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The Role of Transcranial Doppler in Traumatic Brain Injury: A Systemic

Review and Meta-Analysis

Abstract

To evaluate whether transcranial Doppler (TCD) monitoring plays a role as a prognostic indicator,
by being both a diagnostic as well as a monitoring tool for increased intracranial pressure
and cerebral vasospasm (VSP), in traumatic brain injury (TBI). Electronic databases and gray
literature (unpublished articles) were searched under different MeSH terms from 1990 to the
present. Randomized control trials, case—control studies, and prospective cohort studies on TCD in
TBI (>18 years old). Clinical outcome measures included Glasgow Coma Outcome Scale (GCOS)
and Extended GCOS and mortality. Data were extracted to Review Manager Software. Twenty-five
articles that met the inclusion criteria were retrieved and analyzed. Ultimately, five studies
were included in our meta-analysis, which revealed that patients with TBI with abnormal TCD
(mean flow velocity [MFV] >120 cm/sec or MFV <35 cm/sec and Pulsatility Index >1.2) have
a >3-fold higher likelihood of having poor clinical outcome in comparison to patients with TBI
and normal TCD monitoring (odds ratio [OR]: 3.87; 95% confidence interval [CI]: 2.97-5.04;
P < 0.00001). Subgroup analysis revealed that abnormal TCD has a 9-fold higher likelihood
of mortality (OR: 9.96; 95% CI: 4.41-22.47; P < 0.00001). Further, subgroup analysis based on
TCD findings revealed that the presence of hypoperfusion on TCD (middle cerebral artery [MCA]
<35 cm/s) is associated with a three-fold higher likelihood of having poor functional outcome
(OR: 3.72; 95% CI: 1.97-7.0; P < 0.0001). The presence of VSP (MCA >120 cm/s) is associated
with three-fold higher likelihood of poor functional outcome (OR: 3.64; 95% CI: 1.55-8.52;
P = 0.003). TCD is an evolving diagnostic tool that might play a role in determining the prognosis
of patients with TBI. Further prospective study is needed to prove the role of TCD in TBI.
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Introduction injury."" Following it is the secondary
brain injury, which occurs as a complication
of primary brain injury, and includes
ischemic and hypoxic damage, cerebral

edema, raised intracranial pressure (ICP),

Traumatic brain injury (TBI) either blunt
or penetrating leads to disruption of
normal function of the brain.! TBI can be

classified into mild, moderate, and severe
based on the severity of injury, neurological
status, and clinical presentation. Due to its
irreversible and chronic effects on health,
TBI has been categorized into a disease
process, rather than a discrete event.”

About 70%-90% of brain injuries as per the
World Health Organization are mild.B! The
yearly incidence of TBI varies in different
countries with the highest estimated to be
in England.l1%

As a result of direct mechanical forces,
there is deformation involving both the
anatomical and functional component of the
brain, ultimately leading to primary brain
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hydrocephalus, and infection,!'? both can
lead to physiological,'*!®! emotional,!'>!¢]
and neurocognitive  disorders.'!81  The
immediate effect of TBI on blood flow
can range from ultra-early hypoperfusion
(day 0), to early hyperemia (days 1-3),
to delayed cerebral vasospasm (VSP)
(days 4-15), as well as raised ICP.["*?"!

There are multimodal monitors involved in
the assessment of patients in neurocritical
care setting that varies from invasive to
less invasive devices.?!! Therefore, ICP can
be measured from direct intraventricular
catheter to less invasive devices that
include intraparenchymal, subdural,
subarachnoid, and extradural probes. In
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addition, oxygen extraction in the brain can be determined
by either jugular venous oxygen saturation for global blood
flow or intraparenchymal Clark electrode (LiCox) for focal
brain parenchymal flow.[!

Transcranial Doppler (TCD) allows a noninvasive
assessment of real-time monitoring of ICP and cerebral
perfusion pressure (CPP). TCD ultrasonography can be
performed at the patient’s bedside to determine and monitor
cerebral blood flow (CBF), measured by mean blood-flow
velocity (MFV), and ICP can be measured by Pulsatility
Index (PI) values of the middle cerebral artery (MCA),
and the rest of major intracranial vessels, regardless of
patient having an altered level of consciousness or being
sedated.

In addition, TCD may play a role in monitoring the early
development of cerebral VSP after traumatic subarachnoid
hemorrhage (SAH) and the early or delayed development
of increase ICP following TBIL.[?! This is achieved by daily
noninvasive monitoring of CBF, MFV, and ICP of the
intracranial vessels.?*

Even though TCD is a relatively low-cost, risk-free,
bedside available, and high temporal resolution device, it
is suitable for the emergency setting; significant limitations
to the clinical utility of TCD in TBI include limited spatial
resolution, assumptions made regarding the vessel diameter
on TCD, operator dependency, and in patients who lack an
adequate acoustic temporal window for insonation.?225-2%

The diagnostic and prognostic role of TCD in TBI has not
been fully established since available data are limited due
to unavailability of any randomized controlled trials, and a
small number of prospective cohort study.

The aim of our study is to evaluate whether TCD has a
role as a prognostic tool by being both a diagnostic and
monitoring tool for ICP and VSP in TBI. We performed a
literature review and meta-analysis to attempt to answer the
above question. Our a priori hypothesis was that TCD does
have a role as a prognostic tool in patients with TBI, by
early detection of increased ICP and cerebral VSP.

Methods

Database search

The following databases were reviewed — Cochrane
Library, Medline, Embase, Web of Science, Google

Scholar, Scopus, and PubMed. In addition, we reviewed
the following gray literature — unpublished abstracts
from European and American Neuro-Ultrasonography
conferences over the last 10 years related to TCD in TBI
as shown in Figure 1. Articles published between 1990
and present were searched. Two reviewers MS and NF
completed the entire review process.

Cochrane MedLine/ Pub Med Google Scholar Web of Science
1990-2018 1990-2018 1990-2018 1990-2018
4 Citation(s) 7 Citation(s) 800 Citation(s) 78 Citation(s)
378 Non-Duplicate
Citations Screened
Inclusion/Exclusion 353 Articles Excluded
Criteria Applied After Title/Abstract Screen
25 Anticles Retrieved
Inclusion/Exclusion 8 Articles Excluded 2 Anticles Excluded
Criteria Applied After Full Text Screen During Data Extraction

5 Anticles Included

Figure 1: Search strategy

Literature search

Following MeSH headings were searched: Ultrasound
or Doppler or transcranial or TBI or ICP monitoring or
prognostic tools in TBI or cerebrodynamics monitoring.
We did not define any limitation in language. A total of
378 articles were retrieved based on the MeSH headings
mentioned above. The titles of articles were then reviewed
and duplicates were deleted.

The titles and abstracts of the studies identified by the
literature search were screened for eligibility based on
the inclusion criteria. Manuscripts that met the inclusion
criteria were selected.

Study selection and data extraction
Primary research question

Does TCD play a role in predicting clinical outcome in
TBI by monitoring and identifying increased ICP and
VSP in the TBI population. Based on this, the following
Population, Intervention, Control, and Outcome questions
were developed:

Population

It includes adult patients with TBI due to motor vehicle
injury, blows, fall, and penetrating head injury.

Intervention

Daily TCD monitoring with diagnostic criteria for increase
ICP when PI >1.2, or Resistivity Index >0.8, and VSP

when MFV (MCA >120) with Lindegaard ratio >3 and
hypoperfusion (MFV <35 cm/s).

Control

Patients with TBI either with normal TCD or without TCD
monitoring.
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QOutcome

clinical outcome dichotomized to good and bad outcome based
on the Glasgow Coma Outcome Scale (GCOS) (favorable
outcome: 4-5 and unfavorable outcome 1-3) or extended
GCOS (EGCOS) (favorable outcome >5-8 and unfavorable
outcome 1-4).

We applied stringent inclusion criteria. The following
study’s types were selected — randomized controlled trials,
case—control studies, and prospective cohort studies in adult
populations with TBI who received TCD. Retrospective
cohort, case series, and case report studies were excluded
from our systematic review.

The reviewer was not blind to the author’s name and
institutions, journals of publication, or study results.

Outcome measures

Outcome measures — the following outcomes were selected
for our meta-analysis.

Primary outcome measures — dichotomized to good
outcome (EGCOS 5-8 and GCOS 4-5) and poor
outcome (EGCOS 1-4 and GCOS 1-3).

Measures of intervention effect — intervention efficacy
was dichotomized as “Good” or “Poor” clinical functional
outcome.

The GCOS and EGCOS were dichotomized to good
functional outcome and poor functional outcome. In order
for the TCD ultrasound to be effective as a prognostic
tool, we required the threshold of distribution between
good and poor outcome to be clinically and statistically
significant (P < 0.05)

The odds ratio (OR) was calculated for normal versus
abnormal TCD in TBI, good and poor outcome, mortality,
hypoperfusion, and VSP.

Statistical analysis

Review Manager Program version 5.3 (Copenhagen: The
Nordic Cochrane Centre, The Cochrane Collaboration,
Denmark) as provided by Cochrane Library was used to
perform statistical analyses. Data from each study were
extracted from the articles and placed in this software to
perform a pooled meta-analysis and subgroup analysis.

First, the TCD and good and poor outcomes computed
across the different ultrasound modalities used in the
different prospective cohort studies were analyzed.
The OR for experimental abnormal and control normal
TCD, associated with good and poor outcomes were
calculated in all individual studies, with available
data comparing the various outcomes among different
studies. The OR from separate studies was combined
by the fixed-effect meta-analysis according to the
Mantel-Haenszel method, which is also valid for paired
OR. Heterogeneity between studies was assessed by

the Breslow—Day Chi-square test and /* statistic. The
I statistic describes the percentage of total variation
across studies that are attributable to heterogeneity
rather than chance. Compared with the classical
Breslow—Day Chi-square test, its interpretation is more
intuitive and the value does not depend on the number
of studies. There is no simple categorization of values
of P, although values >75% are usually considered as
meaning high heterogeneity.

Results
Description of studies

A total of 378 tiles were reviewed from the
above-mentioned  electronic  literature. = Twenty-five
studies were retrieved and analyzed; ultimately five
articles, which met the inclusion criteria, were included
in our meta-analysis. The baseline characteristics and the
outcome of the prospective cohort studies are summarized
in Tables 1 and 2.

Risk of bias in the prospective cohort studies

None of the prospective cohort trials followed double
blindness. This is understandable in this type of prospective
cohort study, in which a procedure is evaluated, and it
may be difficult to blind the investigator or the patient to
procedure allocation. However, blindness could have been
achieved for functional outcome, and this was not the case
in any of the studies.

Effects of interventions

Pooled analysis for all five studies [Figure 2] — patients
with TBI who underwent diagnostic TCD monitoring
for increase ICP or VSP and had abnormal
TCD (MFV >120 cm/s or MFV <35 cm/s, PI >1.2) had
a >3-fold higher likelihood of having poor outcome
in comparison to patients with TBI and normal TCD
monitoring (OR of poor outcome: 3.87; 95% confidence
interval [CI]: 2.97-5.04; P < 0.00001).

Furthermore, subgroup analysis reveals that:

1. Subgroup analysis based on the role of TCD monitoring
in TBI in predicting mortality — it revealed that patients
with abnormal TCD had a 9-fold higher likelihood
of mortality in comparison to patients with TBI who
have normal TCD (OR: 9.96; 95% CI. 4.41-22.47,
P < 0.00001) as indicated in Figure 3

2. Subgroup analysis based on the TCD findings of
hypoperfusion (MCA <35 cm/s) in predicting poor
outcome in TBI [Figure 3a] — the TCD finding of
hypoperfusion (MCA <35 cm/s) is associated with
a 3-fold higher likelihood of having poor functional
outcome as compared to normal TCD (OR: 3.72;
95%CI: 1.97-7.0; P < 0.0001) as indicated in Figure 4a

3. Subgroup analysis based on the TCD findings of
VSP (MCA >120 cm/s) in predicting poor outcome
in TBI [Figure 3b] — the TCD findings of VSP are

628 Asian Journal of Neurosurgery | Volume 14 | Issue 3 | July-September 2019



Fatima, et al.: TCD in TBI

Table 1: Baseline characteristics of prospective studies

Study Prospective  n (treatment/ Intervention Time since TCD cutoff  Initial GCS Age Outcome
cohort/case  control) (treatment/ admission values (mean+SD) measures
control study control)

Bouzat  Prospective  369: 12 excluded TCD: Echo Postinjury: 2 MCA 9-15 39 (27-54)/62 1. SND with 2

Z gi~6 o Normal TCD: 257 ?Oppée{v[ ; <8h PI: <1.25 (34-73) poiéltc %ecrease

- to 5-MHz in score on
.8A6bnorma1 TCD: 283 (80%) FVd: >25 cm/s day 7
TCD 2 MHz: 2. DRS on day
73 (20%) 28

Prasad  Prospective 75 2 MHz TCD Postinjury: MCA Normal: 7 30-50 1. GCS

etal. “ Normal TCD: 36 <24h Hypoperfusion: Hypoperfusion: 2. GOSE

(2017)" Abnormal FVd <20 cm/s 5

TCD: 39 (18 Vm <35 cm/s Vasospasm: 5
hypoperfusion; 21 PI>1.2
vasospasm) Vasospasm:

Vm >120 c/s

Zaytoun Prospective 120 2 MHz TCD Postinjury: Hypoperfusion: All patients 37 1. GOSE at 3

et al. ; Normal TCD: 68 24 h MEFV <35 GCS 6 (5-7) Normal months

(2017)"1 Abnormal TCD: em/s; EDV - Normal 7(6-8) TCD 36.5, 2. FOUR score

. <20 cm/s, P1 abnormal

52 (hypoperfusion ~14 Abnormal ~ 3.APACHE-11
41, vasospasm v ’ Hypoperfusion l;%/poperﬁlsmn score
11) asospasm 5 (4_5) 5

MEFV >120 vasospasm 35 4. Rotterdam CT

cm/s Vasospasm 5 score

(5-6) 5. New ISS
6. PI

Ract Prospective 24 2 MHzTCD Assoonas Vm<30cm/s, GCS equaland Normal TCD 1. GOSE at3

etal. . Normal TCD: 13 pgss.ibl.e on Vd<20cm/s, <8 35+12 months

(2007) Abnormal TCD: admission PI>1.4 Abnormal

11 TCD 33«£12

Moreno  Prospective ~ 125: 67/58 2 MHz TCD Postinjury: Mean blood GCS <9 24.14+19.16 1. GCOS at 6

etal. <24 h flow: 45+10 months

(2000)[33] cm/s, normal 2. APACHE 11

PI leis alid at 6 months

equatto 3. 1CP and CPP
4. Blood-flow
velocity at 6
months

5. PI at 6 months

TCD — Transcranial Doppler; MCA — Middle cerebral artery; SND — Secondary neurological deficit; GCS — Glasgow Coma Scale;
DRS — Disability Rating Scale; GCOS — Glasgow Coma Outcome Scale; GOSE — Extended GCOS; FOUR — Full Outline of Unresponsiveness;
APACHE — Acute physiologic assessment and chronic health evaluation; ISS — Injury Severity Scale; PI — Pulsatility index; ICP — Intracranial
pressure; CPP — Cerebral perfusion pressure; FVd — Diastolic blood-flow velocity; Vm — Measured flow velocity; MFV — Mean blood-flow
velocity; EDV — End-diastolic velocity; Vd — End-diastolic flow velocity; SD — Standard deviation; CT — Computed tomography

associated with a 3-fold higher likelihood of having
poor functional outcome as compared to normal
TCD (OR: 3.64; 95% CI. 1.55-8.52; P = 0.003).
However, there were insufficient data to comment
on the OR of VSP on the prognosis of the patient as
indicated in Figure 4b

4. Subgroup analysis for TCD based on PI could not
be performed due to lack of studies looking at the
comparison of high PI versus normal PI in TBIL

Asian Journal of Neurosurgery | Volume 14 | Issue 3 | July-September 2019

Discussion

Our study is the first to evaluate whether TCD has a
diagnostic or prognostic role in the TBI population.
Our meta-analysis revealed that TCD plays role as a
diagnostic and prognostic tool in terms of determining
the functional outcome in patients with TBI. However,
due to several limitations in the prospective cohort studies
(lack of randomized control trials [RCTs], lack of adequate
sequence generation, blindness in randomization and
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Table 2: Good and poor outcomes of prospective cohort studies

Trial or Good Poor Glasgow Outcome Scale/ Admission  Definition
study outcome  outcome extended TCD
ouzat : : : Unavailable : ecrease in of >2 points from the initia in
B N:265/269 N:4/269 N:U ilabl N:269/336 D in GCS of >2 points fi he initial GCS i
etal. = A:71/87  A:20/87 A:Unavailable A:87/336  the absence of pharmacologic sedation
(2016)% Severe DRS (>7) on 28 days Deterioration in neurologic status sufficient to warrant
N: 257/336 intervention, that is, mechanical ventilation, sedation,
’ osmotherapy, transfer to the ICU, or neurosurgical
A:28/336 intervention
Prasad N:24/36  N:12/36 GOSE N: 36/75 Glasgow outcomes scale extended with in-hospital
et al. A: 4/39 A: 35/39 5.8 A 39/75 mortality with poor outcome <4 and good outcome >5
30]
(2017) N: 24/36
A: 14/39
1-4
N:7/36
A: 11/39
aytoun : : at ays : , with questions covering the following aspects
Z N:57/68  N:11/68 GOSE at 90 d N: 68/120  GOSE, with i ing the followi
eégll. . A:11/52  A:41/52 5-8 A:52/120 (1) Consciousness
(2017) N: 57/68 (2) Independence inside and outside the house
A:11/52 (3) Resumption of normal social roles and
1-4 (4) Residual symptoms interfering with daily life
N: 11/68 GOSE was dichotomized as unfavorable (score 1-4)
A 41/52 versus favorable (score 5-8)
Ract N: 12/13 N:1/13  Glasgow Outcome Score at N:13/24  GCOS measured at 3 months with>3 indicating
etal. A:5/11 A:6/11 3 months A: 1124  unfavorable outcome
(2007)1 3-4
N: 1/13
A:3/11
1-2
N: 12/13
A:5/11
Moreno N:48/65  N:17/65 Glasgow Outcome Score at N:65/125  Glasgow Outcome Scale. Moderate disability and
etal. A:19/60  A:41/60 ©months A: 60/125  complete recovery were considered “good” outcome;
(2000)1! 3.4 death, vegetative state, and severe disability were
N: 17/65 considered “poor
A:41/60

ICU — Intensive care unit; DRS — Disability Rating Scale; GCOS — Glasgow Coma Outcome Scale; GOSE — Extended GCOS;

GCS — Glasgow Coma Scale; TCD — Transcranial Doppler

clinical follow-up, and the small sample size in all of the
studies, and future double-blinded RCTs with large sample
size are needed to prove the hypothesis of this novel
noninvasive intervention. In addition, more evidence is
required regarding the blood FV and PI correlation with the
diagnosis and prognosis of patients with TBI.

Our meta-analysis findings are in line with the previous
findings published.®**” In addition, our meta-analysis
represents a further step in evaluating the efficacy of
TCD in TBI. A low flow velocity defined as MCA
MFV of <35 cm/s within 72 h of head injury has been
shown to predict unfavorable outcome at 6 months
(Glasgow outcome score [GOS] score 1-3: death,
vegetative state, or severe disability) with an OR of

3.9 (CI 1.2-13).B34 Christou et al. 2001533 suggested
that the MCA PI correlated with outcome in TBI. The
presence of high PI >1.56 predicted over 83% rate of
poor outcome at 6 months, whereas a low PI <1 identified
71% of patients with a good outcome (GOS 4-5).5]
The severity of VSP may also predict the outcome on
the GOS; in a study of 116 SAH patients, moderate BA
VSP (MFV >60 cm/s) was associated with permanent
neurological deficit, whereas the presence of severe BA
VSP (MFV >85 cm/s) was associated with a vegetative
state.*®! In another study, it was found that patients with
TBI who had VSP or hyperemia were more prone to
poor outcome (GOS: 1-3) as compared to those without
significant FV change.(”
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Fatima, et al.: TCD in TBI

Experimental Abnormal TCD  Control Normal TCD Risk Ratio Risk Ratio
Study or Subgroup Events Total  Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bouzat et al 2016 20 87 4 269  4.7% 15.46[5.43,44.00) S——
Moreno et al 2000 41 60 17 65 396% 261[1.68,4.07) -
Prasad et al 2017 35 39 12 36 303% 2.69(1.68 4.32) -
Ract et al 2007 6 1 1 13 2% 7.09[1.00,50.28)
Zayton et 2l 2017 41 52 11 68 23.1%  4.87[2.79,8.53) -
Total (95% CI) 249 451 100.0%  3.87(2.97,5.04) &
Total events 143 4
Heterogeneity: Chi® = 13.02, df = 4 (P = 0.01); I¥ = 69% :001 051 130 1003

Figure 2: Pooled analysis for all five studies: Patients with traumatic brain injury having abnormal and normal transcranial Doppler
monitoring. (Odds ratio of poor outcome: 3.87; 95% confidence interval: 2.97-5.04; P < 0.00001)

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bouzat et al 2016 S 87 1 269 9.9% 16.34(1.88, 141.87) >
Moreno et al 2000 0 ] ] 0 Not estimable
Prasad et al 2017 14 39 S 36 719% 3.47([1.10, 10.95) ——
Ract et al 2007 3 11 ] 13 7.0% 11.12(0.51, 243.10) g
Zaytoun et al 2017 21 S$2 1 68 111X 45.39(5.84, 352.83) —_—
Total (95% CI) 189 386 100.0% 9.96 [4.41, 22.47) R
Total events 43 7
Heterogeneity Chi* = 5.54, df « 3 (P = 0.14); P « 46% :001 0¢1 1:0 100#
Test for overall effect: 2 = $.54 (P < 0.00001) Favours [experimental] Favours [control)

Figure 3: Traumatic brain injury in predicting mortality: Abnormal transcranial Doppler versus normal transcranial Doppler; odds ratio: 9.96; 95% confidence

interval: 4.41-22.47; P < 0.00001

Hypoperfusion Normal TCD Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Prasad et al. 2017 0 18 12 36 854% 0.05[0.00, 0.95] ¢
Zayoun et al. 2017 324 41 11 68 14.6% 25.17[8.91, 71.10) P g
Total (95% CI) 59 104 100.0% 3.72 (1.97, 7.04) <
Total events 34 23
Heterogeneity. Chi® = 21.33, df = 1 (P < 0.00001); I = 95% :001 031 130 100:
Test for overall effect: Z = 4,04 (P < 0.0001) Wmsm Normal TCD
2 Vasospasm  Normal TCD Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Prasad et al 2017 11 21 12 36 79.1% 2.20[0.73, 6.62] -
Zaytoun et al 2017 7 11 11 68 20.9% 9.07[2.26, 36.32] _—
Total (95% CI) 32 104 100.0% 3.64 [1.55, 8.52] <
Total events 18 23
Heterogeneity. Chi = 2.46, df = 1 (P = 0.12); I? = 59% I t : i
Test for overall effect: Z = 2.97 (P = 0.003) 001 oillansospasm lNormal Tég 10
(b

Figure 4: Subgroup analysis based on the transcranial Doppler findings of hypoperfusion (middle cerebral artery <35 cm/s) in predicting poor outcome
in traumatic brain injury (a). Subgroup analysis based on the transcranial Doppler findings of vasospasm (middle cerebral artery >120 cm/s) in predicting

poor outcome in traumatic brain injury (b)

Although the underlying brain changes after TBI are
not fully understood, it has been proposed that TCD is
the stethoscope of the brain.’¥ Disturbances of cerebral
circulation play a key role in the pathophysiology of head
injury. Cerebral hemodynamics has significant implications
for the monitoring and treatment of patients with head

Asian Journal of Neurosurgery | Volume 14 | Issue 3 | July-September 2019

injury. In a prospective study of 125 patients,”” the MCA
and extracranial (EC) internal carotid artery (ICA) were
insonated using a 2-MHz pulsed TCD device through the
transtemporal and submandibular methods, respectively.
This prospective study has confirmed the reported
time-dependent changes in the CBF, MCA velocity, and
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Hemispheric Index (also referred as Lindegaard ratio,
ViesViciea)s Which, considered together defined three
discrete hemodynamic phases. Phase 1 (hypoperfusion
phase) occurs on the day of injury (Day 0), followed by the
Phase 2 (hyperemia phase, Day 1-3) and finally the Phase

3 (VSP phase, Day 4-15).

TCD is a tool that has been increasingly used in
cerebrovascular hemodynamic monitoring since 1982.
It measures different hemodynamic parameters such as
(1) brain FV, (2) estimation of vascular brain resistance,
and (3) brain perfusion pressure.’! These parameters on
TCD can be used to detect and monitor VSP in patients
with aneurysmal and traumatic SAH and indirectly estimate
ICP and CPP in patients with severe TBIL.M

As per Kirkpatrick et al*! 1994, TCD is able to detect
transient changes in the relative CBF with high resolution.
Kirkpatrick et al., 1995, described that increase in the
ICP is depicted by a relative decrease in the CBF and FV.
This is associated with synchronous desaturation (Sj0, and
HBO, signal changes) and cerebral hyperemia.

The most sensitive index of falling CPP is the increase
in FV amplitude due to the divergence of FVs and
FVd.®! Czosnyka et al.,* 1994e, described that at
high CPP values, PI remains constant whereas, at low
CPP values, PI increases rapidly.

As per one study conducted by Homburg et al.*! 10
head-injured patients were investigated and demonstrated
a positive exponential correlation between PI and epidural
pressure. Moreno et al. found that an elevated PI predicts
poor outcome (PI 1.56), and further correlation between
ICP and PI was found.’3 As per Bellner et al.,*" there
exists a highly significant correlation between ICP and PI,
independent of intracranial pathology. In a systematic review
conducted by Ziegler et al.,*! the evidence for the predictive
value of PI was strong, unlike the prognostic value of
blood-flow velocities where the evidence was inconclusive.

In addition, more evidence is required regarding the use of
the TCD in patients with TBI, thus improving the diagnostic
evidence and decreasing the complications occurring with
the invasive cerebral monitors in place. Besides, the early
detection of underlying brain pathology after TBI with TCD
as compared to the computed tomography scan head and
invasive cerebral monitors will help in early medical and
neurosurgical intervention, thus improving the functional
outcomes of the patient.

Our study has several limitations. First, there is a possibility
of selection and publication bias in our systematic review
since only two reviewers carried out this part of the process
and they are part of the largest trial in this systematic
review. They might, therefore, be more influenced by the
positive trial results than by the negative ones. However,
we tried to limit such bias using the following steps: a
gray literature review, in which we reviewed the abstracts

from several meetings in order to capture any RCT that
was presented as an abstract but not published because of
a negative result. Indeed, one abstract was found with a
negative result, and it was included in the meta-analysis.
Second, the lack of access to individual patient’s data is
one of the limitations. Third, the number of patients who
are ineligible to this form of treatment due to poor temporal
window has not been mentioned in all the trials, which
makes it difficult to know the proportion of patients that are
illegible to this form of treatment in general. Finally, our
meta-analysis results cannot be generalized to all forms of
TBI since we restricted mostly to moderate and severe TBI.

Conclusion

Our data point to a possible signal of efficacy of TCD
as a diagnostic and prognostic role in patients with TBI
and provide a basis to design a RCT with less bias and
determine the sample size, mean CBF velocities, and the
PI of future randomized trials of TCD in patients with
traumatic brain injuries.
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