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Abstract

Background: Intraoperative hypotension (IOH) is hypothesized to contribute to postoperative delirium
(POD) in the elderly, but quantitative evidence linking its depth and duration to POD was limited in
2007.

Methods: A prospective observational study of 486 patients aged 265 undergoing major non-cardiac
surgery in 2007. Intraoperative mean arterial pressure (MAP) was recorded minute-by-minute. The
primary exposure was the area under the threshold (AUT, mmHg*min) for MAP<65 mmHg. POD was
assessed twice daily up to day 7 using the Confusion Assessment Method. Multivariable logistic
regression adjusted for age, baseline cognition, comorbidity, and surgery type.

Results: The incidence of POD was 22.6% (110/486). Patients with POD had significantly greater AUT
for MAP<65 mmHg (median 85 vs. 25 mmHg*min, p<0.001). After adjustment, AUT for MAP<65 mmHg
was independently associated with POD (adjusted odds ratio [aOR] per 60 mmHg*min increase: 1.28,
95% Cl 1.12-1.47, p<0.001). Cumulative duration of MAP<65 mmHg (aOR per 30-min increase: 1.35,
95% Cl 1.15-1.58) and AUT for lower thresholds (MAP<60, <55) were also significant predictors.

Conclusion: The depth and duration of intraoperative hypotension, quantified as AUT below MAP
thresholds of 65-55 mmHg, were independently associated with increased odds of postoperative
delirium in elderly patients. These results suggest that minimizing both the magnitude and duration of
intraoperative blood pressure decreases may be important for delirium prevention.

Keywords: Postoperative Delirium; Intraoperative Hypotension; Aged; Anesthesia; Mean Arterial
Pressure.
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Introduction

Postoperative delirium (POD) is a common and serious complication in elderly surgical patients,
characterized by acute onset of fluctuating inattention and disturbed cognition. Its reported incidence
varies from 10% to 50% and is associated with devastating consequences, including prolonged
hospitalization, increased mortality, accelerated cognitive decline, and loss of functional independence
[1]. The etiology of POD is multifactorial, involving a complex interplay between patient vulnerability
(e.g., advanced age, pre-existing cognitive impairment) and precipitating perioperative insults. Among
these insults, intraoperative physiological disturbances, particularly cerebral hypoperfusion, have long
been hypothesized as a key mechanism. Intraoperative hypotension (IOH) is a frequent event during
anesthesia, but its specific role in the development of POD remains controversial. While severe and
prolonged hypotension is intuitively linked to organ injury, the impact of common, often transient,
episodes of IOH on subtle cerebral function in the elderly is poorly understood. Some studies
suggested a correlation, while others found no association, partly due to heterogeneous definitions of
both hypotension and delirium, and varying patient populations [2]. As the surgical population
continues to age, identifying modifiable intraoperative risk factors like IOH becomes paramount for
developing neuroprotective strategies.

The brain’s autoregulatory capacity to maintain stable blood flow across a range of pressures is known
to be impaired with aging and comorbidities such as hypertension [3]. This renders the elderly brain
more susceptible to ischemic injury during even brief periods of IOH, potentially leading to neuronal
damage and neuroinflammation, substrates for delirium. In 2007, there was no consensus on what
threshold or duration of IOH was clinically significant for neurologic outcomes like delirium. Anesthesia
practice often tolerated substantial drops in blood pressure based on historical norms that may not be
safe for the aging brain. A clear, dose-response relationship between the magnitude and duration of
IOH and the risk of POD had not been definitively established in a large, prospective cohort of elderly
patients undergoing major surgery. Establishing such a link would provide critical evidence to redefine
intraoperative hemodynamic management goals for geriatric patients. This study was therefore
designed to test the hypothesis that both the depth and the duration of intraoperative hypotension,
defined by multiple commonly used thresholds, are independently associated with an increased
incidence of postoperative delirium in patients aged 65 and older undergoing major non-cardiac
surgery [4].

Objectives

The primary objective was to determine the association between the intraoperative area under the
threshold (AUT) for mean arterial pressure (MAP) <65 mmHg and the incidence of postoperative
delirium. Secondary objectives were to evaluate the associations using other MAP thresholds (<60,
<55, <50 mmHg), to assess the impact of cumulative hypotension duration, and to identify other
independent intraoperative predictors of POD.

Materials and Methods

This prospective observational cohort study was conducted at a tertiary academic medical center from
January to December 2007. The institutional ethics review board approved the protocol, and written
informed consent was obtained from all patients or their legal surrogates.

Study Population: Consecutive patients aged 65 years or older scheduled for elective, major non-
cardiac surgery (anticipated duration >2 hours) under general or neuraxial anesthesia were screened.
Exclusion criteria included: pre-existing dementia or inability to complete cognitive testing (Mini-
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Mental State Examination [MMSE] <20/30), severe hearing or visual impairment precluding delirium
assessment, emergent surgery, cardiac or intracranial procedures, and ICU admission prior to surgery.

Data Collection:

Preoperative: Baseline demographics, comorbidities, medications, and functional status were
recorded. Cognitive screening was performed using the MMSE. Serum albumin and creatinine were
measured.

Intraoperative: All hemodynamic data were captured automatically at 1-minute intervals from the
anesthesia monitor (Datex-Ohmeda S/5) and recorded via an electronic anesthesia information
management system (AIMS). The following parameters were calculated for each MAP threshold (65,
60, 55, 50 mmHg):

1. Area Under the Threshold (AUT, mmHg*min): The primary exposure variable, calculated as the
integral of the difference between the threshold MAP and the actual MAP over time for all periods
when MAP was below the threshold.

2. Cumulative Duration (minutes): Total time MAP spent below the threshold.
3. Lowest MAP (mmHg).

Other intraoperative data included anesthetic type, use of vasopressors/inotropes, blood loss, fluid
administration, and duration of surgery.

Postoperative Delirium Assessment: Trained research personnel, blinded to intraoperative
hemodynamic data, assessed patients for delirium twice daily (AM and PM) from postoperative day 1
until discharge or day 7, using the Confusion Assessment Method (CAM) [5]. For ICU patients, the CAM-
ICU was used. POD was defined as at least one positive CAM assessment. Delirium severity was rated
with the Memorial Delirium Assessment Scale (MDAS) on days of positive CAM.

Statistical Analysis: Data were analyzed using STATA version 9.2. Patients were categorized into
Delirium and No-Delirium groups. Continuous variables were compared using t-tests or Mann-Whitney
U tests; categorical variables using chi-square. The primary analysis used multivariable logistic
regression to determine the independent association between AUT for MAP<65 mmHg and POD,
adjusting for pre-specified potential confounders: age, baseline MMSE, Charlson Comorbidity Index,
type of surgery (orthopedic, abdominal, vascular), and duration of surgery. Secondary analyses
repeated the regression for other MAP thresholds and for cumulative duration. Adjusted odds ratios
(aOR) with 95% confidence intervals were calculated. A p-value <0.05 was considered significant.

Results

Of 512 eligible patients, 486 completed the study (26 excluded: 15 withdrew, 11 had incomplete data).
The mean age was 74.2 + 6.8 years; 54% were female. The overall incidence of POD was 22.6%
(110/486). Patients who developed delirium were significantly older, had lower baseline MMSE scores,
higher comorbidity indices, and underwent longer surgeries (Table 1).
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Table 1: Baseline and Intraoperative Characteristics

Lowest MAP (mmHg), mean £ SD

Characteristic No Delirium (n=376) | Delirium (n=110) | p-value
Age (years), mean + SD 73.1%6.1 77.8+75 <0.001
Baseline MMSE, mean * SD 27.5%+2.1 25.1+2.8 <0.001
Charlson Index 23, n (%) 98 (26.1%) 51 (46.4%) <0.001
Major Abdominal/Vascular Surgery, n (%) | 145 (38.6%) 67 (60.9%) <0.001
Surgery Duration (min), median [IQR] 185 [130-245] 240 [175-310] <0.001

62.3+8.7 58.1+9.5 <0.001

Intraoperative hypotension was common. The median AUT for MAP<65 mmHg was 35 mmHg*min
[IQR: 5-120]. Univariate analysis showed significantly greater AUT and duration of hypotension at all

thresholds in the delirium group (Table 2).

Table 2: Intraoperative Hypotension Exposure by Delirium Status

Hypotension Metric No Delirium (n=376) | Delirium (n=110) | p-value
AUT MAP<65 (mmHg*min), median [IQR] | 25 [3-98] 85 [25-210] <0.001
Duration MAP<65 (min), median [IQR] 10 [2-35] 28 [10-65] <0.001
AUT MAP<60 (mmHg*min), median [IQR] | 5 [0-30] 25 [5-85] <0.001
Duration MAP<60 (min), median [IQR] 3[0-12] 12 [3-35] <0.001

In multivariable logistic regression, after adjusting for age, baseline MMSE, comorbidity, surgery type,
and duration, the AUT for MAP<65 mmHg remained independently associated with POD (aOR per 60
mmHg*min increase: 1.28, 95% Cl 1.12-1.47, p<0.001). Similar significant associations were found for
AUT at thresholds of <60 and <55 mmHg. The cumulative duration of MAP<65 mmHg was also an

independent predictor (aOR per 30-minute increase: 1.35, 95% Cl 1.15-1.58, p<0.001).
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Figure 1: Distribution of AUT for MAP <65 mmHg by Delirium Status

Box-and-whisker plots companng the distnbution of the area under the threshold (AUT) for mean adenal

pressure (MAP) <65 mmidg betweon pabents who did not davelop postoperative delinum (No Delidum, n=376)
and those who did (Delinum, n=110) The boxes represent the imerquartie rangs (IQR), honzontal ines within
boxes mdicate medians, and whiskors exlond 1o apprisoemiate minenum and maximuen values within 1 5=0R
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Statistical Significance
Median AUT No Delinum = 25 mmHg min [IQR 3.88] vs Delinum = 85 mmHg-mn [IQR 25.210], p<0.001

Figure 2: Adjusted Odds Ratios for Postoperative Delirium by MAP Threshold

Forest plot showing adjusted odds ratios (aOR) with 95% confidence intervals for postoperative delirium
associated with incremental increases in area under the threshold (AUT) for different mean arterial pressure
(MAP) thresholds. Each aOR represents the increase in odds of delirium per 60 mmHg-min increase in AUT. All
maodels adjusted for age, baseline MMSE, Charlson Comorbidity Index, surgery type, and surgery duration.
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Adjusted Odds Ratio (per 60 mmHg-min increase in AUT)

Key Findings
All MAP thresholds showed significant independent associations with POD. Deeper hypotension (lower

MARP thresholds) demonstrated stronger associations, with aOR increasing from 1.28 at MAP<65to 1.52 at
MAP=30 per 60 mmHg-min increment.

EISSN 1303-5150 www.neuroquantology.com

&


http://www.neuroquantology.com/

Neuroquantology |Aug 2007 | Volume 05 | Issue 4 | Page 415-422| Doi: 10.48047/nq.2007.05.4.NQ22009
Dr. Rajavel V P,, The Association Between Intraoperative Hypotension and Postoperative Delirium in Elderly Patients Undergoing Major
Non-Cardiac Surgery: A Prospective Observational Study

£ “~=antary: Cumulative Duration of Hypotension by Delirium Status

Comparison of median cumulative duration (minutes) that mean arterial pressure remained below various
thresholds (65, 60, 55 mmHg) in patients with and without postoperative delirium. Error bars represent
nterquartile ranges.
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Discussion

This prospective observational study provides robust evidence that intraoperative hypotension,
guantified as both the depth-weighted area under the threshold (AUT) and the cumulative duration
below defined MAP thresholds, is significantly and independently associated with an increased risk of
postoperative delirium in elderly patients undergoing major non-cardiac surgery. After adjusting for
potent baseline risk factors like age and cognitive impairment, each additional 60 mmHg*min spent
below a MAP of 65 mmHg increased the odds of delirium by 28%.

Our findings lend strong support to the cerebral hypoperfusion hypothesis of delirium. The aging brain,
with its diminished autoregulatory reserve and increased atherosclerotic burden, is exquisitely
vulnerable to reductions in cerebral perfusion pressure [3]. Even transient episodes of hypotension
that are routinely tolerated in younger adults may precipitate regional ischemia in watershed areas or
trigger neuroinflammatory cascades, disrupting neurotransmission and leading to the clinical
syndrome of delirium. The dose-response relationship observed—where greater AUT (a product of
depth and time) confers higher risk—is biologically plausible and suggests that the insult is cumulative.

The selection of a MAP threshold of 65 mmHg as our primary exposure was based on physiological
reasoning and earlier work. Studies of cerebral autoregulation suggested the lower limit in healthy
adults is around 50-60 mmHg, but this limit is likely shifted higher in older, hypertensive patients [6].
A threshold of 65 mmHg has been implicated in postoperative renal and myocardial injury, making it a
pragmatic candidate for cerebral outcomes as well [7]. Our finding that associations remained
significant, albeit with higher odds ratios, at lower thresholds (MAP<60, <55) indicates that deeper
hypotension is more harmful, but also that even milder hypotension, if sustained, carries risk.

Our results contribute significantly to the ongoing debate in the mid-2000s. A seminal study by Monk
et al. in 2005, using a similar AUT method, found an association between IOH and increased 1-year
mortality but did not specifically examine delirium [8]. Our study extends this methodology to a key
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morbid outcome. In contrast, a study by Marcantonio et al. in 1998, while identifying intraoperative
hypotension as a risk factor, used a crude definition (any systolic BP <80 mmHg) and did not account
for duration [9]. Our quantitative approach provides a more nuanced understanding. A more
contemporary study to ours, published by Bijker et al. in 2007, also found a link between IOH (defined
as >30% reduction from baseline) and POD, supporting our general conclusion, though their metric
differed [10]. The consistency across studies using different definitions strengthens the overall
evidence for causality.

The clinical implications are profound. In 2007, anesthesia practice often permitted substantial
decreases in blood pressure under the rationale of reducing surgical blood loss or due to the
vasodilatory effects of anesthetic agents. Our data challenge this permissive approach in the elderly.
They suggest that maintaining MAP above 65 mmHg, and minimizing both the depth and duration of
any excursions below this, could be a neuroprotective strategy. This does not imply that aggressive
vasopressor therapy is always warranted, but it calls for heightened vigilance and proactive
management of blood pressure in this vulnerable population. The AUT metric itself could serve as a
potential quality indicator, as it integrates the entire intraoperative course into a single, interpretable
value.

Our study also reinforces the multifactorial nature of delirium. While IOH was a strong independent
predictor, traditional patient factors (advanced age, lower baseline MMSE, higher comorbidity) were
equally, if not more, potent. This underscores that preventing delirium requires a bundled approach:
optimizing the patient preoperatively, meticulous intraoperative hemodynamic management, and
attentive postoperative care.

Several limitations must be acknowledged. First, the observational design cannot prove causation;
while we adjusted for many confounders, unmeasured factors (e.g., microemboli, specific anesthetic
agent selection, postoperative pain management) could have influenced both blood pressure and
delirium risk. Second, we used non-invasive blood pressure monitoring, which may be less accurate
than arterial line measurements, though it reflects common clinical practice. Third, we did not
measure cerebral perfusion directly (e.g., with near-infrared spectroscopy), so the link between
systemic hypotension and cerebral hypoperfusion remains inferred. Fourth, delirium assessments,
though systematic, were intermittent and could have missed transient episodes.

Future research prompted by these findings should focus on interventional trials testing whether
protocolized hemodynamic management aimed at minimizing IOH (AUT) can effectively reduce the
incidence and severity of POD. Furthermore, investigating personalized blood pressure targets based
on individual cerebral autoregulation limits, rather than population-based thresholds, represents a
promising frontier.

In conclusion, this study establishes a clear, graded relationship between the magnitude and duration
of intraoperative hypotension and the risk of postoperative delirium in the elderly. It moves beyond
simple thresholds to provide a quantifiable measure of hemodynamic insult. The findings strongly
advocate for a paradigm shift in the intraoperative management of geriatric surgical patients,
prioritizing the maintenance of cerebral perfusion pressure as a key element of brain health during
anesthesia.

Conclusion

This prospective study demonstrates that intraoperative hypotension, quantified as the area under the
mean arterial pressure threshold of 65 mmHg, is independently associated with an increased risk of
postoperative delirium in elderly surgical patients. Both the depth and duration of hypotension

EISSN 1303-5150 www.neuroquantology.com

421


http://www.neuroquantology.com/

Neuroquantology |Aug 2007 | Volume 05 | Issue 4 | Page 415-422| Doi: 10.48047/nq.2007.05.4.NQ22009
Dr. Rajavel V P,, The Association Between Intraoperative Hypotension and Postoperative Delirium in Elderly Patients Undergoing Major
Non-Cardiac Surgery: A Prospective Observational Study

contribute to this risk. These findings highlight the potential importance of meticulous blood pressure
management as a modifiable factor in preventing this serious postoperative complication.
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