


tients experienced event rates at ap-
proximately 3 times what was ex-
pected. Recognizing that we had
sufficient events to address our objec-
tives related to the fourth-generation
TnT measurements, the operations
committee decided to henceforth
monitor the fifth-generation high-
sensitivity TnT assay. This publica-
tion is restricted to patients during the
period of fourth-generation TnT use.

Eligible patients for the VISION
Study had noncardiac surgery, were at
least 45 years of age, received a gen-
eral or regional anesthetic, and under-
went elective, urgent, or emergency sur-
gery during the day or at night on a
weekday or weekend. Additional eligi-
bility criteria restricting patients to
those with data allowing prognostic
evaluation of fourth-generation TnT
included patients who had a fourth-
generation TnT assay measurement and
complete data for the 24 potential pre-
operative predictors of 30-day mortal-
ity that we evaluated. Patients were ex-
cluded if they did not require an
overnight hospital admission after sur-
gery, were previously enrolled in the
VISION Study, or declined consent.
The research ethics board at each site
approved the protocol prior to patient
recruitment.

Patient Recruitment



in addition to the first threshold. The
multivariable analysis was repeated un-
til we were no longer able to identify an-
other statistically significant TnT thresh-
old. The Kruskal-Wallis test was used
to identify any statistically significant dif-
ferences in the median time from the
peak TnT value to death across the TnT
thresholds that independently pre-
dicted mortality.

For all independent predictors of
30-day mortality, we report the
adjusted hazard ratio (aHR), 95% CI,
and associated P value (a priori
2-sided �=.05 was designated as sta-
tistically significant). For the TnT
thresholds that independently pre-
dicted 30-day mortality, we deter-
mined the aHRs and their 95% CIs
through bootstrapping 1000 samples.
We undertook a random-effects
(frailty) Cox model to adjust for any
potential site-clustering effect.9 We
calculated the population attributable
risk for the independent predictors of
30-day mortality.10,11 The population
attributable risk represents the pro-
portion of all deaths potentially attrib-
utable to the relevant risk factor (eg,
an elevated TnT measurement) if
causality were proven. For the TnT
thresholds that independently pre-
dicted 30-day mortality, we deter-
mined the likelihood ratios. For the
model that included the peak TnT
measurement, discrimination was
assessed through evaluation of the
C index and calibration with a
goodness-of-fit test.12-14 The difference
in the C index between the model that
included the peak TnT measurement
and the model that only included
preoperative variables was examined
using 1000 bootstrap samples. Assess-
ment of improved risk classification,
as demonstrated in the model that
included the peak TnT measurement
vs the model that only included pre-
operative variables, was made by
calculating the net reclassification
improvement.15 For this analysis we
classified 30-day mortality as low risk
(�1%), intermediate risk (1%-5%),
high risk (�5%-10%), and very high
risk (�10%).

In patients for whom preoperative
creatinine was measured, we analyzed
whether there was an interaction
between patients’ preoperative esti-
mated glomerular filtration rate
(eGFR) (�30 mL/min per 1.73 m2 or
receiving dialysis, 30 to 44 mL/min
per 1.73 m2, 45 to 59 mL/min per
1.73 m2, and �60 mL/min per 1.73
m2)16,17 and the TnT thresholds that



cluding the peak TnT measurement.
The strongest independent predictors
of 30-day mortality were a peak TnT
value of 0.03 to 0.29 ng/mL (aHR, 5.00;
95% CI, 3.72-6.76) and 0.30 ng/mL or
greater (aHR, 10.48; 95% CI, 6.25-
16.62). The independent prognostic
factors identified in this model poten-
tially explain the majority of the deaths
that occurred (ie, the total population
attributable risk was 89.0%; 95% CI,
85.3-92.4); the prognostically rel-
evant peak TnT values had the largest
population attributable risk (41.8%).

Peak TnT values of 0.01 ng/mL or
less, 0.02 ng/mL, 0.03 to 0.29 ng/mL,
and 0.30 ng/mL or greater occurred in
88.4%, 3.3%, 7.4%, and 0.9% of the
patients, respectively. The incidence
of 30-day mortality was 1.0%, 4.0%,
9.3%, and 16.9% in patients with a
peak TnT values of 0.01 or less, 0.02,
0.03 to 0.29, and 0.30 ng/mL or
greater, respectively. eTable 3 reports the
likelihood ratios for these TnT thresh-

olds. Patients with TnT values that were
independently associated with mortal-
ity demonstrated the following median
times from the peak TnT measurement
to death: 0.02 ng/mL (13.5 days; IQR,
8.5-20 days); 0.03 to 0.29 ng/mL (9.0
days; IQR, 3.5-16 days); and 0.30 ng/mL
or greater (6.5 days; IQR, 1.5-15 days),
P=.01 for differences among time to
death. FIGURE 2 reports Kaplan-Meier
estimates for death based on the peak
TnT values. eTable 4 reports the re-
sults of our sensitivity analysis that ex-
cluded patients who had a preopera-
tive history of coronary artery disease,
recent high-risk coronary artery dis-
ease, or congestive heart failure, and
eTable 5 reports the results of our sen-
sitivity analysis that excluded patients
who died within the first 36 hours af-
ter surgery. Both sensitivity analyses
demonstrated that results for the TnT
thresholds did not appreciably differ
from the model that included all 15 133
patients.

Each variable included in the models
demonstrated a variance inflation fac-
tor of less than 10, suggesting no colin-
earity. The model that included the peak
TnT measurement demonstrated good
calibration (goodness-of-fit test P=.43).
The model that included the peak TnT
measurement demonstrated good dis-
crimination, as did the preoperative
model without TnT measurement (C in-
dex=0.85 vs 0.81; [difference, 0.4; 95%
CI, 0.2-0.5] P� .001 for difference be-
tween C index values). Among the pa-
tients who died, the percentage cor-
rectly reclassified toahigher riskcategory
with the model that included the peak
TnT measurement compared with the
model that only included preoperative
risk factorswas18.8%(TABLE 2).Among
the patients who survived, the percent-
age correctly reclassified to a lower risk
categorywith themodel that included the
peak TnT measurement compared with
the model that only included preopera-
tive risk factors was 6.2%. The net re-
classification improvement associated
with TnT measurement was 25.0% (95%
CI, 17.2%-32.8%; P� .001).

Of the 14 008 (92.6%) patients in
whom preoperative creatinine levels
were measured, 520 patients (3.7%) had
an eGFR of less than 30 mL/min per
1.73 m2 or were receiving dialysis; 760
patients (5.4%) had an eGFR of 30 to
44 mL/min per 1.73 m2





COMMENT
In this international prospective
cohort study of 15 133 patients who
were at least 45 years of age and
underwent noncardiac surgery that
required hospital admission, multi-
variable analysis demonstrated that
fourth-generation peak TnT thresh-
olds of 0.02 ng/mL, 0.03 ng/mL, and
0.30 ng/mL independently predicted
30-day mortality. Peak TnT values
after noncardiac surgery proved the
strongest predictors of 30-day mor-
tality, and the population attributable
risk analysis suggested elevated TnT
measurements after surgery may
explain 41.8% of the deaths. Based
on the identified peak TnT values,

there were marked increases in the
absolute risk of 30-day mortality (ie,
1.0% for a TnT value �0.01 ng/mL;
4.0% for a value of 0.02 ng/mL; 9.3%
for a value of 0.03-0.29 ng/mL; and
16.9% for a value �0.30 ng/mL);
11.6% of patients had a prognosti-
cally relevant peak TnT value of at
least 0.02 ng/mL. The higher the
peak TnT value, the shorter the
median time to death. Our net reclas-
sification improvement analysis dem-
onstrated that monitoring TnT val-
ues for the first 3 days after surgery
substantially improved 30-day mor-
tality risk stratification compared
with assessment limited to preopera-
tive risk factors.

Strengths and Limitations
Strengths of this study include the large
sample of patients undergoing noncar-
diac surgery from 8 countries in 5 con-
tinents. Our results were consistent
across sites for the TnT thresholds, sug-
gesting they are relevant to contempo-



identifying prognostically relevant TnT
thresholds based on the actual data are
a more appropriate method.

This studyalsohas limitations.Wedid
not measure a TnT value prior to sur-
gery and cannot comment on how a
preoperative value would impact risk
prediction.Weonlymeasured the fourth-
generation TnT assay, and therefore
cannot comment on the prognostic rel-
evance of other troponin assays. De-
spite our large sample size, only 1263 pa-
tients had a peak troponin threshold of
0.03 ng/mL or greater. Therefore, it is
possible with an even larger cohort that
we may have identified another statisti-
cally significant and prognostically rel-
evant TnT threshold between 0.03-
0.29 ng/mL and at greater than 0.30 ng/
mL. Although we did not demonstrate
an interaction between preoperative
eGFR and the TnT thresholds, we can-
not exclude an interaction, especially at
lower levels of renal function. Our re-
sults are,however, consistentwithaprior

large (N=7033) acute coronary syn-
drome study that demonstrated TnT lev-
els predicted 30-day mortality regard-
less of patients’ baseline eGFR.21 We did
not capture whether patients were re-
cruited prior to or after surgery, and
therefore we cannot evaluate these sub-
groups of patients separately. We did not
record whether any actions were taken
based on the TnT values reported to phy-
sicians, and therefore we cannot com-
ment on the potential impact of any such
interventions. If physicians imple-
mented therapies based upon these TnT
measurements and these interventions
impacted 30-day mortality, then our 30-
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predicts 30-day mortality and may ex-
plain a substantial proportion of the
deaths (41.8%). Compared with our
preoperative model, the model that in-
cluded the peak TnT measurement
demonstrated an absolute increase in
the C index value of 0.04. We also clas-
sified 30-day mortality as low risk
(�1%), intermediate risk (1%-5%),
high risk (�5%-10%), and very high
risk (�10%) and with our model that
included the peak TnT measurement,
we demonstrated among patients who
died and also among those who sur-
vived an improvement in reclassifica-
tion of 18.8% and 6.2%, respectively.
Although these data suggest improve-
ment in risk classification with post-
operative troponin measurements, what
is now required is to undertake clini-
cal trials to determine if this risk is
modifiable.

Based on the guideline recommen-
dation that abnormal troponin values
should have a coefficient of variation
less than 10%, many laboratories con-
sider a fourth-generation TnT measure-
ment of at least 0.04 ng/mL abnor-
mal.23,24 Our study suggests that TnT
values of less than the commonly used
threshold of 0.04 ng/mL (ie, 0.02 ng/mL
and 0.03 ng/mL) are, in the context of
noncardiac surgery, strongly associ-
ated with 30-day mortality. Given that
troponin biomarkers have nearly ab-
solute myocardial tissue specificity and
the median time to death from a peak
TnT value of 0.02 ng/mL (ie, 13.5 days)
and 0.03 ng/mL (9.0 days), these lower
TnT values may represent a warning
myocardial insult.25

Consideration that more than 200
million adults undergo major noncar-
diac surgery annually,1 potentially half
of these patients are at least 45 years of
age,2 and 11.6% of the patients in our
study had a peak TnT value of at least
0.02 ng/mL, suggests that worldwide
more than 10 million adults may have
prognostically relevant troponin val-
ues after noncardiac surgery each year.
Although no randomized controlled
trial has established an effective treat-
ment for patients with an elevated tro-
ponin measurement after noncardiac

surgery, the prognosis of these pa-
tients may be modifiable. First, the high-






