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Several years ago, every patient that was brought to Thomas Jefferson University Hospital with a 
closed head injury would receive a CT scan — regardless of whether or not that patient already had 
a scan performed at an outside institution. If the scan demonstrated any intracranial pathology, 
then a repeat CT scan was performed 12 hours after the initial scan as long as the patient remained 
neurologically stable. Ultimately, every patient received two CT scans at our institution separated 
by 12 hours.

Now, each patient is followed by a total of three CT scans. If a patient had undergone a CT scan at 
an outside institution, this scan was loaded onto the Jefferson system and was considered their first 
CT scan. A follow-up CT scan was to be performed 6 hours after the initial scan if any intracranial 
pathology was noted. As long as the patient remained neurologically stable, a third and final CT scan 
was to be performed sometime between 12 to 24 hours after the initial scan. Therefore, patients with 
non-operative intracranial hemorrhage received two or three CT scans at our institution and were 
observed for at least 24 hours.

In both situations, routine follow-up imaging was performed on all patients with an initial 
intracranial lesion resulting from head trauma. This practice is founded on the recommendation 
that “early imaging, rather than awaiting neurological deterioration, reduces the delay in detection 
and treatment of acute intracranial injury.” This is based largely on the existing literature regarding 
epidural hematomas (EDH) and severe head injury. More than 50% of patients with severe head 
injuries have progression of findings on CT scan that otherwise would go undetected due to their 
poor initial clinical status.1 Case reports have illustrated the need for repeat imaging in the setting 
of “ultra-early” CT scans, which may not capture a developing hematoma.2 In addition, EDHs have 
been reported to be more likely to enlarge if captured within 6 hours of injury 3 — again enforcing 
the importance of repeat imaging for these patients. At the same time, while such case reports and 
small case series have demonstrated the importance of imaging at least 6 hours after the initial injury, 
patients who have already had a negative CT scan generally do not get a repeated scan, — even if the 
negative scan was performed within 6 hours of their injury. 

Overall, this protocol is based on such literature and the concern for progression of intracranial 
lesions within the first 24 hours after a traumatic event — and the importance of changes at the 6 hour 
mark. The low threshold for performing an initial and subsequent follow-up CT scans allows for a 
high sensitivity, as is desired in an effective screening tool. Other factors that need to be considered, 
however, are the effects of radiation exposure and the increased costs of serial imaging. With regards 
to the former, the Scottish Intercollegiate Guidelines Network determined that the risk of developing 
a fatal cancer from a single CT scan of the head is approximately 1 in 10,000. There is little literature 
regarding the determination of the cost-effectiveness of routine serial CT scanning. A recent article 
in the Journal of Trauma, however, illustrated the slight increase in cost-effectiveness in routine 

serial scanning. “Since delayed hematomas 
are uncommon and expectant management is 
usually successful, relatively few patients benefit 
from routine CT scanning. However, the con-
sequences of missing a delayed hematoma until 
permanent brain damage has occurred is so 
great, that the reported values of these param-
eters favors routine repeat scanning.4 Contrary 
to this, however, some insurance companies 
have recently ceased reimbursements for rou-
tine serial imaging.5

Given the variation in clinical practice regard-
ing imaging protocols of patients suffering from 
head trauma, it would be useful to develop a 
guideline to help create some form of consensus 
regarding the standard of care. This may also 
help maintain appropriate healthcare coverage 
for this patient population.

Researching Clinical 
Recommendations
The US Department of Health and Human 
Services website (www.guidelines.gov) was 
searched for the term “head trauma.” The 
following guidelines are applicable to manage-
ment of patients with head trauma (Table 1).

Each of these guidelines included recommen-
dations regarding diagnosis of intracranial 
pathology using CT scan. After reviewing 
these guidelines, it was found that there was a 
great deal of similarity between the guidelines 
released by SIGN and those released since 
the guidelines released by the Brain Trauma 
Foundation in 2006. Most of these guidelines 
delineated the clinical criteria for selecting 
patients who should undergo an initial CT scan; 
and did not clearly outline who should undergo 
repeat or serial imaging. The guidelines set 
forth by the Brain Trauma Foundation, how-
ever, were specific to patients with intracranial 
pathology and outlined not only surgical, but 
also nonsurgical management of such patients. 
This included recommendations regarding 
serial imaging using CT scan. Therefore, it 
would be most useful to specifically analyze 
and compare the SIGN guidelines and the 
Brain Trauma Foundation guidelines.

The SIGN guidelines were robustly created by a 
systematic review of current literature on early 
management of head trauma. This was followed 
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Table 1. Previously Published Guidelines Relevant to Head Trauma 

Scottish Intercollegiate Guidelines Network (SIGN) May 2009

Veterans Association/Department of Defense April 2009

American College of Emergency Physicians August 2008

American College of Radiologists 2008

National Institute of Health September 2007

Brain Trauma Foundation March 2006
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by a peer review process of the recommenda-
tions generated. It is the same methodology 
that this organization has used for a wide array 
of guidelines. The population included in the 
formulation of this guideline was quite broad 
— including all patients of any age with any 
degree of head trauma. It is therefore extremely 
applicable to our patient population — since 
it does not specifically exclude any particular 
cohort. At the same time, because of the scope 
of this document, there is a significant amount 
that does not directly address the clinical prac-
tice variation at hand. One section does focus 

on recommendations regarding imaging; and 
in particular, in the decision-making process of 
who should undergo a CT scan in the first place. 

These recommendations are primarily based 
on the Canadian CT Head Rule (CCHR) and 
the New Orleans Criteria (NOC).6 A 2005 pro-
spective multicenter study published in JAMA 
compared these two criteria and determined 
that while the NOC was more sensitive than the 
CCHR, the latter still identified all cases requir-
ing neurosurgical intervention. This study 
included 3364 patients admitted to Dutch hos-
pitals with only mild head trauma. They applied 
both criteria to data collected for these patients 

in order to determine their validity. Ultimately, 
this analysis demonstrated high sensitivity and 
low specificity for both studies. “The estimated 
potential reduction in CT scans for patients 
with minor head injury would be 3.0% for 
the adapted NOC and 37.3% for the adapted 
CCHR.” The major limitation of this analysis 
was that the inclusion criteria were not strictly 
followed in that not all of the patients included 
had loss of consciousness. At the same time, this 
apparent flaw also makes the results more read-
ily generalized. Although there were few other 
exclusion criteria, the fact that only mild head 
trauma was included does limit the generality 
of these findings. At the same time, since these 
guidelines intend to provide guidance in situa-
tions when obtaining a CT scan is questionable, 
it does not necessarily need to include moder-
ate or severe head trauma — situations when a 
CT scan should most certainly be performed. 
Overall, this study does indeed bring validity to 
the CCHR and NOC, which in turn strengthens 
the guidelines set forth by SIGN. 

The Brain Trauma Foundation guidelines 
were also generated by a systematic review of 
current literature and followed by a peer review 
process of the recommendations generated. 
Unlike the SIGN guidelines, the BTF guidelines 
are targeted only towards the management 
of patients with post-traumatic intracranial 
mass lesions within the first 10 days of the 
trauma. While this population is somewhat 
more limited than the SIGN population, it still 
encompasses the population of patients we see at 
our institution. In fact, it is more tailored to our 
needs as Neurosurgical consults are typically 
only called when there is an intracranial mass 
lesion. Since this cohort will by definition have 
undergone a CT scan to detect an intracranial 
lesion, the BTF guidelines do not outline who 
should undergo an initial CT scan. Instead, 
these guidelines delineate who should undergo 
surgical intervention and who can be followed 
clinically with serial CT scans. 

In patients with acute epidural hematomas that 
are to be managed non-operatively, “the first 
follow-up CT scan in nonoperative patients 
should be obtained within 6 to 8 hours after 
TBI.” In the studies reviewed regarding nonop-
erative management of EDH, the percentage of 
patients that later required surgical intervention 
ranged from 6-19% in groups of approximately 
80 patients. Patient outcome was found to be 
highly dependent on the time between the onset 
of neurologic deterioration (anisocoria, coma, 
etc.) and surgical decompression, with better 
outcomes in patients who were treated within 
1-2 hours. While the guidelines regarding sub-
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Clinical Guideline Algorithm.
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dural hematomas do not outline any protocols 
for serial imaging of non-operative patients, 
they again note that patient outcomes are signif-
icantly improved if surgical intervention occurs 
within 1-2 hours of neurologic deterioration.

The phenomenon of Delayed Traumatic 
Intracerebral Hematoma (DTICH) is a major 
reason why clinicians continue to perform 
routine serial CT scans. “The incidence of 
DTICH ranges from 3.3 to 7.4% in patients with 
moderate-to-severe TBI. Evacuated DTICH 
represent approximately 1.6% of all evacuated 
traumatic ICH and mortality ranges from 16 
to 72%. Therefore, the importance of careful 
monitoring and of serial CT scanning cannot be 
overemphasized.” At the same time, such moni-
toring is only recommended for patients with 
an abnormal initial CT scan, as “the majority of 
studies show that all patients who develop clini-
cally relevant DTICH have abnormal initial CT 
scans.” The time course of observation recom-
mended is 72 hours, as no patients with DTICH 
at this time required any surgical intervention; 
and mortality was noted only when this entity 
occurred within the first 48 hours from the time 
of injury.

One major limitation of these guidelines is 
the strength of data available. They noted that 
“there are no controlled clinical trials in the 
literature to support different forms of surgi-
cal management, or to support surgical versus 
conservative therapy.” This unfortunately leads 
to the dilemma of ‘garbage-in garbage-out’. In 
addition, as mentioned before, the population 
involved also excludes patients without an 
intracranial lesion and therefore, generaliza-
tions cannot be made regarding serial imaging 
of this cohort. 

The BTF guidelines referenced a case series 
published in 1995, of 37 patients with severe 
head trauma (GCS < 8) who demonstrated 
changes in follow-up CT scans performed 
between 2 and 12 hours after their initial 
injury.7 These 37 patients represented 9% of all 
severe head injury patients. Of these patients, 
only 22 patients (5%) had lesions that wors-
ened from their initial scan. “The median time 
from admission to the second CT examina-
tion was 9 hours in patients harboring lesions 
that evolved toward reabsorption, 6 hours 
in patients who developed their first surgical 
lesions.” Once again, the importance of the 6 
hour mark is referenced in terms of re-imaging. 
The important point made by this series is that 
important changes in intracranial lesions can 
occur without changes in clinical presentation 
in patients with severe head trauma. While this 

demonstrates the importance of serial imag-
ing, it applies only to patients with severe head 
trauma and a GCS < 8. Its findings cannot be 
generalized to all patients who have experi-
enced trauma and most certainly does not apply 
to patients with mild injury or those who are 
neurologically intact. Moreover, as a relatively 
small case series, the strength of this evidence is 
simply Level II-2. 

Both of these guidelines provide recommenda-
tions regarding CT imaging in patients suffering 
from head trauma. While the SIGN guidelines 
indicate which patients require an initial CT 
scan, the BTF guidelines indicate the importance 
of follow-up imaging in patients with a known 
intracranial lesion and poor neurologic exam or 
neurologic deterioration. The SIGN criteria for 
imaging appear more stringent in terms of who 
undergoes an initial CT scan in comparison with 
our institution. Similarly, the BTF guidelines 
recommend repeat imaging with CT scan only 
in patients with a poor neurologic examination 
at time of admission; whereas all patients with 
an intracranial lesion undergo repeat imaging 
at our institution, regardless of their clinical 
exam. The SIGN guidelines provide no specific 
information regarding repeat imaging. Overall, 
patients at our institution undergo more liberal 
imaging than that recommended by current 
treatment guidelines.

Developing a Clinical Guideline
In assimilating the recommendations of the 
guidelines reviewed, we can generate a specific 
guideline that is more applicable to our patient 
population. (Figure 1) This guideline is targeted 
towards physician evaluation and management 
of patients who have been subject to traumatic 
brain injury. Based on the guidelines delineated 
by SIGN, it dictates which patients should 
receive a CT scan after sustaining a closed head 
injury. It then also outlines a protocol of the tim-
ing of follow-up CT scan in patients who have 
been found to have an intracranial lesion. It is 
intended to be applied to any adult (> 18 years 
old) who has sustained a closed head injury, 
since this is the common patient population 
studied in the guidelines reviewed. As with 
the BTF guidelines, the main limitation of this 
guideline is the lack of clinical data to determine 
a standard of care with regards to nonsurgical 
management of TBI patients.

All patients who have sustained head trauma 
undergo an initial evaluation in which the 
decision to perform a CT scan is made by 
applying the guidelines set forth by the Scottish 
Intercollegiate Guideline Network (SIGN). 

If no intracranial lesion is seen on this initial CT 
head, then no further imaging is required unless 
there is a change in the patient’s clinical exam. 
Although initial imaging should ideally occur 
after 6 hours of the injury in order to avoid miss-
ing lesions from ultra-early imaging, clinically 
significant lesions are rare and have only been 
published as case reports.8 In most situations, it 
is appropriate to simply follow the patient’s clini-
cal exam, rather than schedule repeat imaging.

There are a few important points to note when 
considering observation alone. First of all, the 
timing of serial imaging has not been found to 
correlate with patient outcomes. Instead, the 
timing of surgical intervention relative to neu-
rologic decline has been the primary factor in 
determining patient outcome. This also follows 
that a worsening in follow-up CT scan does not 
necessarily require surgical intervention nor 
has it been shown to affect patient outcomes. 
For this reason, one can understand how it 
may be more appropriate to follow patients 
clinically as long as frequent neurologic checks 
are performed and an operating room is readily 
available at all times in the event of a neurologic 
decline. Such a scenario is more common in 
tertiary care centers, in which it may be more 
appropriate for patients to be observed for 
changes in their neurologic exam without 
routine scheduled CT scan. At the same time, 
if frequent neurologic exams cannot be per-
formed or a patient cannot be rapidly brought 
to an operating room shortly after a change in 
his or her exam, it is more reasonable to sched-
ule routine follow-up CT scans.

If the first CT scan performed demonstrates an 
intracranial lesion, then we can then apply the 
Brain Tumor Foundation criteria for surgical 
intervention of EDH, SDH, IPH, and posterior 
fossa lesions as indicated here:

If no surgical intervention is indicated, repeat 
imaging should be performed between 6-12 
hours after the initial trauma — regardless 
of the patient’s clinical exam. “In the largest 
review to date, the current study found that 
22% of the first SRBCT will show radiographic 
worsening of intracranial injury.”9 While more 
studies have focused on radiographic changes 
in moderate and severe brain injury, recent 
literature as also shown that 8.7% of patients 
with an intracranial lesion and mild TBI have 
and evolution in their lesion and consequently 
require surgical intervention as well — and 2.4% 
of the entire cohort had no neurologic deteriora-
tion. Whereas in patients with a GCS < 8, a total 
of 10.6% required surgical intervention after a 
subsequent CT scan, of which 1% of the entire 
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cohort had no neurologic changes.10 These 
numbers are fairly comparable and support 
routine serial CT scans in all groups of patients 
with TBI — regardless of GCS. Another recent 
study outlined a simplified model of comparing 
the strategy of routine scanning to observation 
for all degrees of head trauma; and has shown 
that the former costs $12,670/QALY.11 Of 
course, imaging may also be required if there is 
a deterioration in the patient’s neurologic exam. 

If on repeat imaging, the intracranial lesion 
is stable or improved, no further imaging is 
required and the patient’s clinical exam can be 
followed. If there is deterioration in the imaging 
findings, once again, the BTF criteria for surgi-
cal intervention should once again be applied. 
Once a CT scan is stable on two sequential 
studies, no further imaging is required and the 
patient’s clinical exam can be followed.
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