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Hipotensión intraoperatoria

• Becad@: “Dr., tiene PAM de 58”


Eminencia anestesiológica: “…pérate la intubación. Ahí se arregla”


• Técnic@: “Dra., está hipotenso, ¿le pongo efe?”


 Gran gurú del laringoscopio: “no te paríh…ya viene el estímulo quirúrgico”


• Intern@ electivo: “…le bajó la presión al paciente”


Campeón nacional de la espinal: “…no le va a pasar nada. No es mucho y el paciente es joven”




Patricio Alvarez

“Las realidades locales no constituyen 
evidencia en medicina”
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Anesthetic Management and One-Year Mortality After
Noncardiac Surgery
Terri G. Monk, MD, MS*, Vikas Saini, MD, FACC†, B. Craig Weldon, MD*, and
Jeffrey C. Sigl, PhD‡

*Department of Anesthesiology, Duke University Medical Center, Durham, North Carolina, †The Cardiovascular
Specialists LLC, Hyannis, Massachusetts, ‡Aspect Medical Systems, Newton, Massachusetts

Little is known about the effect of anesthetic management
on long-term outcomes. We designed a prospective obser-
vational study of adult patients undergoing major non-
cardiac surgery with general anesthesia to determine if
mortality in the first year after surgery is associated with
demographic, preoperative clinical, surgical, or intraoper-
ative variables. One-year mortality was 5.5% in all pa-
tients (n ! 1064) and 10.3% in patients !65 yr old (n !
243). Multivariate Cox Proportional Hazards modeling
identified three variables as significant independent pre-
dictors of mortality: patient comorbidity (relative risk,
16.116; P " 0.0001), cumulative deep hypnotic time

(Bispectral Index® "45) (relative risk ! 1.244/h; P !
0.0121) and intraoperative systolic hypotension (relative
risk ! 1.036/min; P ! 0.0125). Death during the first year
after surgery is primarily associated with the natural his-
tory of preexisting conditions. However, cumulative deep
hypnotic time and intraoperative hypotension were also
significant, independent predictors of increased mortal-
ity. These associations suggest that intraoperative anes-
thetic management may affect outcomes over longer time
periods than previously appreciated.

(Anesth Analg 2005;100:4–10)

P redictors of perioperative morbidity and mortal-
ity generally occur in three broad categories:
those related to associated comorbid conditions

of the patient, those attributable to the surgery itself,
and those associated with anesthesia management (1).
In the current era, the risk of anesthesia in the imme-
diate perioperative period appears to be quite small
(2,3). However, little is known about the effect of
anesthetic management on long-term outcomes. Al-
though no consistent long-term benefit has been
shown to be related to a specific anesthetic, a recent
study has suggested that regional anesthesia may im-
prove survival in some patients (4).

Monitoring of hypnotic depth of anesthesia is now
possible using digital signal processing techniques ap-
plied to the electroencephalogram (EEG) (5). Although
no technology, including pulse oximetry, has yet been
definitively shown to reduce mortality, it has been
suggested that “monitoring of depth of anesthesia
should allow exact dosage of anesthetic drugs and
therefore reduce cardiovascular side effects caused by
overdosage” (6).

A recent publication by geriatric experts outlined a
research agenda aimed at improving postoperative
outcomes and recommended that observational co-
hort studies be performed to identify the most impor-
tant preoperative predictors of outcome in surgical
patients (7). We report the results of just such a pro-
spective observational study designed to evaluate the
association of various demographic, clinical, surgical,
and intraoperative anesthetic factors, including hyp-
notic depth of anesthesia, with 1-yr outcome for all-
cause mortality.

Methods
The study received ethics committee approval and
each participant gave written informed consent. Eligi-
ble patients were those aged 18 yr or older presenting
for major noncardiac surgery to Shands Hospital at
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• Prospectivo, observacional


• Cirugía no cardíaca


• 1064 pacientes


• Mortalidad


• 0.7% a 30 días


• 5.5% a un año

Manejo anestésico

of 1.0 indicates perfect prediction, while a c-statistic of
0.5 indicates no predictive value. Analyses were per-
formed with the use of SPSS software (version 11.5.2.1;
SPSS Inc., Chicago, IL).

Results
A total of 1064 patients were enrolled. The clinical and
demographic profiles of the study population are
shown in Table 1. The mortality rate was 0.7% (7 of
1064) at 30 days and 5.5% (58 of 1064) at 1 yr. The
Kaplan-Meier survival curve (Fig. 1) demonstrates
that the incidence of death is relatively constant dur-
ing the year after surgery. The cause of death is shown
in Table 3. In elderly patients (!65 yr of age), the
mortality rates were 1.8% at 30 days and 10.3% at 1 yr
(5 of 271 and 28 of 271, respectively).

Table 2 shows significant univariate predictors of
1-yr mortality. Preoperative clinical indicators (Co-
morbidity Score !3, ASA physical status III–IV, age
!65 yr, and history of hypertension, heart disease,
previous myocardial infarction, or hepatic disease) in-
creased a patient’s risk of mortality. Advanced educa-
tional level, larger values of body mass index, in-
creased preoperative diastolic blood pressure and
higher preoperative Mini-Mental State Examination
score were protective factors. Perioperative factors,
including longer surgical duration, intracavitary sur-
gery, longer duration of intraoperative systolic hypo-
tension and increased cumulative deep hypnotic time
were associated with increased risk of mortality. The
other variables listed in Table 1 were not significant
univariate predictors of mortality.

In the multivariate model 184 patients had missing
data; therefore, the analysis was performed on the

remaining 880. The demographics and mortality rates
were not significantly different between the patients
with an incomplete data set and those who were in-
cluded in the multivariate analysis. The multivariate
analysis performed on the entire study population

Table 2. Univariate Predictors of 1-yr Postoperative Mortality

Predictor
Relative risk (odds ratio)

[95% CI] P value

Comorbidity (3! versus 0–2) 13.901 (7.722–25.027) "0.0001
ASA physical status (Class 3, 4 versus Class 1) 8.300 (2.009–34.289) 0.0035
Age (65! versus 18–39 yr) 4.459 (2.032–9.784) 0.0002
History of hepatic disease 3.591 (1.764–7.310) 0.0004
History of previous myocardial infarction 3.529 (1.733–7.183) 0.0005
History of heart disease 2.174 (1.128–4.192) 0.0204
History of hypertension 1.944 (1.162–3.254) 0.0114
Cumulative deep hypnotic time (per h) 1.335 (1.132–1.574) 0.0006
Surgical duration (per h) 1.218 (1.056–1.405) 0.0067
Intraoperative systolic blood pressure "80 mm Hg (per min) 1.044 (1.016–1.072) 0.0017
Body mass index 0.968 (0.937–1.000) 0.0494
Preoperative diastolic blood pressure 0.963 (0.942–0.985) 0.0010
Educational level (yr) 0.878 (0.794–0.972) 0.0118
Preoperative Mini-Mental State Examination (per unit) 0.829 (0.700–0.982) 0.0298
Type of surgery

Minimally invasive or superficial versus intracavitary 0.308 (0.123–0.774) 0.0123
Orthopedic versus intracavitary 0.217 (0.086–0.545) 0.0011

CI # confidence interval.

Figure 1. Kaplan-Meier survival curve to 1 yr.

Table 3. Cause of Death

Cancer 30 (51.7)
Cardiovascular 10 (17.2)
Renal/liver failure 3 (5.2)
Multiple organ failure 2 (3.4)
Respiratory failure 2 (3.4)
Acquired immunodeficiency syndrome 1 (1.7)
Aspiration 1 (1.7)
Pulmonary emboli 1 (1.7)
Sepsis/infection 1 (1.7)
Unknown 7 (12.1)
Total 58 (100.0)

Values are n (%).

ANESTH ANALG ECONOMICS, EDUCATION, AND HEALTH SYSTEMS RESEARCH MONK ET AL. 7
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found three significant independent predictors of 1-yr
mortality (Table 4). The most significant was the
Charlson Comorbidity Score. Comorbidity scores of 3
or more increased the risk of mortality by 16.116 times
compared with a score of 2 or less. In this group of
high-risk patients, the 1-yr mortality rate was 21.7%
(43 of 198). Cumulative deep hypnotic time had a
relative risk of 1.244, or a 24.4% increased risk per
hour of time BIS was !45. Intraoperative systolic hy-
potension increased mortality risk by 1.036 times per
minute below 80 mm Hg. The variables that were
selected in the multivariate analysis performed on the
entire study population were also those which were
most often selected when the same stepwise modeling
procedure was applied to 500 randomly selected sam-
ples (Table 5), demonstrating that the variables se-
lected by the modeling procedure are not an artifact of
the sampling process. The c-statistic of the multivari-
ate model is 0.847 (95% confidence interval, 0.788–
0.906, P ! 0.0001), indicating the multivariate model
has strong ability to predict total patient risk.

Discussion
We report a prospective observational study evaluating
the influence of preoperative patient characteristics and
intraoperative anesthetic management on 1-year mortal-
ity. Our results indicate that patient comorbidity is the
most important predictor of death in the first year after
surgery. This finding is in agreement with previous
studies that have shown an association between comor-
bidity and postoperative mortality. The correlation be-
tween increasing ASA physical status and the risk of
postoperative mortality was originally reported three
decades ago (15). A prospective, longitudinal study of
complications associated with anesthesia found that ad-
vancing age itself adds little risk in the absence of co-
morbid disease (16). Nevertheless, our finding that a
Charlson comorbidity score of 3 or more confers a 16-
fold increased risk of 1-year mortality is striking and
underscores the need to identify and implement periop-
erative risk reduction strategies in these patients to de-
termine if outcome can be improved. The fact that the
Charlson comorbidity scoring system remained in the
multivariate model while ASA physical status score did
not implies that it may be a better predictor of long-term
outcome than the ASA score.

Our results suggest that mortality in the first year
after surgery may be influenced by the intraoperative
management of the anesthetic itself, specifically the
management of hypnotic depth and arterial blood
pressure. The independent association of cumulative
deep hypnotic time with 1-year mortality is an unex-
pected new finding of our study. It is well established
that hemodynamic variables are not predictive of hyp-
notic depth (17). Monitoring hypnotic depth with
techniques such as the BIS index yields clinically use-
ful information because routine practice results in sig-
nificant variability in anesthetic dosing and patient
response (18). Elderly patients and patients with many
comorbidities require less anesthetic than their health-
ier, younger counterparts, and BIS monitoring is able
to detect this (19). It is possible that the failure of
previous studies to detect a long-term effect of general
anesthesia on outcome may be explained by the fact
that they studied the type of anesthesia administered
and not the amount of anesthesia or the anesthetic
effect on the brain.

Our finding that every minute of hypotension in the
operating room increased the risk of dying in the first
year after surgery requires validation. Intraoperative
hypotension has been reported as a perioperative risk

Table 5. Selection Frequencies of the Variables in the
Forward Step-Wise Cox Regression Model (when fitted to
500 bootstrap samples)

Variable Percent

Comorbidity* 100
Cumulative deep hypnotic time (per h)* 73
Intraoperative systolic blood pressure

!80 mm Hg (per min)*
48

ASA physical status 39
Body mass index 35
Age 30
History of hepatic disease 23
Surgical duration (per h) 20
Preoperative Mini-Mental State Examination

(per unit)
19

Preoperative diastolic blood pressure 18
Educational level 18
History of previous myocardial infarction 18
History of heart disease 13
Type of surgery 12
History of hypertension 5

* Variables selected in the model fitted to the entire study population.

Table 4. Multivariate Predictors of 1-yr Postoperative Mortality

Predictor
Relative risk (odds ratio)

[bootstrapped 95% CI] P value

Charlson Comorbidity Score (3" versus 0–2) 16.116 (10.110–33.717) !0.0001
Cumulative deep hypnotic time (per h) 1.244 (1.062–1.441) 0.0121
Systolic blood pressure !80 mm Hg (per min) 1.036 (1.006–1.066) 0.0125

CI # confidence interval.

8 ECONOMICS, EDUCATION, AND HEALTH SYSTEMS RESEARCH MONK ET AL. ANESTH ANALG
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the approach we took in choosing the composite outcome. The
model also performedwell in the sensitivity analysis in the data
set from which we excluded cases of thoracic surgery.

We chose the well-established definition of intraoperative
hypotension of .1 h of a !20 mm Hg decrease or a 20%
change in mean arterial pressure.36–38 By this definition,
hypotension was significantly related to complications.
Recent studies have analysed several levels of mean arterial
pressure and their relationship with 1-yr mortality,39 but no
conclusive results have been reported in terms of systolic or
mean pressure thresholds or episode duration. In the POISE
trial,4 intra- and postoperative hypotension (systolic arterial
pressure ,100 mm Hg) predicted both death (five-fold
increase in risk) and stroke (two-fold increase). In another
study that applied the Apgar score during surgery, intra-
operative hypotension (mean systolic arterial pressure ,40
mm Hg) also predicted cardiovascular events and other
postoperative complications as well.40 Our data should be

viewed as another step towards an important target for
vigilance, as arterial pressure is potentially modifiable with
early treatment.

In our study, packed red blood cell transfusion seemed to
confer risk for MACCE independently of blood loss and pre-
operative anaemia. Although others have found blood loss
to predict postoperative morbidity,41 it has not been specifi-
cally associated with perioperative MACCE. The relationship
between preoperative anaemia and adverse outcomes in
non-cardiac surgery has been confirmed in previous
studies,2 41 and transfusion is closely associated with pre-
operative anaemia and intraoperative blood loss. Our
results are consistent with recent findings of Beattie and
colleagues42 who found both anaemia and transfusion to
be independent predictors for mortality. We found that trans-
fused patients had more than two-fold greater risk for
MACCE. In cardiac surgery, transfusion is known to be associ-
ated with increased morbidity, total intensive care unit hours,
and time on the mechanical ventilator.43 44 In this context, it
is also interesting to note that red blood cell transfusion is
associated with an increased risk for new-onset atrial fibrilla-
tion.45 As recent reports have supported a role for inflam-
mation in the development of atrial fibrillation,36 43 44 we
hypothesize that this relationship would explain why both
transfusion and ECG abnormalities were related to increased
occurrence of arrhythmia (the most frequent MACCE in our
study) in non-cardiac surgery too.

In conclusion, we identified simple, objective, and easily
recorded factors associated with MACCE in a broad surgical
population. The model and proposed scoring system stratifies
patients according to risk for MACCE and identifies high-risk
subgroups to watch for postoperative cardiac morbidity.
Our data confirm that history of chronic kidney disease, cer-
ebrovascular disease, coronary artery disease, and conges-
tive heart failure predict MACCE. Adequate preoperative
assessment of cardiovascular risk is thus imperative, at a
key moment that offers an opportunity to optimize medical
treatment in the interest of attenuating the impact of risk
factors in both the perioperative period and long term. It is

Table 5 Risk for MACCE corresponding to each of the variables selected for the logistic regression model. *Logistic regression model
(c-index!0.759; Hosmer–Lemeshow x2!0.828; P!0.844). OR, odds ratio; CI, confidence interval; RBC, red blood cell. See Table 4 for variables
not entered into the final model. Because of a missing value in some variables, data for 251 (7.4%) patients were excluded from the model. †The
simplified risk score was obtained by rounding off the b-logistic regression coefficient

Bivariate analysis
[OR (95% CI)],
n53387

Multivariable analysis*
[OR (95% CI)],
n53136

Bootstrap resampling
(1000 bootstrap
subsamples) [80%
CI of the OR]

b-coefficients Risk score†

History of coronary artery disease 3.9 (2.6–5.7) 2.2 (1.3–3.5) 1.4–2.8 0.775 1

History of chronic congestive heart failure 4.3 (2.8–6.6) 2.3 (1.4–3.9) 1.3–2.9 0.831 1

Chronic kidney disease 4.2 (2.8–6.4) 1.9 (1.2–3.2) 1.2–2.5 0.674 1

History of cerebrovascular disease 3.2 (2.1–5.02) 2.9 (1.7–4.7) 1.6–3.4 1.055 1

Abnormal ECG 3.7 (2.5–5.3) 1.9 (1.3–2.9) 1.3–2.3 0.664 1

Intraoperative hypotension 3.4 (2.3–5.01) 2.3 (1.5–3.7) 1.6–3.1 0.849 1

RBC transfusion 3.8 (2.7–4.4) 2.7 (1.9–4.1) 1.8–3.3 1.019 1
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Hypotension and Postoperative Myocardial Infarction

between hypotension and outcomes were still signi!cant for 
all three periods, suggesting that our conclusion is valid.

As shown in table S1 (Supplemental Digital Content 1,  
http://links.lww.com/ALN/B569), the percentage of 
patients who were given epidural analgesia was higher in 
hypotensive than nonhypotensive patients for all three peri-
operative periods. To assess the e"ect of epidural analgesia on 
the association of hypotension and myocardial infarction/
mortality, we adjusted for epidural analgesia received before 
any outcomes for each period. #e results, as shown in table 
S2 (Supplemental Digital Content 2, http://links.lww.com/
ALN/B570), are similar to the analyses without adjusting for 
epidural analgesia. #e signi!cant association between hypo-
tension and myocardial infarction/mortality thus appears to 
be robust to epidural analgesia.

Discussion
Death within 30 days of surgery remains common, with a 
U.S. incidence of about 2% among inpatients.22 In fact, if 

the postoperative period were considered a distinct disease, 
it would be the third leading cause of death in the United 
States.23 Cardiovascular events and their consequences are 
by far the most common cause of death in the month after 
surgery.24 Myocardial infarction or injury is the leading 
major cardiovascular complication, with stroke being a dis-
tant second.25 Large trials—including the one underlying 
the current analysis—have shown that postoperative myo-
cardial infarction cannot be safely prevented by administra-
tion of !-blockers,6 aspirin,16 or clonidine17 or by avoiding 
nitrous oxide.26

Postoperative myocardial infarctions are often missed 
clinically because few infarcted patients have any symptoms 
whatsoever. However, blood troponin concentration is a reli-
able indicator of myocardial infarction and is strongly and 
progressively associated with postoperative death.25 Fur-
thermore, mortality after troponin elevation is similar in 
patients who do and do not have symptoms. Consequently 
troponin elevation of apparently ischemic origin, with or 

Table 4. The Association of Clinically Important Hypotension to Component of the 30-day Composite Outcome

Period Outcome Incidence (%)* OR (99.2% CI)† P Value‡

10-min increase in hypotension     
    Intraoperative MI 590 (6.0%) 1.03 (0.97, 1.10) 0.162

Mortality 116 (1.2%) 1.12 (1.05, 1.20) < 0.001§
    Remaining day of surgery MI 418 (4.4%) 1.03 (1.00, 1.05) 0.002§

Mortality 105 (1.1%) 1.03 (1.01, 1.06) < 0.001§
Hypotension vs. nonhypoten-

sion: PODs 1 to 4
MI 29 (0.3%) 2.95 (0.84, 10.4) 0.023
Mortality 63 (0.7%) 2.72 (1.07, 6.93) 0.004§

*Incidence of myocardial infarction (MI) and death are presented as the count (%) for three perioperative periods. †The odds ratios (ORs) for MI and death 
were estimated using generalized estimating equation distinct effects models, adjusted for potential confounders listed in table!1, duration of clinically 
important hypotension in previous periods if applicable, and whether the occurrence of bradycardia and major or life-threatening bleeding occurred before 
or during the exposure period of interest. ‡Signi"cance criterion and CIs for multiple comparisons were adjusted by Bonferroni correction. P < 0.008 (0.05/6) 
was considered signi"cant for MI and death individual effect. §The association is statistically signi"cant.
POD = postoperative day.

Fig. 5. Unadjusted relationship between duration of clinically important hypotension and the composite outcome. The solid lines 
represent predicted probability of the collapsed composite outcome, whereas the shaded areas represent the 95% CI of the pre-
dicted value. The adjusted odds ratios were 1.08 intraoperatively and 1.03 postoperatively (table!3). MI = myocardial infarction.
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A CUTE kidney injury (AKI) occurs in 7.5% of patients 
undergoing noncardiac surgery1 and is associated with 

considerable short- and long-term mortality.1–4 Surgical 
patients experiencing AKI postoperatively are eight times 
more likely to die within 30 days of surgery.5 A recent meta-
analysis demonstrated that hospitalized medical patients 
with an increase of more than 50% creatinine (Acute Kidney 
Injury Network [AKIN] stage I) were 6.9 times more likely 
to die (95% CI, 2.0 to 24.5).3

Perioperative hypotension is most prevalent during the 
intraoperative period6 and may be an important determinant 
of postoperative AKI, as well as other postoperative compli-
cations.1,2,4,7 Various de!nitions of intraoperative hypoten-
sion (IOH) have been evaluated in the literature,8 with the 
most common de!nitions being a systolic blood pressure less 
than 80 mmHg, a mean arterial pressure (MAP) less than 55 
to 60 mmHg, and a decrease in either systolic blood pressure 
or MAP of 25% from baseline.2,8 However, the minimum 
magnitude and duration of hypotension needed to trigger 
harm is unclear. Walsh et al.,7 in a large retrospective anal-
ysis, found a graded increase of AKI risk in patients with 

MAP less than 55 mmHg of more than 1 min and a mod-
est risk of AKI with MAP of 55 to 59 mmHg lasting for 
more than 5 min. However, this study is inclusive of patients 
with baseline MAP less than the tested thresholds, excludes 
patients with baseline renal impairment, lacks a clear algo-
rithm for !ltering blood pressure (BP) artifacts that are 
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ABSTRACT

Background: Intraoperative hypotension (IOH) may be associated with postoperative acute kidney injury (AKI), but the 
duration of hypotension for triggering harm is unclear. "e authors investigated the association between varying periods of 
IOH with mean arterial pressure (MAP) less than 55, less than 60, and less than 65 mmHg with AKI.
Methods: "e authors conducted a retrospective cohort study of 5,127 patients undergoing noncardiac surgery (2009 to 
2012) with invasive MAP monitoring and length of stay of 1 or more days. Exclusion criteria were preoperative MAP less than 
65 mmHg, dialysis dependence, urologic surgery, and surgical duration less than 30 min. "e primary exposure was IOH. 
"e primary outcome was AKI (50% or 0.3 mg/dl increase in creatinine) during the !rst 2 postoperative days. Multivariable 
logistic regression was used to model the exposure–outcome relationship.
Results: AKI occurred in 324 (6.3%) patients and was associated with MAP less than 60 mmHg for 11 to 20 min and MAP 
less than 55 mmHg for more than 10 min in a graded fashion. "e adjusted odds ratio of AKI for MAP less than 55 mmHg 
was 2.34 (1.35 to 4.05) for 11- to 20-min exposure and 3.53 (1.51 to 8.25) for more than 20 min. For MAP less than 60 
mmHg, the adjusted odds ratio for AKI was 1.84 (1.11 to 3.06) for 11- to 20-min exposure.
Conclusions: In this analysis, postoperative AKI is associated with sustained intraoperative periods of MAP less than 
55 and less than 60 mmHg. "is study provides an impetus for clinical trials to determine whether interventions that 
promptly treat IOH and are tailored to individual patient physiology could help reduce the risk of AKI. ( ANESTHESIOLOGY 
2015; 123:515-23)
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Our study demonstrates that the magnitude and dura-
tion of IOH are an important risk factor for both stage I 
and II AKI. !is "nding is biologically plausible. A histori-
cal animal study demonstrated a MAP of 50 to 60 mmHg 
to be the lower limit of autoregulation of renal blood #ow.15 
It has been proposed that in adult human, renal blood #ow 
remains constant between MAP of 75 and 170 mmHg, but 
becomes pressure dependent beyond this range.16 Renovas-
cular reactivity has recently been measured by near-infrared 
spectroscopy by Rhee et al.17 !is study demonstrated that 
in preterm piglets, renal blood #ow decreased to 75, 50, and 
25% of baseline, respectively, when MAP decreased to 60, 
45, and 40 mmHg. In addition, renal perfusion is depen-
dent on cardiac output. Patients become susceptible to AKI 
when MAP decreases below the lower threshold of the auto-
regulation curve, but AKI could occur in the presence of 
adequate MAP but poor cardiac output.17 !e complex and 
heterogeneous nature of individual patients’ physiology in 
response to di$erent anesthetic techniques further compli-
cates this relationship. For instance, although IOH could 
be attributable to a low #ow state secondary to anesthetics 
and preoperative medications such as ! blockers, it could 
also be associated with a high cardiac output state such as in 
the case of neuraxial techniques. In addition, prompt treat-
ment of IOH is more likely to improve patient outcome if 
the treatment is consistent with the underlying mechanism 
of hypotension. Furthermore, although we found a strong 
association between stage I AKI and short durations of MAP 
less than 55 mmHg, this study alone is unable to conclude 
whether AKI occurs as a direct consequence of IOH or as 
a consequence of the treatment of IOH, such as #uid and 
vasopressor administration. Numerous clinical studies have 
demonstrated deleterious renal e$ects of commonly admin-
istered resuscitation #uids, namely, synthetic colloids18–23 
and normal saline (via development of hyperchloremia).24 
In addition, evidence from animal models that renal blood 
#ow remains unchanged with phenylephrine administration 
in animals with chronic hypertension,25 and even increases 
with phenylephrine infusion in the context of sepsis.26 
Finally, the lower threshold of renal autoregulation is likely 
individual and not empiric. !is is further supported by an 

increased incidence of cerebrovascular disease in patients 
with stage I AKI (table% 1 and Supplemental Digital Con-
tent 1, table 1, http://links.lww.com/ALN/B171). !us, the 
ability to map individual threshold using surrogates such as 
cerebral autoregulation monitors may provide a more precise 
and individualized de"nition of IOH.17,27 For these reasons, 
further research is needed to examine the mechanisms of 
IOH and real-time physiologic responses to common IOH 
treatment modalities and to develop proper treatment proto-
cols that are tailored to individual patient physiology. Future 
research should also focus on the e$ect of relative hypoten-
sion on postoperative AKI, although this endeavor may be 
challenged by di&culty in determining true baseline BPs in 
the perioperative setting.

!is study has several strengths. First, compared with 
other studies that included both invasive and noninva-
sive BP values, our inclusion of only invasively monitored 
patients reduces unmeasured confounding and gives us a less 
biased e$ect estimate. Second, we used prospectively col-
lected patient data from elective preoperative assessments 
and EDWs, which, in addition to minimizing the various 
biases that are prevalent in observational studies, gave us an 
accurate record of baseline MAP, hemoglobin, and preop-
erative and postoperative creatinine values. !ird, we had 
access to electronically recorded MAPs in a large number of 
patients on a per-minute basis and were able to remove most 
artifacts with designated software. !is allowed us to de"ne 
hypotensive episodes reliably. Fourth, the large sample size 
allowed for stable multivariable modeling. Speci"cally, there 
were 324 outcome events in our cohort. !us, on the basis of 
10 outcome events per predictor variable rule of thumb for 
achieving unbiased coe&cient estimates,28 we could include 
up to 32 predictor variables in our regression models. Fifth, 
the variety of included surgical procedures enhanced the 
generalizability of our "ndings.

Conversely, our study has a number of limitations that 
are representative of the limitations of observational stud-
ies. Because we had excluded patients with low baseline 
MAP, we are unable to deduce what degree of IOH could 
be tolerated in these patients. In addition, despite dem-
onstrating a strong association between IOH and AKI, 

Table 6. Comparison of Odds Ratios of Acute Kidney Injury across Primary and Sensitivity Analyses in Patients with Mean Arterial 
Pressure < 55 mmHg

Analysis

Duration of Intraoperative Hypotension (min)

0 1–5 6–10 11–20 >20

Primary analysis Reference 1.35 (0.98–1.86) 1.45 (0.94–2.22) 2.34 (1.35–4.05) 3.53 (1.51–8.25)
AKIN stage II Reference 0.79 (0.44–1.43) 1.29 (0.61–2.72) 0.79 (0.22–2.87) 4.86 (1.38–17.10)
Adjusted for intraoperative blood loss Reference 1.24 (0.90–1.71) 1.28 (0.83–1.97) 2.04 (1.17–3.56) 3.11 (1.31–7.40)
Excluded patients without postoperative 

Cr measurement
Reference 1.33 (0.97–1.84) 1.41 (0.92–2.16) 2.10 (1.21–3.65) 3.53 (1.50–8.26)

Restricted to patients with preoperative 
eGFR > 60 ml/min

Reference 1.22 (0.85–1.77) 1.44 (0.88–2.35) 1.96 (0.99–3.88) 3.49 (1.25–9.74)

All models are age, gender, comorbidity, and surgery adjusted.
AKIN = Acute Kidney Injury Network; Cr = serum creatinine; eGFR = estimated glomerular !ltration rate, as determined by the Cockcroft-Gault formula.
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ABSTRACT

Background: Intraoperative hypotension may contribute 
to postoperative acute kidney injury (AKI) and myocardial 
injury, but what blood pressures are unsafe is unclear. !e 
authors evaluated the association between the intraoperative 

mean arterial pressure (MAP) and the risk of AKI and myo-
cardial injury.
Methods: !e authors obtained perioperative data for 
33,330 noncardiac surgeries at the Cleveland Clinic, Ohio. 
!e authors evaluated the association between intraoperative 
MAP from less than 55 to 75 mmHg and postoperative AKI 
and myocardial injury to determine the threshold of MAP 
where risk is increased. !e authors then evaluated the asso-
ciation between the duration below this threshold and their 
outcomes adjusting for potential confounding variables.
Results: AKI and myocardial injury developed in 2,478 
(7.4%) and 770 (2.3%) surgeries, respectively. !e MAP 
threshold where the risk for both outcomes increased was 
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Relationship between Intraoperative Mean 
Arterial!Pressure and Clinical Outcomes after 
Noncardiac Surgery

Toward an Empirical Definition of Hypotension
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of the present meta-analysis, their results stress the importance
of the prevention of hypotension during surgery.

IOH was not associated with stroke in this meta-analysis, al-
though only one article8 reporting on stroke could be included,
preventing definitive conclusions from being drawn.
Furthermore, the a priori risk of postoperative stroke is extremely
low, with a reported incidence of 0.1 per cent in non-cardiac,
non-neurological surgery8. As such, the study might have been
underpowered.

IOH was also not associated with delirum. However, a recently
published RCT66 found a significantly lower rate of altered con-
sciousness level in the individualized BP group compared to stan-
dard care (5.4 per cent versus 15.9 per cent; P! 0.007).

This meta-analysis has provided an overview of the effect of
IOH on multiple postoperative outcomes, aggregating all avail-
able evidence to date. Despite heterogeneity found between stud-
ies, the majority of studies show IOH to be associated with worse
postoperative outcomes.
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Fig. 2 Forest plot of all included studies

A random-effects model was used for all meta-analyses. Odds ratios (ORs) are shown with 95 per cent confidence intervals. *Units for mean arterial pressure (MAP)
are mmHg. MI, myocardial infarction; SBP, systolic BP; SSI, surgical-site infection.
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Egger’s test for funnel asymmetry: z!1.62, P!0.106.
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Los pacientes que se hipotensan en el intraoperatorio

• Tienen más complicaciones cardíacas


• Desarrollan falla renal con más probabilidad


• Tienen mucho mayor riesgo (el doble) de cualquier complicación postoperatoria


• Se mueren más. El doble


•Entre el 25-37% de las hipotensiones 
ocurren entra la inducción y la incisión…




