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    Abstract     This study investigates the outcome prediction 
and calculation of optimal cerebral perfusion pressure 
(CPPopt) in 307 patients after severe traumatic brain injury 
(TBI) based on cerebrovascular reactivity calculation of a 
moving correlation correlation coeffi cient, named PRx, 
between mean arterial pressure (ABP) and intracranial pres-
sure (ICP). The correlation coeffi cient was calculated from 
simultaneously recorded data using different frequencies. 
PRx was calculated from oscillations between 0.008 and 
0.05Hz and the longPRx (L-PRx) was calculated from oscil-
lations between 0.0008 and 0.016 Hz. PRx was a signifi cant 
mortality predictor, whereas L-PRx was not. CPPopt for 
pooled data was higher for L-PRx than for PRx, with no sta-
tistical difference. Mortality was associated with mean CPP 
below CPPopt. Severe disability was associated with CPP 
above CPPopt (PRx). These relationships were not statisti-
cally signifi cant for CPPopt (L-PRx). We conclude that PRx 
and L-PRx cannot be used interchangeably.  

   Keywords      Traumatic brain injury   •   Cerebral perfusion pres-
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      Introduction 

 The ability of vascular smooth muscle of the cerebral arteries 
and arterioles to respond to variations in transmural pressure, 
which is called cerebral vasoreactivity, can be recorded in a 
graded fashion in an intensive care unit setting in patients 
after traumatic brain injury (TBI) using different techniques 
and indices [ 1 ,  2 ] The PRx is one index of this kind, and its 
utility for the determination of optimal cerebral perfusion 
pressure (CPPopt) and its predictive power for outcome pre-
diction in patients with TBI have been confi rmed [ 3 ,  4 ]. PRx 
is calculated as the correlation coeffi cient between slow 
spontaneous changes in mean intracranial pressure (ICP) and 
mean arterial blood pressure (ABP), which are recorded 
within a frequency range of 0.008–0.05 Hz [ 1 ]. Thirty con-
secutive samples of 10-s averages are used to calculate mov-
ing correlation. 

 A new pressure reactivity index, named L-PRx, which 
uses slower changes in ABP and ICP, within a frequency 
range of 0.0008–0.016 Hz, has recently been proposed [ 5 , 
 6 ]. In this method, 21-min averages of ABP and ICP are 
used. The aim of the study was to investigate, by reference 
to PRx performance, the utility of the L-PRx for the predic-
tion of long-term outcome and CPPopt calculation in 
patients with TBI.  

    Materials and Methods 

 We retrospectively analyzed digital recordings of ABP and 
ICP waveforms from 307 TBI patients. Their age was 
36 ± 26 years (median ± quartile range). Seventy-seven percent 
of patients were male ( n  = 235). All patients were sedated and 
mechanically ventilated, receiving standard neurocritical care 
at Addenbrooke’s neurosurgical intensive care unit between 
2003 and 2009. The ICM+ system and software were used for 
both online data recording and offl ine analysis [ 7 ]. 
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 The PRx and L-PRx were each calculated as a moving 
linear correlation coeffi cient between 30 samples of time- 
averaged 10-s data points of ICP and ABP and 20 samples of 
time-averaged (60-s) data points of ICP and ABP respec-
tively (Fig.  1 ).

   A curve fi tting method was applied to determine the opti-
mal cerebral perfusion pressures: CPPopt(PRx) and 
CPPopt(L-PRx) for an individual patient. CPPopt for both 
indices is the individual CPP associated with the minimum 
value of PRx and L-PRx respectively, when plotted against 
CPP. This is in keeping with the mathematical model, in 
which a decreasing or low PRx indicates intact cerebrovas-
cular reactivity, while an increasing PRX or positive PRx 
indicates impaired or lost cerebrovascular reactivity. 

 Logistic regression was used to examine the association 
between either PRx or L-PRx and outcome. Outcome was 
assessed using the Glasgow Outcome Scale (GOS) at the 
6-month follow-up with adjustment for other predictive vari-
ables: age, CPP and Glasgow Coma Scale (GCS). The areas 
under the ROC curves (AUCs) were used to compare the dis-
criminant abilities and predictive power of both indices.  

    Results 

 There was an overall good correlation between averaged val-
ues of PRx and L-PRx (R(Spearman) = 0.695,  p  < 0.00001). 
PRx, age, CPP, and GCS, but not L-PRx, are signifi cant pre-
dictors of fatal outcome based on the Wald criterion ( p  < 0.05). 

 There was a signifi cant difference between AUCs calcu-
lated for the PRx and the L-PRx (0.61 ± 0.04 vs 0.51 ± 0.04; 

z statistic = −3.26,  p  = 0.011). It suggests the better ability of 
PRx than L-PRx at predicting fatal outcome. 

 Individual CPPopt(PRx) was identifi ed in 299 patients 
and CPPopt(L-PRx) in 300 patients. CPPopt for pooled data 
was 5 mmHg higher for L-PRx than for PRx. There was no 
statistical difference between CPPopt for PRx and L-PRx 
(median: 74.7 mmHg, quartile range ± 8.2 mmHg vs median: 
76.9 mmHg, quartile range ± 10.1 mmHg). 

 Mortality was associated with mean CPP  below  CPPopt 
for PRx ( χ  2  = 30.6,  p  < 0.00001) whereas severe disability 
was associated with CPP  above  CPPopt for PRx ( χ  2  = 7.8, 
 p  = 0.005). These relationships were not statistically signifi -
cant for CPPopt calculated for L-PRx.  

    Discussion 

 This study confi rms that cerebrovascular reactivity can be 
calculated in a graded fashion in TBI patients using both PRx 
and L-PRX. Calculated from different frequencies they cor-
relate well, although the PRx is superior to L-PRx for mor-
tality prediction in TBI patients. 

 Santos et al. report a PRx–L-PRx correlation of  R  = 0.84, 
which is higher than in our study ( R  = 0.7) [ 6 ]. It must be 
noted, however, that their series consists of 18 patients with 
spontaneous intracerebral hemorrhage, which is likely to 
represent a less variable clinical entity than our series of 307 
TBI patients. These numerical and etiological differences are 
likely to explain those numbers, at least in part. 

 In their second series of 29 TBI patients the same 
authors report a significant L-PRx difference between 
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  Fig. 1    An example of the PRx and L-PRx y-axis recorded over a 10-h period. The  solid line  shows the PRx and the  dotted line  shows the L-PRx. 
Although trending over time appears to be congruent, note the instances where the indices differ considerably       
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survivors and nonsurvivors, which we cannot report from 
our series’ analysis [ 5 ]. In another attempt to explain this 
difference the population differences listed above can be 
repeated. 

 Other than these attempts it is important to take a close 
look at the frequencies from which the indices are calcu-
lated: Spontanaeous oscillations of ABP and ICP occur in 
different frequencies. The PRx is calculated from oscilla-
tions that occur at a rate of 0.5–3/min (0.008–0.5Hz). These 
oscillations are the so-called B-waves [ 8 ]. The L-PRX is cal-
culated from oscillations that occur at a rate of 0.05–1/min 
(0.0008–0.16Hz). This frequency range covers only the 
slow-wave range of the entire B-wave bandwidth and yields 
approximately 30 % of B-wave activity. This in turn leads to 
a 70 % loss of the B-wave bandwidth, which is not available 
for index calculation and may represent another cause of the 
differences observed.  

    Conclusions 

 The PRx predicts outcome better in patients with TBI 
than L-PRx. Even though the individual values of CPPopt 
for L-PRx and PRx were not statistically different, devia-
tions from CPPopt obtained for PRx were more predictive 
than those calculated for L-PRx. It is concluded that PRx 
and L-PRx cannot be used interchangeably.     
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