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Importance
• Mean Arterial Pressure (MAP) is the driving force for perfusion of most
tissues. The exception is myocardium, for which diastolic pressure is the
upstream coronary perfusion pressure.
• Low blood pressure can reduce end-organ perfusion, resulting in ischemia.
If prolonged, ischemia can lead to necrosis and/or reperfusion injury and
permanent organ damage.
• General Anesthesia can protect organs from ischemia by reducing
metabolism, inducing mild hypothermia, and ischemic pre-conditioning in
the case of volatiles.
• Over 100 different definitions for hypotension under general anesthesia are
found in older studies. Traditional advice is often to maintain MAP or SBP
within 20% of “baseline,” typically taken as pre-induction BP.
• What is the evidence for a clinically useful definition of hypotension, based
on either an absolute or relative MAP threshold? Can hypotension be
defined for individuals based on pre-operative risk factors?

Paper #1: Salmasi et al.

Study Design Summary
Single Center (Cleveland Clinic) Retrospective Cohort Outcomes Analysis
Population: Adult Non-Cardiac Inpatient Surgery (10-Yr Cohort)
Primary Outcome: Acute Kidney Injury
Secondary Outcome: Myocardial Injury
Multiple Definitions of Hypotension
Absolute MAP Thresholds for Varying Durations
Relative MAP Thresholds for Varying Durations
Univariate and Multivariate Logistic Regression Analyses

Study Population
Inclusion Criteria:
 Adult Inpatient Non-Cardiac Surgery at Cleveland Clinic
Between January, 2005 and March, 2014
 Pre-op and at least 1 Post-op Serum Creatinine During POD 1-7
 Pre-op BP in Pre-Anesthesia Clinic or Other Pre-op Evals
Exclusion Criteria:
 Chronic Kidney Dz (eGFR < 60 ml/min)
 Urinary Obstruction Procedure
 Anesthesia < 1 Hour

Study Population
Of 164,514 patients (253,555
surgeries), 57,315 (35%) met inclusion
criteria without any exclusions.
For patients who underwent multiple
surgeries during the study period, data
from only the first surgery was included
in analysis.

Outcomes
Acute Kidney Injury (AKI) = Post-op ↑ in Creatinine from Pre-op.
Pre-op Cr: Last value before surgery.
Post-op Cr: Highest value during POD 1-7.
Increase: Post-Pre > 0.3 mg/dl or > 1.5-fold
Myocardial Injury in Non-Cardiac Surgery (MINS) = high Post-op troponin
T (4th gen) or CK-MB during POD 1-7*.
Troponin-T > 0.03 ng/ml
CK-MB > 8.8 ng/ml
*Note: Few patients had cardiac enzymes tested post-op, and
incidence of MINS likely underestimated by 3-fold!

Confounding Variables

Univariate analysis shows significant outcome associations
with almost all confounders that were considered.
Note the Top Ten listed surgical procedures.

Defining Hypotension
Mean Arterial Pressure (MAP) Absolute Nadirs: < 50, 50-54, 55-59, 60-64, etc. mmHg
MAP Drop Relative (to Pre-op) Nadirs: <10%, 10-14%, 15-19%, 20-24%, 25-29%, etc.
Baseline Pre-op MAP (mean ± SD) = 92 ± 10 mmHg;
Pre-induction MAP = 102 ± 17 mmHg
Duration of Hypotension: Single read (1 min), 2-4 min, 5 or more min
Cumulative Duration of Hypotension: 1-3 min, 3-5 min, 5-10 min, > 10
Time-Weighted Area (TWA) under thresholds also analyzed.
Control groups have MAP never below nadir range or threshold.

Regression Analyses by Duration of Hypotension

Note: Longer duration and greater
MAP decrease correlate with higher
AKI probability. AKI probability hits
baseline and becomes timeindependent (red arrows) near MAP =
65 mmHg (absolute) or 25% drop
(relative) thresholds.
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Fig 3 displays Estimated Probability of
AKI for different cumulative
hypotension durations (1, 3, 5, 10 min)
as a function of MAP nadir as a
continuous variable. Columns are
Univariate vs. Multivariate (adjusting
for all confounders) analyses.
Multivariate estimates were smoothed.
Rows are Absolute vs. Relative MAP
threshold analyses.

Multivariate

The overall incidence of
AKI in the study
population was 5.6%. The
“baseline” incidence of
AKI in non-hypotensive
patients is about 3%.
Multivariate vs. Univariate
model comparison
suggests that about half of
the variation in AKI was
attributed to preoperative or other factors,
and about half is
associated with low MAP.

Major Findings in Salmasi et al.
 When minimal MAP was near 65 mmHg or 20-25% below pre-op
baseline, the incidence of AKI and MINS was not significantly greater
than in patients with higher MAPs.
 TWA analysis also showed significance using a MAP = 65 threshold.
 Adding baseline MAP as an extra variable to a MAP threshold of 65
did not significantly improve the multivariate model, indicating that a
relative threshold is no more useful than the absolute threshold.
 The absolute threshold of 65 is easy to remember, requires no
calculation, and no search for pre-op BP data. Also, pre-induction BP
may be elevated due to anxiety and held medications.

Other Considerations from Salmasi et al.
 How generalizable are the conclusions? Only 35% of adult patients were included in the study, it
was from a single academic center, and we might infer that the patients were mostly at moderate
to high risk for morbidity based only on the fact that all had both pre-op and post-op creatinine
tests.
 The conclusions are clearly more valid for AKI than for MINS, which was under-diagnosed relative
to use of sensitive troponin T tests that detect subclinical MINS. It is likely that cardiac enzymes
were more frequently checked after profound or prolonged hypotension.
 This study did not address patients with pre-existing kidney disease (CKD), who are presumably at
the highest risk for AKI. Should the same thresholds be used to prevent further loss of kidney
function in that population?
 Almost 50% of patients in this study had hypertension, again reflecting on their pre-operative risk
profile. Using relative hypotension would lead to more conservative BP thresholds for
hypertensive patients. However, higher BPs also lead to greater bleeding in surgery.
 The study did not address whether periods of relative or absolute hypertension might also affect
the outcomes.

More on this topic in Part 2!!

