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REVENTION, detection, and
therapy of myocardial infarction have been fundamental goals
of perioperative medicine for many
years. As one of the first monitors
dedicated to detecting myocardial
ischemia, continuous electrocardiography for patients undergoing
surgery became more commonly
used in the 1950s. Indeed, by 1978,
guidelines recommended routine
baseline electrocardiogram testing
for all adult patients before undergoing surgery.1 However, given that
preoperative electrocardiographic
abnormalities are not necessarily
predicative of postoperative myocardial infarction,2 current practice
advisories recognize that preoperative testing should rather be considered for patients with cardiovascular
risk factors.3 Intraoperative echocardiography is routinely used for
diagnosis and therapy in cardiac
surgery.4,5 In addition, it can also be
used safely in noncardiac surgery for
the detection of new regional wall
motion abnormalities indicative of
myocardial ischemia.6,7 However,
given the resources required for a complete diagnostic echocardiographic examination, its use as a screening tool for myocardial injury in noncardiac surgery is likely limited. A common
test used for the diagnosis of perioperative myocardial injury is
the measurement of plasma troponin levels. In the past, minor
increases in serum troponin levels have often clinically been dismissed as less relevant cases of supply/demand mismatch. This
is likely related to the fact that a troponin increase itself does
not meet definition criteria for myocardial infarction and a lack
of consensus on the most appropriate therapeutic approach.
Although it seems intuitive that myocardial infarction leading

to cell death is of greater consequence than myocardial ischemia
without necrosis, the relevance of
minor myocardial injury is not well
defined. Furthermore, the progression from reversible ischemic damage to necrosis occurs on a biologic
continuum, making cutoffs based
on the presumed degree of cellular
injury impractical at best. Defining clinical relevance of biomarkers
such as Troponin T (TnT) according to their association with meaningful outcomes, such as 30-day
mortality, adds substantial value for
the practicing clinician. The significance of creatine muscle and brain
isoenzyme and TnT to predict
mortality and major cardiovascular
events has previously been highlighted in a meta-analysis.8 The current study by the VISION Writing
Group9 underlines the fundamental
importance of even subtle perioperative TnT increases for morbidity
and mortality in surgical patients.
The current findings are a post hoc
analysis of prospectively collected
data from The Vascular events In
noncardiac Surgery patIents cOhort evaluatioN trial.10 The
reported analyses extend the interpretation of the The Vascular
events In noncardiac Surgery patIents cOhort evaluatioN study,
as they confirm the independent association of a TnT value
of 0.03 ng/ml or greater with all-cause 30-day mortality after
adjusting for preoperative risk factors and perioperative events.
In a diverse cohort comprising 15,065 patients with age 45
years or older undergoing noncardiac surgery requiring at least
overnight hospitalization, the authors observed a 30-day mortality rate of 1.7%. This is consistent with previously reported
death rates within 30 days of surgery. In fact, the magnitude

“The current study …
underlines the fundamental importance of even
subtle perioperative TnT
increases for morbidity
and mortality in surgical
patients.”
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Fig. 1. Magnitude of perioperative mortality. The three leading causes of death in the Center for Disease Control’s (CDC)
annual death table for the United States in 2006 were: (1)
diseases of heart (n = 631,636), (2) malignant neoplasms
(n = 559,888), and (3) cerebrovascular diseases (n = 137,119).
By using the Nationwide Inpatient Sample (NIS) for the same
year, Semel et al.13 reported 189,690 deaths within 30 days
of admission for inpatients having a surgical procedure. In
magnitude, all-cause 30-day inpatient mortality after surgery
approximated the third leading cause of death in the United
States. Figure adapted with permission from Lippincott Williams and Wilkins/Wolters Kluwer Health. Bartels K, Karhausen J, Clambey ET, Grenz A, Eltzschig HK: Perioperative organ injury. Anesthesiology 2013, copyright 2013.11
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of all-cause perioperative mortality would make it the number
three cause of death in the United States (fig. 1).11 The current study suggests that this staggeringly high rate of death after
surgery is in many circumstances preceded by often subclinical
myocardial injury.9 The authors used regression analysis to validate a cutoff value for TnT of 0.03 ng/ml or greater to define
myocardial injury after noncardiac surgery. Moreover, they discovered that of the 8% of patients who developed myocardial
injury after noncardiac surgery, 58.2% would not have fulfilled
the universal definition for myocardial infarction. By using data
from the 8,351 patients included in the PeriOperative ISchemic Evaluation trial, Devereaux et al.12 previously reported a
mortality rate of 11.6% in patients affected by perioperative
myocardial infarction. Even when applying less rigorous criteria for myocardial injury such as a peak TnT value of 0.03 ng/
ml, the current study found affected patients to be 4.3 times
as likely to die within 30 days.9 Furthermore, 1 of 10 patients
with myocardial injury after noncardiac surgery did not survive
30 days after surgery. The combination of the high incidence
of myocardial injury after noncardiac surgery, its prognostic relevance for 30-day mortality, and the ease and feasibility of the
test to detect it (using TnT) point to tremendous opportunities for design of clinical studies to test novel interventions to
attenuate myocardial injury and perioperative mortality.
Although the need for new cardio-protective therapies
has been convincingly demonstrated, causality of myocardial injury and mortality has not. Perioperative ischemia
and inflammation are likely to lead to injury in other organs
too. Similar to low-level myocardial injury, hypoxia-sensitive
tissues such as kidney are also prone to ischemic damage.
Although preoperative estimated glomerular filtration rate was
not associated with mortality in the current study, it seems
conceivable that more sensitive markers of renal injury, such as
Anesthesiology 2014; 120:533-5
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insulin-like growth factor-binding protein 7 or tissue inhibitor of metalloproteinases-2, could have shown a comparable
response pattern to TnT. Hence, the observed mortality could
have been due to multiorgan injury rather than isolated myocardial injury. Therefore, interventional clinical trials focused
solely on prevention of myocardial infarction might not be
successful. Clearly, the development of innovative, mechanism-based approaches to prevent or treat perioperative organ
injury, including myocardial injury, is paramount. These will
then need to be tested in rigorous clinical trials to translate the
results of this study into improved patient outcomes.
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Longnecker’s Trade Card against the “Asphyxie” of “The Old Way”

In decrying “The Old Way” of nearly asphyxiating patients with brief administrations of 100% nitrous oxide, dentist F.
C. Longnecker advertised images of a patient before and after receiving laughing gas via a mouthpiece from a large
bag (above). According to Dr. Longnecker:
With your fingers your nose compress,
The real natural place of breath,
Then by swallowing, you will see
The cause of so much “asphyxie” [sic]
Now laid to my pure gas
With this nose compress and thermometer too,
You will always know how much will do.
This trade card is part of the Wood Library-Museum’s Ben Z. Swanson Collection. (Copyright © the American
Society of Anesthesiologists, Inc.)
George S. Bause, M.D., M.P.H., Honorary Curator, ASA’s Wood Library-Museum of Anesthesiology, Park Ridge,
Illinois, and Clinical Associate Professor, Case Western Reserve University, Cleveland, Ohio. UJYC@aol.com.
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noncardiac surgery: A systematic review and meta-analysis.
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