
HE cerebral circulation has a capacity to maintain
blood flow at a relatively constant level during
changes in blood pressure. This phenomenon,

known as cerebral autoregulation, is usually observed be-
tween a mean arterial blood pressure (MABP) of approx-
imately 50 and 150 mm Hg.14,26 Cerebral autoregula-
tion can be impaired or absent following severe closed
head injury.4–6,8,9,21,22,25,26 Impairments in autoregulation
may contribute by several mechanisms to secondary neu-
ronal injury following head injury. Lowered cerebral per-
fusion pressure (CPP) caused by arterial hypotension or
increased intracranial pressure (ICP) can occur and may
cause critical reductions in cerebral blood flow (CBF)
to ischemic levels more easily in head-injured patients
who have poorly functioning or absent autoregulation.
Moreover, sudden increases in blood pressure that may
occur in the acute care setting may be more easily trans-
mitted to the microcirculation in the absence of autoregu-
lation and may contribute to secondary hemorrhages and
edema.32 It has also been demonstrated experimentally
and in head-injured patients that mannitol is less effective
in reducing ICP when autoregulation is impaired.21

Although information is available about autoregulation
in severely head injured patients, there is little or no infor-
mation about autoregulation in patients with minor or
moderate head injury. The purpose of this study was to

measure the cerebral autoregulatory response in patients
after minor head injury defined by Glasgow Coma Scale
(GCS) scores of 13 to 15 and to determine if any patients
in this injury severity category experience significant im-
pairments in the autoregulatory response. Dynamic cere-
bral autoregulation was tested in these patients using non-
invasive methods, and the results were compared to the
autoregulatory values obtained in the same manner from
age-matched volunteers.

Clinical Material and Methods

Study Participants

This study was approved by the University of Wash-
ington Human Subject Review Committee, and written
informed consent was obtained from each participant or
from the patient’s family when appropriate. Twenty-nine
unselected patients who had sustained minor head injury,
defined by GCS scores of 13 to 15, and who were admit-
ted to Harborview Medical Center over a 5-month period
for acute care of their head injuries were included in
the study. Computerized tomography (CT) scans were ob-
tained in all patients within hours of their arrival. Patients
were treated according to a standard minor head injury
treatment regimen that included bed rest, analgesic med-
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ications (including low-dose morphine in some pa-
tients), and intravenously administered crystalloid solu-
tions. Some of the patients underwent placement of an
ICP monitor (fiberoptic subarachnoid catheters; Camino
Laboratories, San Diego, CA) if CT scans indicated hem-
orrhages or contusions that were judged to place the
patients at risk for secondary deterioration or if patients
were undergoing early surgical procedures. Patients were
assigned GCS scores within 8 hours of hospital admission
after elimination of possible confounding effects of any
early sedation or paralytic drugs that may have been
administered. The GCS scores were also recorded at the
time of testing in each individual and were found to be
unchanged from the admission scores. All patients under-
went autoregulation testing within 48 hours of head injury.
Outcome at 1 month was assessed by notes from clinic
visits or by telephone interviews with patients or relatives,
according to the Glasgow Outcome Scale (GOS) score11,12

as follows: 5, good recovery; 4, moderate disability; 3,
severely disabled; 2, vegetative; and 1, dead.

Twenty-nine age-matched healthy volunteers were also
included in the study. The age range of the patients and the
volunteers was between 18 and 72 years. Before being
entered into the study all patients underwent a cerebral CT
scan, and all patients and normal volunteers were screened
for extracranial carotid artery disease by Doppler ultra-
sonography and for intracranial vascular pathology by
transcranial Doppler (TCD) ultrasonography. Exclusion
criteria were known cardiovascular or peripheral vascu-
lar disease, carotid artery or intracranial stenosis, and
vasospasm following traumatic subarachnoid hemor-
rhage. Patients with significant leg injuries were also
excluded. In each participant, both middle cerebral arter-
ies (MCAs) were identified by TCD ultrasonography ac-
cording to standard criteria. The transducers were then
fixed in place by a head band, and CBF velocities were
continuously monitored and recorded (Multidop X; DWL
Corp., Sipplingen, Germany). The MABP was noninva-
sively measured over one radial artery by use of a contin-
uous tonometric blood pressure monitor (N-Cat N-500;
Nellcor Corp., Hayward, CA), and the analog output was
continuously recorded using the transducer. In sponta-

neously breathing patients and normal volunteers, end-
tidal CO2 was also measured using nasal prongs connect-
ed to a CO2 monitor (Datex 223; Puritan Bennett Corp.,
Tewksbury, MA). The output data were recorded using the
transducer.

Testing was performed while participants were supine
with an approximately 10 to 20˚ inclination of the upper
body. The reference point for the blood pressure record-
ings was 5 to 10 cm below the external auditory meatus in
all patients and normal volunteers. Large blood pressure
cuffs were placed around both thighs and inflated to 20 to
40 mm Hg above the systolic blood pressure for 3 min-
utes. Releasing the cuffs caused a sharp but moderate tran-
sient drop in systemic blood pressure. Drops in MABP
of more than 12 mm Hg were considered a sufficient
autoregulatory stimulus. The test was repeated several
times (three–eight) in each participant, and three to four
responses were averaged to give the final response for
each MCA perfusion territory.

Calculations were performed on-line to assure the ac-
quisition of at least three technically perfect measure-
ments and off-line for the final evaluation using the
time-averaged mean velocities of the maximum velocity
outlines of the Doppler spectrum and MABP. Values
for each MCA were analyzed separately, and an overall
autoregulation index (ARI) was calculated by averaging
both sides.

Methods for Calculating Dynamic Autoregulatory
Response

A detailed description of the methodology used to cal-
culate the dynamic autoregulatory response has been pub-
lished elsewhere, including the equations describing the
computer model used to obtain the ARI.34 Briefly, to cal-
culate the dynamic autoregulatory response, a disturbance
or error signal is introduced into the system. This distur-
bance is the rapid drop in CBF caused by the sudden drop
in blood pressure induced by deflating the leg cuffs. The
autoregulatory response is activated, and the normal
response is to cause a rapid reduction in the overall cere-
brovascular resistance (CVR) to restore blood flow to
the resting level. The ARI is calculated from a computer
model that considers the latency and overall effectiveness
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TABLE 1
Diagnosis on CT scan in 29 patients with minor head injury*

No. of 
Diagnosis on CT Patients

normal (includes facial & skull fractures, scalp hematomas) 9
traumatic SAH 3
contusions 7
SDH 3
EDH 1
multiple lesions 6

traumatic SAH, contusion 1
traumatic SAH, contusions, IVH 1
shear injury, traumatic SAH, intracranial air pocket 1
SDH, contusions 3
bilat shear injuries, IVH 1

total 29

* EDH = epidural hematoma; IVH = intraventricular hemorrhage; SAH =
subarachnoid hemorrhage; SDH = subdural hematoma.

TABLE 2
Demographics in normal volunteers and patients with

minor head injury

Parameter Volunteers Head-Injured Patients p Value

no. of participants 29 29
sex

male 18 23
female 11 6 

age (yrs) 38 6 16 38 6 16 0.92
GCS score 15 14.7 6 0.5 
MABP at rest 85 6 10 89 6 18 0.33
heart rate at rest* 66 6 9 78 6 15 0.0005
lt CBF velocity 61 6 14 61 6 16 0.96
rt CBF velocity 60 6 13 60 6 17 0.97
end-tidal CO2 33 6 5 33 6 6 0.98

(26 participants)

* Statistically significant. Probability values are calculated using
Student’s t-test.



of this response for any given change in blood pressure.
The changes in blood pressure and CBF velocity values in
the proximal MCAs immediately before and after the cuff
release are used to calculate an ARI that reflects relative
changes in blood flow through the MCA caused by the
change in distal CVR per second, relative to the change in
MABP. The TCD ultrasonography therefore monitors the
relative change in blood flow through the inflow vessels
(bilateral MCAs) during the autoregulatory response to a
transient drop in blood pressure. A hypothetical curve of
the CBF velocity values is created based on the MABP
immediately prior to the drop and during the 30 seconds
thereafter. If there were no autoregulation, the relative
changes in CBF velocity would parallel the changes in
MABP and the ARI would be zero. The computer calcu-
lates nine other possible responses to the given change in
MABP based on a stepwise improvement in the autoregu-
latory response.34 The actual response is examined and
the “best fit” with the model (the lowest standard error of
the mean of the difference between the model and the
actual response) is taken as the ARI. The higher the ARI,
the more rapid and efficient is the autoregulatory
response.

Statistical Analysis

Results were analyzed using the following statistical
methods: chi-square and McNemar’s test for age-matched
chi-square values, Fisher’s exact test, Student’s t-test, the
Mann–Whitney U-test, and regression analysis. Differ-
ences were considered significant at the p , 0.05 level.
Values are expressed as means 6 standard deviation (SD).

Results 

The diagnoses of patients based on CT scans are shown
in Table 1. Nine of 29 patients had normal intracranial CT
scans. The mean GCS score following stabilization of the
patients in the emergency room was 14.7. With the excep-
tion of heart rate, which was higher in patients, demo-
graphic data in both groups were not significantly differ-
ent, as shown in Table 2. 

The MABP at rest was not significantly different be-
tween patients and normal volunteers. The magnitude of
the blood pressure drop was slightly less in the patients
than in the volunteers; however, this should not affect the

results significantly because the ARI calculation takes into
account the magnitude of the blood pressure drop. The
MABP immediately after the release of the blood pressure
cuffs was slightly higher in patients than in normal volun-
teers (Table 3). 

There was no significant difference in autoregulation
values between the right and left MCAs within either
patient (p = 0.15) or control groups (p = 0.12) by two-
tailed paired t-test. Regression analysis also indicated
close correlations between the ARI values in the right and
left hemispheres in normal volunteers (y = 0.83 + 0.87x,
r = 0.88, p , 0.0001) and in patients (y = 20.15 + 1.08x,
r = 0.96, p , 0.0001). We therefore assigned one ARI
value to each participant. 

The mean ARI in the head-injured patients as a group
was lower than in controls, but not significantly different
by two-tailed t-test or the Mann–Whitney U-test (Table 3).
Using a one-tailed t-test, however, the group ARI values
observed in the head-injured patients were significantly
lower compared to controls (p = 0.048). The main reason
for the nonsignificant difference between mean ARI val-
ues in volunteers and head-injured patients according to
the other tests is the fact that the head-injured patient pop-
ulation behaved as two groups, one with normal values
and a subgroup with significantly lower ARI values, as
shown in Fig. 1. The SD was therefore two times as high
in the patients as in normal volunteers, thus making the
group comparisons less significant. However, when the
volunteers and patients were divided into two groups,
those with intact and impaired autoregulation, significant-
ly more head-injured patients had impaired autoregulation
than did volunteers (Table 4). 

Plotted as a histogram, the ARI values in normal vol-
unteers formed a nearly perfect normal distribution with
all but one value within 2 SDs from the mean (4.7 6 1
[Fig. 1]). None of the volunteers displayed an ARI below
2.5, which equals a static, or steady-state, autoregula-
tion value of 40%.34 This value would imply that if the
blood pressure were changed pharmacologically, the CBF
would only show a 40% correction toward the resting
value. However, patients with minor head injuries consti-
tuted two groups: 21 patients with normal autoregulation
(ARI ≥ 2.5) and eight with impaired or exhausted autoreg-
ulation (ARI , 2.5). Using an ARI of 2.5 as the dividing
point, the difference of ARI distribution in normal volun-
teers and in patients with minor head injuries was highly
significant on the chi-square test (p = 0.002; p = 0.008
using McNemar’s test for age-matched comparisons)
(Table 4).
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TABLE 3
Hemodynamic values found during autoregulation testing in

patients with minor head injury and normal volunteers

Hemodynamics Volunteers Head-Injured Patients p Value

MABP drop (mm Hg)* 22 6 5.0 17 6 5.0 0.002
MABP postdrop 64 6 10 72 6 16 0.03

(mm Hg)*
lt MCA ARI 4.6 6 1.0 3.9 6 2.0 0.098
rt MCA ARI 4.8 6 1.0 4.1 6 2.2 0.1
mean ARI 4.7 6 1.0 4.0 6 2.1 0.1

* Statistically significant. Probability values were calculated using
Student’s t-test (two-tailed, nonpaired). The category MABP drop mea-
sures the magnitude of the blood pressure change during the autoregulation
test, and MABP postdrop measures the MABP immediately after blood
pressure drop.

TABLE 4
Distribution of ARI in patients with minor head injury

and in volunteers*

No. of Participants

Group ARI $2.5 ARI ,2.5 Total

volunteers 29 0 29
head-injured patients 21 8 29
total 50 8 58

* According to the chi-square test for unpaired data (p = 0.002) and the
chi-square test for age-matched groups (McNemar’s) (p = 0.008).



We also examined the two groups of patients (those
with intact and those with impaired autoregulation) to
detect possible differences in the test conditions or physi-
ological variables and to determine if a difference in these
variables could account for the differences in ARI values
found (Table 5). Resting MABP in the subgroup of pa-
tients with impaired autoregulation was lower than that
seen in normal volunteers and also significantly lower
than in patients with normal ARI values (p = 0.0003). As
Fig. 2 illustrates, a regression analysis in normal volun-
teers revealed no correlation between MABP and ARI,
whereas we observed a significant correlation between
MABP and ARI (p = 0.0008) in head-injured patients. The
blood pressure drop from the test was similar in subgroups
of patients with impaired (17 6 3 mm Hg) and those
patients with normal autoregulation (17 6 6 mm Hg, p =
0.58) and therefore should not have influenced the results.
The MABP during the autoregulation test dropped to 57
mm Hg in patients with impaired autoregulation and to
78 mm Hg in patients with normal autoregulation (p =
0.0001). The main cause of this difference was a lower
resting MABP before the test in patients with impaired
autoregulation. 

This analysis suggests that lower blood pressure con-
tributes to impaired autoregulation in some patients; how-
ever, lower MABP does not account for the most severe-
ly impaired ARI values (labeled with asterisk in Fig. 2).
Because we did not obtain CPP values in these patients
with apparently adequate MABP at the time of testing, we
cannot be sure that CPP was not low. In one patient with
severely impaired autoregulation (ARI = 1) and normal
blood pressure (MABP = 76), the ICP was monitored dur-

ing testing and was not significantly elevated (ICP = 10).
In another patient with an ARI of less than 1, the MABP
was 78 mm Hg and the ICP was monitored during the 24-
hour interval prior to testing and was not elevated (ICP
10–12 mm Hg). This patient was readmitted to the hospi-
tal for eye surgery, and we were able to follow changes
in the ARI within 2 weeks. Whereas autoregulation was
severely impaired on Days 2 and 4 postinjury, it was in the
normal range on Day 14. However, MABP was identical
on Days 4 and 14 (Fig. 3). These results indicate that in
some of these patients the low ARI cannot be entirely
accounted for by low CPP.

We also examined the relationship in the patient group
between ARI and clinical parameters including admission
GCS scores, surgery (Table 6), and 1-month GOS scores.
The relationship between the initial GCS score and ARI
is shown in Fig. 4. There was no correlation between the
two; however, all patients had GCS scores of 14 or 15.
Differences in medications between the patients with in-
tact and impaired autoregulation also did not appear to
account for the differences in the ARI. The only apparent
medication difference in the two groups was the more
frequent administration of morphine in patients with im-
paired ARI (seven of eight) than in those with intact ARI
(11 of 21); however, the difference was not statistically
significant (p = 0.9 by chi-square test). 

Clinical outcome after 1 month assessed by GOS also
did not correlate with ARIs assessed within the first 48
hours. As expected, all patients had a favorable outcome
(good recovery or moderate disability) (Table 5). 

Discussion

The results of this study indicate that a significant num-
ber of patients (eight [28%] of 29) can have severely im-
paired or absent cerebral autoregulation following minor
head injury compared to age-matched controls. This group
of patients, who have poorly functioning autoregulation,
may be uniquely vulnerable to ischemic brain damage if
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FIG. 1. Histograms showing the distribution of ARI grades in
head-injured patients (upper) and normal volunteers (lower). Note
that in the volunteers the ARI values are normally distributed with
a mean value of 4.7 6 1. The mean ARI value is lower in the head-
injured group (4 6 2). The values in the head-injured patients
appear to be distributed into two groups including a majority with
intact autoregulation and a subgroup with impaired or absent au-
toregulation.

TABLE 5
Comparison between 29 patients with minor head injury and

normal or impaired cerebral autoregulation*

Variable ARI $2.5 ARI ,2.5 p Value

no. of patients 21 8
ARI status 5.0 6 1.3 1.3 6 0.8
age (yrs) 39 6 18 34 6 13 0.43†
GCS score on admission 14.8 6 0.4 14.5 6 0.5 0.24†
surgical interventions 3 1 1.0‡
abnormal CT scan 13 7 0.371‡
lt CBF velocity 57 6 15 71 6 17 0.07†
rt CBF velocity 57 6 14 67 6 24 0.30†
MABP (resting) (mm Hg) 95 6 17 74 6 9 0.0003†
postdrop MABP (mm Hg) 78 6 15 57 6 9 0.0001†
ABP drop (mm Hg) 17 6 6 17 6 3 0.58†
GOS score 4.9 6 0.4 4.9 6 0.4 1.0†

* Statistically significant difference. Abbreviations: ABP drop = magni-
tude of the blood pressure change during the autoregulation test; MABP
(resting) = MABP before blood pressure drop; postdrop MABP = MABP
immediately after blood pressure drop.

† Student’s t-test.
‡ Fisher’s exact test.



reductions in CPP occur after their head injury, during the
time in which their autoregulation is impaired. They may
be at increased risk of neurological deterioration from
brain ischemia during surgical procedures, when blood
pressure fluctuations are known to occur, especially if
hypotension is present.

The method used to assess autoregulation in this study
was the dynamic autoregulatory response of the relative
blood flow changes in both MCAs measured using TCD
sonography. This response was elicited by a rapid but
moderate drop in blood pressure induced by the release of
the large leg cuffs. This method was first described by
Aaslid, et al.,1 and its validity has subsequently been
confirmed by multiple studies.2,13,16,23,24,33,34 It has been
demonstrated that during short recording periods relative

changes in MCA velocity are a valid estimation of relative
volume flow changes in response to both rapid and slow
changes in MABP.2,13,16,24 To measure the effectiveness of
the autoregulatory response the change in CVR can be
estimated in response to a slow change in MABP (the
static or steady-state autoregulatory response) or to rap-
id changes in blood pressure (the dynamic autoregula-
tory response).34 We have previously demonstrated that
impairment of autoregulation induced by high-dose anes-
thetic agents causes a similar decrease in the static and
dynamic autoregulatory responses in normal volun-
teers.33,34 We assumed therefore that the changes observed
in the dynamic autoregulatory response in these head-
injured patients also reflect impairment in the static or
steady-state autoregulatory response.
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FIG. 2. Scatterplots showing regression analysis between resting MABP and ARI. Left: Analysis in normal volun-
teers indicating no significant relationship between the two variables (r = 20.05, p = 0.78). Right: Analysis in
head-injured patients indicating a significant association between lower blood pressure and impaired autoregulation
(y = 21.8 + 0.06x, r = 0.59, p , 0.001). Several patients (asterisks) did not follow the trend and had low ARI values
despite a seemingly adequate blood pressure. MHI = minor head injury.

FIG. 3. Left: Computerized tomography scan demonstrating a frontal contusion in a patient with severely impaired
autoregulation. Right: Graph depicting the ARI and blood pressure values over time in the same patient. The ARI val-
ues remained low on Days 2 and 4 postinjury and returned to the normal range on Day 14 despite minimal changes in
blood pressure between the three evaluations. This patient’s ICP was also monitored until just before the initial autoreg-
ulation testing on Day 2; the ICP was not elevated (ICP 10–12 mm Hg during a 24-hour interval prior to testing). 



There has been no standardization of the definitions
of “intact” or “absent” cerebral autoregulation after head
injury.6,9,21,22,25,26 Muizelaar and colleagues21,22 evaluated
autoregulation in head-injured patients by obtaining CBF
values and either raising or lowering MABP to a new
steady state and repeating the CBF measurement. They
defined intact autoregulation as the D% CPP/%D CVR ≤
2 following the change in MABP, where CVR = CPP/
CBF. This would correspond to a 50% response or 50%
CBF correction in response to the blood pressure change
in our static (steady-state) method or an ARI value ap-
proximately equal to 2.8.34 Our cutoff between intact and
impaired autoregulation is therefore slightly lower than
these previously reported values. 

The precise cause of the impairment of autoregulation
in our patients is uncertain; however, a correlation be-
tween MABP and autoregulation grade was found, sug-
gesting that low CPP may have contributed to the autoreg-
ulatory impairment in some patients. However, there were
also patients who experienced reduced autoregulation de-
spite an adequate blood pressure (Fig. 2) and also some
with reduced autoregulation who had a documented CPP
that was not lower than that normally required for autoreg-
ulation (see Results). Another possible cause of impaired
autoregulation after head injury is vasospasm. However,
these patients were evaluated within 48 hours of injury,
usually before the onset of vasospasm, and none displayed
elevated MCA velocities.

It is well known that the autoregulatory response be-
comes less effective at lower CPP levels.14,26 The initial
work by Lassen14 demonstrated that as MABP decreased,
CBF decreased passively below an MABP of 50 to 60
mm Hg (referred to as the lower limit of autoregulation).
Therefore, even patients who have an intact autoregulato-
ry response above this limit will lose autoregulation if the
ICP, the MABP, or a combination of the two factors re-
duces the CPP below the level at which autoregulation
functions normally. Miller, et al.,19 demonstrated that
increasing ICP by inflation of a microballoon in the in-
tracranial space of dogs abolished the autoregulatory
response when the CPP was reduced below 40 mm Hg.
However, after one or two balloon inflations, or preceding
arterial hypotension, autoregulation was impaired despite
a restoration in CPP, indicating that ischemia or other pro-
cesses damaged the autoregulatory response. Lewelt, et
al.,15 demonstrated that the autoregulatory response could
also be impaired after fluid percussion injury, even though
CPP was in the normal range. These results also indicate

that a mechanism other than CPP reduction can be re-
sponsible for impaired autoregulation after head injury.

One phenomenon that may occur after head injury is
that the “autoregulatory curve” could be shifted to the
right, which would imply that a higher CPP is needed for
the autoregulatory response to function properly. It is of
interest to note that in our study there was no difference in
the resting MABP values between control individuals and
patients. However, although there was no correlation be-
tween MABP and ARI in volunteers, there was a strong
correlation between MABP and ARI in the head-injured
patients. These data indicate that despite the fact that the
resting MABP was the same in both groups, autoregula-
tion was worse in the head-injured patients than in the vol-
unteers at the lower blood pressure values. We did not
increase the CPP in our patients to determine if this would
improve impaired autoregulation after head injury, but
studies of the effect of increased CPP and other methods
to improve impaired autoregulation in humans after head
injury are needed.

One of the important implications of these results is that
even patients with minor head injuries may be at increased
risk for secondary ischemic neuronal damage during an as
yet undefined period following their head injury. Studies
using experimental models of head injury have demon-
strated that even after minor and moderate injury levels
the brain appears to have an increased sensitivity to sub-
sequent ischemic damage.7,10 The exact mechanisms are
not fully understood, but impaired autoregulation as well
as enhanced vulnerability at the tissue level are thought to
play a role.7 The patients with absent or severely impaired
autoregulation may be at high risk of ischemic brain
damage if hypotension or increases in ICP occur. If,
for example, patients lacking autoregulation undergo sec-
ondary surgical procedures for their injuries, even moder-
ate hypotension in the perioperative period could cause
critical reductions in CBF.

The association between hypotension and poor out-
come in head-injured patients has been well document-
ed.3,17,18,20 Information from the Traumatic Coma Data
Bank indicates that lowered CPP resulting from hypoten-
sion or increased ICP is associated with a poor outcome
following head injury.3,17 Pietropaoli, et al.,27 also found
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TABLE 6
Summary of four patients who underwent surgery within

1 week postinjury*

GCS Indication 
Score for Surgery Intervention ARI 

14 SDH lt craniotomy, evacuation of SDH 5.5
15 SDH rt craniotomy, evacuation of SDH 6.7
15 gunshot rt craniotomy, evacuation of temporal lobe 0.9

wound contusion, decompression of optic nerve
15 small SDH craniotomy for evacuation of small SDH 6.3

* SDH = subdural hematoma.

FIG. 4. Scatterplot illustrating the relationship between initial
GCS score and ARI and also showing the distribution of GCS
scores within the head-injured group.



that intraoperative hypotension occurring in severely head
injured patients undergoing surgical procedures within
72 hours of admission to the hospital caused a significant
increase in mortality rates and also a significant decrease
in GOS scores compared to those seen in head-injured
patients who did not become hypotensive during surgery.
Moreover, this same study found that intraoperative hy-
potension occurred frequently (32% incidence) in this
group of head-injured patients. Winchell, et al.,35 recently
reported that transient hypotension occurring in hospital-
ized head-injured patients was associated with an in-
creased mortality rate and a decreased rate of discharge
home. The effects of hypotension on outcome were most
dramatic in those patients with minor and moderate head
injuries (GCS . 8). Thus, both clinical and experimental
studies indicate that the injured brain is more vulnerable to
ischemic insults.

In our patients severe impairment in autoregulation did
not appear to be associated with a poor outcome or com-
plications following any surgical procedures. It is likely
that more sensitive outcome measures and neuropsycho-
logical testing are required to detect many of the subtle
deficits that could occur following secondary ischemic
damage after minor head injury.28,29

Strategies to prevent secondary ischemic damage in
head-injured patients with impaired autoregulation could
include several approaches. Because low MABP in our
patients was clearly associated with worse autoregulation,
it seems logical to avoid hypotension and increase CPP,
especially during secondary surgical procedures. How-
ever, hypertension may also be detrimental to patients
lacking autoregulation.32 Rosner, et al.,30 have recently
shown that maintenance of CPP is associated with im-
proved outcome after severe head injury. Despite the fact
that the association between hypotension and worse out-
come following head injury is well known, intraoperative
hypotension remains relatively common in head-injured
patients undergoing surgery.27 Other options for avoiding
secondary ischemic damage in these patients include pre-
operative or intraoperative autoregulation testing to iden-
tify those patients with poor autoregulation and monitor-
ing jugular venous O2 saturation in affected patients to
optimize CPP.31 Further studies are needed to determine
the precise mechanisms responsible for impaired autoreg-
ulation after head injury, the time course of the impair-
ment, and to evaluate possible strategies for improvement
of the autoregulatory response. 
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