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Missed diagnoses of co-occurring concussions in post-acute 
patients having spinal cord injuries would have clinical conse-
quences for patients, and would confound the results of clinical 
research studies. Research scientists and clinicians, including 
physicians, nurses, and therapists, should always be aware that 
there is a possibility of a missed diagnosis of a traumatic brain 
injury (TBI), and particularly of a concussion in patients having 
a spinal cord injury (SCI). Incidence of a dual diagnosis of SCI 
with a co-occurring TBI may approach 60–74% with certain 
risk factors that may include a motor vehicle collision (MVC) 
or a fall as the mechanism of injury, cervical level SCI partic-
ularly at C1 through C4, complete SCI level trauma, and trau-
ma associated with alcohol intoxication (Tolonen et al., 2007; 
Macciocci et al., 2008; Kushner and Alvarez, 2014). Reportedly 
the frequency of missed TBI diagnoses may be higher in non-
MVC trauma patients than in MVC patients, 75% versus 42.9% 
respectively (Sharma et al., 2014). Mild traumatic brain injury 
(MTBI), which is also known as a concussion, occurs most 
commonly in 64–73% of dual diagnosis cases (Macciocci et al,, 
2008; Kushner and Alvarez, 2014). The presence of acute trau-
ma-related life-threatening issues and/or the need for sedation 
or intubation during acute care hospitalizations of SCI patients 
may result in a missed diagnosis of mild-moderate severity TBIs 
(Kushner and Alvarez, 2014; Sharma et al., 2014). In addition 
other factors that may lead to a missed diagnosis may include: 
(1) the subtle neuropathology of mild TBI to which computed 
tomography (CT) and conventional magnetic resonance imag-
ing (MRI) are not sensitive or specific, (2) the necessary focus in 

acute care on management of SCI, (3) failure to collect Glasgow 
Coma Scale (GCS) scores, and the duration of posttraumatic 
amnesia (PTA) or loss of consciousness (LOC), or lack of va-
lidity of this information; and (4) the overlap in symptoms of 
mild-moderate TBIs such as attentional disturbance, impaired 
concentration and cognition, emotional lability/dysregulation 
and anxiety with (a) emotional response to SCI and (b) effects 
of psychoactive medications used for SCI patients (Sharma et 
al., 2014). Furthermore, a mechanism for SCI trauma other 
than a MVC, such as a fall or an assault, may increase the likeli-
hood of a missed diagnosis perhaps due to a lessened expecta-
tion for a TBI in non-MVC patients (Sharma et al., 2014).

The diagnosis of a concomitant concussion and particularly 
of a mild-moderate severity TBI, in a SCI patient is important 
for planning rehabilitation interventions, to maximize func-
tional returns, and for the prevention, anticipation, and early 
treatment of possible related medical complications. In addi-
tion, clinical research protocol outcomes may be confounded by 
a missed dual diagnosis of a TBI in SCI patients. Simple strate-
gies to help clinicians and clinical researchers to avoid a missed 
diagnosis of a co-occurring concussion or mild-moderate TBI 
in patients having a spinal cord injury will be highlighted in 
this perspective including the careful review of medical records 
looking for specific diagnostic criteria, vigilance for post con-
cussion symptoms/signs, neuroimaging assessment, observation 
for possible medical complications, and clinicians/researchers 
should re-visit the possibility of persisting concussion/MTBI 
later in course of injury when some of the acute matters that 
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behavioral issues, seizures and/or abnormal results of any brain 
imaging studies. The records review should include paramed-
ic/emergency rescue notes, acute care emergency department 
documentation, intensive care unit notes, consultation reports, 
therapy notes, nursing notes, attending physician notes, psy-
chology reports and all radiology neuroimaging.

The occurrence of postconcussion symptoms in an SCI 
patient should also raise clinical suspicion for a dual diagno-
sis concussion or a mild-moderate TBI. SCI patients, family 
members, and/or interdisciplinary therapy staff may report 
or observe physical, behavioral, and/or cognitive symptoms. 
Somatic, affective, and/or cognitive symptoms resulting from 
brain injury and/or from trauma involving other head/neck 
structures may occur as part of a postconcussion syndrome that 
is well described in the medical literature, which may compli-
cate the recovery after a mild-moderate TBI, and which may be 
a presenting feature of a mild-moderate TBI (Kushner, 1998, 
2014). Possible postconcussion symptoms in mild-moderate 
TBIs are shown in Table 2. Headache and dizziness are the 
most common of the somatic postconcussion symptoms, and 
these symptoms have multiple possible etiologies. For example, 
among the many potential causes for headache are posttrau-
matic migraines, radiculopathy involving the second and/or 
third nerve root in patients with a cervical spine injury, and 
inner ear injuries, such as benign positional vertigo or a peri-
lymphatic fistula in patients also having posttraumatic dizziness 
(Kushner, 1998, 2014). Similarly, there are many possible causes 
for the other somatic symptoms, including dizziness, hearing 
loss, anosmia, insomnia, and neck pain. Affective symptoms 
may include irritability, lability, anxiety, and depression. Cog-
nitive symptomsmay include difficulties with concentration, 
attention, memory, and executive functions. Neuropsychologi-
cal symptoms, that may include affective and/or cognitive man-
ifestations, become increasingly likely in patients at the worse 
end of the clinical spectrum of concussion in which there are 
pathologic findings on neuroimaging studies, including those 
patients having complicated concussion, or a mild-moderate 
TBI. Importantly, postconcussion symptoms may be multifacto-
rial in etiology including psychogenic and/or biologic in origin. 
For example, somatic and neuropsychological symptoms may 
be premorbid and/or rooted in post-injury psychological factors 
such as anxiety, depression or a posttraumatic stress disorder 
(Kushner, 1998; Auxéméry et al., 2012; Shenton et al., 2012;). An 
experienced neuropsychologist may clarify the etiology of neu-
ropsychological symptoms with the use of standard neuropsy-
chological testing measures that are adapted for upper extremity 
weakness in cervical SCIs (Sharma et al., 2014). Patients having 
neuropsychological symptoms associated with brain trauma are 
more likely to have unilateral or multifocal brain lesions on neu-
roimaging studies (Levin et al., 1990, 1992). In general, the pres-
ence of a postconcussion symptom complex involving somatic, 
affective and cognitive symptoms in an SCI patient who was 
asymptomatic prior to trauma is highly suggestive of a co-occur-
ring concussion or mild-moderate TBI.

Neuroimaging studies may help to confirm a diagnosis of a 
complicated concussion or a mild-moderate TBI, particularly in 
SCI patients having postconcussion symptoms, especially when 
the records review may have been inconclusive. Symptomatic 
patients who may have had an initial negative brain CT scan may 
have findings consistent with areas of axonal shear injury and/
or small contusions or hemorrhages on brain MRI scans for up 

either redirect attention away from patients or confound diag-
nosis have resolved.

On admission to any post-acute SCI care setting such as an 
inpatient or outpatient rehabilitation program clinicians should 
obtain a careful patient history that would include a thorough 
review of the medical records looking for any indication of a 
co-occurring TBI. Similarly, clinical researchers must screen SCI 
patients’ history and records looking for classification criteria 
and/or signs for a TBI. TBI may be defined as head trauma 
involving an alteration of consciousness having signs that may 
include confusion, loss of consciousness (LOC), and amnesia 
with or without other neurologic deficits (Kushner and Al-
varez, 2014). The standard classifications of TBI severity that 
range from mild to moderate and severe, are diagnosed by the 
initial GCS scores and the duration of posttraumatic amnesia 
(PTA) and/or LOC. The diagnostic criteria for a MTBI/con-
cussion are given in Table 1 (Kushner, 1998, 2014; Macciocci 
et al., 2008). However, intubation, sedation, seizures, and/or 
alcohol or other drug/substance intoxication may confound the 
initial assessment of GCS scores, PTA durations, and LOC in 
trauma patients complicating the diagnosis and classification 
of a brain injury and the initial severity. Thus a concussion 
may be simply defined as an acute trauma induced alteration 
of mental function (PTA) lasting fewer than 24 hours, with or 
without preceding LOC (Kushner, 2001). If there is evidence for 
an acute trauma induced alteration of mental function lasting 
greater than 24 hours, then there may be a moderate severity 
TBI. Clinicians and researchers may establish a diagnosis of a 
mild-moderate TBI during post-acute care in based on a care-
ful review of the patient’s history/records if there was evidence 
for LOC at the scene of trauma or subsequent PTA, confusion, 

Table 1 Classification criteria for mild to moderate TBIs

TBI severity
Mild 
uncomplicated

Mild 
complicated

Possible 
mild-
moderate Moderate

Initial GCS 
scores

13–15 13–15 Unavailable 
in records

9–12

PTA duration/
Initial 
confusion

Brief < 24 hours Unavailable 
in records

> 24 hours 
to < 1 week

LOC No If any, < 30 
minutes

Yes Yes

Neuroimaging 
findings

No Yes Yes Yes

Postconcussion 
symptoms

Maybe Yes Yes Yes

TBI: Traumatic brain injury; GCS: Glasgow Coma Scale; PTA: 
posttraumatic amnesia; LOC: loss of consciousness. 

Table 2 Possible “postconcussion” symptoms in mild to moderate 
TBIs

• Somatic symptoms
Headaches
Dizziness
Hearing loss
Insomnia
Anosmia
Imbalance/
  incoordination

• Emotional 
symptoms

Irritability
Lability
Anxiety
Depression

• Cognitive symptoms
Impaired concentration
Impaired attention
Impaired memory
Impaired word finding
Impaired executive 
  functions
Delayed reaction times

TBI: Traumatic brain injury.
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to 2–3 months after trauma (Levin et al., 1992). MRI sensitivity 
to micro-bleeds associated with MTBI and axonal injury may be 
best on a T2 gradient echo sequence and a T2 FLAIR sequence 
(Sharma et al., 2014). Also, though still somewhat controversial, 
diffusion tensor MRI (DTI) is increasingly useful in showing 
lesions of specific brain white-matter pathway tract lesions that 
could be contributing to postconcussion symptoms (Aoki et al., 
2012; Choi et al., 2012; Shenton et al., 2012; Wäljas et al., 2015). 
However DTI imaging may have resolution limitations in clarify-
ing areas of injury in certain areas of the brain such as in regions 
of multiple tract crossings (Shin et al., 2014). Recent studies 
suggest that a combination of multiple neuroimaging modalities 
may improve the diagnostic accuracy for mild-moderate TBI, 
such as theuse of DTI with magnetic resonance spectroscopy 
(Xiong et al., 2014) and the use of DTI with a newer modality 
known as magnetoencephalography (Huang et al., 2015).

Concussion and mild-moderate TBIs may be complicated by 
seizures, skull fractures, cerebrospinal fluid fistulas, pneumo-
cephalusand cavernous sinus fistulas, the findings of which may 
indicate the presence of a dual diagnosis TBI in an SCI patient. 
Seizures and epilepsy may occur in post-acute patients having 
MTBIs (Webb et al., 2014). Areas of intracerebral bleeding, 
cortical contusions, or depressed skull fractures increase the 
risk of posttraumatic epilepsy (Kushner, 1998, 2014). Any skull 
fracture is associated with traumatic forces sufficient to produce 
at least a concussion. Dural membrane lacerations can occur in 
association with fractures at the skull base or frontal bone and 
these may present as a cerebrospinal fluid fistula leak that may 
manifest withcomplaints of a chronic running nose or fluid in 
an ear. Pneumocephalus seen on neuroimaging may be a sign of 
a frontal bone fracture and which may also be a cause of head-
aches. Fractures of the skull base may be associated with injury 
of the cavernous sinus which may cause a cavernous sinus syn-
drome manifesting with diplopia, unilateral facial pain and/or 
numbness, Horner syndrome, and unilateral scleral erythema. 
The occurrence of any of these complications in an SCI patient 
would be associated with a dual diagnosis TBI.

Lastly, a back-up strategy for the prevention of a missed di-
agnosis of mild-moderate TBI would be for clinicians and/or 
researchers to re-visit the possibility of persisting symptoms 
and/or signs of a mild-moderate TBI prior to discharge from 
acute-care or early in post-acute care after an SCI patient has 
been stabilized and after all life-threatening matters that either 
redirect attention away from patients or confound diagnosis 
have resolved.

In summary, strategies that clinicians and clinical research 
scientists may use to avoid a missed diagnosis of co-occurring 
concussion or mild-moderate TBI in post-acute patients having 
a SCI mayinclude the following actions:      
1. There should be a thorough review of the patient history and 
records looking for any of the classification criteria and/or signs 
for a concussion or mild-moderate TBI.
2. There should be vigilance for a postconcussion symptom 
complex.
3. There should be standard neuropsychological testing measures 
that are adapted for upper extremity weakness in cervical SCIs 
administered by an experienced neuropsychologist to help clarify 
the source of any unexplained neuropsychological symptoms.
4. Neuroimaging studies, including DTI, should be reviewed 
and/or ordered to help in the confirmation of a diagnosis of a 
concussion or a mild-moderate TBI, particularly in SCI patients 

having postconcussion symptoms.
5. There should be awareness that in SCI patients seizures, skull 
fractures, cerebrospinal fluid fistulas, pneumocephalus and cav-
ernous sinus fistulas could be associated at a minimum with a 
complicated concussion or a mild-moderate TBI.
6. Clinicians/researchers should re-visit the possibility of per-
sisting symptoms and/or signs of a mild-moderate TBI later in 
course of injury when some of the acute matters that either re-
direct attention away from patients or confound diagnosis have 
resolved.
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