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OBJECTIVE There is a paucity of scientific evidence available about the benefits of outpatient follow-up imaging for
traumatic brain injury patients. In this study, 1 year of consecutive patients at a Level 1 trauma center were analyzed to
determine if there is any benefit to routinely obtaining CT of the head at the outpatient follow-up visit.

METHODS This single-institution retrospective review was performed on all patients with a traumatic brain injury seen
at a Level 1 trauma center in 2013. Demographic data, types of injuries, surgical interventions, radiographic imaging in
inpatient and outpatient settings, and outcomes were assessed through a review of the institution’s trauma registry, pa-

tient charts, and imaging.

RESULTS Five hundred twenty-five patients were seen for traumatic brain injury in 2013 at Regional One Health in
Memphis, Tennessee. One hundred eighty-five patients (35%) presented for outpatient follow-up, all with CT scans of the
head. Seven of these patients (4%) showed worsening of their intracranial injuries on outpatient imaging studies; how-
ever, surgical intervention was recommended for only 3 of these patients (2%). All patients requiring an intervention had
neurological deterioration prior to their follow-up appointment.

CONCLUSIONS These experiences suggest that outpatient follow-up imaging for traumatic brain injury should be done
selectively, as it was not helpful for patients who did not exhibit worsening of neurological signs or symptoms. Further-
more, routine outpatient imaging results in unnecessary resource utilization and radiation exposure.

http://thejns.org/doi/abs/10.3171/2015.4.UNS141257
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death and disability in children and adults between

the ages of 1 and 44 years.'° Approximately 52,000
deaths result each year because of TBI, and approximate-
ly 5.3 million Americans currently live with disabilities
resulting from TBIL.!' Several studies have examined the
utility of routine early inpatient follow-up imaging in pa-
tients with TBI.2#%1* However, the evidence guiding the
outpatient follow-up imaging of these patients is lacking.
Furthermore, as radiographic imaging studies continue to
grow in use, patients are exposed to more radiation from
health care.'"* In our trauma practice, we have routinely
obtained CT scans of the head for TBI patients at the time
of their 30-day follow-up visit. Over time, however, most
of our physicians have developed the opinion that these

T RAUMATIC brain injury (TBI) is the leading cause of

scans are rarely helpful. Therefore, the goal of our study
was to assess the impact of outpatient follow-up CT scans
on the care of TBI patients.

Methods

This single-institution retrospective chart review was
performed at Regional One Health (ROH) in Memphis,
Tennessee—the only American College of Surgeons Level
1 trauma center serving a 150-mile radius that includes
western Tennessee, as well as parts of Arkansas, Missis-
sippi, Kentucky, and Missouri.

The study criteria included patients 15 years of age or
older who suffered either blunt or penetrating TBI between
January 1, 2013, and December 31, 2013. These patients

ABBREVIATIONS GCS = Glasgow Coma Scale; ROH = Region One Health; TBI = traumatic brain injury.
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were retrospectively identified using the ROH trauma reg-
istry. Only patients with a trauma-related abnormality of
the brain on CT imaging were included. Institutional re-

TABLE 1. Demographics of the study patient population

Patient Demographics

No. of Patients (%)

view board approval was obtained from both the Univer- Sex
sity of Tennessee and ROH prior to initiating the study. Male 117 (63)
Patient charts were reviewed, including all emergency Female 68 (37)
department physician and nursing notes, history and phys- Race
ical examinations, consultations, progress notes, radiology .
imaging and reports, operative and procedural notes, and Ca.uca5|an . 11(60)
follow-up office records from the neurosurgical outpatient African American 67 (36)
offices. Demographic data for each patient were collected, Other 7(4)
including age, sex, race, insurance source, medical history, Mechanism
prior neurological disorders, history of smoking, history Blunt 172 (93)
of substance abuse, history of anticoagulation or antiplate- Penetrating 13(7)
let agent use, date of injury, mechanism of injury, Glasgow GCS val
Coma Scale (GCS) score on arrival, intubation during score at arriva
hospitalization or prior to hospitalization, type of intracra- 3-8 33 (18)
nial injury identified via imaging modalities, skull frac- 9-12 33(18)
tures, severity of injuries, additional major injuries, neuro- 13-15 119 (64)
surgical interventions including bedside procedures and/ Mean 12
or operative procedures, length of hospitalization, number Intracranial injury
of repeat inpatient CT scans of the head, outpatient imag- .
ing, outpatient neurological examination, and outcomes Traumatic SAH 109(59)
including any interventions performed. Additionally, the aSDH 76 (41)
cost of repeat imaging studies at our center was analyzed cSDH 2(1)
via standardized charge analysis. All statistics were calcu- IPH 91 (49)
lated using SPSS version 21 (IBM) and R (http://www.R- IVH 17(9)
project.org). The mean =+ standard deviation is presented PCP 25 (14)
for all values. Skull Fx 74 (40)
Antiplatelet/anticoagulation 21 (1)
Results Coumadin 7(3.8)
Demographics Aspirin, 81 mg 2(1)
During 2013, 525 patients were treated for TBI at ROH. Aspirin, 325 mg 2(1)
Among these 525 patients, 103 patients (20%) died during Plavix 2(1)
their hospitalization. From the remaining 422 patients, 185 Aspirin + Plavix 30)
patients (44%) presented for follow-up at either the ROH
neurotrauma clinic or the Semmes-Murphey Neurologi- Aggrenox 1(0.5)
cal Institute; the remaining patients were lost to follow-up Aspirin + Plavix + Coumadin 1(0.5)
and were therefore excluded from the study. All patients Pradaxa + aspirin 1(0.5)
returning for a clinic visit underwent repeat CT imag- Coumadin + aspirin 1(0.5)
ing c:lf3thell;ram. The'tlklllean age l())ftthe po%ﬂatlén;3 7studled Effient + aspirin 1(0.5)
was 43 ears with a range between 15 an ears. . .
There were 1}]17 (63%) malesgand 68 (37%) females? Co- Neurosyrglcal mteryentlon 42(23)
morbidities included coronary artery disease, congestive Craniotomy/craniectomy 33(18)
heart failure, hypertension, diabetes mellitus, prior cere- Intraparenchymal monitor 21 (11)
bral vascular accidents, seizure disorders, prior neurologi- External ventricular drain 9(5)
cal injury, and dementia. Antiplatelet or anticoagulation Ventriculoperitoneal shunt 1(0.5)
medications were used by 21 (11%) patients prior to injury. Lumbar puncture 1(0.5)
The length of stay ranged between 1 and 106 days in the InSUrance source
acute care hospital, with an average length of stay of 15 = :
17.5 days. See Table 1 for additional demographic data. Private 71(38)
Medicare 24 (13)
Head Injuries Medicaid 27 (15)
The patients with TBI included in this study had blunt Uninsured 56 (30)
trauma in 172 cases (93%), which most commonly involved Veterans Administration/military 2(1)
a motor vehicle collision or penetrating trauma in 13 cases Workers' compensation 5(3)

(17%), which were all gunshot wounds. GCS score upon

aSDH = acute subdural hematoma; cSDH = chronic subdural hematoma; Fx
= fracture; IPH = intraparenchymal hemorrhage; IVH = intraventricular hemor-
rhage; PCP = pneumocephalus; tSAH = traumatic subarachnoid hemorrhage.

arrival ranged from 3 to 15 with a mean of 12 + 3. Head
injuries were severe (GCS Score 3-8) in 33 (18%) patients,
moderate (GCS Score 9-12) in 33 (18%) patients, and
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mild (GCS Score 13-15) in 119 (64%) patients. The types
of intracranial abnormalities seen on initial CT imaging
included acute subdural hematoma in 76 (41%) patients,
chronic subdural hematoma in 2 (1%) patients, traumatic
subarachnoid hemorrhage in 109 (59%) patients, intrapa-
renchymal hemorrhage in 91 (49%) patients, intraventricu-
lar hemorrhage in 17 (9%) patients, epidural hematoma in
20 (11%) patients, skull fracture in 74 (40%) patients, and
pneumocephalus in 25 (14%) patients.

Inpatient Treatments

Among the 185 patients who were included in our study,
42 (23%) patients underwent a neurosurgical intervention
while in the hospital. This included craniotomy or crani-
ectomy in 33 (18%) patients, placement of an intraparen-
chymal pressure monitor in 21 (11%) patients, placement
of an external ventricular drain in 9 (5%) patients, place-
ment of a ventriculoperitoneal shunt in 1 (0.5%) patient,
and lumbar puncture in 1 (0.5%) patient. Additionally, 34
(18%) patients had significant multiorgan trauma or a sur-
gical emergency involving another organ system.

Inpatient Repeat Imaging

Of the patients included in our study, inpatient repeat
imaging was performed on 184 (99.5%) patients in accor-
dance with our trauma center’s TBI protocol, which speci-
fies repeat imaging within 24 hours for patients with acute
CT abnormalities.> CT findings were noted to be worse
in 20 (11%) patients, stable in 140 (76%) patients, better
in 12 (6%) patients, and better postoperatively in 12 (6%)
patients. One patient (0.5%) with minimal traumatic sub-
arachnoid hemorrhage did not undergo inpatient repeat
imaging per the protocol, as the attending neurosurgeon
judged it to be unnecessary.

Outpatient Repeat Imaging and Examination

As noted previously, the 185 patients included in this
study all underwent repeat imaging as an outpatient before
their follow-up office visit, which was typically within 30
days of hospital discharge (mean follow-up of 33 = 7 days).
Seven (4%) of these patients showed worsening on follow-
up imaging, 3 patients (2%) had no significant changes, 29
patients (16%) had improvement, and 146 patients (79%)
had complete resolution of their intracranial injuries on

Results of delayed follow-up imaging in traumatic brain injury

follow-up imaging studies. Worsening CT findings at the
outpatient follow-up included new hydrocephalus, reaccu-
mulation of a chronic subdural hematoma, formation of
a subdural hygroma, and formation of chronic subdural
hematomas. Among the 7 patients who had worsening on
outpatient follow-up imaging, the initial inpatient imaging
showed an acute subdural hematoma in 5 (71%) patients,
chronic subdural hematoma in 1 (14%) patient, intraparen-
chymal hemorrhage in 2 (29%) patients, traumatic sub-
arachnoid hemorrhage in 2 (29%) patients, intraventricu-
lar hemorrhage in 1 (14%) patient, and skull fractures in
2 (29%) patients. See Table 2 for further details. Only 1
patient with worsening outpatient imaging did not have a
subdural hematoma on the initial inpatient imaging.

At the time of follow-up, 132 patients (71%) exhibited
clinical improvement, 50 (27%) patients were stable, and
3 (2%) were clinically worse by history or examination
(Tables 2 and 3). All 3 patients who had clinical worsening
at follow-up also had worsening of their intracranial find-
ings on outpatient imaging, yet none of them had wors-
ening of their imaging while hospitalized. Among the 3
patients (2%) for whom intervention was recommended,
none were taking anticoagulation medication before or af-
ter the trauma.

Interventions

Among the 7 patients (4%) who had radiographic wors-
ening on follow-up imaging, we recommended operative
intervention for 3 (2%) patients. None of these 3 patients
had sought medical attention for their worsening symp-
toms prior to their follow-up appointment.

Case 1

This 86-year-old man originally presented with a chron-
ic subdural hematoma with a small acute component. He
underwent bur hole drainage, but then later returned to
the clinic with worsening confusion and reaccumulation
of his chronic subdural hematoma. His family elected not
to proceed with our recommendation to operate again and
instead chose hospice care before his death.

Case 2

This 23-year-old woman originally presented with a
small acute subdural hematoma along the right frontal
lobe, a parafalcine acute subdural hematoma, trace intra-

TABLE 2. Outpatient imaging results and interventions stratified by initial CT imaging abnormality

No. of Patients

CT Abnormality Total  Resolved Improved Stable Worse* Interventiont
aSDH 76 49 (64%) 18 (24%) 3 (4%) 6 (8% [95% Cl 2.9-17.2%)]) 2
cSDH 2 1(50%) 0 (0% 0 (0%) 1(50) 1
IPH 91 68 (75%) 23 (25%) 0 (0%) 0 (0% [95% Cl 0-4%]) 0
IVH 17 16 (94%) 1(6%) 0 (0%) 0 (0% [95% CI 0-21.7%)]) 0
tSAH 109 90 (83%) 19 (17% 0 (0%) 0 (0% [95% CI 0-3.4%)]) 0
Epidural hematoma 20 20 (100%) 0 (0%) 0 (0%) 0(00-18.4) 0
Overall 185 146 (79%) 29 (15%) 3 (2%) 7 (3.8% [95% Cl 1.5-7.8%)]) 3 (2%)

* 95% Cls for Poisson distribution.
T Intervention was recommended.
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TABLE 3. Results of outpatient follow-up imaging and
examination

Patient Follow-Up No. of Patients (%)

No. of patients 185
Outpatient CT
Resolved 146 (79)
Improved 29 (15)
Stable 3(2
Worse 7(4)
Outpatient clinical exam
Improvement 132 (71)
Stable 50 (27)
Worse 3(2)

ventricular hemorrhage, and trace traumatic subarachnoid
hemorrhage after receiving a blunt trauma. The patient
presented to the neurosurgical service while intubated
with GCS score 9. She had multiple other injuries and was
followed in the hospital for 13 days with stable repeat CT
scans of her head prior to discharge. At the time of dis-
charge, the patient had returned to her baseline neurologi-
cal function. At her 1-month follow-up visit, however, the
patient was noted to be confused. Her imaging revealed a
small right frontal subdural hygroma with slight mass ef-
fect against the right frontal lobe, for which she was treated
with bur hole drainage with a prompt return to baseline.

Case 3

This 36-year-old man presented after a blunt trauma
with a left frontotemporoparietal acute subdural hema-
toma measuring 6 mm at its thickest portion with a left-
to-right midline shift of 3 mm. The patient presented to
the neurosurgical service while intubated with GCS score
8. An intracranial pressure monitor was placed, revealing
normal intracranial pressure. The patient remained in the
hospital for 51 days, because of multiorgan system trauma
and severe TBI secondary to diffuse axonal injury. The
patient had stable repeat CT scans of the head through-

out his hospitalization. Upon follow-up evaluation as an
outpatient, his family stated that he had become less alert.
Imaging at that time revealed the resolution of his subdural
hematoma but a new finding of hydrocephalus. A ventricu-
loperitoneal shunt was placed that resulted in neurological
improvement, and the patient’s subsequent follow-up im-
aging at 1 month revealed a marked decrease in ventricular
size (Fig. 1).

The other 4 patients with worsening on their follow-up
imaging were clinically stable and received no interven-
tions, as subsequent imaging approximately 1-3 months
later was stable or improved (Table 3). The details of all
patients with worsening on follow-up CT are listed in Ta-
ble 4.

Outcomes, Cost of Treatment, and Radiation Exposure

There were no deaths in our study related to follow-up
treatment, with the exception of the patient who was placed
in hospice. All patients who were seen on follow-up at 30
days were neurologically stable or improved compared
with their baseline at hospital discharge, except for the 3
patients for whom we recommended surgical interven-
tion. The 2 patients who underwent surgical intervention
ultimately improved. The patient whose family elected
hospice care had nutritional support withheld and he later
died.

All patients underwent a CT study of the head at their
follow-up visit, incurring a cost of approximately $700 per
imaging study. For the 185 patients included in the study,
this resulted in a total cost of $129,500. Additionally, the
typical radiation dosage of a CT scan of the head is 2 mSv
on average, which is equivalent to 100 chest radiographs or
243 days of natural background radiation exposure.'!

Discussion

The utility of CT imaging for TBI patients at presen-
tation and during hospitalization has been examined in
several studies. There have been many studies performed
with clear guidelines about when to image patients who
present with head trauma.®!3!>-1° Other studies have as-
sessed early follow-up imaging for inpatients, which were

FIG. 1. Case 3. A: Axial CT of the head showing a left-sided subdural hematoma after trauma. B: Repeat axial CT obtained 31
days after initial imaging showing marked ventricular enlargement. C: Repeat axial CT following ventriculoperitoneal shunt place-

ment and improved neurological examination.
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performed within 12 to 48 hours of the original injury
with varying conclusions.!>#-6%132021 The indications for
follow-up imaging of TBI patients when they are seen in
the office after discharge remain unclear.

Our analysis of the patients treated at our Level 1 trau-
ma center for TBI during a l-year time period included
185 patients who returned with outpatient imaging. Seven
of these patients (4%) showed worsening on follow-up im-
aging, but surgical intervention was recommended only
for the 3 (2%) patients who also exhibited clinical dete-
rioration. Four patients (2%) had worsening imaging find-
ings, but no associated clinical deterioration—all of these
patients were managed conservatively. These findings sug-
gest that outpatient imaging may be of little value for TBI
patients who do not also exhibit clinical worsening.

A review of the literature revealed at least 4 large re-
cent studies or meta-analyses that evaluated the efficacy
of inpatient repeat CT following blunt head trauma.'1220
These studies focused on early repeat imaging but did not
address outpatient follow-up imaging to detect delayed
changes such as chronic subdural hematomas, subdural
hygromas, or hydrocephalus. Nonetheless, these studies
did find that neurosurgical interventions in hospitalized
TBI patients are typically based on clinical changes in
most circumstances. Hollingworth et al.’ retrospectively
evaluated children admitted to their trauma center over a
9-year period and found that early repeat CT—within 24
hours—was frequently worse in patients at a rate of 30%.
Worsened imaging, however, rarely resulted in neurosur-
gical intervention without associated clinical worsening.
Stippler et al.? performed a meta-analysis of 74 existing
studies between 1999 and 2011 and found worsened ra-
diographic findings on 20% of early repeat CT scans, but
these imaging studies did not predict the need for neuro-
surgical intervention unless they were ordered in response
to a decline in neurological status. Almenawer et al.! per-
formed both a retrospective study and a meta-analysis of
the utility of early repeat CT scans of the head in patients
with mild TBI and found no benefit in patients with a sta-
ble or improved examination. Finally, Reljic et al.!> per-
formed a meta-analysis of 41 studies with 10,501 patients
to evaluate the utility of early repeat CT scans of the head
in TBI patients and found that these imaging studies rarely
resulted in a change in patient management. These large
studies suggest that repeat imaging studies in the early
timeframe are rarely beneficial in the absence of clinical
deterioration."*!2202! Qur study of outpatient imaging is in
agreement with this principle, as no patients without clini-
cal deterioration required intervention.

Our results suggest that CT imaging of TBI patients
should be performed selectively in the outpatient setting.
All of the patients in whom delayed surgical intervention
was recommended had subdural hematomas on presenta-
tion, and all but 1 patient with worsening outpatient im-
aging had a subdural hematoma on initial imaging, sug-
gesting that this pathology may be more likely to lead to
delayed complications than epidural, intraparenchymal, or
subarachnoid hemorrhage. If outpatient imaging was re-
stricted to patients presenting with subdural hematoma,
then over half of the studies would have been avoided. A
more stringent protocol might restrict outpatient imaging
to patients with worsening neurological signs or symp-
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toms. In our study, this strategy would have allowed 182
(98%) patients to avoid the costs and radiation exposure as-
sociated with a follow-up imaging study. This would have
resulted in a savings of at least $127,400 in health care
expenditures. Our TBI patients underwent an average of
3 CT scans of the head during their hospitalization, in ad-
dition to many other imaging studies of other parts of the
body. Given the recent concern regarding delayed cancer
formation, cataract formation, and other consequences of
radiation exposure, reducing imaging studies would likely
be beneficial to this patient population.’”4

The limitations of our study include its retrospective de-
sign and the limited number of patients in certain subgroups.
Of the 422 patients who survived their TBI until discharge,
only 185 (44%) patients returned for their scheduled clinic
visit, so our results may not apply to the general population
of TBI survivors. Nonetheless, this should not bias our con-
clusions because this study is strictly concerned with the
appropriate imaging of the subpopulation of TBI patients
who are willing and able to return for a clinic appointment.
Additionally, even though our results suggest that routine
outpatient imaging of all TBI patients is unnecessary, this
study is not sufficient to create evidence-based guidelines
for follow-up imaging. Imaging is certainly appropriate for
patients with clinical deterioration or failure to improve as
expected. Conversely, patients who returned to baseline at
follow-up, or those who had only mild findings on inpa-
tient imaging such as traumatic subarachnoid hemorrhage,
are very unlikely to benefit from additional imaging. We
speculate that the optimal strategy might be to defer most
outpatient follow-up imaging until after the initial clinic
visit, so that the decision is guided by the physician’s clini-
cal impression of the patient.

Conclusions

In our retrospective study of 185 TBI patients, we found
no clear value of routine outpatient follow-up imaging in
the absence of clinical deterioration. Delayed interven-
tions were triggered by worsening neurological symptoms
rather than isolated imaging findings. These results sug-
gest that a selective approach to outpatient imaging after
TBI should allow for appropriate patient care, while also
delivering significant financial and public health benefits.
Additional prospective studies could further refine the ap-
propriate criteria for outpatient imaging after TBI.
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