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Abstract

Case Report

Introduction

Subarachnoid hemorrhage (SAH) is one of the most common 
radiological features of traumatic brain injury (TBI) occurring 
in 30%–40% of moderate–severe head injuries.[1,2] Vasospasm 
and resulting cerebral ischemia as well as cerebral hyperemia 
can cause delayed neurological recovery and poor outcome.[3‑5] 
We illustrate a case where differentiating the two entities 
enabled a good neurological recovery.

Case Report

A 56‑year‑old male suffered a moderate head injury following 
an alleged road traffic accident and presented to the Neuro 
Intensive Care Unit with a Glasgow Coma Scale (GCS) score 
of 11/15. The computerized tomography (CT) scan of brain 
showed bilateral frontal and right temporal contusion with left 
Sylvian and temporal SAH. He was treated with antiedema 
measures, namely, mannitol 1 g/kg and hypertonic saline (3%) 
at 30  ml/h infusion. It was continued till 48  h posttrauma 
with a serum sodium target of >140 meq/L. CT scan was 
repeated when GCS did not improve after 48 h. It showed a 
relative decrease in cerebral edema compared to the earlier 
scan. In view of this, antiedema measures were continued 
for further 2 days. However, there was no improvement in 
GCS. A  transcranial Doppler  (TCD) done at this time was 
suggestive of cerebral hyperemia [Figure 1] with a Lindegaard 
ratio  (LR) of 4. The possibility of vasospasm in view of 
traumatic SAH was ruled out with a normal digital subtraction 
angiography  (DSA) [Figure 2] done on the 5th  posttrauma 

day. Conservative management was continued and the patient 
started improving clinically to GCS score of 13/15 on day 7. 
TCD showed much reduced hyperemia at this point [Figure 3]. 
He was discharged on the 10th posttrauma day with a GCS 
score of 15/15.

Discussion

TCD can be an important bedside tool in the management 
of head injury. In patients with unanticipated delay in 
improvement of GCS, TCD can play a vital role. The LR 
calculated as the ratio of mean flow of middle cerebral 
artery (MCA) and mean flow of extracranial internal carotid 
artery helps diagnose or rule out vasospasm as a cause.[6] The 
mean flow velocities of MCA coupled with LR differentiates 
vasospasm from hyperemia [Table 1].[6,7]

As in our case with LR of 4, a definitive DSA was needed to 
rule out vasospasm.

The significance of hyperemia on the management and clinical 
outcome of TBI is still unknown. The effect of hyperemia 
on intracranial pressure (ICP) is a key to predicting clinical 
outcome. Kelly et al. found hyperemia associated with raised 
ICP to be a predictor of poor outcome and needing aggressive 
treatment while mild hyperemia without raised ICP was linked 
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to favorable outcome.[5] In our case, also, mild–moderate 
hyperemia suggested by LR of 4 and pulsatility index of 0.8 
relating to low ICP had a good outcome.

The Doppler waveform suggestive of hyperemia was described 
by Chan et  al. as an absent diastolic notch similar to our 

recording.[8] The clinical implications of the above‑mentioned 
findings are of uncertain significance. However, as observed in 
our patient, the resolution of hyperemia coincided with clinical 
improvement and may just be the temporal profile of the injury.

The popularity of TCD as a bedside tool is hampered by the 
limitation that it is extremely operator dependent. The angle 
of insonation and detailed knowledge of cerebral vascular 
anatomy and its variant limits the interpretation. The acoustic 
window may not be accessible in 10%–15% patients.[9]

Conclusion

This case report highlights the importance of evaluating 
with TCD for an unexplained persistent low GCS. The 
differentiation of hyperemia from vasospasm is paramount in 
management. Cerebral hyperemia may be one of the causes 
of nonimproving GCS in the early phases of TBI. TCD is a 
valuable tool in establishing this diagnosis. Once diagnosed, 
this entity may not need any further treatment other than close 
neurological observation.
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Figure 1: Transcranial Doppler flow with hyperemia of brain

Figure 3: Transcranial Doppler flow when hyperemia reduced

Figure 2: Angiographic image of bilateral internal carotid arteries ruling 
out vasospasm

Table 1: Transcranial Doppler grading criteria for middle 
cerebral artery vasospasm

MFV 
(cm/s)

MCA/EC ICA MFV LR Interpretation

<120 ≤3 Hyperemia
>80 3-4 Hyperemia + possible mild spasm
≥120 3-4 Mild spasm + hyperemia
≥120 4-5 Moderate spasm + hyperemia
>120 5-6 Moderate spasm
≥180 6 Moderate‑to‑severe spasm
≥200 ≥6 Severe spasm
>200 4-6 Moderate spasm + hyperemia
>200 3-4 Hyperemia + mild/residual spasm
>200 <3 Hyperemia
MCA: Middle cerebral artery; EC: Extracranial; ICA: Internal carotid 
artery; MFV: Mean flow velocity; LR: Lindegaard ratio
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