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A 27-year-old healthy man is struck by a car. After 
stabilization, he has a Glasgow Coma Scale (GCS) 
score of 9 (M5/V2/E2), normal pupils, and no focal 
neurologic deficits. Head computed tomography 
(CT) demonstrates scattered subarachnoid blood, 
subdural and bifrontal contusions, and a small left 
temporal intraparenchymal hemorrhage (Fig.  1a) 
His examination result worsens to a GCS score of 7 
(M5/V1/E1), with new bradycardia and a larger left 
pupil with delayed reactivity on quantitative pupil-
lometry.

What is the Relevance of the Clinical Examination 
Change in this Patient?
In this patient, decreased arousal can be localized to the 
reticular activating system, which radiates from the top 
of the midbrain through the thalamus. Small amounts 
of midline shift can disrupt this pathway and may herald 
cerebral herniation [1]. The pupillary changes may also 
reflect third nerve compression due to expansion of the 
temporal contusion and uncal herniation.

New-onset bradycardia can be the first indication of 
Cushing’s triad (bradycardia, hypertension, and irregu-
lar respiration), a clinical manifestation of the brain’s 

compensation for increased intracranial pressure (ICP) 
[2]. Subtle changes in pupil size or reactivity may indicate 
early third cranial nerve compression from tissue shifts 
resulting from temporal hematoma expansion. An urgent 
noncontrast head CT scan is indicated.

Head CT shows interval expansion of bifrontal and 
left temporal lobe contusions (Fig. 1b). The examina-
tion result remains the same.

How Should this Patient Be Clinically Optimized, 
and Should Invasive Intracranial Monitoring Be 
Used in this Case?
Escalation of therapy for herniation syndromes fol-
lows a tiered method [2] and should not be delayed for 
invasive intracranial monitoring (multimodal monitor-
ing [MMM]). Reasonable initial options are placing the 
patient upright, avoiding neck manipulation, addressing 
agitation and fever, a trial of hyperosmolar therapy, and 
ultimately deciding if urgent surgery is needed. These 
maneuvers, if there is clinical improvement (e.g. pupils or 
examination), may suggest the patient is at the end of the 
intracranial volume–pressure curve. Alternatively, the 
patient is also possibly herniating independent of an ICP 
crisis due to the temporal lobe contusion causing focal 
uncal herniation.

MMM should not be used in this case as either a 
“bridge” to or justification of escalated therapy, including 
surgery. Notably, MMM is time and resource intensive 
and is dependent on the location of probe placement. A 
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regional focus of uncus herniation may not be captured 
by the probe if it is distant to the injury site. Similarly, 
MMM values may be divergent from a concerning clini-
cal picture, for example, in a study of malignant stroke, 
ICP monitoring showed an ICP < 22  mm Hg in a large 
number of patients despite evidence of midline shift and 
pupillary changes [3].

What Factors in this Case Support Immediate 
Surgical Decompression?
This patient should undergo immediate surgical decom-
pression. The clinical picture of early pupillary changes, 
Cushing’s triad, and expanding hematomas (especially in 
the temporal lobe) suggests medialization of the uncus in 
a tight temporal fossa and early herniation. Though the 
aforementioned tiered method should be followed to sta-
bilize the patient [2], these therapies will not outpace the 
rate of hematoma expansion and edema, therefore mak-
ing decompression a lifesaving step.

The large clinical trials on traumatic brain injury (TBI) 
surgical decompression do not apply to this patient with 
a temporal lobe hematoma and rapid clinical herniation. 
Decompressive Craniectomy in Diffuse Traumatic Brain 
Injury (DECRA) [4] and Randomised Evaluation of Sur-
gery with Craniectomy for Uncontrollable Elevation 
of Intracranial Pressure (RESCUE-ICP) [5] compared 
decompressive surgery versus standard medical therapy 
[5]. DECRA did not reflect common clinical practice, 
as it was a study of early aggressive surgical decompres-
sion and only allowed bifrontal decompressive cranioto-
mies, and the ICP threshold for surgery was lower than 
current guidelines. RESCUE-ICP represented a study 
of failed medical therapy, had a high crossover rate, and 
used hypothermia in the medical arm. As the field of 
TBI care moves toward precision medicine, large-scale 

studies may not capture the individual patient, and cau-
tion should be taken to not overgeneralize conclusions.

The patient undergoes urgent craniotomy with sub-
temporal and subfrontal decompression with ante-
rior temporal lobectomy (Fig.  1c). Magnetic reso-
nance imaging of the brain on day 9 shows grade 3 
diffuse axonal injury (Fig.  1d). He was discharged 
to home with outpatient rehabilitation with a GCS 
score of 14 (E4/V4/M6) and a modified Rankin score 
of 4. At the 4-year follow-up in the clinic, repeat 
magnetic resonance imaging is done (Fig.  1e). He 
has no focal deficits, a modified Rankin score of 1, 
and intermittent mild behavioral outbursts. He lives 
independently and works as a mail carrier.

Lessons Learned
1. Hematoma expansion should be ruled out with 

acute decompensation in severe TBI. Temporal lobe 
lesions are prone to early uncal herniation independ-
ent of midline shift. Subtle symptoms include altered 
awareness, hemodynamic changes (e.g., hyperten-
sion, bradycardia), and pupillary changes.

2. MMM may not reflect regional herniation, and surgi-
cal decision-making can be made on clinical exami-
nation.

3. Avoid premature prognostication, as patients with 
TBI can have good functional outcomes at 1 year and 
beyond [6].
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Fig. 1 Serial intracranial imaging. a Initial axial head computed tomography (CT) scan showing small left subarachnoid, subdural, and bifrontal 
contusions with small left temporal intraparenchymal hemorrhages. b Repeat coronal head CT scan prompted by worsening examination with 
increased contusion size, including temporal lobe contusion (arrow). c Coronal head CT scan post craniotomy demonstrating temporal hematoma 
resection. d Magnetic resonance imaging (MRI) of the brain on Hospital day (HOD) 8, suseptibility weighted imaging (SWI) sequence, and axial 
image showing small SWI changes in midbrain consistent with grade III diffuse axonal injury (arrow). e, MRI of the brain at 4-year follow-up and fluid 
attenuated inversion recovery (FLAIR) sequence showing left frontal gliosis



529

Author Contributions
PMC: substantial contributions to conception and design, acquisition of 
data, or analysis and interpretation of data; drafting the article or revising it 
critically for important intellectual content; final approval of the version to 
be published; agreement to be accountable for all aspects of the work in 
ensuring that questions related to the accuracy or integrity of any part of the 
work are appropriately investigated and resolved. IS: substantial contributions 
to conception and design, acquisition of data, or analysis and interpretation 
of data; drafting the article or revising it critically for important intellectual 
content; final approval of the version to be published; agreement to be 
accountable for all aspects of the work in ensuring that questions related to 
the accuracy or integrity of any part of the work are appropriately investi-
gated and resolved. CM: substantial contributions to conception and design, 
acquisition of data, or analysis and interpretation of data; drafting the article 
or revising it critically for important intellectual content; final approval of the 
version to be published; agreement to be accountable for all aspects of the 
work in ensuring that questions related to the accuracy or integrity of any 
part of the work are appropriately investigated and resolved. ML: substantial 
contributions to conception and design, acquisition of data, or analysis and 
interpretation of data; drafting the article or revising it critically for important 
intellectual content; final approval of the version to be published; agree-
ment to be accountable for all aspects of the work in ensuring that questions 
related to the accuracy or integrity of any part of the work are appropriately 
investigated and resolved. JWC: substantial contributions to conception and 
design, acquisition of data, or analysis and interpretation of data; drafting the 
article or revising it critically for important intellectual content; final approval 
of the version to be published; agreement to be accountable for all aspects of 
the work in ensuring that questions related to the accuracy or integrity of any 
part of the work are appropriately investigated and resolved.

Source of support
None.

Conflict of interest
The authors report no conflicts of interest.

Ethical Approval/Informed Consent
As a retrospective case, this article is approved by the institutional review 
board (UCI IRB #2283).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive 
rights to this article under a publishing agreement with the author(s) or other 
rightsholder(s); author self-archiving of the accepted manuscript version of 
this article is solely governed by the terms of such publishing agreement and 
applicable law.

Received: 17 March 2023   Accepted: 8 May 2023
Published: 7 June 2023

References
 1. Ropper AH. Lateral displacement of the brain and level of conscious-

ness in patients with an acute hemispheral mass. N Engl J Med. 
1986;314(15):953–8.

 2. Chesnut R, Aguilera S, Buki A, et al. A management algorithm for adult 
patients with both brain oxygen and intracranial pressure monitoring: 
the Seattle International Severe Traumatic Brain Injury Consensus Confer-
ence (SIBICC). Intensive Care Med. 2020;46(5):919–29.

 3. Poca MA, Benejam B, Sahuquillo J, et al. Monitoring intracranial pressure 
in patients with malignant middle cerebral artery infarction: is it useful? J 
Neurosurg. 2010;112(3):648–57.

 4. Cooper DJ, Rosenfeld JV, Murray L, et al. Decompressive craniectomy in 
diffuse traumatic brain injury. N Engl J Med. 2011;364(16):1493–502.

 5. Hutchinson PJ, Kolias AG, Timofeev IS, et al. Trial of decompressive 
craniectomy for traumatic intracranial hypertension. N Engl J Med. 
2016;375(12):1119–30.

 6. Izzy S, Chen PM, Tahir Z, et al. Association of traumatic brain injury with 
the risk of developing chronic cardiovascular, endocrine, neurological, 
and psychiatric disorders. JAMA Netw Open. 2022;5(4):e229478.


	Considerations for Intracranial Monitoring and Surgery in Severe Traumatic Brain Injury with Temporal Lobe Contusion
	What is the Relevance of the Clinical Examination Change in this Patient?
	How Should this Patient Be Clinically Optimized, and Should Invasive Intracranial Monitoring Be Used in this Case?
	What Factors in this Case Support Immediate Surgical Decompression?
	Lessons Learned
	References




