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Abstract
PURPOSE—Delirium affects 50–80% of patients in intensive care units and is associated with
long-term cognitive impairment and increased risk of mortality. There are a paucity of data
reporting the neuropathologic findings in ICU patients experiencing delirium. The purpose of this
pilot, hypothesis-generating study was to evaluate brain autopsies in ICU patients who suffered
from delirium in order to explore possible neuroanatomic correlates.

METHODS—Utilizing study databases at Vanderbilt University we retrospectively identified
patients who suffered from delirium in the ICU and subsequently died and received a brain
autopsy during the same hospitalization. Information was also gathered regarding exposure to
sedation and analgesia during ICU stay, number of delirium days, medical conditions surrounding
death, and time with hypoxia and hypotension.

RESULTS—Patients’ mean age was 55 (SD±8.4), median number of days spent with delirium
was 7 (±5 IQR). In 6 of 7 (86%) patients, pathologic lesions normally attributed to hypoxia or
ischemia were noted in the hippocampus, pons, and striatum. Hippocampal lesions represented the
most common neuropathological site of injury, present in 5 of 7 (71%) patients.

CONCLUSIONS—Hypoxic ischemic injury in multiple locations of the brain was a common
finding in this pilot autopsy study of patients who had demonstrated delirium in the ICU. In
particular, study of the hippocampus seems especially warranted in patients experiencing ICU
delirium. Further correlation between clinical diagnoses, risk factors for neurological injury,
neuroimaging, and neuropathology will help elucidate the mechanisms underlying acute brain
dysfunction in our patients and long-term cognitive implications upon survival.
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Introduction
Delirium is defined as an acute change or fluctuation in mental status combined with
inattention and either an altered level of consciousness or disorganized thinking1. This is a
very prevalent condition with 50–80% of patients in medical, surgical or trauma intensive
care units affected1–3. Delirium in ICU patients is associated with longer hospital stays3,
new cognitive impairment at discharge4, and an increased risk of mortality5. Given our
current knowledge and the emerging importance of this problem, work has begun to address
possible interventions to prevent delirium in ICU patients6–8. Despite well-documented
accounts of delirium as a problem for our ICU patients and possible strategies to prevent
acute brain dysfunction, the neuropathological findings of ICU patients who suffered from
delirium have only recently begun receiving attention and very little is currently known.

The purpose of the present exploratory pilot study was to retrospectively examine the brain
autopsies of deceased ICU patients in whom we had prospectively measured daily delirium
and drug exposure data in order to determine if any common neuropathological lesions were
noted in these deceased critically ill patients.

Methods
From 2002 through 2008, a total of 379 patients admitted to a Vanderbilt University Medical
Center medical, surgical or trauma ICU suffering from delirium have been enrolled in the
MENDS trial5, MIND study and ongoing BRAIN-ICU study. Data were gathered
prospectively on these patients in regard to duration of delirium, sedative and analgesic
exposure, and clinical outcomes. The diagnosis of delirium was made in these patients using
the Confusion Assessment Method for the ICU (CAM-ICU)1,9 and serial assessments were
made to determine the duration of delirium. We examined these databases, managed by the
ICU Delirium and Cognitive Impairment Study Group (www.ICUdelirium.org), to
determine which of these patients previously suffering from delirium had died, the duration
of their delirium, and analgesic or sedative medications administered. Of these deceased
patients, medical records were obtained from Vanderbilt University Medical Center to
determine which of these patients had undergone a routine autopsy of their brain by a
Vanderbilt neuropathologist. Records were also examined to determine cause of death,
number of days the patient experienced hypotension, the presence of severe sepsis, and
hypoxemia. Abnormal gross and histologic autopsy findings were extracted from the
medical records and are included in this report. A Vanderbilt neuropathologist(TWA) also
retrospectively re-examined H&E-stained slides of these brains to confirm and add to the
findings in the initial autopsy reports.

Results
Of the 379 patients available from within the databases, 34% have since died and 7 (2%) had
an autopsy of their brain by a Vanderbilt University neuropathologist (Table 1). These 7
patients were identified in the study databases and information regarding the number of days
each suffered with delirium, sedatives and/or analgesics received, cause of death, and
number of days with hypotension and/or hypoxia are presented in Table 2. All patients
included in this study were delirious at the time of death and underwent an autopsy within
24 hours of their delirium episode and death.

The patients’ mean age was 55 (SD± 8.4), 4 were women, and the conditions associated
with their episode of delirium cover a wide spectrum of illnesses, including severe sepsis as
the primary cause of death in 6 of the 7 patients(Table 2). These patients spent a median of 7
(± 5 IQR) days with delirium and all received some type of sedative and/or analgesic while
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in the ICU. The average number of different sedatives and/or analgesics administered to
each patient was 2.1. The most common medication used was fentanyl (86%) followed by
lorazepam (57%), haloperidol (57%), and midazolam (14%). Of the patients, 57% had
received more than one of these medications during their ICU stay. Cumulative dose
information was not available for all patients (Table 2).

The most common abnormality found on routine autopsy of the brain from these patients
who previously suffered with delirium is evidence of hypoxic ischemic injury in 6 of the 7
patients (86%) in various locations, including the hippocampus, pons, and striatum.
Hippocampal lesions were found in 5 of 7 (71%) patients (Figure 1), representing the single
most common neuropathological finding in these ICU patients who had suffered from
delirium. These patients with hippocampal lesions spent a mean of 5.8 (SD ± 3.27) days
with delirium, received 2.2 different sedatives or analgesics, and had varying degrees of
hypoxic ischemic injury to the hippocampus. All 5 patients with hippocampal lesions also
suffered from ARDS and septic shock with an average of 6.2 (SD ± 4.76) days with
hypotension and 1.6 (SD ± 0.54) with hypoxia. Patients without hippocampal lesions spent a
mean of 11 (SD ± 8.4) days with delirium, 0 days with hypotension, 1.5 (SD ± 0.7) days
with hypoxia, and received 2 different sedatives.

Discussion
The results of this pilot study, along with past research10–13, support the hypothesis that
impaired cerebral blood flow, cerebral hypoxia, and cerebrovascular disease may be
involved in the development of delirium in ICU patients. Of the brain autopsies we
analyzed, 86% showed evidence of hypoperfusion and vascular changes consistent with
cerebrovascular disease. Given the results of past functional studies, these findings were
expected and may represent a contributing factor to the development of delirium. SPECT
studies suggest that selective hypoperfusion of certain neuroanatomic regions may be a more
specific explanation for the development of delirium in these patients and our findings offer
support to this theory11–13.

What has not been reported in past imaging and functional studies with similar patients that
we have shown here is the possible relationship between acute hypoxic ischemic injury to
the hippocampus and delirium in ICU patients. Hippocampal lesions were the only specific
neuroanatomic structures that were damaged in the majority of the autopsied brains. Given
no evidence was seen on autopsy, the mean age of our patients was 55, and the studies we
drew our population from excluded patients with advanced dementia, we can with
confidence eliminate advanced Alzheimer’s disease as a confounding factor in the
relationship between hippocampal lesions and delirium. As the primary function of the
hippocampus relates to forming long-term memories, abnormalities here may provide a
neuroanatomic explanation for the long-term cognitive impairment that is twice as common
in this population compared to those without delirium5.

These patients had a number of reasons, including ARDS in all 7 patients and septic shock
in 6 of the 7, to have suffered hypoxic injury to the hippocampus and other areas of the
brain. Given our small sample size it is impossible to determine from our analysis the
significance, if any, of these hippocampal lesions as they are known to occur even in the
absence of delirium. Sharshar, Annane, and others have described with brain autopsies and
imaging studies the neuropathology found in patients suffering from sepsis and septic shock.
Although their focus was on patients with sepsis, their findings were generally similar to
ours14–16. Although septic shock, ARDS, and ICU delirium are independent markers for
severity of illness, it is plausible that ARDS and septic shock induce brain pathology,
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specifically hippocampal lesions, that leaves the patient with long-term cognitive
impairment if they survive.

This method of examining brain autopsies is accompanied by a number of potential
problems in determining the risks of developing delirium and possible neuroanatomic
consequences of delirium. First, autopsies used in a future study would not always be
performed immediately or even soon after a patient suffered from delirium as not all patients
would die in the ICU as our patients have. A significant number of patients would survive
many years after their episode, making analysis of their brain autopsies fraught with
confounding factors. Also, in the effort to elucidate neuroanatomic factors that predispose
patients to delirium, imaging and functional studies are the only methods of analysis
available to us before the patient actually experiences delirium. Consequently, analysis of
brain autopsies retrospectively or prospectively will not be able to differentiate between
lesions present prior to delirium acting as a predisposition, or those as a result of the
concomitant conditions accompanying delirium. This being said, the post hoc examination
of brains from patients who have experienced delirium in an ICU has the potential to expand
the understanding the pathophysiology of this problem and will enable us to direct
pharmacologic therapy to act on specific neural pathways.

The analysis of routine brain autopsies performed by a Vanderbilt neuropathologist has
reinforced the results of past studies examining the neuroanatomic correlates of delirium and
has also revealed a possible basis of long-term cognitive impairment in these patients who
have developed hippocampal lesions. Future studies should be performed prospectively with
larger sample sizes and include a protocolized method to examine specific areas of interest,
including the hippocampus and medial temporal lobe. Other areas of interest would include
the posterior parietal cortex, prefrontal cortex, brainstem, and their interconnections. The
connections and excitatory signals transmitted from the ascending reticular activating
system in the brainstem and these other areas mediate arousal and abnormalities found on
histologic examination of these areas may shed light on the pathophysiology of delirium in
ICU patients17. Special stains and neuronal density in these areas will be of specific interest.
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Figure 1.
Various degrees of acute hippocampal hypoxic ischemic injury were seen at autopsy in the
majority of patients with delirium. In severe cases, irreversibly injured pyramidal neurons
(left side of dotted line in panel A) were often sharply demarcated from relatively healthy
neurons (right side of dotted line in panel A) at the CA2-CA1 transition. At higher
magnification, the injured neurons are characterized by condensed nuclei and brightly
eosinophilic cytoplasm (arrowheads in B and C). Arrows indicate morphologically normal,
viable neurons.
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