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Key messages

• No, TCDs are not ready to replace direct ICP monitors, however…

• Compliance is more important than the ICP value
• With pressure monitor: P2>P1, MOCAIP, etc…

• With TCDs or regular U/S: PI, ONSD, novel index

• It is judicious to tease out the primordial inadequacy for that pt: 
• high ICP (low compliance), 

• or low CPP (low perfusion), 

• or both

• or none

• TCD do offer advantages b/o non-invasiveness for
• Prognosticate in ED death and poor functional outcome after TBI

• Triaging for decision on ICU and recourse to EVD/ICP monitor

• Teasing out better if compliance or perfusion is most compromised

• Earlier detection of imminent crisis, as c/t using ICP/CPP threshold

• Allocate Rx specific to the primordial inadequacy (tailored 
individualized goal-directed Rx for cerebral edema/ICP)



EVD not panacea

▪ We got it all wrong with our EVDs in the modern world???

▪ Or is it just an inadequate threshold to define ICP crisis?

▪ Should we abandon looking at ICP alone? 

▪ Still has an adjunctive value to vasoreactivity (PRx/Mx), 

cerebroximetry (PbtO2) and we need to go metabolic (LPR 

by CMD, MRS) and neurophysiologic (qEEG, SSEPs)?



Introduction: ICP not the panacea

J Neurotrauma. 2010 Feb;27(2):317-24.
What shapes pulse amplitude of intracranial pressure?
Carrera E, Kim DJ, Castellani G, Zweifel C, Czosnyka Z, Kasparowicz M, Smielewski P, 
Pickard JD, Czosnyka M.
Source
Academic Neurosurgical Unit, Department of Clinical Neurosciences, Addenbrooke's 
Hospital, University of Cambridge, Cambridge

http://www.ncbi.nlm.nih.gov/pubmed?term=Carrera%20E%5bAuthor%5d&cauthor=true&cauthor_uid=19852586
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20DJ%5bAuthor%5d&cauthor=true&cauthor_uid=19852586
http://www.ncbi.nlm.nih.gov/pubmed?term=Castellani%20G%5bAuthor%5d&cauthor=true&cauthor_uid=19852586
http://www.ncbi.nlm.nih.gov/pubmed?term=Zweifel%20C%5bAuthor%5d&cauthor=true&cauthor_uid=19852586
http://www.ncbi.nlm.nih.gov/pubmed?term=Czosnyka%20Z%5bAuthor%5d&cauthor=true&cauthor_uid=19852586
http://www.ncbi.nlm.nih.gov/pubmed?term=Kasparowicz%20M%5bAuthor%5d&cauthor=true&cauthor_uid=19852586
http://www.ncbi.nlm.nih.gov/pubmed?term=Smielewski%20P%5bAuthor%5d&cauthor=true&cauthor_uid=19852586
http://www.ncbi.nlm.nih.gov/pubmed?term=Pickard%20JD%5bAuthor%5d&cauthor=true&cauthor_uid=19852586
http://www.ncbi.nlm.nih.gov/pubmed?term=Czosnyka%20M%5bAuthor%5d&cauthor=true&cauthor_uid=19852586


Compliance before ICP

Split in neurosurgeons…

Which scenario would you treat?

Favoring ICP mean or 

waveform?



Compliance on EVD WF

▪ Flourishing science on understanding better interaction of 
CSF volume onto the edematous or expanded 
parenchyma and the effect of each heart beat, testing 
vascular resistivity and parenchymal compliance:

▪ Pulse Amplitude, Pulsatility Index, Resistivity Index, 
MOCAIP…



Perfusion status on EVD WF



TCD in neurosurgery

In France, neurosonology is embraced by neurosurgery field…

2008, 

Paris & 

Toulouse:

Triaging 

severe TBI 

in ED:

Vd<20 

or PI>1.4

= Nsurgical

care



Vigue et al.
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Neurosonology for TBI at NSLIJ

Good thing about PI: 

angle doesn’t matter…

Good thing about cosinus: 

we only underestimate…



PI not the panacea…

Neurosurgery. 2011 Jan;68(1):E289-92. 

We still do not have a reliable and validated noninvasive technique that can 
provide an accurate quantitative measurement of intracranial pressure (ICP) 
that could replace invasive quantitative measurements of ICP.

Razumovsky A, Armonda RA.

Neurosurgery. 2010 Jun;66(6):1050-7.

Transcranial Doppler pulsatility index: not an accurate method to assess 
intracranial pressure.

Behrens A, Lenfeldt N, Ambarki K, Malm J, Eklund A, Koskinen LO.

http://www.ncbi.nlm.nih.gov/pubmed?term=Razumovsky%20A%5bAuthor%5d&cauthor=true&cauthor_uid=21099711
http://www.ncbi.nlm.nih.gov/pubmed?term=Armonda%20RA%5bAuthor%5d&cauthor=true&cauthor_uid=21099711
http://www.ncbi.nlm.nih.gov/pubmed?term=Behrens%20A%5bAuthor%5d&cauthor=true&cauthor_uid=20495421
http://www.ncbi.nlm.nih.gov/pubmed?term=Lenfeldt%20N%5bAuthor%5d&cauthor=true&cauthor_uid=20495421
http://www.ncbi.nlm.nih.gov/pubmed?term=Ambarki%20K%5bAuthor%5d&cauthor=true&cauthor_uid=20495421
http://www.ncbi.nlm.nih.gov/pubmed?term=Malm%20J%5bAuthor%5d&cauthor=true&cauthor_uid=20495421
http://www.ncbi.nlm.nih.gov/pubmed?term=Eklund%20A%5bAuthor%5d&cauthor=true&cauthor_uid=20495421
http://www.ncbi.nlm.nih.gov/pubmed?term=Koskinen%20LO%5bAuthor%5d&cauthor=true&cauthor_uid=20495421


Needed distinction by extricating PI from Vd (or EDV): 

PI addresses a primary ICP (or actually compliance) issue,

which is really what we care about… is there something taking too 

much space in the brain or is the brain too edematous… 

Rx? CSF diversion, tumor/blood evacuation, craniectomy or 

osmotherapy.

vs. Vd depicts a primary CPP issue with inadequately low CPP, the 

beginning of compromised CBF, and if it persists, VD cascade will 

ensue with subsequent ischemia and rise in ICP too…

Rx? the issue is the low MAP and Rx should consist of course 

of raising MAP, not only to reach an optimal individualized CPP goal 

but also because this change by itself can intrinsically lower the ICP…





BEYOND Lund vs. Houston

▪ Now it is easy to understand why 2 schools of thoughts 

fight for no reason (Lund vs. Houston approaches)… 

▪ But they are both right for a specific subset of patients…

▪ I propose to create an individualized Rx tailored to 

ICP vs. CPP being the preponderant issue… 

Crit Care Med. 1999 Oct;27(10):2086-95.

Prevention of secondary ischemic insults after severe head injury.

Robertson CS, Valadka AB, Hannay HJ, Contant CF, Gopinath SP, Cormio 

M, Uzura M, Grossman RG.

Source

Department of Neurosurgery, Baylor College of Medicine, Houston, TX 

77030, USA. claudiar@bcm.tmc.edu

http://www.ncbi.nlm.nih.gov/pubmed?term=Robertson%20CS%5bAuthor%5d&cauthor=true&cauthor_uid=10548187
http://www.ncbi.nlm.nih.gov/pubmed?term=Valadka%20AB%5bAuthor%5d&cauthor=true&cauthor_uid=10548187
http://www.ncbi.nlm.nih.gov/pubmed?term=Hannay%20HJ%5bAuthor%5d&cauthor=true&cauthor_uid=10548187
http://www.ncbi.nlm.nih.gov/pubmed?term=Contant%20CF%5bAuthor%5d&cauthor=true&cauthor_uid=10548187
http://www.ncbi.nlm.nih.gov/pubmed?term=Gopinath%20SP%5bAuthor%5d&cauthor=true&cauthor_uid=10548187
http://www.ncbi.nlm.nih.gov/pubmed?term=Cormio%20M%5bAuthor%5d&cauthor=true&cauthor_uid=10548187
http://www.ncbi.nlm.nih.gov/pubmed?term=Uzura%20M%5bAuthor%5d&cauthor=true&cauthor_uid=10548187
http://www.ncbi.nlm.nih.gov/pubmed?term=Grossman%20RG%5bAuthor%5d&cauthor=true&cauthor_uid=10548187


I’m not a PI-advocate…



CPPe in landmark discoveries

• CPPe correlates to MFV/(PSV-EDV)

• PI= (PSV-EDV)/MFV

• Thus CPPe correlates to 1/PI



Estimates of ICP and CPP 

by Aaslid et al. and Klingelhofer et al.

▪ ICP/MAP correlates to RI/MFV

▪ Thus ICPe = (MAPxRI)/MFV

▪ And CPPe = MFV/FV1 x MAP1
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RI and EDV more relevant for 

CPP adequacy

Peaked my interest 

in FVd (EDV) !



Importance of EDV



Forgotten germane parameter: EDV

Se test to detect 

ICP elev on both 

sides of the CAR 

breakpoints

CPP

CBF

CPP

PSV

CPP CPP

PIEDV

Se test to detect 

adequacy of CPP 

to give CBF

Only once in the mildst of the VD cascade…



Rx’ic implications: 

Opposite goals for MAP
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Lumped PI and EDV…

NTD

“worried”“very worried”
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Abstract Objective: To evaluate
the usefulness of early transcra-
nial Doppler ultrasound (TCD)
goal-directed therapy after severe
traumatic brain injury initiated be-
fore invasive cerebral monitoring
is available. Design: Prospective,
observational clinical study. Set-
ting: Surgical intensive care unit,
university hospital. Patients and
participants: Twenty-four severely
brain-injured patients. Interventions:
All patients had TCD measurements
immediately on admission (T0) and
when invasive cerebral monitoring
was available (T1). TCD was con-
sidered abnormal when two out of
three measured values were outside
the following limits: Vm < 30 cm/s,
Vd < 20 cm/s, PI > 1.4. When
admission TCD was abnormal, at-
tending physicians modified treatment
to increase cerebral perfusion pres-
sure. Measurements and results:
Admission TCD was performed
18 ± 11 min (T0) after admission,
whereas cerebral inasive monitoring
was available 242 ± 116 min (T1)
after admission. At T0, 11 (46%)
patients had abnormal TCD val-
ues (group 1) and 13 had normal

TCD values (group 2); mean arter-
ial pressure was comparable bet-
ween groups. All group 1 patients
received mannitol and/or norepine-
phrine. At T1, mean arterial pres-
sure was increased compared to ad-
mission in group 1 (105 ± 17 mmHg
vs. 89 ± 15 mmHg, p < 0.05) and
only two patients had still an abnor-
mal TCD. Although group 1 patients
had higher intracranial pressure than
those of group 2 (32 ± 13 mmHg
vs. 22 ± 10 mmHg, p < 0.01), both
cerebral perfusion pressure and jugu-
lar venous oxygen saturation were
comparable between the groups.
Conclusions: The use of TCD at
hospital admission allows identifica-
tion of severely brain-injured pati-
ents with brain hypoperfusion. In
such high-risk patients, early TCD
goal-directed therapy can restore
normal cerebral perfusion and
might then potentially help in re-
ducing the extent of secondary brain
injury.

Keywords Brain injuries · Hypox-
ia–ischemia, brain · Transcranial
Doppler ultrasonography · Time
management ·Critical care

Introduction

Secondary ischemic brain injuries have been extensively
shown to be the major prognosis factors after severe trau-
matic brain injury (TBI) [1], notably during the early post-
traumatic period [2, 3, 4]. This period is at particular high

risk because of the vulnerability of the traumatized brain
to ischemic injuries [5] and the high frequency of arterial
hypotension and hypoxemia [2, 3, 4]. Early estimations of
cerebral perfusion showed low cerebral blood flow [6] and
evidence of brain ischemia [7, 8], which were related to
long-term poor outcome.
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obtained [11]. A 7-Fr catheter (Vigon®, Rouen, France)
was placed in the internal jugular vein at the bulb level to
monitor SjvO2. The intracranial pressure (ICP) device was
an intraparenchymal electric transducer-tipped catheter

(Codman®, Mass., USA). CPP was calculated as the
difference between MAP and ICP.

Measurements were performed at T0 = admission TCD
and at T1 = availability of first ICP and SjvO2 values. The
time delays between trauma and arrival at hospital, T0
and T1 were recorded. The Marshall classification [24]
was used for cerebral CT scans. Glasgow Outcome Score
(GOS) [25] was measured 3 months after trauma.

Data are presented as mean ± SD or median [range].
Continuous variables have been compared between T0
and T1 using a Student paired t-test, and between group 1
and group 2 using a Student t-test. Non-parametric
variables were compared using a Mann–Whitney U-test.
A p-value < 0.05 was considered statistically significant.

Results

All patients

Twenty-four patients with severe TBI were included. De-
mographic data are summarized in Table 1.

The time between trauma and admission to hospital
was 169 ± 110 min [45–450]. Four patients were secon-
darily referred, three in group 1 and one in group 2. For
these four patients the delay between trauma and admis-
sion was 390 ± 74 min, compared with 125 ± 45 min for
the patients primarily referred.

The first TCD measurements were performed
18 ± 11 min after hospital admission (T0), whereas

Abnormal admission Normal admission
TCD (n = 11) TCD (n = 13)
T0 T1 T0 T1

Delay from admission (min) 16 ± 8 219 ± 96 20 ± 12 262 ± 123
Abnormal TCD (n) 11 2 0 0
Mean velocity (cm/s) 30 ± 6 43 ± 10* 49 ± 13** 51 ± 11
Diastolic velocity (cm/s) 13 ± 5 25 ± 8* 34 ± 11** 36 ± 11**
Pulsatility index 2.1 ± 0.5 1.4 ± 0.3* 1.2 ± 0.6** 0.9 ± 0.3**
MAP (mmHg) 89 ± 15 105 ± 17* 89 ± 11 93 ± 19
ICP (mmHg) 32 ± 13 22 ± 10**
CPP (mmHg) 73 ± 15 71 ± 14
SjvO2 (%) 67 ± 2 72 ± 9
pH 7.39 ± 0.04 7.39 ± 0.02 7.32 ± 0.06** 7.36 ± 0.07*
PaCO2 (mmHg) 40 ± 5 42 ± 5 45 ± 6** 41 ± 6*
Haemoglobin (g/dl) 12 ± 1 11 ± 1 12 ± 2 11 ± 2
Norepinephrine (n) 1 9 2 4
Mannitol (n) 0 5 1 0
Neurosurgery (n) - 3 - 0

* p < 0.05 between T0 and T1
** p< 0.05 between groups

Table 2 Recorded values when
first TCD was performed (T0)
and when invasive cerebral
monitoring was available (T1), in
patients with abnormal and
normal TCD at admission. Only
patients with abnormal
admission TCD received TCD
goal-directed therapy

the first ICP and SjvO2 measurements were available
242 ± 116 min after hospital admission (T1).

Pre-treatment group 1 versus group 2 (T0)

At T0, 11 patients (46%) had abnormal TCD values
(group 1) and 13 (54%) had normal TCD values (group 2)
using our criteria. Accordingly, blood flow velocities were
significantly lower and PI significantly higher in group 1
than in group 2 (Table 2). In group 1, all patients had
abnormal Vd values, 10 had abnormal PI values and 4 had
abnormal Vm values. In group 2, all patients had normal
Vm, Vd and PI values except two with high PI values
(Fig. 1).

Age, Injury Severity Score (ISS), Marshall CT scan
classification, time from trauma to hospital admission and
time from admission to T0 were not statistically signifi-
cantly different between the two groups. GCS was sig-
nificantly lower in group 1 than in group 2 (5 [3–7] vs.

Table 1 Demographic data

Abnormal Normal
admission admission
TCD (n = 11) TCD (n = 13)

Age (years) 33 ± 12 35 ± 12
Glasgow Coma Scale* 5 [3–7] 7 [3–8]
Injury Severity Score 25 [16–34] 20 [16–57]
Multiple injuries (n) 2 7
Time from trauma to 202 ± 139 142 ± 64
admission (min)
Glasgow Outcome Score* 3 [1–5] 1 [1–4]

Data are given as median [range] or mean ± SD
Glasgow Outcome Score 1 good recovery, 2moderate disability,
3 severe disability, 4 vegetative state, 5 dead.
* p< 0.05 between groups



MY PROPOSAL: 

nuanced Rx



TABLE: Tailored treatment plan by categories of patients 

with acute brain injury at risk for ICP elevation.

Best Diastolic Flow Velocity / 

Pulsatility Index (PI)
PI < 1.2 PI > 1.2

Vd > 40 Compliant brain (unlikely to have 

significantly raised ICP), well 

perfused (likely adequate CPP):

Treat by continuing current 

meds, current ventilator settings 

and same MAP goal in an

Intermediate level of monitoring.

Poorly compliant brain (likely 

edematous or with raised ICP), 

but well perfused (with likely 

adequate CPP):
Treat with osmotherapy (prefer

mannitol over HTS), consider 

mild hyperventilation and try 

mild decrease in MAP (to reduce 

potential edema) in NSICU.

Vd < 40 Compliant brain, but 

hypoperfused (with likely 

inadequately low CPP):

Treat with no osmotherapy (but 

if mandated by herniation, prefer 

HTS over mannitol), mild 

hypoventilation (a.k.a. 

permissive hypercapnia), and 

definitely raise MAP goal (with 

volume and pressors) in NSICU.

Poorly compliant brain (likely 

edematous or with raised ICP), 

not well perfused (with likely 

inadequately low CPP):

Treat with osmotherapy (with 

HTS, not mannitol), normal 

ventilation and definitely raise 

slowly MAP goal (with volume 

and pressors) in NSICU.



TRIAGING, TREATING AND 

PROGNOSTICATING outcomes
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Fig. 2 Three-month Glasgow Outcome Score in patients with ab-
normal admission TCD (filled columns) and in patients with normal
admission TCD (open columns). 1Good recovery, 2moderate dis-
ability, 3 severe disability, 4 vegetative state, 5 dead

Discussion

Using our criteria, 11 (46%) of 24 patients with severe
TBI had an abnormal admission TCD and received
specific treatment to increase cerebral blood flow. After
this treatment TCD measurements were normalized for
all but two patients. When invasive cerebral monitoring
was available, ICP was higher in patients with abnormal
admission TCD than in patients with normal admission
TCD. However CPP and SjvO2 were comparable between
the groups, suggesting that TCD goal-directed therapy
actually targeted patients with the most severely com-
promised cerebral perfusion and reduced the duration of
secondary ischemic injuries.

Only a few data were available on admission TCD
in severe TBI patients when this study was undertaken.
In a series of 121 patients with minor to severe TBI,
admission velocities were related to GCS, and admis-
sion Vm < 28 cm/s correctly predicted 80% of early
deaths [20]. Van Santbrink et al. reported a good cor-
relation between Vm and brain tissue pO2, with the
lowest velocities observed in the first 8 h after trauma and
associated with severity of injury and outcome [21].

The most reliable indicators of low cerebral perfusion
are probably low Vd with high PI. In our study, Vm was
abnormal in only 4 of the 11 patients in group 1 and Vd
and PI were concordant (both normal or both abnormal) in
nearly all patients (21/24 at T0 and 22/24 at T1). Within
autoregulation range, TCD velocities are poorly correlated
with cerebral blood flow [23, 26]. Below autoregulation
range, however, experimental [27] and clinical [22, 23]
studies showed that Vd decreases with CPP more rapidly

than Vm and Vs, with the strongest correlation observed
between CPP and PI [23]. In brain-dead patients, the first
step in cerebral circulatory arrest is a decrease in Vd to-
ward a zero value without significant variation of Vs [28].
In addition, TCD recorded velocities vary with the real
blood velocity according to the cosine of the angle of in-
sonation, but PI is dimensionless and therefore independ-
ent of sampling techniques [17]. An increase in PI confirms
that low velocities are related to an increase in pulse ampli-
tude, not to a high insonation angle. Thus, the use of a low
threshold for Vd associated with an increased PI is highly
predictive of compromised cerebral perfusion.

Recent studies confirmed the value of early PI and Vd
measurements after severe TBI. Trabold et al. reported that
admission Vd < 25 cm/s and PI > 1.3 were associated with
a poor outcome [29]. Voulgaris et al. found a strong corre-
lation between PI and ICP for ICP values > 20 mmHg, and
between PI and CPP for CPP values < 70 mmHg [30]. Fi-
nally, in a series of 78 patients with mild to moderate TBI,
Jaffres et al. observed a significantly higher admission PI
in the subgroup of patients suffering a secondary neurolog-
ical deterioration [31].

Patients with abnormal TCD measurements at admis-
sion (group 1) using our definition comprised patients with
a more severe TBI than patients with normal TCD values
(group 2). Group 1 patients had an ICP 10 mmHg higher
than group 2 patients despite the previous use of mannitol
in five of them. Group 1 patients also had a significantly
lower initial GCS, and six patients in group 1 compared to
only one patient in group 2 had an unfavourable outcome.
Thus, admission TCD, using our thresholds, identifies pa-
tients with an impaired cerebral perfusion associated with
a poorer outcome.

TCD goal-directed therapy permitted improvement of
cerebral perfusion in patients presenting abnormal admis-
sion TCD (group 1). After treatment, all group 1 patients
but two had normalized TCD measurements. Moreover, all
group 1 patients but one had appropriate CPP or SjvO2

values despite an ICP 10 mmHg higher than in group 2.
Because these patients received norepinephrine (with a sig-
nificant effect on MAP) and/or mannitol, it can be assumed
that without these treatments CPP and SjvO2 values would
have been much lower.

We previously reported a group of 27 severe TBI
patients managed without admission TCD [11]. The
time before invasive monitoring was approximately
the same as in the present study. Seven hours after
trauma, 37% of these patients had SjvO2 values below
55%, and 63% had CPP values below 60 mmHg. In
the present study, when invasive cerebral monitoring
was available only 2/24 patients (8.3%) had low SjvO2

values and 2/24 (8.3%) had low CPP, suggesting a ma-
jor improvement in our management due to the early
use of TCD. Regarding the time between admission
and availability of invasive cerebral monitoring in our
hospital, the use of TCD at admission permitted the

Ract et al. Intensive Care 

Med (2007) 33:645–651. 



Our Material & methods @NSLIJ 2013:

TCD for non-invasive ICP monitoring in 5 patients in our ICU with 
acute cerebral edema and risk for ICP-related secondary 
deterioration from global ischemia.

Deemed non-salvageable, non-surgical  or at high bleeding risk 
for EVD. 

• 1 hepatic failure with GCE

• 1 meningitis with GCE and hemispheric IPH with MLS

• 1 TBI (moderate, no surgical lesion, compensated DIC)

• 2 large hypertensive IPH with mass effect. 

TCD was used to derive PI as a surrogate marker for brain 
compliance and diastolic velocity (Vd) reflecting diastolic CBF 
inferring adequacy of CPP. 

Applied Rx’ic choices falling under the 4 described categories to 
specifically address the cerebral needs of each group. (Table) 

Measured adequacy of Rx by appreciating the response of each 
patient in terms of clinical stability, normalization of derived ICP 
parameters, decrease in GCE and absence of secondary 
ischemia.



Our Results:

PROOF OF CONCEPT / FEASIBILITY

• 1 Pt had no change in mgmt b/o normal PI and Vd. 

• 2 pts received HTS as favored osmotherapy along with 
induced HTN to alleviate the risk of ischemia due to raised ICP. 

• 1 pt received mannitol and had vasopressors tapered off to 
address break-through pressure edema driving her ICP (Lund). 

• 1 pt received hemodynamic augmentation for significant CPP 
amelioration, without any significant rise in PI (Houston).

• All patients had normalization of PI and Vd within our target 
range within an hour of the tailored therapy. 

• No patient had neurological deterioration, worsening of GCE, 
MLS, new hemorrhage or developed infarcts within 48h of our 
repeated interventions. 

• All succumbed to their brain injury before discharge from the 
ICU, except for the TBI patient. 



Conclusions

• PI and waveform analysis more informative than mean ICP.

• Compliance is a better gold standard to decide on 
osmotherapy.

• Extracting PI from EDV may make sense to tease out ICP vs 
CPP issues.

• TCD easily predict/detect early ICP/CPP issues in the ED.

• My 4-category-tailored goal-directed Rx makes sense, seems 
beneficial and not detrimental.

• Larger feasibility study with pts with EVDs, then RCT to 
compare conventional monolithic ICP therapy (mainly 
osmotherapy and MAP augmentation for all) to this 4-category 
tailored ICP therapy.

• It can then be even more refined, adding ONSD, RI, novel 
index, or adding CAR (vasoreactivity testing), MOCAIP 
(VD/VC state), optimal CPP (PRx or pbtO2), LPR (CMD), OEF 
and spectroscopy (neuroimaging).



Enhanced accuracy: 

NIRS, SVJO2, CBF

ONSD, CBF H20 CONTENT

ameliorate PI & RI, MOCAIP…



Arterial and arteriolar resistance

▪ Pulsatility Index (PI): 

▪ Vs-Vd / mean

▪ PSV-EDV / (2EDV+1PSV/3)

▪ Marek Czosnyka (Cambridge)

▪ Resistivity Index (RI): Vs-Vd / Vs

▪ Leandre Pourcelot (Tours)



RI better than PI?
▪ RIx100 correlates to shunt malfunction:

▪ Normal ~50% vs. sx’ic ~70%

▪ Chadduck et al.

Klingelhofer et al.: RI is important in discerning whether pts are at risk 
for poor CPP from VSP or raised ICP.

RI may change as a function either ICP or MFV:

At a fixed MFV, RI rises when ICP rises and falls when ICP falls.

At a fixed ICP, however, RI is 1/MFV.

When RI<0.5 and MFV>120, ICP is always <20.

But when ICP>20 and MFV<150, RI is always > 0.6.

“Thus, when RI<0.5, changes in MFV reflect severity of VSP and ICP is 
expected to be low. 

But if RI rose to >0.6 and MFV declines simultaneously in a pt with 
VSP, there is a problem with ICP rise compromising CPP.”



Refining compliance and perfusion 

adequacy biomarkers

▪ RI better than PI?

▪ RI/MFV?

▪ Trends rather than thresholds?

▪ Moving correlation coefficients?

▪ Active dynamic better than passive Mx?

▪ Challenges (BHI, acetazolamide, carbogen)?



Semantic clarification

▪ Term “cerebral autoregulation”:

- Pressure autoregulation vs. CO2 reactivity

- One does not predict the other…

- CO2 reactivity in direction of VC by HV (drop in CO2) vs. CO2 
reactivity in direction of VD by apnea (BHI accumulating CO2)...

- One does not predict the other…

▪“Loss vs. conserved” CAR is too Manichean:

- F/u trends gradual amenutising CO2 reactivity might predict 
VSP/DCI or impaired compliance even better than overt 
impairment of vasoreactivity

- Peak slope of decrease or EDV trends and correlation coefficient 
RI/MAP might correspond better to adequacy of CPP 
irrespective of ICP



We should do more TCDs 

in the Neuro-ICU:

• TCD to tailor BP in AIS to evaluate:

• Recanalized post IV tPA but also w/o tPA (penumbral 

salvage by HDA)

• RI inferring VD in capillary bed

• CBF conservation/restoration

• Collaterals status

• Reserve in all ischemic pts (not only Moya-Moya) by 

acetazolamide

• Hyperemia, risk of severe edema and HT

In order to tailor BP and AC Rx



Revisiting Laasen’s and Czosnyka’s curves and K:

CI replaces MAP/CPP, better PRx/Mx and 

ORx/pbtO2-K and then what if API replaces CBF or neuronal 

fxn/clinical exam…



Kings County

Figure 12: Post-bleed day 15 (at the peak of vasospasm), head CT reveals no lucency to 
suggest any new infarcted territories, but persistent global cerebal edema.



Kings County

Hieronymus Bosch Kapinos G, Sy H. Neurology. 2016
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