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Intraoperative Hypotension
and Complications*

Daniel I. Sessler, MD,a Timothy G. Short, MDb
N umerous analyses in diverse noncardiac
surgical populations demonstrate clinically
meaningful associations between intrao-

perative hypotension and myocardial injury (MINS),
acute kidney injury (AKI), composite serious compli-
cations, and death (1-3). The paramount clinical
concern is what fraction of the association is
causal—because only the causal component can be
prevented by interventions that limit hypotension.

Only 1 previous randomized trial (Futier et al [4],
INPRESS [Intraoperative Norepinephrine to Control
Arterial Pressure Study]) evaluated hypotension pre-
vention and identified a statistically significant 27%
relative risk reduction for a composite of serious
complications in 298 patients. In this issue of the
Journal, Wanner et al (5) report that there was no
statistically significant reduction in a composite of
complications in 458 patients randomized to intra-
operative mean arterial pressure (MAP) >75 or
>60 mm Hg. The conclusions of these 2 trials likely
differ because there are major differences in the in-
terventions and outcomes.
SEE PAGE 1753
Futier et al (4) randomized 298 high-risk patients
to tight or routine blood pressure control. Patients
assigned to tight control were given norepinephrine
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infusions to maintain systolic pressure within 10% of
individual reference values; those assigned to routine
management were given ephedrine when systolic
pressure decreased to <80 mm Hg. Hemodynamic
management in both groups continued for 4 hours
postoperatively. In contrast, Wanner et al (5) only
managed blood pressure per protocol intra-
operatively. The distinction is potentially important
because although more than 90% of myocardial injury
occurs within 2 postoperative days (6), intraoperative
myocardial injury appears to be relatively
uncommon.

Harm from hypotension accrues at the extremes.
Mean or median pressures in the treatment groups
are therefore less useful than duration below various
thresholds. To their credit, blood pressure was well
characterized by Wanner et al (5), whereas compara-
ble details from the INPRESS trial have yet to be re-
ported. There were distinct differences in exposure
between the treatment groups in Wanner et al (5). For
example, the median duration of MAP <65 mm Hg
was 9 minutes in patients assigned to a target MAP
>75 mm Hg group vs 23 minutes in those assigned to
MAP >60 mm Hg. This difference was similar to the
median difference in patients without and with MINS
in a previous observational analysis (1), suggesting
that hypotensive exposure differed meaningfully.

Both INPRESS and Wanner et al (5) used a collapsed
composite for their primary outcome. That is, pa-
tients who experienced 1 or more specified dichoto-
mous events were considered to have had an outcome
event. Composites of dichotomous outcomes are
increasingly selected because the baseline incidence
of a composite perforce exceeds the incidence of any
single component, which in turn reduces sample size
requirements.

There are 2 major requirements for collapsed
composite outcomes to be considered valid (7). The
first is that the severity of the composite components
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be similar (although death is often included to limit
survivor bias). The second is that the incidence of
each should, at least, be roughly similar. For example,
consider an infection composite consisting of pneu-
monia, deep sternal wound infection, organ-space
infection, abdominal abscess, sepsis, and urinary
tract infection. This composite is invalid because
urinary tract infections are an order-of-magnitude
more common than any other component, and at
least 10 times less serious. Essentially, the composite
only evaluates urinary tract infections which are not a
substantive outcome. There are ways to include
components with a range of incidences and sever-
ities, such as using an average relative effects analysis
and severity weighting (8), but neither approach was
used in INPRESS or by Wanner et al (5).

Let us then consider the collapsed composites used
by the INPRESS investigators and in the current trial.
The INPRESS composite required evidence of sys-
temic inflammatory response syndrome and major
injury to at least 1 organ. However, the composite
included altered consciousness, which turned out to
be the major difference between the groups. Pre-
sumably much was delirium, which while an impor-
tant outcome, is by definition self-limited. AKI was
included in the INPRESS composite with both stage 1
and 2 injury contributing to the outcome difference.
The INPRESS primary outcome would probably not
differ significantly if either altered consciousness or
stage 1 AKI were excluded.

Wanner et al (5) similarly included AKI, which
proved to be by far the most common composite
component. In fact, a remarkable 97% of all com-
posite outcomes included AKI. The next most
common outcome was MINS, which contributed to
40% of the outcomes. The difficulty is that two-
thirds of the AKI was stage 1 (technically desig-
nated “risk” rather than injury). Stage 1 AKI is more
important than generally appreciated, and about
one-third persists long-term or worsens (9), but it is
nonetheless far less serious and far more common
than other elements in the Wanner composite. The
Wanner composite therefore largely evaluates renal
injury, mostly stage 1.

Fortunately, Wanner et al (5) provide a sensitivity
analysis that excluded AKI from their composite.
The incidence of the diminished composite was
reduced by 60%, from 45% to 18%, because no
component besides MINS contributed substantively.
The incidence of MINS at 17% is consistent with
previous reports (6). Both MINS alone (76 events)
and the primary composite without AKI (80 events)
were more than 20% less common in patients
randomized to tight pressure control—which is a
highly clinically meaningful reduction, correspond-
ing to a number-needed-to-treat of just 25. The point
estimate for stages 2/3 AKI was even more impres-
sive at nearly a 30% reduction. The difficulty is that
a trial with 90% power to detect a 20% reduction
from a 20% baseline incidence would require about
3,000 patients—which is about 6 times the number
actually enrolled. A consequence is that the trial is
underpowered for both MINS and a composite that
excludes most AKI.

What, then, should we conclude from the available
information? The association between hypotension
and various complications seems clear, and has now
been demonstrated by many investigators using
various datasets. The remaining question is the
extent to which the association is causal. The trial by
Wanner et al (5) evaluates causality and is thus
welcome. But, although the primary outcome did not
differ by statistically significant or clinically mean-
ingful amounts in the treatment groups, clinicians
should not interpret the results as “ruling out” an
important effect of hypotension on serious compli-
cations. That conclusion would require a much larger
trial. Fortunately, 2 large trials are randomizing
noncardiac surgical patients to various blood pressure
management strategies. POISE-3 (PeriOperative
ISchemic Evaluation-3 Trial; NCT03505723; N z

9,500) just completed recruitment and GUARDIAN
(Tight perioperative blood pressure management to
reduce serious cardiovascular, renal, and cognitive
complications; NCT04884802; projected N ¼ 6,254)
just started. In coming years, we should thus have
robust information about the extent to which the as-
sociation between hypotension and major organ
injury is causal, and at what thresholds. In the
meantime, clinicians would be prudent to avoid hy-
potension when practical.
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