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Abstract

Background: This article is to assess the role of transcranial Doppler (TCD) in predicting 
neurological outcome in traumatic brain injury (TBI) and we review its practical aspects in 
management of TBI.

 Material and Methods: This was a prospective study conducted on 50 patients with traumatic 
brain injury in the Neurosurgery department of a tertiary care hospital in Rajasthan. Transcranial 
colour Doppler was done in all the patients to assess the cerebral perfusion. Doppler parameters 
like Peak systolic velocity, End diastolic velocity, Mean flow velocity and Pulsatility index in 
bilateral proximal middle cerebral arteries were obtained in all the cases. Patients are categorized 
into normal, hypoperfusion and vasospasm groups depending on the values. Prognosis was 
assessed by the neurological deficit and mortality.

Results: Among thirty six patients (51%) who had normal measurement on TCD, 72% patients 
had good outcome, 18% patients had poor neurological status and 10%patients died. Out of these 
eleven patients (23%) who had vasospasm, three died, six had severe neurological disability 
and two patients were discharged in good neurological status. Eighteen patients (26%) had 
hypoperfusion, of whom, 7 patients had neurological impairment and 5 patients progressed to 
brain death.

Conclusion: TCD is a valuable imaging tool in prognostication of patients with TBI information 
by providing information about the cerebral blood flow. It is an emerging modality in predicting 
neurological outcome in patients with TBI.
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INTRODUCTION

Traumatic brain injury (TBI) may lead to cascade 
of events in brain which affects brain function 

and determines outcome of head injury. Severity 
of TBI depends upon clinical presentation and 
neurological status. As per WHO about 70-90% of 
brain injury are mild.1,2
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Mechanical forces during the trauma may cause 
primary brain injury by affecting the structural and 
functioning component of brain.3 It may complicate 
to cerebral changes which includes ischemia, 
hypoxia, altered cerebral perfusion, brain edema 
and increased intracranial pressure.4

TBI may alter the intracranial blood ß ow leading 
to hypoperfusion in early days of trauma followed 
by hyperemia and vasospam in later days which in 
turn leads to increased ICP.5,6

There are various methods for evaluating 
intracerebral perfusion after head injury which 
includes 133 Xn clearance, PET and thermal 
detection probe. These methods are time 
consuming, expensive and patient’s transportation 
is required to the imaging centre making it difÞ cult 
for the patients who are on ventilator support.

Transcranial colour Doppler (TCCD) is simple, 
less expensive, portable, non-invasive, risk free 
and can be done at bedside also.7 TCCD establishes 
linear correlation among blood ß ow velocities in 
different cerebral arteries. It can monitor CBF and 
can measure pulsatility index of MCA to determine 
ICP. It helps in monitoring development of cerebral 
vasospasm after subarachnoid hemorrhage.8,9

TCCD has signiÞ cant limitations which includes 
limited partial resolution, operator dependency 
and not very useful in patients with inadequate 
acoustic temporal window for insonation.8-12

The aim of our study is to establish the role of 
Doppler Þ ndings in predicting the prognosis. We 
also aim to describe its signiÞ cance in management 
of patients with brain injury.

MATERIAL AND METHODS

This was a prospective study conducted in the 
Department of Neurosurgery in S.N. Medical 
College and attached Mathura Das Hospital, 
Jodhpur from April 2022 to March 2023. This study 
included Þ fty patients with head trauma.

Inclusion Criteria:

1. Adults above 18 yrs of age.

2. Patients who came to the hospital within 24 
hours of injury.

3. Patients with Glasgow coma scale (GCS) of 
less than 8.

Exclusion criteria:

1. Patients who refused to give informed 
consent.

2. Patients who were admitted after 24 hours 
of injury.

3. Patients with open head trauma.

4. Patient with major injury to other organs of 
the body including heart, lungs and other 
abdominal organs.

TCD was performed on consecutive three days 
of admission, after a week and at the end of one 
month of trauma. Chi square test was used to 
stastically analyse the Þ nal result. Two MHz probe 
of colour Doppler ultrasound machine was used 
to perform TCD through transtemporal window. 
Doppler parameters like Peak systolic (PSV) and 
end diastolic velocity (EDV in cm/s), Mean ß ow 
velocity (MFV in cm/s), Pulsatility index (PI), 
Resistivity index (RI) and Systolic diastolic ratio 
(S/D) of middle cerebral arteries (MCA) were 
obtained in all the cases.

Hypoperfusion was defined by having two out of 
three of the following:

I. Mean ß ow velocity of MCA less than 35 cm/
second.

II. End diastolic velocity of MCA less than 20/
second.

III. PI greater than 1.4.

Vasospasm was conÞ rmed by the mean ß ow 
velocity of the MCA greater than 120 cm/second.

Patient’s neurological outcome was measured by 
Glasgow coma scale and Glasgow outcome scale 
extended (GOSE) which was then correlated with 
TCD.

RESULTS

Graph one showing agewise distribution of 
the patients. Age group of 30-50 years compiles 
majority of the patients which was 66%. Table one 
also shows that 58% were males and 42% were 
females.
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Fig 1: Showing age wise and sex wise distribution

Table 1: Showing correlation of doppler findings and neurological outcome

Table 2: Transcranial Doppler Values for Each Group

Table one showing the correlation of doppler 
Þ ndings and neurological outcome. Among the 
patients with normal TCD measurement 72% had 
no neurological deÞ cit while 18% had neurological 
impairment on discharge. Among 26 patients 
with normal TCD 10% died. Hypoperfusion was 
observed in thirteen patients (26%) with mean 

GCS score of Þ ve. Among these 13 patients with 
hypoperfusion 52% had neurological impairment 
while 41% died. Eleven patients (23%) showed 
vasospasm on TCD. neurological deÞ cit was 
noticed in 52% of the patients with vasospasm 
while 27% died with vasospasm.

- GCS Score No Neurological 
Abnormality

Neurological Deficit Mortality

Normal TCD Parameters (51%=26) 7 (6-8) 72% 18% 10%

Hypo perfusion (26%=13) 5 (4-5) 7% 52% 41%

Vasospasm (23%=11) 5 (4-5) 21% 52% 27%

Table two showing transcranial doppler data 
in each group. Majority of the patients had Mean 
velocity less than 35cm/sec and diastolic velocity 
less than 20cm/sec in hypoperfusion group while 

pulsatility index was raised (>1.4). In vasospasm 
group majority of the patients had mean velocity 
more than 120cm/sec.

All patients Normal Hypoperfusion Vasospasm
P value

(n=50) (n=26) (n=13) (n=11)

Systolic velocity (cm/s) 84.8 (72-98) 86 (78-95) 72 (66-81.8) 198 (189-199) <0.001

Diastolic velocity (cm/s) 34 (21-44) 35.6 (33-40) 19.2 (17.8-19.9) 89 (82.1- 93.1) <0.001

Mean velocity (cm/s) 47 (35-57) 56 (49-63) 34.2 (30.4-37.6) 123 (121-25.6) <0.001

Pulsatility index 1.07 0.91 1.61 (1.52-1.71) 0.82 (0.76-0.99) <0.001

Bhal Singh, Anil Kumar, Sunil Garg/Significance of Transcranial Doppler in Predicting Outcome of 
Traumatic Brain Injury



International Journal of Neurology and Neurosurgery / Volume 15 Number 3 /July – September 2023

96

Table 3: Primary Outcome Parameters For Each Group

Table three explaining the primary outcome 
parameters for each group. In hospital mortality 
was only 10% in the patients with normal TCD 
measurement while it was observed in 41% of the 
hypoperfusion group and 27% of the patients with 
vasospasm. 72% of the patients with normal TCD 

has good neurological outcome while only 7% of 
patient with hypoperfusion were neurologically 
normal. 21% of patients with vasospasm had no 
neurological deÞ cit. 52% of the patients in each 
group of hypoperfusion and vasospam had poor 
neurological outcome.

-

Normal Tcd 
Parameters

Patients with 
Hypoperfusion

Patients with 
Vasospasm P Value

 (n=26) (n=13) (n=11)

In Hospital Mortality 10% 41% 27% <0.001

Good Outcome (Gose Score: 5-8) 72% 7% 21% <0.001

Poor Outcome  Gose Score: 1-4) 18% 52% 52% <0.001

DISCUSSION

In our study 58% of the patients were male 
and majority of them were of age group 30 to 50 
years. Similar results were observed by Prasad et 
al and Zieger et al7,13 in their studies. TCCD was 
conducted on 50 patients in our study, Out of 
which 51 percentage had normal measurements, 
26% showed hypoperfusion while Vasospasm 
was seen in 23% of patients. Similar Þ ndings were 
observed in this study conducted by Prasad at al, 
Ract et al, while bouzat et al found normal TCD in 
69.6 percentage of the patients.7,14,15

Among all patients with the normal TCD 
measurement 72% showed better neurological 
outcome with no neurological deÞ cit while 10% 
died and 18% had poor outcome which was also 
seen in the study conducted by Jigger et al and 
Prasad et al.7

Prasad et al observed neurological impairment 
in 55% of the patients with hypoperfusion on TCD. 
44% died. Our study showed similar results while 
Zieger et al observed 98% death in patients with 
hypoperfusion.7,13

Study conducted by Zieger et al had vasospasm in 
27 percent of the patients, out of them 31% expired 
and 45% had good neurological result. Similarly 
in our study death was observed in 27% of the 
patients, 21% had good outcome.13 Similar results 
were obtained in study conducted by Prasad et al.

In our study, overall results suggested that 
majority of the patients with normal TCD 
measurements had good neurological outcome 
and while the other two groups showed increased 
mortality and poor neurological outcome.

Ract et al In his prospective study on 24 patients 
with TBI concluded that the risk of secondary brain 
injury can be reduced by using TCD in identiÞ cation 
of brain injured patients with hypoperfusion so 
that TCD goal directed therapy can restore normal 
cerebral blood ß ow.14

Bouzat et al conducted a prospective study on 
98 patients with the TBI with initial GCS score of 
9-15.15 He performed TCD of two middle cerebral 
arteries with the threshold limits of 25 cm/sec for 
diastolic blood ß ow velocity and pulsatility index 
of 1.25 and concluded that TCD on admission along 
with CT Brain can accurately screen patients who 
are at risk of Secondary neurological damage.

Gura M in his study has suggested that 
pulsatility index measurement by TCD can replace 
invasive ICP monitoring.16 Similarly, we also found 
strong correlation of pulsatility index with patient 
outcome in our study.

Zayton et al in his study On 120 patients with 
TBI who underwent TCD in within 24 hours of 
admission, he considered that pulsatility Index 
on TCD is a good predictor of mortality and 
neurological outcome at 3 month.17

TBI is one of the leading causes of mortality and 
morbidity all over the world. CT scan has been 
prioritized in investigating the case of head trauma 
to detect the site of lesions in brain and to detect 
bone injury as well. Later MRI has been an emerging 
investigation tool which can detect diffuse axonal 
injury and microhemorrhages effectively. Newer 
MRI sequences which include susceptibility 
weighted imaging, diffusion weighted imaging and 
DTI have been proved highly sensitive in detecting 
parenchymal lesions related to trauma.18

TCD of middle cerebral artery is non invasive, 
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less expensive and sensitive method to detect 
hypoperfusion and vasospasm in head trauma 
patients, Thereby helps in predicting the prognosis 
in traumatic brain injury. Use of TCD has also been 
increased in evaluating other conditions like stroke 
where it can detect and follow up the vascular 
changes. It can also be used in patients undergoing 
thrombolytic therapy to monitor the response. It 
can assess cerebral vasculopathy and can be used 
as supplementary imaging test for conÞ rmation of 
brain death.19 To improve cerebral perfusion TCD 
guided therapy is also available in brain injury 
patients with hypoperfusion.

CONCLUSION

TCD is an emerging important modality in 
predicting neurological outcome in patients with 
the traumatic brain injury. Patient with normal 
TCD measurements have good neurological 
outcome while the patients with hypo perfusion 
and vasospasm on TCD have poor prognosis. We 
concluded from the study that the transcerebral 
colour Doppler should be included in the 
management of patients with traumatic brain 
injury for better outcome.

Funding: None

Conß ict of Interest: None

REFERENCES

1. D’Ambrosio R, Perucca E. Epilepsy after head 
injury. Curr Opin Neurol. 2004; 17:731–5.

2. Cassidy JD, Carroll LJ, Peloso PM, Borg J, von 
Holst H, Holm L, et al. Incidence, risk factors 
and prevention of mild traumatic brain injury: 
Results of the WHO collaborating centre task 
force on mild traumatic brain injury. J Rehabil 
Med. 2004; 43(Suppl):28–60.

3. Mckee AC, Daneshvar DH. The neuropathology 
of traumatic brain injury. Handb Clin Neurol. 
2015; 127:45–66.

4. Graham DI, Gennarelli TA, McIntosh TK. 
Trauma. In: Graham DI, Lantos PL, editors. 
GreenÞ eld’s Neuropathology. London: Arnold; 
2002. pp. 823–98.

5. Arlinghaus KA, Shoaib AM, Price TR. 
Neuropsychiatric assessment. In: Silver JM, 
McAllister TW, Yudofsky SC, editors. Textbook 
of Traumatic Brain Injury. Washington, D.C: 

American Psychiatric Association; 2005. pp. 59–
62.

6. Martin NA, Patwardhan RV, Alexander MJ, Africk 
CZ, Lee JH, Shalmon E, et al. Characterization of 
cerebral hemodynamic phases following severe 
head trauma: Hypoperfusion, hyperemia, and 
vasospasm. J Neurosurg. 1997;87:9–19.

7. B.K.D. Prasad, Madhavi Chamarthi, Pravallika 
Isireddy. Role of transcranial doppler as 
a predictor of prognosis in patients with 
traumatic brain injury. International Journal of 
Contemporary Medicine Surgery and Radiology. 
2017;2(4):139-142.

8. Moreno JA, Mesalles E, Gener J, Tomasa A, 
Ley A, Roca J et al. Evaluating the outcome of 
severe head injury with transcranial Doppler 
ultrasonography. Neurosurg Focus. 2000;8:e8.

9. O’Brien NF, Maa T, Reuter-Rice K. Noninvasive 
screening for intracranial hypertension in 
children with acute, severe traumatic brain 
injury. J Neurosurg Pediatr. 2015; 16:420–5.

10. Lewis JR, Sauro J. When 100% really isn’t 
100%: Improving the accuracy of small-sample 
estimates of completion rates. J Usability Stud. 
2006; 1:136–150.

11. Armitage P, Berry G, Matthews JN. 4th ed. 
Oxford: Blackwell; 2002. Statistical Methods in 
Medical Research.

12. Higgins JP, Thompson SG, Deeks JJ, Altman DG. 
Measuring inconsistency in meta-analyses. BMJ. 
2003; 327:557–60.

13. D Ziegler, G Cravens, G Angles, R Gandhi, and 
P Cho., Use of transcranial Doppler in patients 
with severe traumatic brain injury; Crit Care. 
2010; 14(Suppl 1): P292.

14. Ract C, Le Moigno S, Bruder N, Vigué B. 
Transcranial Doppler ultrasound goal-directed 
therapy for the early management of severe 
traumatic brain injury. Intensive Care Med. 2007; 
33:645–51.

15. Bouzat P, Almeras L, Manhes P, Sanders L, 
Levrat A, David JS, et al. Transcranial Doppler 
to predict neurologic outcome after mild to 
moderate traumatic brain injury. Anesthesiology. 
2016; 125:346–54.

16. Gura M., Elmaci I, Coskun N. Correlation of 
pulsatility index with intracranial pressure in 
traumaticbrain injury; Turk Neurosurg 2011; 
21(2):210-5.

17. Zayton T, Fayed A, Elbeheiry A, ElseÞ  T. Role of 
transcranial doppler ultrasound as a predictor 
of outcome in severe traumatic brain injury and 
its correlation with glassgow coma scale and full 

Bhal Singh, Anil Kumar, Sunil Garg/Significance of Transcranial Doppler in Predicting Outcome of 
Traumatic Brain Injury



International Journal of Neurology and Neurosurgery / Volume 15 Number 3 /July – September 2023

98

outline of unresponsiveness score. J Med Sci Clin 
Res. 2017; 5:5Y20135–50. [doi: 10.18535/jmscr/
v5i4.66]

18. James M. Provenzale, Imaging in traumatic brain 
injury: A review of the recent medical literature; 

American journal of Roentgenology. 2010; 
194:16-19.

19. Hayden White, Balasubramanian Venkatesh. 
Applications of transcranial Doppler in the ICU; 
a review, Intensive Care Med 2006 (32):981-994.

Bhal Singh, Anil Kumar, Sunil Garg/Significance of Transcranial Doppler in Predicting Outcome of 
Traumatic Brain Injury


