-
verse perioperative complications. Among the
available biomarkers, the most specific and sen-
sitive for MI are cardiac troponins (Tn) I and T
(TnT). They are released into the circulation as
a consequence of myocardial necrosis and play
a pivotal role in diagnosing MI.222 In the nonsur-
gical setting, increased levels of cardiac Tn have
been shown to predict poor outcome including
mortality.” In the setting of noncardiac surgery,
there is encouraging but inconclusive evidence
that Tn measurements after surgery may predict
short-term mortality.® A meta-analysis performed
by Levy et al.?* that included 10 studies (n = 1728)
that evaluated noncardiac surgery patients dem-
onstrated that an elevated cardiac Tn was an in-
dependent risk predictor of mortality up to 1 year
after surgery with the odds ratio of 6.7 (95% con-
fidence interval [CI], 4.1-10.9; I?= 0%).The stud-
ies in this meta-analysis were, however, mostly
small with few events and did not adjust for all
known predictors of mortality.

The Vascular Events In Noncardiac Surgery Pa-
tients Cohort Evaluation Study (VISION; Clinical-
Trials.gov identifier, NCT00512109) is the largest
prospective international cohort study evaluating
major complications in patients after noncardiac
surgery. It is a multicenter study, led by the re-
search team from McMaster University, that aims
to recruit 40,000 patients in North and South
America, Africa, Asia, Australia, and Europe. Pa-
tients are eligible for the study if they are 45 years
or older, undergo noncardiac surgery (elective or
urgent/emergency with either general or region-
al anesthesia), and require at least an overnight
hospital stay. Patients have TnT measured dai-
ly during the first 3 days after surgery, and are
followed up at 30 days and 1 year after surgery.
At the beginning of this study, patients had the
fourth generation TnT measurements after non-
cardiac surgery. The first 15,000 patients experi-
enced an event rate approximately 3 times high-
er than what was expected at the beginning. Rec-
ognizing they had sufficient events to address
their objectives related to the fourth generation
TnT measurements, the Operations Committee
decided to henceforth monitor the fifth genera-
tion high-sensitivity TnT assay. The authors then
published the first major paper from VISION in
The Journal of the American Medical Association
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TABLE Peak troponin T thresholds during the first 3 days after surgery that independently predict 30-day moratality

Peak troponin T Patients who died within 30 days after surgery Adjusted HR
measurement % (95% CI) (95% Cl)

<0.01 pg/l 134/13,376 1.0 (0.8-1.2) 1.0

0.02 pg/l 20/494 4.0 (2.6-6.2) 2.41(1.33-3.77)

0.03-0.29 pg/l 104/1121 9.3(7.7-11.1) 5.00 (3.72-6.76)

>0.30 pg/l 24/142 16.9 (11.6-23.9) 10.48 (6.25-16.62)

Abbreviations: Cl — confidence interval, HR — hazard ratio, n —

(JAMA) evaluating the prognostic capabilities
of the fourth generation TnT to predict 30-day
mortality.?®

The study had an equal sex distribution of men
and women. Approximately 50% of the patients
were 65 years of age and older and approximate-
ly 1in 4 patients were 75 years of age and older.
The most common surgeries were low-risk sur-
geries (39.4%), major orthopedic (20.4%), ma-
jor general (20.3%), and major urology/gynecol-
ogy surgeries (12.5%). Vascular surgery (3.3%)
and thoracic surgeries (2.5%) were less common.
Urgent or emergency surgery was performed in
14.2% of the patients.

The investigators evaluated predicting 30-day
mortality with the Cox proportional hazard mod-
el that included 24 preoperative and surgical vari-
ables (e.g., age, coronary artery disease, type
of surgery) and this model was repeated with
the addition of the peak TnT measurement dur-
ing the first 3 days after surgery. This approach
allowed the authors to define the prognostic role
of TnT in predicting 30-day mortality and to de-
termine the thresholds that independently al-
tered patients risk.?®

Of 15,133 patients studied, 282 patients
(95% CI, 1.7%-2.1%) died during 30 days after
surgery. Of this group, 26% died after discharge
from hospital, and the median time to death was
11 days (interquartile range, 4.0-15.0 days) after
discharge. The investigators were able to success-
fully complete the 30-day follow-up on more than
99% of the patients. The strongest predictor of
death was the peak TnT measurement after sur-
gery, with the population attributable risk analy-
sis suggesting that 41.8% of deaths could poten-
tially be explained by increased TnT values after
surgery. A multivariable analysis demonstrat-
ed that peak TnT threshold values of 0.02 pg/I,
0.03 pg/l, and 0.30 pg/1 were independently as-
sociated with 30-day mortality (TABLE).

The fourth generation TnT values of 0.02 and
0.03 pg/1, which are not considered abnormal in
daily practice, were striking predictors of 30-day
mortality. The higher the peak Tn after surgery,
the higher the likelihood of death, with 1 in 6 pa-
tients with TnT higher than 0.30 pg/1 dying with-
in 30 days of surgery. Also, the time to death is
shorter with the increase of TnT values (i.e., 13.5
days for TnT values of 0.02 pg/l and 6.5 days
for TnT values of 0.3 pg/1 or higher). The post-
operative peak TnT measurement substantially

number of patients who died, N — total number of patients

enhanced risk prediction beyond the preoper-
ative model; the net reclassification improve-
ment with added peak TnT measurements to risk
stratification based solely on preoperative vari-
ables reached 25% (P <0.001). In other words,
the risk stratification model in noncardiac sur-
gery is substantially enhanced when postopera-
tive TnT measurements are added to the preoper-
ative factors. It is a marker of substantial clinical
utility because prognostically important elevat-
ed TnT values were found in 11.6% of patients 45
years of age or older undergoing noncardiac sur-
gery, and the results were consistent throughout
the international centers.

The third universal definition of MI has recent-
ly been published in a 2012 consensus statement
of the European Society of Cardiology, Amer-
ican College of Cardiology Foundation, Amer-
ican Heart Association, and the World Heart
Federation.?® In this document, the international
consensus group added a section for the first time
on MIin the noncardiac surgery setting. Based on
the POISE data on MI and the VISION data on Tn,
this consensus document states, “routine moni-
toring of cardiac biomarkers in high-risk patients...
after major surgery, is therefore recommended.”

At present, there are no randomized controlled
trials concerning the treatment of myocardial in-
jury as detected through an elevated Tn measure-
ment after surgery; however, according to the
available data from nonsurgical trials and obser-
vational noncardiac surgery data, it is strongly en-
couraged to use both acetylsalicylic acid and sta-
tin therapy in these patients.?”-?8 Unfortunately,
it has been documented that a substantial pro-
portion of patients suffering a myocardial injury
in the perioperative period after noncardiac sur-
gery do not receive these medications.'®

Large clinical intervention randomized trials in
the noncardiac perioperative field are needed to
inform how to optimally manage patients suffer-
ing a myocardial injury after surgery. The VISION
Investigators are about to launch a large inter-
national trial evaluating a novel new anticoagu-
lant in this patient population. Hopefully, other
investigators will get involved and will initiate
other trials evaluating promising interventions
to help this patient population.

In summary, the recent JAMA paper presented
by the VISION Study investigators, clearly dem-
onstrated that measuring cardiac TnT in the first
3 days after noncardiac surgery substantially
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improves mortality risk prediction in noncardi-
ac surgery patients. The data suggests that 1 in
25 patients with the peak TnT measurement of
0.02 pg/1,1in 11 patients with the peak TnT mea-
surement of 0.03 to 0.29 pg/l, and 1in 6 patients
with the peak TnT measurement of 0.30 pg/1 or
higher will die within 30 days of surgery. Mon-
itoring postoperative TnT measurements can
enhance risk stratification after noncardiac sur-
gery, and routine perioperative Tn monitoring
is now recommended by an international con-
sensus group.
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STRESZCZENIE

W artykule przedstawiono aktualny stan wiedzy na temat duzych sercowo-naczyniowych powiktan
okotozabiegowych w chirurgii pozasercowej oraz znaczenie dostepnych skal rokowniczych i markeréw
biochemicznych w ocenie ryzyka zabiegu. Autorzy omawiajg réwniez artykut opublikowany przez grupe
badaczy VISION w tegorocznym czerwcowym numerze czasopisma Journal of the American Medical As-
sociation oraz wynikajace z badania praktyczne implikacje w zakresie opieki okotooperacyjnej. Analizujac
artykut autorzy wnioskuja, ze pomiar stezen troponin przez <3 dni po zabiegu niekardiochirurgicznym
istotnie poprawia okotooperacyjng oceng ryzyka zabiegu, a szczytowe warto$ci troponin (nawet warto$ci
weczesniej uznawane za prawidtowe) bardzo znaczaco korelujg z 30-dniowg $miertelno$cia. Analiza wptywu
szczytowych wartosci troponiny T czwartej generacji (TnT) na $miertelno$¢ 30-dniowa po zabiegu wykazata,
ze w grupie chorych z TnT 0,02 pg/l umrze 1 na 25 chorych, w przedziale TnT 0,03-0,29 pg/l — 1 na 11,
a przy wartosciach TnT =0,30 pg/l — 1 na 6. Pooperacyjne monitorowanie TnT istotnie poprawia ocene
ryzyka zabiegu w chirurgii pozasercowej, a w przysztosci moze poméc w wyselekcjonowaniu chorych
wymagajacych dalszych interwencji terapeutycznych.
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