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Critical care for concomitant severe traumatic brain injury and acute spinal cord
injury in the polytrauma patient: illustrative case

Hansen Deng, MD,1 Diego D. Luy, BS,1 Hussam Abou-Al-Shaar, MD,1 John K. Yue, MD,2 Pascal O. Zinn, MD,1

Ava M. Puccio, RN, PhD,1,3 and David O. Okonkwo, MD, PhD1,3

1Department of Neurological Surgery and 3Brain Trauma Research Center, University of Pittsburgh Medical Center, Pittsburgh, Pennsylvania; and 2Department of Neurological
Surgery, University of California, San Francisco, San Francisco, California

BACKGROUND The occurrence of traumatic brain injury with spinal cord injury (SCI) in polytrauma patients is associated with significant morbidity.
Clinicians face challenges from a decision-making and rehabilitative perspective. Management is complex and understudied. Treatment should be
systematic beginning at the scene, focusing on airway resuscitation and hemodynamic stabilization, immobilization, and timely transport. Early
operative interventions should be provided, followed by minimizing secondary pathophysiology. The authors present a case to delineate decision-
making in the treatment of combined cranial and spinal trauma.

OBSERVATIONS A 19-year-old man presented as a level I trauma patient after falling 30 feet as the result of scaffolding collapse. The patient was
unresponsive and was intubated; he had an initial Glasgow Coma Scale score of 4. Computed tomography revealed multicompartmental bleeding and
herniation, for which supra- and infratentorial decompressive craniectomies were performed. The patient also suffered from thoracic SCI that resulted in
complete paraplegia. Multimodality monitoring was used. After stabilization and lengthy rehabilitation, the patient obtained significant functional improvement.

LESSONS The approach to initial management of concomitant head and spine trauma is to establish intracranial stability followed by intraspinal
stability. Patients can make considerable recovery, particularly younger patients, who are more likely to benefit from early aggressive interventions and
medical treatment.

https://thejns.org/doi/abs/10.3171/CASE21521
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The annual incidence of traumatic brain injury (TBI) is between
5,000 and 8,000 cases per million,1 and the incidence of traumatic
spinal cord injury (SCI) is 40 cases per million in the United
States.2 Dual diagnosis of TBI and SCI is less common at 3 to 10
cases per million,3 but it leads to increased morbidity and reduced
overall quality of life. The current TBI models of prognostication are
not specific to this subpopulation of patients.4 In part due to the
complexity of specialized care and availability of medical resources,
early management strategies of combined neuroaxis injury vary
among providers and institutions.

Management of the combination of craniospinal trauma begins
at the scene of the injury. Key points include resuscitation, early

intubation and ventilation, spinal immobilization, and rapid patient
transport to the nearest level I trauma center. Computed tomogra-
phy (CT) is first-line imaging for initial cranial and spinal bony evalu-
ation. The goal of early operative decompression is to prevent
neurological deterioration and obtain mechanical stability. Invasive
monitoring at bedside can further reduce secondary insults after ini-
tial trauma.5

Neurological recovery from SCI depends on completeness of lesion
with respect to sacral sparing.6 The American Spinal Injury Association
Impairment Scale (AIS) is the gold standard for injury classification by
muscle groups and sensory points.7 Patients with concurrent TBI and
SCI have longer length of stay and rehabilitation, and the trajectory of

ABBREVIATIONS AIS 5 American Spinal Injury Association Impairment Scale; CT 5 computed tomography; EVD 5 external ventricular drain; GCS 5 Glasgow
Coma Scale; ICP 5 intracranial pressure; LD 5 lumbar drain; OR 5 operating room; SCI 5 spinal cord injury; TBI 5 traumatic brain injury.
INCLUDE WHEN CITING Published January 10, 2022; DOI: 10.3171/CASE21521.
SUBMITTED September 15, 2021. ACCEPTED November 8, 2021.
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neurological recovery after discharge is not well understood. We pre-
sent the clinical decision-making process for a patient who sustained
complex severe TBI and SCI, in whom early stepwise operative decom-
pressions and stabilization, along with multimodality monitoring, assisted
with overall improvement in neurological function.

Illustrative Case
A 19-year-old male construction worker with no significant past

medical history presented as a level I trauma patient after falling 30
feet from scaffolding along with his coworker, who died at the
scene. The patient was intubated and had an initial Glasgow Come
Scale (GCS) score of 4 (eye [E] 1; verbal [V] 1; motor [M] 2). Pupils
were reactive, but gag and cough reflexes were not detected.

CT of the head showed extensive bilateral occipital fractures,
infratentorial swelling, and right subdural hematoma causing upward
transtentorial herniation (Fig. 1A). The patient also had supratento-
rial multicompartmental bleeding with bifrontal subdural hematoma
and diffuse traumatic subarachnoid hemorrhage (Fig. 2). CT of the
thoracic spine revealed a three-column fracture dislocation of the
T9 and T10 levels, T10 burst fracture with retropulsion, and severe
spinal stenosis (Fig. 3A). Other injuries included left pneumothorax,
rib fractures, and pleural effusion and lung contusion.

The patient was taken to the operating room (OR) for emer-
gency suboccipital decompressive craniectomy, subdural evacua-
tion, and external ventricular drain (EVD) placement for intracranial
pressure (ICP) monitoring. The EVD opening pressure was 20 mm
Hg. Postoperative CT demonstrated blossoming bifrontal contusions
with associated mass effect (Fig. 1C). The patient returned to the
operating room for Kjellberg bifrontal decompressive craniectomy
and subdural evacuation.8 He was stabilized in the neurotrauma
intensive care unit. A lumbar drain (LD) was placed to assist with
titration of spinal perfusion pressure of 65 mm Hg. On hospital day
3 with improved ICPs, the patient returned to the OR for his SCI,
including T7-T12 posterior spinal fusion for definitive fixation and
T9-T10 decompression (Fig. 2B).

By hospital day 3, neurological examination improved to GCS score
8 (E2V1M5). His mental status continued to improve to GCS 10
(E4V1M5) by day 6. On day 8, the patient began to follow commands
in upper extremities, resulting in GCS 11 (E4V1M6). His SCI on the
AIS was incomplete grade B with sacral sparing. Tracheostomy was

performed on hospital day 14. The extended hospital course included
the treatment of Staphylococcus epidermidis meningitis, ventilator-asso-
ciated pneumonia, and sacral decubitus ulcers. Cranioplasty was per-
formed while he was an inpatient, and on hospital day 50, the patient
was discharged to specialized SCI rehabilitation. He completed a 6-
week course of comprehensive therapy, including daily physical ther-
apy, occupational therapy, and speech and language pathology.

Six months postinjury, the patient returned to follow-up accompa-
nied by his girlfriend. Functional status on the Glasgow Outcome Scale
Extended was 6.9 He was cognitively near baseline and fully conver-
sant with his tracheostomy decannulated. The patient used a wheel-
chair and exhibited 0/5 strength in his bilateral lower extremities, but
he started working as a furniture maker in a woodworking shop.

Discussion
Observations

The comorbidities of patients having concurrent TBI and SCI
have been described in the trauma literature,10,11 but determining
the best management strategies remains clinically challenging and
underreported. Limited studies on incidence of dual diagnosis of
TBI with SCI can range from 16% to 60%, with most patients having

FIG. 1. CTof the head on presentation with infratentorial injury. A: Infratentorial edema on the initial imaging
demonstrating effacement of suprasellar cisterns with mass effect on the brainstem and radiographic evi-
dence of upward transtentorial herniation. B: Bilateral occipital fractures with right subdural hematoma. C:
Postoperative suboccipital craniectomy and subdural evacuation with decreased mass effect.

FIG. 2. CTof the head on presentation with supratentorial injury.
A: Preoperative axial CT image displaying blossoming bifrontal contu-
sions with associated mass effect after suboccipital decompressive cra-
niectomy. B: Postoperative axial CT demonstrating Kjellberg bifrontal
decompressive craniectomy and subdural evacuation.
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sustained mild-to-moderate TBI.3,12 Currently, the treatment paradigm
of combined TBI and SCI is highly variable and an evolving specialized
field. Additionally, understanding of the interaction of neuroaxis poly-
trauma during recovery is lacking. To our knowledge, this is the first
documented case of a patient with severe TBI necessitating supra-
and infratentorial decompressive craniectomies who, despite having
sustained a significant SCI, has made a favorable recovery.

In the acute period after initial trauma, treatment of intracranial
dysfunction takes precedence over spinal cord pathology. However,
operative decompression for SCI should not be delayed once a
patient can tolerate surgery from an intracranial perspective.13 In
the present case, craniectomy was more prioritized over spinal
decompression in the emergency setting of severe TBI. Spinal cord
perfusion was optimized while awaiting sufficient patient stability for
return to the OR for spinal decompression. Measures to prevent
secondary pathophysiology of intracranial and spinal cord insults
can be pursued in parallel at the bedside. Strategies include multi-
modality intracranial monitoring and treatment of ICP and brain tissue
oxygenation using tiered treatment algorithms.14 Growing evidence
supports LD placement to monitor intrathecal pressure and titrate spi-
nal cord perfusion to minimize hypoperfusion.15

Accurate prognostication after combined severe TBI and SCI is
difficult, and the overall long-term recovery of survivors is not well
known. Neurological improvement can be further delayed by the
increased risks of nosocomial infection, the need for mechanical
ventilation due to respiratory insufficiency, and effects of autonomic
dysregulation. As observed here, a patient with concurrent TBI and
SCI requires extended hospitalization and rehabilitation, but there is
potential for considerable progress toward regaining functional inde-
pendence through multidisciplinary support. Particularly in the youn-
ger population, early prognosis of dual diagnosis of TBI and SCI
should be approached by the clinician with caution.

Lessons
Critical care for the polytraumatic patient with severe head and spi-

nal trauma places emphasis on accurate assessment of injury complex
and systematic stabilization of the neuroaxis. Early operative interven-
tions should be performed for intracranial pathology followed by intra-
spinal pathology, as dictated in our institutional practice. Secondary
insults occur across a more protracted phase and require imperative
attention and correction. Early prognostication should be approached
cautiously, especially because knowledge of predictors of recovery in
this patient population remains lacking.
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