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Abstract

Background Altered brain perfusion may play an
important role in the development of sepsis-associated
encephalopathy. However, whether or not cerebral auto-
regulation (CA) is preserved in such condition has been
debated. CA is dependent on cerebral vascular tone, the
main determinant of which is the concentration of carbon
dioxide (CO,). The purpose of this study was to evaluate
the influence of PaCO, on the cerebral autoregulatory
capacity in patients with septic shock.

Methods Using transcranial Doppler sonography record-
ings from the middle cerebral artery (MCA), we evaluated
the static cerebral autoregulatory responses within the first
3 days of septic shock. Changes in cerebrovascular resis-
tance (CVR) were calculated from the changes in the mean
velocity in the MCA (VMCA, cm/s), in response to an
increase in mean arterial pressure (MAP, mmHg) induced
by vasopressors. The cerebral autoregulation index (CAI)
was calculated as the ratio of the relative changes in CVR
and MAP (CAI = AMAP%/ACVR%), with normal values
ranging between 0 and 2.

Results We studied 21 mechanically ventilated patients,
with a baseline MAP of 65 + 6 mmHg, a mean VMCA of
60 £ 20 cm/s and a median PaCO, of 35 [28-49] mmHg.
Fourteen of the 21 patients had impaired CA, including 7
of the 14 patients with a PaCO, <40 mmHg and all 7
patients with a PaCO, >40 mmHg (Fisher’s exact test,
P = 0.046).
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Conclusion According to these data, CA is impaired in
the majority of patients with septic shock, especially in the
presence of hypercapnia.
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Introduction

Septic shock and related multiple organ failure (MOF)
remain major causes of morbidity and mortality in inten-
sive care units [1]. Acute deterioration in mental status
during severe infections, the so-called “sepsis-associated
encephalopathy” (SAE), can develop in up to 70% of these
patients [2, 3]. Clinical signs of SAE range from mild
disorientation to lethargy and coma and there may be
associated neurophysiological disturbances [4, 5]. Impor-
tantly, SAE can be an early sign of sepsis and may
contribute to long-term cognitive complications and
increased mortality [6, 7].

The pathogenesis of SAE remains unclear [8]. Various
factors have been suggested to contribute to the patho-
genesis, including cerebral effects of circulating
inflammatory mediators [9], disruption of the blood-brain
barrier [10], impaired astrocytic function [11], altered
neurotransmission [12], and induced neuronal apoptosis
[13]. A retrospective study identified severe hypotension as
an important risk factor for SAE and the authors therefore
suggested that SAE may be primarily related to ischemic
damage rather than to other causes [14]. This concept was
supported by an autopsy study in which ischemic lesions
were the major pathologic findings in the brain of patients
who died in septic shock [15]. Although impairment of
tissue perfusion and blood flow redistribution are typically
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considered as being involved in the pathogenesis of organ
failure, it remains unclear whether sepsis can induce pro-
found and sustained brain damage by reducing global or
regional cerebral blood flow (CBF).

In healthy individuals, CBF is kept constant over a wide
range of mean arterial pressures (MAP). This phenomenon,
called cerebral autoregulation, is accomplished by changes
in cerebral vascular tone and is generally observed for
MAP values between 50 and 150 mmHg [16]. There are
conflicting reports regarding disturbances in cerebral
autoregulation during sepsis. In a recent study, Pfister et al.
[17] reported impaired cerebral autoregulation in 12/16
patients with severe sepsis and septic shock, which was
associated with clinical delirium, higher levels of s1008,
and worse outcome. However, Matta and Stow [18]
reported intact cerebral autoregulation in ten patients with
early sepsis. Impaired cerebral autoregulation may leave
brain tissue unprotected against possibly harmful effects of
blood pressure changes during sepsis, potentially leading to
cerebral ischemia.

With its potent vasodilating properties, PaCO, is an
important regulator of the cerebral circulation [19] and
hypercapnia can directly increase CBF [20]. Although the
vascular response to PaCO, in the brain has been shown to
be markedly attenuated by moderate hypotension in
experimental studies [21], Thees et al. recently reported
normal reactivity to CO, in patients with sepsis [22].
Interestingly, changes in CBF induced by changes in
PaCO, can influence the pressure limits of arterial blood
pressure, referred to as the autoregulatory plateau, within
which cerebral autoregulation operates to keep CBF con-
stant [23]. Thus, during hypercapnia, this autoregulatory
plateau is narrowed to between a lower upper limit and a
higher lower limit of MAP [24].

However, the role of PaCO, on cerebral autoregulation
during sepsis has not been investigated. The purpose of this
study was, therefore, to evaluate cerebral autoregulation in
patients with septic shock and to assess the influence of
PaCO, concentrations on the autoregulatory cerebral
capacity in these patients.

Patients and Methods

This prospective study was conducted in the 35-bed
Department of Intensive Care of a University hospital. The
hospital Ethics Committee approved the study protocol,
and informed consent was obtained from the patient or
their next of kin. We enrolled consecutive adult patients
with septic shock, as defined by standard criteria [25], for
less than 72 h who were being treated with mechanical
ventilation. Exclusion criteria were age < 18 years, intra-
cranial infection, a history or clinical evidence of a
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neurologic disease, or significant arrhythmias. Patients in
whom it was difficult to obtain cerebral vessel waveforms
using transcranial Doppler (TCD) or who had significant
stenoses of the extracranial and intracranial cerebral
arteries on echo-Doppler examination were also excluded.

In all patients, demographic data, pre-existing chronic
diseases, and admission diagnosis were collected. The
Glasgow coma score was used to assess the neurologic
status [26] on admission. The source of sepsis and relevant
microbiological results were recorded. Acute lung injury/
acute respiratory distress syndrome (ALI/ARDS) were
diagnosed according to standard criteria [27]. Acute renal
failure was defined by a sequential organ failure assess-
ment (SOFA) renal score >2 [28]. Other treatments,
including administration of adrenergic agents, hydrocorti-
sone, and activated protein C were also recorded daily. The
severity of critical illness was assessed by the Acute
Physiology and Chronic Health Evaluation (APACHE) II
[29] and SOFA score on the day of the study. Biochemical
data, including complete blood count, electrolytes, urea,
creatinine, bilirubin, total protein, albumin, and C-reactive
protein (CRP) concentrations were recorded on the day of
the study. Intensive care unit (ICU) and hospital length of
stay, overall mortality and cause of death were noted.

Each patient had continuous monitoring of heart rate,
systemic MAP and central venous pressure (CVP). MAP
was measured using a radial or femoral arterial catheter;
pulmonary artery pressures and cardiac output were con-
tinuously measured using the thermal dilution technique
via a triple-lumen pulmonary artery catheter (Vigilance;
Baxter Edwards Critical-Care, Irvine, CA), previously
inserted for diagnostic or therapeutic purposes. Cardiac
index (CI) and systemic vascular resistance index (SVRI)
were calculated using standard formulas. Arterial and
venous blood gases, oxygen saturation, and hemoglobin
were determined at baseline (ABL 700; Radiometer,
Copenhagen, Denmark). End-tidal expired carbon dioxide
(ETCO,) was continuously measured (SC9000; Dréger
Medical, Germany). Volume-control ventilation was pro-
vided with a tidal volume of 6-8 ml/kg and a plateau
pressure not exceeding 30 cmH,O. The inspiratory oxygen
fraction was set to maintain a PaO, above 70 mmHg.
Morphine was used for analgesia. Sedation was provided
by a continuous infusion of midazolam, titrated as clini-
cally required to target a Brussels sedation score of 4 [30].
No other agents were used for analgesia or sedation during
the study period. Fluid and drug administration remained
unchanged throughout the study.

Mean velocity in the middle cerebral artery (VMCA)
was measured using a 2-MHz TCD probe (EME, Pioneer,
Germany). The ultrasonic probe was placed on a temporal
window and fixed using a specially designed holder
apparatus to ensure a constant angle of insonation. The
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right side of the brain was chosen in each patient. TCD
adjustments (depth, sample volume, gain, and power) were
kept constant during the study.

After inclusion in the study, MAP and VMCA were
recorded simultaneously at baseline and after increasing
doses of a norepinephrine infusion to increase MAP by
approximately 10-15 mmHg and to achieve three or four
different levels of MAP. The interval between two mea-
surements was at least 20 min. Each measurement was
averaged over a period of two respiratory cycles. All sub-
jects were kept in the 30-degree head up position
throughout the procedure. PaCO, was measured immedi-
ately before starting each test and at the end of the
procedure to confirm stable levels. Cerebral vascular
resistance (CVR) was calculated as CVR = MAP/VMCA.
Changes in cerebrovascular resistance (ACVR) were esti-
mated from the changes in MCA velocity (AVMCA) in
response to changes in MAP (AMAP). The cerebral auto-
regulation index (CAI) was calculated as the ratio of the
relative changes in CVR and MAP (CAI = AMAP%/
ACVR%); the normal limits are between 0 and 2 [31].

Statistical Analysis

Statistical analyses were performed using a SPSS 13.0
program for Windows NT software package (2004).
Descriptive statistics were computed for all study variables.
A Kolmogorov—Smirnov test was used, and histograms and
normal-quantile plots were examined to verify the nor-
mality of distribution of continuous variables. Discrete
variables were expressed as counts (percentage) and con-
tinuous variables as means = SD or median with
interquartile ranges (IQR: 25th—75th percentiles), depend-
ing on the data distribution. Categorical variables were
compared by chi-square or Fisher’s exact test, as appro-
priate. Continuous variables were compared using a
Student’s ¢ test. Non-parametric tests were used if the data
were not normally distributed. We conducted a receiver
operating characteristic (ROC) analysis to determine the
best PaCO, cut-off of, in terms of sensitivity and speci-
ficity, for the prediction of impaired cerebral
autoregulation. Differences at a level of P < 0.05 were
considered statistically significant.

Results

The study included 21 patients with septic shock (2
women, 19 men); their clinical characteristics are sum-
marized in Table 1. Ten patients (47%) had a history of
arterial hypertension and 2 (9%) of insulin-requiring dia-
betes. GCSs at ICU admission, before mechanical

ventilation and sedation, ranged from 5 to 15 (median: 13).
The duration of septic shock was 2 days for 14 patients and
3 days for 7; 17 patients (80%) had acute renal failure
(median creatinine 1.9 [ranges: 1.3—4.1] mg/dl and median
urea 84 mg/dl [ranges: 45-125] mg/dl) and 14 (66%) had
ALI/ARDS on the study day. Twelve patients (57%) were
being treated with hydrocortisone, 12 with dobutamine,
and 8 (39%) with activated protein C. Eight patients (38%)
eventually died because of complications related to sepsis.
The remaining patients were discharged without gross
neurologic sequelae.

At study inclusion, MAP was 65 = 6 mmHg, VMCA
60 £ 20 cm/s, and median PaCO, 35 [28-49] mmHg.
Norepinephrine infusion was increased from 7 [2-70] to
20 [8-110] mcg/min to raise MAP from 65 £+ 6 to
96 £ 13 mmHg. All other major variables, including CI,
remained constant throughout the study (Table 2), except for
a significant increase in SVRI with the higher doses of nor-
epinephrine. No relevant changes in PaCO, were observed
between the start and the end of the procedure.

The results of individual cerebral autoregulation testing
are shown in Fig. 1. VMCA increased from 60 £ 20 to
78 + 28 cm/s. The mean increase in VMCA was 0.48
(cm/s)/mmHg MAP [0.09-1.95]. There was no correlation
between PaCO, and the initial VMCA. Fourteen patients
(66%) had impaired cerebral autoregulation, including seven
of the 14 patients (50%) withaPaCO, < 40 mmHg [28-37]
and all seven of the patients with a PaCO, > 40 mmHg
[41-49] (P = 0.046). Specifically, 4/9 (44%) patients with
PaCO, < 35 mmHg, 7/9 (77%) with PaCO, between 35
and 42 mmHg, and 3/3 (100%) with PaCO, > 42 mmHg
had impaired autoregulation. The ROC analysis showed, for
a PaCO, threshold of 38 mmHg, a sensitivity of 50% and a
specificity of 100% for the prediction of impaired cerebral
autoregulation; the area under the ROC curve was 0.76 (95%
confidence interval: 0.52-0.91). There were no correlations
between baseline VMCA or any measured variables and
impaired autoregulation. During the ICU stay, 17 patients
underwent cerebral computed tomography (CT)-scan, which
was normal in each case, except for one patient who had left
frontal ischemia but normal cerebral autoregulation.

Discussion

The major finding of this study is that cerebral autoregu-
lation is often impaired in the early phase of septic shock.
Impaired cerebral autoregulation seemed to be more fre-
quent in patients with hypercapnia, suggesting that PaCO,
may alter the responsiveness of cerebral vasculature to
arterial pressure stimuli. Steady state conditions were
maintained during the study, and we avoided hyper-
glycemia, extreme acidosis, and uremia, and changes in
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Table 1 Clinical characteristics of the patients

Pt. Age Gender ICU stay APACHEII SOFA Infection Pathogen GCS CAI CA  Outcome
1 64 M 38 19 8 Pneumonia E. coli 14 1.4 N Alive
2 47 M 10 24 7 UTI K. pneumoniae 15 2.3 1 Alive
3 81 M 14 33 11 Bacteremia S. aureus 14 6.1 1 Dead
4 58 F 54 28 8 Pneumonia S. pneumoniae 15 —68.7 1 Alive
5 52 M 16 18 10 Pneumonia S. pneumoniae 13 2.7 1 Alive
6 56 M 28 15 8 Peritonitis E. aerogenes 14 1.7 N Dead
7 56 M 12 16 7 Peritonitis P. mirabilis 14 3.1 1 Alive
8 64 M 17 20 10 Peritonitis Unknown 10 22 1 Dead
9 72 M 13 13 8 Fournier’s gangrene E. coli 15 1.6 N Alive
10 78 M 38 22 9 Peritonitis E. coli 13 1.1 N Dead
11 50 F 15 18 10 Peritonitis E. coli 12 3.1 1 Alive
12 71 M 6 17 11 Peritonitis E. aerogenes 13 1.4 N Dead
13 73 M 8 19 8 Pancreatic abscess E. coli 13 23.2 1 Dead
14 65 M 7 24 12 Peritonitis E. coli 13 -103 1 Dead
15 70 M 12 23 7 Pneumonia S. pneumoniae 15 2.7 1 Alive
16 61 M 5 18 8 UTI K. pneumoniae 14 -3.2 1 Alive
17 79 M 4 31 12 Pneumonia H. influenzae 5 6.8 I Dead
18 71 M 10 22 9 Pancreatitis E. coli 12 1.2 N Alive
19 43 M 13 26 14 TSS Unknown 12 1.9 N Alive
20 74 M 15 18 10 Pneumonia S. pneumoniae 13 2.9 1 Alive
21 74 M 8 21 12 Enteritis Shighella 13 -2.1 1 Alive
Median 65 13 20 9 13

IQR (56-73) (8-15) (18-24) (8-11) (13-14)

Pt. patient; ICU Intensive Care Unit; APACHE Acute Physiology and Chronic Health Evaluation; SOFA Sequential Organ Failure Assessment;
CNS Central Nervous System; GCS Glasgow Coma Scale; CAI cerebral autoregulation index; CA cerebral autoregulation; M male; F Female;

UTI Urinary Tract Infection; 7SS Toxic Shock Syndrome; N normal; / impaired; /QR interquartile ranges

Table 2 Biological variables at inclusion and at the end of the study

influence cerebral autoregulation [32-34], so that one can
assume that modifications in VMCA were due only to

Baseline End
changes in MAP.
Hb (g/dl) 8.5 (6.8-10.4) 8.4 (6.9-10.5) Reduced cerebral perfusion is a potential cause of or a
Na (mEg/l) 138 (127-147) 137 (125-146) precipitating factor for cerebral dysfunction in septic
1 (°0) 37.1(35.6-39.3)  37.1(35.9-39.3) patients [35]. Experimental investigations have demon-
Glucose (mg/dI) 139 (105-195) 134 (110-182) strated a wide range of CBF values during severe infections
pH 7.36 (7.27-7.49) 7.37 (1.25-7.49) [36-39], probably because of the different models used. In
PaO, (mmHg) 88 (60-187) 85 (60-158) human studies, CBF was in the lower range, suggesting a
PaCO, (mmHg) 35 (28-49) 35 (26-48) role of cerebral hypoperfusion in the development of SAE
CI (I/min) 3.7 2.6-7.1) 3.7 (2.5-6.2) [40, 41]. However, in these studies, CBF was estimated
SVRI (dynes s/cm’m?) 1167 (625-2310) 1752 (924-3520)* from absolute values of VMCA and intracranial vessel
Lactate (mmol/l) 1.7 (0.7-4.9) 1.8 (1.1-4.8) velocities do not provide a reliable measure of CBF

Data are expressed as median (ranges)

Hb hemoglobin; Na sodium; ¢ temperature; PaQ, arterial pressure of
oxygen; PaCO; arterial pressure of carbon dioxide; CI cardiac index;
SVRI systemic vascular resistance index

*P < 0.05

temperature and hemoglobin concentration, all factors that
are known to affect cerebral autoregulation [18]. The drugs
used for sedation or analgesia and norepinephrine do not
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[42, 43]. In our study, VMCA was quite variable and it is
hard to define a normal range in such a group of patients.
Direct measurements of CBF with the 133Xe clearance
technique [40] or the transcranial double-indicator dilution
technique [22] have yielded conflicting results. However,
the reduction in CBF during sepsis occurs before alteration
of systemic hemodynamics or hypotension [40] and is due
to an early increase in CVR [41, 44]. Early after endotoxin
administration, a decrease in PaCQ, increased cerebral
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Fig. 1 Changes in mean velocities of middle cerebral artery (VMCA,
cm/s) during increases in mean arterial pressure (MAP, mmHg). a
PaCO, < 40 mmHg and b PaCO, > 40 mmHg. Continuous lines:
impaired cerebral autoregulation. Dotted lines: normal cerebral
autoregulation

vascular tone in septic animals [45] and in healthy volun-
teers [46], suggesting that moderate hyperventilation, and
not sepsis per se, reduces CBF.

Changes in CBF in response to changes in PaCO, are
referred to as cerebral CO, reactivity (COR) [47]. COR
was reported to be normal in three clinical studies on sepsis
[18, 22, 40], but impaired in two others [48, 49]. However,
one of these latter studies [48] investigated septic patients
with pre-existing neurological disease, which may already
have impaired COR, while in the other [49], three patients
had a COR within the normal range, seven had a reduced
COR, and two patients had an increased response. Impor-
tantly, hyperventilatory hypocapnia probably reduces CBF
in septic patients without compromising cerebral metabo-
lism, as indicated by an unchanged cerebral metabolic rate
of oxygen (CMRO,) [22]. However, in a canine model of
sepsis, only normocapnic animals showed an increase in
CMRO; of over 40% [39], suggesting that, in the presence
of normal or high PaCO, levels, CBF and cerebral
metabolism could be uncoupled during sepsis, probably
because of loss of CA. Autoregulation of CBF is a sensitive
mechanism, which can be impaired by various pathological

conditions, and has a direct impact on delayed ischemic
events and poor outcome [50, 51]. Although cerebral
autoregulation was maintained in several experimental
models of sepsis [39, 44, 52, 53], most patients with septic
shock had impaired cerebral autoregulation in our study.
We found only three human studies that have previously
evaluated cerebral autoregulation in septic patients, and
these yielded conflicting results. In a recent study by Pfister
et al. [17], patients with septic shock had similar CBF to
septic patients without shock, but they had disturbed
cerebral autoregulation and clinical signs of delirium, as
well as higher levels of serum biomarkers of brain injury
(s100p); they also had higher mortality rates. In another
study [54], septic shock patients had impaired cerebral
autoregulation and CBF changes were directly related to
changes in cardiac index. However, CBF was calculated by
carotid Doppler velocities, and this is only a gross estimate
of intracerebral vessel blood flow. In the third study, Matta
and Stow [18] reported intact cerebral autoregulation and
COR in the early phase of sepsis, concluding that sepsis-
induced widespread vasoplegia does not involve the cere-
bral vasculature. However, individual results were not
provided and it is possible that some of these patients had
impaired cerebral autoregulation. Moreover, patients with
severe sepsis and septic shock were evaluated together,
although they may not have the same vascular reactivity
[17]. Finally, PaCO, ranged from 33 to 38 mmHg, and we
showed that PaCO, concentrations above 40 mmHg may
significantly influence the autoregulatory cerebral capacity
during sepsis.

Even though the precise mechanisms of cerebral auto-
regulation remain controversial, vascular caliber changes
are mediated by a complex interplay of myogenic and
metabolic mechanisms [16]. In a study describing the
effects of CO, on cerebral autoregulation [24], the aut-
oregulatory state of the cerebral blood vessels depended on
their resting tone. If, as in hypercarbia, the vascular tone
was reduced, a further dilation in response to reduced MAP
was either impaired or unnecessary. Moreover, elevations
in PaCO, increase autonomic neural activity and this may
alter the arterial baroreflex [19]. Mild hypercapnia can
significantly impair cerebral autoregulation during general
anesthesia [55]. Additionally, PaCO, levels greater than
55 mmHg have been shown to impair cerebral autoregu-
lation in healthy adults [24]. The presence of hyperemia,
usually associated with normocapnia, has been associated
with impaired cerebral autoregulation in brain-injured
patients [56]. In contrast, cerebral autoregulation may be
regained by hyperventilatory hypocapnia in many disease
states, such as acute liver failure [57].

Interestingly, the vasodilatory effects of hypercapnia are
in part mediated by an increased production of nitric oxide
(NO) from the vascular endothelium—a phenomenon
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called chemoregulation. During sepsis, activation of the
inducible form of NO synthase (iNOS) by endotoxins can
play an important role in mediating a reduction in vascular
resistance [58], with excessive vasodilatation and loss of
autoregulatory reserve [59]. In the presence of hypercapnia
these effects could be further enhanced, and participate to
the loss of autoregulation even in the cerebral circulation.
Data about endothelial dysfunction in the brain of septic
patients are scarce and experimental studies in sepsis
showed that NOS inhibition reversed hypotension and the
hyperdynamic state [60] but had no effects on the brain
vasculature [52]. Our study showed that, during septic
shock, normal or high levels of PaCO, were associated
with loss of cerebral autoregulation in all patients, whereas
only 50% of patients with low PaCO, levels had impaired
cerebral autoregulation. In septic ICU patients, hypercap-
nia is a common clinical event in the presence of chronic
obstructive pulmonary disease, status asthmaticus, obesity
hypoventilation syndrome, major pulmonary resection,
neurological impairment of respiratory muscles, such as in
amyotrophic lateral sclerosis, and in severe ALI/ARDS
[61-63]. Nevertheless, no data are available about the brain
autoregulatory capacity in these patients and an increased
frequency of encephalopathy or ischemic brain lesions has
never been associated with higher PaCO, levels.

There are several limitations to this study. First, the
number of patients was relatively small and these results
should be confirmed in a larger group. Second, other
techniques, such as Xel33 methods [40] or transcranial
double-indicator dilution technique [22] may more reliably
estimate CBF than TCD although they are more difficult to
use. However, TCD has been previously validated as a
non-invasive, inexpensive, and non-radioactive method for
the assessment of cerebral autoregulation [24]. When TCD
is used, one assumes the diameter of the insonated vessel is
constant to interpret relative changes in VMCA as relative
changes in CBF. There is some evidence that the MCA is a
conductance vessel and its diameter does not significantly
change with MAP [64, 65], while changes in CVR occur
primarily though dilatation of arterioles and pial arteries,
which are the main determinants of cerebral autoregulation
[66, 67]. Third, for the sake of simplicity, we did not study
different PaCO, concentrations in each patient individu-
ally, which limits our ability to ascribe all the changes in
cerebral autoregulation to CO, alone. However, modifica-
tions in ventilator conditions would have been problematic
in the 14 patients with ALI/ARDS. In addition, brain tissue
or jugular bulb venous PCO, monitoring may be preferable
to PaCO, for the interpretation of the effects of CO, on
CBF and cerebral autoregulation [68]. Fourth, we could not
evaluate the potential relationship between impaired cere-
bral autoregulation and the occurrence of SAE, but this
association has already been reported elsewhere [17].
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Moreover, as in previous studies [17, 18, 22], we lack data
on cerebral autoregulation in septic patients with low GCS
scores. Fifth, we examined cerebral autoregulation only
within defined limits of MAP and some patients may have
a right-shift of their autoregulation curve with a higher
threshold limit for cerebral autoregulation. However, we
investigated MAP levels that are clinically acceptable in
the management of septic shock [69]. An assessment of
cerebral autoregulation in the patients recovering from
septic shock was not feasible because of lack of coopera-
tion and inability to maintain pre-defined concentrations of
PaCO,. Finally, we explored blood flow in the large
intracranial basal vessels and cannot extrapolate our results
to regional CBF in the cortex or deep brain structures, such
as the basal ganglia or hypothalamus.

Conclusions

The present study indicates that cerebral autoregulation is
impaired in most patients with septic shock. The clinical
implications of this impaired cerebral autoregulation are
that, in such patients, even modest hypotension can lead to
cerebral hypoperfusion. This stresses the importance of
achieving hemodynamic stabilization to avoid a critical
decrease in blood pressure in these patients. Our results
suggest that PaCO, concentrations above 40 mmHg are
more likely to alter cerebral autoregulation. Further
investigations are necessary to define the role of cerebral
hemodynamics and the potential role of PaCO, in the
pathogenesis of SAE.
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