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GLOSSARY
AIC = Akaike information criterion; APACHE = Acute Physiology and Chronic Health Evaluation; 
ASA = American Society of Anesthesiologists; AUC = area under the curve; CAM-ICU = Confusion 
Assessment Method Intensive Care Unit; CI = confidence interval; HR = hazard ratio; ICU = inten-
sive care unit; IRB = institutional review board; MAP = mean arterial pressure; Q = quartile; RASS 
= Richmond Agitation-Sedation Scale; SAS = Statistical Analysis System; TWA = time-weighted 
average

KEY POINTS
• Question: What is the relationship between perioperative hypotension and delirium in critically 

ill noncardiac surgery patients?
• Findings: We observed significant associations between intraoperative and postoperative 

hypotension with delirium in critically ill noncardiac surgery patients.
• Meaning: Perioperative hypotension reduction may help reduce delirium in critically ill noncar-

diac surgery patients.

BACKGROUND: Postoperative delirium is common in critically ill patients, with a reported inci-
dence of 11%–43%, and is associated with significant morbidity and cost. Perioperative hypoten-
sion and consequent brain hypoperfusion may contribute. We, therefore, tested the hypotheses 
that intraoperative and postoperative hypotension are associated with critical care delirium.
METHODS: We included 1083 postoperative patients who were admitted directly from an 
operating room to the surgical intensive care unit. Delirium was assessed with the Confusion 
Assessment Method for Intensive Care Unit patients at 12-hour intervals. We used a con-
founder-adjusted Cox proportional hazard survival model to assess the association between 
the amount of intraoperative hypotension, which was measured as the time-weighted average 
of mean arterial pressure <65 mm Hg, and delirium while in critical care. Thereafter, we used a 
Cox model with the lowest mean arterial pressure on each intensive care day as a time-varying 
covariate to assess the relationship between critical care hypotension and delirium, adjusted 
for confounders and amount of intraoperative hypotension.
RESULTS: Three hundred seventy-seven (35%) patients had delirium within the first 5 postop-
erative days in the surgical intensive care unit. Intraoperative hypotension was moderately asso-
ciated with higher odds of postoperative delirium. The adjusted hazard ratio associated with 
1 mm Hg increase in time-weighted average of mean arterial pressure <65 mm Hg was 1.11 
(95% confidence interval [CI], 1.03–1.20; P = .008). Postoperatively, a 10 mm Hg reduction in 
the lowest mean pressure on each day in the critical care unit was significantly associated with 
a higher hazard of delirium, with an adjusted hazard ratio 1.12 (95% CI, 1.04–1.20; P = .003).
CONCLUSIONS: Both intraoperative and postoperative hypotension are associated with delir-
ium in postoperative critical care patients. The extent to which these relationships are causal 
remains unknown, but to the extent that they are, hypotension prevention may help reduce 
delirium and should be studied in prospective clinical trials.  (Anesth Analg 2020;130:636–43)

Association Between Perioperative Hypotension and 
Delirium in Postoperative Critically Ill Patients:  
A Retrospective Cohort Analysis
Kamal Maheshwari, MD,*† Sanchit Ahuja, MD,*‡ Ashish K. Khanna, MD, FCCP, FCCM,§  
Guangmei Mao, PhD, MPH,*∥ Silvia Perez-Protto, MD, MS,*† Ehab Farag, MD, FRCA, FASA,*†  
Alparslan Turan, MD,*† Andrea Kurz, MD,*† and Daniel I. Sessler, MD*

See Article, p 635

From the *Department of Outcomes Research, Cleveland Clinic, Cleveland, 
Ohio; †Department of General Anesthesiology, Cleveland Clinic, Cleveland, 
Ohio; ‡Department of Anesthesiology, Pain Management and Perioperative 
Medicine, Henry Ford Health System, Detroit, Michigan; §Wake Forest Center 
for Biomedical Informatics and the Critical Injury Illness and Recovery Research 
Center, Outcomes Research Consortium, Cleveland, Ohio; and ∥Department of 
Quantitative Health Sciences, Cleveland Clinic, Cleveland, Ohio.
Accepted for publication September 30, 2019.

E ORIGINAL CLINICAL RESEARCH REPORT

Funding: None.

The authors declare no conflicts of interest.

Supplemental digital content is available for this article. Direct URL citations 
appear in the printed text and are provided in the HTML and PDF versions of 
this article on the journal’s website (www.anesthesia-analgesia.org).

Reprints will not be available from the authors.

Address correspondence to Kamal Maheshwari, MD, Department of General 
Anesthesiology, Anesthesiology Institute, Cleveland Clinic, 9500 Euclid Ave, 
E-31, Cleveland, OH 44195. Address e-mail to maheshk@ccf.org.

Copyright © 2019 International Anesthesia Research Society

Critical Care and Resuscitation

http:\\www.anesthesia-analgesia.org
mailto:maheshk@ccf.org


Copyright © 2019 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.

E ORIGINAL CLINICAL RESEARCH REPORT

March 2020 • Volume 130 • Number 3 www.anesthesia-analgesia.org 637

Delirium is common in surgical intensive care 
units (ICUs) and is associated with significant 
morbidity, mortality, and cost.1–3 Postoperative 

delirium can occur within a few days after surgery and 
has a reported incidence ranging from 11% to 43%.4,5 
The pathophysiology of delirium is largely unknown, 
and proposed mechanisms involve increase in inflam-
matory mediators due to surgical stress and cerebral 
hypoxia caused due to hypoperfusion.6 Blood pres-
sure is an important determinant of organ perfusion, 
and existing evidence indicates that intraoperative 
hypotension is associated with perioperative organ 
injury such as heart, kidney, and brain.7–11 Low blood 
pressure and resultant hypoperfusion of the cortex 
and subcortex may cause delirium.12 Specifically, per-
fusion abnormalities in frontal and parietal lobes are 
associated with delirium symptoms.13–15 Thus, avoid-
ing hypotension may help maintain optimal cerebral 
perfusion and reduce delirium risk.16

While major risk factors for delirium include 
advanced age, baseline cognitive dysfunction, and 
high-risk surgery, critically ill postoperative surgical 
patients are especially at high risk.1,17,18 Most of the risk 
factors are not modifiable. In contrast, both intraoper-
ative and postoperative hypotension are common and 
amenable to intervention. For example, hypotension 
in hip fracture patients is associated with postopera-
tive delirium.19,20 We, therefore, sought to determine 
the association between perioperative hypotension 
and postoperative delirium. Specifically, we studied 
the associations between intraoperative and post-
operative hypotension and delirium as assessed by 
Confusion Assessment Method Intensive Care Unit 
(CAM-ICU) scale.

METHODS
After Cleveland Clinic Institutional Review Board 
(IRB) approval (IRB 17-812; Principal Investigator: 
K.M.; date of registration: June 2017) and waived 
requirement of written informed consent, data from 
eligible patients were obtained from the Anesthesia 
Institute’s Perioperative Health Documentation 
System database and electronic medical record 
system. This analysis adheres to the guidelines of 
Strengthening the Reporting of Observational Studies 
in Epidemiology.

Study Population
We included adults who had noncardiac surgery from 
2009 to 2016 at the Cleveland Clinic main campus, who 
were admitted to the surgical ICU within 8 hours after 
surgery and remained in the critical care unit for at least 
48 hours. Patients admitted to the surgical ICU from 
the regular nursing floor were not included because 
the nature and pathophysiology of hypotension and 
delirium may differ in such patients.

We excluded patients with preexisting dementia or 
cognitive impairment, neurological surgery, <1 CAM-
ICU assessment per ICU day (details below), or inad-
equate blood pressure measurements defined as <1 
measurement per hour or reading gaps longer than 2 
hours while in critical care. We also excluded patients 
with missing baseline variables.

Measurements
We recorded baseline patient’s characteristics 
including age, sex, race, American Society of 
Anesthesiologists (ASA) physical status, Charlson 
comorbidity index, and disease history. Surgical and 
intraoperative details were also recorded. The expo-
sure variables were mean arterial pressure (MAP) 
during surgery and during surgical ICU stay. Per rou-
tine, blood pressure in ICU is measured frequently 
and verified by nurse every hour. Only the nurse-ver-
ified pressures are recorded. Among our final popula-
tion, on an average, 2 blood pressure readings were 
available per patient per hour.

Intraoperative hypotension exposure, time-
weighted average (TWA) MAP <65 mm Hg, was cal-
culated as area under the curve (AUC) of MAP <65 
mm Hg divided by surgery duration. We originally 
planned to use TWA MAP <75 mm Hg as our measure 
for ICU hypotension. However, only 20% of patients 
had any MAP <75 mm Hg during ICU stay, meaning 
that about 80% of patients had TWA MAP <75 mm 
Hg as zero. We, therefore, instead used the lowest 
MAP to characterize postoperative ICU hypotension 
as described by Khanna et al.21 The lowest MAP on 
each day, during the initial 5 ICU days or until delir-
ium was first diagnosed, was summarized as a time-
dependent variable.

Delirium was assessed per routine by nurses who 
were trained to use the CAM-ICU scale at 12-hour 
intervals while patients remained in ICU. CAM-ICU 
is a clinically valid and reliable tool with high inter-
rater reliability22 and is a good screening and confir-
matory test.23,24 Delirium was defined as a positive 
CAM-ICU assessment which is accompanied by a 
Richmond Agitation-Sedation Scale (RASS) of −3 or 
greater.25 However, assessments on the day of surgery 
were excluded from analysis because they might be 
influenced by residual anesthetic effects.

Statistical Analysis
To assess the association between intraoperative MAP 
and delirium in ICU, we used a Cox proportional haz-
ard survival model with TWA MAP <65 mm Hg and 
all confounding variables listed in Table  1 as fixed-
effect covariates. For patients with delirium in the ICU 
within 5 days after surgery, we used the earliest time 
of delirium as their event time and assigned their cen-
sor variables as zero; patients without delirium and 
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discharged from ICU in <5 days after surgery were 
coded as having competing risk at their discharge 
day; and patients who did not experience delirium 
and still in ICU after 5 days were censored at day 5. 
The cause-specific hazard ratio (HR) of TWA MAP 
<65 mm Hg was reported for the association between 
intraoperative hypotension and delirium.

To assess the association between postoperative ICU 
hypotension and delirium in ICU, we used a Cox pro-
portional hazard survival model with the lowest MAP 
on each day as a time-varying risk factor, adjusted for 
TWA MAP <65 mm Hg, all confounding variables 
listed in Table 1 and mechanical ventilation on arrival 
to ICU as fixed-effect covariates. Considering that the 
relationship between lowest MAP and delirium can be 
nonlinear, we would add a quadratic term of lowest 
MAP in the model if the added term was significantly 
associated with the outcome or could improve model 
fitting based on the Akaike information criterion 
(AIC). Otherwise, we would report the linear relation-
ship between the lowest MAP and the HR of delirium. 
When assessing the association between postopera-
tive hypotension and delirium, patients who have 
delirium earlier during the ICU stay were less likely 
to experience low blood pressure, since exposure peri-
ods were shorter than for patients without delirium.26 
To address this time-related bias, we used the lowest 
MAP on each day during ICU stay as a time-vary-
ing covariate in a Cox proportional hazard survival 
model.27 Patients usually get better because they are 

discharged alive from ICU; thus, ICU discharge can-
not be used as a noninformative censor in a survival 
analysis.28

Sample Size Calculation
Post hoc, with about 380 patients having delirium and 
a standard deviation of intraoperative TWA MAP <65 
around 1.3, we had 80% power to detect a HR of 1.12 
or larger. We used a significance criterion of 0.05 and 
a corresponding 95% confidence interval (CI) for each 
analysis. All tests were 2-sided. Statistical Analysis 
System (SAS) software version 9.4 (SAS Institute, 
Cary, NC) was used for all analyses.

RESULTS
A total of 1083 patients who had surgeries at 
Cleveland Clinic main campus from 2009 to 2016 met 
all inclusion and exclusion criteria (Figure 1). A total 
of 377 (35%) had delirium assessed by CAM-ICU 
within 5 days after surgery. Patient baseline charac-
teristics, comorbidities, history of disease, and sur-
gery-related information were summarized in Table 1 
and Supplemental Digital Content, Table  1, http://
links.lww.com/AA/C957, split by delirium status. 
We also summarized available postoperative factors 
by delirium status in Table 2 and reported the stan-
dard differences. Patients with delirium had higher 
Acute Physiology and Chronic Health Evaluation 
(APACHE) score at ICU admission than patients 

Table 1.  Patient Characteristics and Surgery Information
Factor Total (N = 1083) Without Delirium (N = 706) With Delirium (N = 377)
Age, y 62 ± 14 61 ± 14 64 ± 13
Sex, female, n (%) 499 (46) 320 (45) 179 (47)
Race, Caucasian, n (%) 897 (83) 583 (83) 314 (83)
ASA status, n (%)    
 I or II 37 (3) 26 (4) 11 (3)
 III 507 (47) 338 (48) 169 (45)
 IV 534 (49) 339 (48) 195 (52)
 V 5 (0.5) 3 (0.4) 2 (0.5)
Charlson comorbidity index 3 (2–5) 3 (1–6) 3 (2–5)
History of, n (%)    
 Depression 173 (16) 103 (15) 70 (19)
 Alcohol abuse 67 (6) 35 (5) 32 (8)
 Vision impairment 25 (2) 14 (2) 11 (3)
 Hearing impairment 24 (2) 15 (2) 9 (2)
 Use of benzodiazepines 325 (30) 185 (26) 140 (37)
Surgery duration, h 8 (5–11) 8 (5–11) 7 (4–11)
Emergency surgery, n (%) 227 (21) 122 (17) 105 (28)
Surgery type, n (%)    
 Organ transplant 217 (20) 138 (20) 79 (21)
 On digestive system 308 (28) 190 (27) 118 (31)
 On musculoskeletal system 237 (22) 160 (23) 77 (20)
 Other 321 (30) 218 (31) 103 (27)
Blood loss, mL 600 (200–2000) 700 (250–2000) 500 (100–2000)
Transfusion, mL 621 (0–1946) 618 (0–1716) 626 (0–2296)
Intraoperative opioid as IV morphine equivalent, mg 30 (19–60) 35 (20–63) 25 (15–52)

Values presented as mean ± SD, median (Q1, Q3), or N (column %).
Abbreviations: ASA, American Society of Anesthesiologists; IV, intravenous; Q, quartile; SD, standard deviation.
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without it, while the opioid consumption and use of 
benzodiazepines were similar in 2 groups.

Intraoperative hypotension as measured by 
median TWA MAP <65 mm Hg, which is AUC 
MAP <65 mm Hg per hour, was 0.39 mm Hg 
(quartile [Q]1 = 0.09, Q3 = 0.96) among patients 
without delirium and 0.47 mm Hg (Q1 = 0.12,  
Q3 = 1.31) among patients with delirium (Table  3). 
One mm Hg increase in TWA MAP <65 mm Hg was 
significantly associated with an increased cause-spe-
cific hazard of delirium (HR, 1.11; 95% CI, 1.03–1.20; 
P = .009) shown in Table 3, adjusted for all variables 
listed in Table 1. We did sensitivity analysis using AUC 
MAP <65 mm Hg to quantify intraoperative hypoten-
sion. Consistent with previous results, 1 hour × mm 
Hg increase in AUC MAP <65 mm Hg was associated 

with an increased hazard of delirium (HR, 1.01; 95% 
CI, 1.00–1.02; P = .033) (Figure 2).

The median lowest MAP in ICU on each day was 
86 mm Hg (Q1 = 77 and Q3 = 98). We included only 
a linear term of lowest MAP in the model because 
adding a quadratic term did not improve model fit-
ting (no decrease in AIC), and the quadratic term 
was not associated with the hazard of delirium. 
Considering that the intraoperative hypotension 
could be a potential confounder for the association 
between postoperative ICU hypotension and delir-
ium, we added TWA MAP <65 mm Hg in adjust-
ment besides all confounding variables in Table  1 
and mechanical ventilation on arrival to ICU. 
Moreover, the correlation between TWA MAP <65 
and ICU lowest MAP was low (Pearson correlation, 
−0.15), indicating collinearity is not an issue in our 

Figure 1. Study flow chart. CAM-ICU indicates Confusion Assessment Method Intensive Care Unit; ICU, intensive care unit; SICU, surgical 
intensive care unit.
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model. Estimated from a survival model with low-
est MAP on each day as a time-varying covariate, 10 
mm Hg decrease in lowest MAP was significantly 
associated with an increased HR of delirium in 
ICU (HR, 1.12; 95% CI, 1.04–1.20; P = .003) as repre-
sented in Table 3.

We did a sensitivity analysis by defining postop-
erative ICU hypotension as any MAP <75 mm Hg on 
each day during the ICU stay. There were 395 (43.5%) 
patients who experienced MAP <75 mm Hg during 

the observation period. Consistent with primary 
analysis, we found that postoperative ICU hypoten-
sion was significantly associated with higher hazard 
of delirium. The adjusted HR of delirium comparing 
patient with any MAP <75 mm Hg to patients without 
it was 1.31 (95% CI, 1.05–1.65; P = .023; Figure 2).

DISCUSSION
The incidence of delirium was 35% during the first 5 
postoperative days which is consistent with previous 

Table 2.  Summary of Postoperative Factors in ICU
Without Delirium (N = 706) With Delirium (N = 377)

Factor Nmiss Summary Nmiss Summary
Mechanical ventilation on arrival to ICU, n (%) 0 544 (77) 0 306 (81)
APACHE score 38 56 ± 21 31 66 ± 24
First pH 203 7.34 ± 0.08 160 7.32 ± 0.08
Fist anion gap, mEq/L 91 12.7 ± 3.9 147 13.1 ± 4.2
First Na, mEq/L 91 140 ± 4 147 140 ± 4
Opioid use per hour, mg as IV morphine equivalent 0 1.9 (0.9–4.1) 0 1.9 (0.7–4.6)
Use of benzodiazepines 0 105 (15) 0 42 (11)
Anemia in ICU 89 344 (56) 147 128 (56)
BUN/creatinine ratio >18 14 396 (57) 21 192 (54)
Use of propofol 0 568 (81) 0 334 (89)
Use of dexmedetomidine 0 68 (10) 0 165 (44)

Summary statistics were presented as mean ± SD, median (Q1–Q3), or N (column %). An absolute standardized difference smaller than 0.1 is considered to be 
balanced between 2 groups.
Abbreviations: APACHE, acute physiology and chronic health evaluation; BUN, blood urea nitrogen; ICU, intensive care unit; IV, intravenous; Na, sodium level; Nmiss, 
number of missing data; Q, quartile; SD, standard deviation.

Table 3.  Association of Intraoperative and Postoperative MAP to Delirium in ICU
Summary Hazard Ratio  

(95% CI)a P ValueWithout Delirium With Delirium
Intraoperative period   1 mm Hg higher  
 TWA of MAP <65 mm Hg 0.39 (0.09, 0.96) 0.47 (0.12, 1.31) 1.11 (1.03–1.20) .009b

ICU stay   10 mm Hg lower  
 Lowest MAP on each day 86 (77, 97) 83 (74, 95) 1.12 (1.04–1.20) .003b

Summary statistics were presented as median (Q1, Q3).
Abbreviations: CI, confidence interval; ICU, intensive care unit; MAP, mean arterial pressure; Q, quartile; TWA, time-weighted average.
aThe hazard ratios for intraoperative TWA of MAP <65 mm Hg were estimated using Cox proportional hazard model, adjusted for all potential confounders listed 
in Table 1 and Supplemental Digital Content, Table 1, http://links.lww.com/AA/C957. The hazard ratios for 10 mm Hg difference in the lowest MAP on each day 
were estimated using time-varying covariate Cox proportional hazard model, adjusted for intraoperative TWA of MAP <65 mm Hg and other confounders.
bThe association is statistically significant.

Figure 2. Adjusted hazard ratio 
of delirium in intensive care 
unit. The circle represents the 
estimated hazard ratio, and the 
line represents the 95% CI. AUC 
indicates area under the curve; 
CI, confidence interval; ICU, 
intensive care unit; MAP, mean 
arterial pressure; TWA, time-
weighted average.

http://links.lww.com/AA/C957
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reports.4,5 Confirming our hypothesis, intraoperative 
and ICU hypotension were independently associated 
with delirium. Physicians generally try to keep blood 
pressure above various empirical thresholds, with 
an assumption that adequate cerebral blood flow is 
maintained through at least a reasonable degree of 
hypotension, which may not be true.

For intraoperative hypotension analysis, we used 
MAP <65 mm Hg as our exposure based on our pre-
vious work that identifies this threshold to be asso-
ciated with myocardial injury,8,10 kidney injury,8,9 
and death.7 A randomized trial (N = 92) involving 
patients who had cardiac surgeries demonstrated 
increased postoperative delirium in patients who 
were assigned to relative hypotension MAP 60–70 
mm Hg compared to normal MAP 80–90 mm Hg, 
supports our chosen threshold.29 In contrast, a 
prospective observational study (N = 594) of non-
cardiac surgery patients >65 years of age did not 
identify a relationship between delirium and hypo-
tension (MAP <50 mm Hg).30 However, they mea-
sured delirium only once daily for just the first 2 
postoperative days and may, therefore, have missed 
delirium in some patients. We included critically ill 
patients who are at high risk of delirium and fol-
lowed them for up to 5 days after surgery with twice 
daily delirium assessment, reducing the chances of a 
false-negative outcome assessment.

For postoperative ICU hypotension analysis, 
the  lowest MAP on each day was associated with 
an  increased hazard of delirium. We used low-
est MAP in contrast to cumulative exposure below 
a threshold because the incidence of hypotension 
was lower than previously reported; only 20% of 
patients had any MAP <75 mm Hg in our surgical 
ICU patients. We believe that this is due to our focus 
on surgical patients in contrast to most ICU stud-
ies with mixed population of medical, neurological, 
cardiac, or surgical patients. In surgical patients, the 
cardiorespiratory issues are usually optimized before 
elective surgery. In addition, perioperative stress and 
pain may promote comparatively higher blood pres-
sures in contrast to septic ICU patients. Our meth-
odology and the finding are consistent with Khanna 
et al21 who reported similar amount of hypotension 
and that increasing amounts of hypotension, defined 
by lowest MAPs per day, were strongly associated 
with myocardial injury, mortality, and renal injury in 
postoperative critical care patients.21 Furthermore, in 
patients with septic shock, resuscitation with higher 
MAP target (80 and 85 mm Hg) was associated with 
higher arousal level than a MAP target between 65 
and 70 mm Hg, supporting our finding that hypoten-
sion may increase the risk of delirium.31

One of the other challenges in our analysis was 
to disentangle the contributions of intraoperative 
and postoperative hypotension on delirium because 
the hypotension in each period is presumably cor-
related.32 Events happening before the exposure of 
interest should be considered confounders, whereas 
events happening after the exposure and in the 
causal pathway should be considered mediators.33 In 
our analysis, the correlation between intraoperative 
hypotension and ICU lowest MAP was low (Pearson 
correlation, 0.26). While we report a significant asso-
ciation between postoperative ICU hypotension and 
delirium after adjusting for intraoperative hypoten-
sion, the strength of the relationship may be some-
what underestimated.

Our study is limited in being a retrospective anal-
ysis and therefore suffers from some degree of con-
founding and bias. The patients who experienced 
delirium were elderly (mean age, 64 years) and 
possibly had other comorbidities that may affect 
delirium. However, we did adjust for known con-
founders. While we included patients undergoing 
diverse surgical procedures and had good power 
for analysis, this investigation was a single-center 
study and the results may not be generalizable. An 
important limitation is that we did not study vari-
ous types of delirium during assessment that have 
different pathophysiology. A prospective trial is 
needed to confirm the relationship between differ-
ent types of delirium and hypotension. We did not 
include delirium on the day of surgery and possi-
bly missed some patients with hypoactive delirium, 
which led to an underestimation of incidence of 
delirium. Future studies should use specific tools to 
identify various types of delirium and their patho-
physiology. We used cumulative exposure for intra-
operative analysis and lowest MAP per day for 
postoperative analysis because there were different 
amount of hypotension in the 2 periods. Both the 
threshold to define hypotension and the method 
chosen to model hypotension may affect the asso-
ciation of hypotension with outcome.34 Last, this 
study was not designed to identify a specific opti-
mal threshold of blood pressure in operating rooms 
or the  ICU. However, this study highlights that 
increasing amount of intraoperative and postopera-
tive hypotension is associated with delirium.

In summary, both intraoperative and postopera-
tive hypotension were associated with delirium in 
noncardiac surgical patients admitted to a criti-
cal care unit. Unlike other risk factors for delirium, 
hypotension is potentially preventable. Randomized 
trials to confirm causality and the potential benefit 
of intervening to minimize hypotension seem well 
worth conducting. E
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