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“routine.” Patients 60 yr of age or
anagement of intra- and
early postoperative hemoolder undergoing intermediate to
dynamics is the “bread and butter”
high-risk noncardiac surgery with
of the operative anesthesiologist’s
expected duration of hospitaltoolkit, a skill that gives many of
ization of at least 24 h who were
us great pride. Who hasn’t rejoiced
admitted to a “high dependency”
at the end of a long case to think
unit (a unit intermediate in acuity
to themselves, or better yet to
between an intensive care unit and
brag to the surgeon, the recovery
a post-anesthesia recovery unit)
room nurse, or even a colleague,
were monitored intra- and for
that the hemodynamics were “rail24 h postoperatively frequently (1
road tracks” all the way through?
to 5 min intra- and 1- to 15-min
On the flip side, how many of us
intervals postoperatively). The
have gone home exhausted after
association between a variety of
a long case “battling” the “roller
calculated metrics of mean blood
coaster” of blood pressure and/or
pressure (absolute thresholds and
heart rate? Although heart rate has “…[T]he long-standing focus
time-weighted parameters) and
been the subject of great contro- on blood pressure as the only myocardial injury (high sensitivversy during the 1980s through
ity troponin T 50 ng/l or greater)
surrogate for perfusion should occurring
early 2000s during the peak period
within the first 3 postof the beta blocker controversy, be tempered…”
operative days were assessed.
blood pressure has now assumed
Myocardial injury was associated
the forefront of this scrutiny. The
with higher prolonged durations of
pioneering work of many groups, applying rigorous techall mean arterial pressure thresholds used, and after adjustniques to the capture and analysis of large amounts of data
ment for clinical confounders adjusted odds ratios from
downloaded from monitoring equipment, has provided
2.18 to 3.26 were observed. Of note, intraoperative hyponumerous observational cohort analyses relating intra-, and
tension had no independent effect on myocardial injury.
more recently, early postoperative data to a variety of cliniThe results and conclusions presented in the article by
cally important outcomes.
Liem et al.1 can be viewed and interpreted through different
In this issue of Anesthesiology, investigators at Erasmus
lenses. We present alternate and complementary perspecUniversity (Rotterdam, The Netherlands) present data
tives on these data. Drs. Le Manach and Collins provide
regarding associations between intra- and early postopinsight into implications of observational study designs and
erative mean arterial pressure and myocardial injury.1 A
statistics, while Drs. Meyhoff and Aasvang focus on some
unique feature of this study is the availability of postopof the more specific clinical considerations as well as implierative high-sensitivity troponin T measurements as part
cations for more advanced or remote postoperative clinical
of an ongoing registry whereby such measurements are
monitoring.
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Implications for Postoperative Clinical Monitoring
Despite advances in surgical technique and perioperative
medicine, surgery still entails risk of life-threatening adverse
cardiac outcomes, emphasizing the need for a better understanding of the pathophysiologic mechanisms involved to
institute prophylactic or immediate interventions.
The study of high-risk patients by Liem et al., in which
blood pressures and high sensitivity troponin T concentrations were prospectively captured, adds to our knowledge by
supporting previous findings of the importance of postoperative hypotension on the risk for myocardial injury after
major surgical procedures.4 It combines both the duration
and severity of hypotension to risk-stratify patients. One of
the key methodologic strengths is the use of invasive blood
pressure monitoring with a sampling frequency between 1
and 15 min.
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Interest in the incidence, predictors, and implications of
perioperative hypotension have been a major focus of
perioperative research over the past decade. Numerous
observational studies have demonstrated that intraoperative hypotensive events are associated with postoperative
complications (including cardiac, renal, and death), and
many investigators have attempted to define blood pressure thresholds associated with such outcomes.2 Other
studies have defined blood pressure metrics (e.g., cumulative minutes, duration, area and time-weighted-averages) to
better describe this relationship.3 Liem et al. provide data
demonstrating that postoperative hypotension is associated
with myocardial injury, but intraoperative hypotension was
not.1 Although intraoperative hypotension occurred in
this cohort, the reported profiles were similar in patients
whether they experienced postoperative myocardial injury
or not. Therefore, knowing the intraoperative blood pressure did not provide information regarding which patients
will develop postoperative myocardial injury. Hypotension
occurring after surgery was more prevalent in those with
myocardial injury.
As with most of the existing studies, establishing a causal
relationship between hypotension and the primary outcome was not possible. Observational data are not a substitute to randomized data. One can likely conclude that in
most instances, any hypotension is an undesirable condition,
but no existing studies (including this current observational
study) demonstrate that controlling blood pressure can prevent the undesirable outcomes reported.To accomplish this,
an interventional design is required.
While acknowledging the paucity of randomized data,
Liem et al. used a frequent reporting pattern (as many other
authors of similar studies) and claim that postoperative
hypotension (i.e., the exposure) was independently associated
with myocardial injury (i.e., the outcome).1 Independence
from the other variables included in a predictive model
is an assumption of regression methods. Yet, to verify this
assumption is nontrivial in clinical datasets, where multidimensional interactions are frequent. At best, researchers can
exclude important collinearity between two variables. It is
paramount for the readers to understand that an independent
association (from any other variables, known or not) between
an exposure and an outcome defines a causal relationship
(i.e., removing the exposure would prevent the outcome).
Even though the nomenclature of regression refers to
variables as independent, it is a fallacy to declare a variable
independent and thus suggest causality. A variable’s independence is an assumption of regression methods, not a result.
The strongest approach to create an independent exposure
is to randomize it. Randomization reduces bias by creating
an exposure allocation independent from any other variables
and allows an efficient mechanism to explore cause–effect
relationships and to determine causality.Therefore, claiming
independence between exposure and outcome suggests to the

reader that limiting the exposure would prevent the outcome, with no supporting evidence for the causal nature of
the observed association.
One could be tempted to argue that looking at the magnitude of the association, the causal link between hypotension and postoperative outcome doesn’t need to be
demonstrated and that the level of evidence is enough to
justify aggressive perioperative management to prevent
hypotension, thus perhaps improving outcome.4 One could
even define a variety of anesthesia care quality metrics based
on blood pressure parameters (e.g., blood pressure nadir
during surgery, time spent below pre-established thresholds
of blood pressure, etc.).3 Further, there is growing enthusiasm for implementing some form of standardized metrics
for perioperative blood pressure management based primarily on the large amount of accumulated observational
research over the past decade.5 Although assumptions of the
potential benefits are frequent, the interventions required to
achieve perioperative blood pressure control are rarely discussed. This concept is not new, and it has been previously
implemented in a tentative manner to improve perioperative care based on heart rate control.6
In the study by Liem et al., intraoperative hypotension
was not statistically associated with postoperative myocardial injury.1 This suggests that interventions targeting the
control of intraoperative blood pressure are not likely to
prevent postoperative myocardial injury in this specific
population. However, Liem et al. do report an association
between postoperative hypotension and myocardial injury.
Although the causal relationship between this exposure and
the outcome cannot be affirmed with this study design, this
observation emphasizes the possibility for enhanced monitoring of postoperative blood pressure to identify patients
more likely to develop myocardial injury.1 However, none
of the results presented provides direct evidence that simply
restoring blood pressure to an arbitrary value would prevent
myocardial injury.
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more likely we will continue to live with the dreaded roller
coaster, to the appropriate destination in one of the “last
great frontiers” of anesthetic and perioperative medical
practice.
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Liem et al. focus on events detected in the high dependency unit to explain the observed troponin alterations,
which is understandable because frequent or even continuous measurements to detect and correct vital sign deviations are currently only feasible in the intensive care unit,
operating room, post anesthesia recovery unit, and other
high-dependency units with a high staffing-to-patient ratio
and access to monitoring equipment.1 However, from a
physiologic standpoint, there is no reason to assume that
deviations only occur in these units.7 The literature suggests
a paucity in our understanding of complications occurring in general wards and especially after discharge.8 Future
studies should also aim outside these highly specialized settings when caring for patients at high risk of cardiovascular
and other surgical complications.9,10 Thus, the few studies
on continuous monitoring in the general wards have shown
that a large proportion of cases go undetected by the usual
manual intermittent measurements with up to 8 or 12 h
in-between, or at home, where standards for out-of-hospital
monitoring have yet to be established.4,9–11
An intriguing aspect of the current study is why severe
hypotension lasting for hours was allowed to occur. Were
the long durations of low blood pressure refractory or
unrecognized? As such, the study does not elucidate the
practical approach to treat persistent hypotension. Given
the fact that the study took place in a high-dependency
unit, low-staffing or inadequate access to treatment modalities (fluid therapy, vasopressors) would not be expected to
explain the prolonged duration. This raises the important
question of how we alert clinical staff about adverse physiologic deviations to ensure timely interventions in a way
where alarms do not cause alarm fatigue and other causes
for unresponsiveness to alerts.7 This should be an important
research objective, if results such as the ones found by Liem
et al. are to alter clinical practice.
As such, this study also tells us that the long-standing
focus on blood pressure as the only surrogate for perfusion should be tempered, and a more integrated assessment of tissue and myocardial perfusion and oxygenation is
needed.12 The time has come to move beyond single-modality assessments and using a multimodal sensor and patient
characteristics approach to form the basis for real-time risk
models to identify patients developing severe postoperative complications. This would allow timely and effective
interventions, not only in high-dependency units but also
extending into the general wards in high-risk procedures
and patients, and ultimately at home, allowing for safe and
early discharge. Achieving this goal would be the next big
step in improving perioperative care, and the study by Liem
et al. has identified essential information for the blood pressure component of such potential systems.
Hopefully, the perspectives presented above will facilitate the necessary journey toward more enlightened and,
most importantly, evidence-based management of perioperative blood pressure, hopefully by a smooth railroad, but
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