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Abstract
Background—Head Computerized Tomography (CT) has significant risks, especially in children.
To reduce this burden, we sought to develop a biomarker panel that predicts the absence of traumatic
brain injury (TBI) on head CT.

Methods—We conducted a prospective cohort observational study followed by validation in a
retrospective cohort at a regional pediatric trauma center. The prospective cohort included 57
consecutive children evaluated for TBI in the emergency department between September 2007 and
March 2008. At the time of initial evaluation, blood was obtained to measure electrolytes, coagulation
markers, complete blood count, and plasma levels of s100β, D-dimer, and matrix
metalloproteinase-9. We conducted routine statistical analysis to determine which predicted TBI on
head CT. The independent retrospective cohort included 57 consecutive patients evaluated for the
same indication.

Results—All patients generally met common clinical criteria (such as the CHALICE criteria 4) for
head CT after trauma. Plasma levels of D-dimer were associated with TBI on head CT by univariate
analysis (p < 0.001). Other markers including prothrombin time, partial thromboplastin time, and
s100β were not. D-Dimer also had the strongest association in multivariate analysis (p = 0.02). This
association was independent of and stronger than the baseline Glascow Coma Scale (p = 0.08). A D-
dimer level cut-off of 500 pg/μl had 94% negative predictive value (p < 0.001) for brain injury on
head CT. The discriminatory capacity of this D-dimer level was confirmed in the independent
retrospective cohort.

Conclusions—In children who meet clinical criteria for a head CT scan after trauma, low plasma
D-dimer suggests the absence of significant brain injury.

Keywords
Head trauma; Biomarker; D-dimer; CT

Traumatic brain injury (TBI) is the leading cause of death and morbidity in children.1 Because
of the unpredictable and potentially severe outcome of seemingly mild TBI, it is recommended
to evaluate such patients with head computerized tomography (CT).2 A rise in CT use has
raised concerns regarding resource utilization and, more recently, the clinical consequences of
radiation.3 These concerns are heightened in children who often need anesthesia and are more
susceptible to adverse effects of radiation,3 including brain cancer. Despite many clinical
guidelines that define the indications for CT in mild head trauma,4–10 none are well validated
in children. Given the heightened concerns about use of head CT and the limitations of clinical
scoring systems in children, an objective laboratory-based predictor of significant TBI is
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needed. Because the consequences of missed injury are potentially severe, a useful test requires
a nearly perfect negative predictive value.

We describe a prospective cohort study investigating a number of biomarkers to devise a
laboratory-based predictive test for the absence of traumatic brain injury. D-dimer levels score
<500 pg/μL predicted the absence of head trauma on head CT with high accuracy, and this
negative predictive value was confirmed in an independent cohort.

MATERIALS AND METHODS
Patient Selection

In the first cohort, 57 patients were enrolled from September 2007 to March 2008 at Rady
Children’s Hospital San Diego, a Level I pediatric trauma center. Only patients admitted via
the county-based trauma system were included. These patients were admitted directly to the
receiving trauma team for immediate evaluation and care. Patients with suspected traumatic
brain injury were considered for enrollment if the attending trauma surgeon ordered a head CT
and a “head trauma” panel. The patients enrolled generally met published clinical criteria for
a head CT scan, such as the children’s head injury algorithm for the prediction of important
clinical events (CHALICE) decision rule,4 although, this was not a defined entry requirement.
The “head trauma” panel included a complete blood count, sodium, potassium, chloride,
bicarbonate, prothrombin time (PT), partial thromboplastin time, fibrinogen, and qualitative
D-dimer. Phlebotomy was conducted in the trauma receiving room before head CT. Patients
with antecedent brain injury, such as brain surgery or cerebral palsy were excluded. Patient
data included sex, age, co-morbid injuries, time of injury, time of phlebotomy, Glasgow coma
score (GCS), and loss of consciousness or amnesia. Descriptions of the head CT results were
obtained from the pediatric radiologist’s dictated report. All the CT scans were performed with
5 mm slices on a 64 channel General Electric LightSpeed VCT (GE Healthcare, United
Kingdom).

The validation cohort consisted of 57 consecutive patients evaluated from March 2008 to June
2008 using the same inclusion and exclusion criteria. The protocol was approved with a waiver
of consent by the Institutional Review Board of the University of California San Diego.

Sample Processing
In the first cohort, 0.8 mL of whole blood was collected in an ethylenediamine tetra-acetic acid
tube at the time of initial patient evaluation, and the plasma separated and stored at −80° Celsius.
D-Dimer, matrix metalloproteinase-9, and s100β were measured using an antibody-based
capillary detection system (Biosite Triage system, Biosite, San Diego, CA). C-reactive protein
was also measured in the hospital laboratory. In the validation cohort, D-dimer levels were
measured by the hospital clinical laboratory using the same methodology.

Statistical Analysis
The primary outcome was the presence of brain injury (subdural bleed, epidural bleed,
subarachnoid hemorrhage, contusion, or edema) on head CT. This was used as a dichotomous
outcome in all related statistical analyses. Statistical analysis was performed using STATA 9
for Windows. Univariate analysis was performed with the two-tailed student’s t test and
Wilcoxon’s rank-sum method as appropriate. Pair-wise correlations were conducted with
Spearman’s technique. Multivariate analysis was conducted by logistic regression using
continuous variables when possible. The D-dimer levels were analyzed using a receiver
operator characteristic curve, and the cut off chosen to be the point furthest from the line of
insignificance with the highest sensitivity for the presence of brain injury on head CT and
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adjusted for clinical utility. Analysis of proportions was performed with the Fisher’s Exact
Test.

RESULTS
In the first cohort, 19 out of 57 head CT scans (34%) were interpreted as abnormal. Injuries
ranged from small bleeds to diffuse parenchymal injury. Loss of consciousness (n = 18) and a
GCS less than 15 (n = 22) were the most common primary indications for head CT. Other
indications included emesis (n = 4), amnesia (n = 3), evidence of other head injury (n = 7),
neurologic abnormality (n = 2), and severity of head trauma mechanism (n = 1). These patients
generally met the CHALICE criteria,4 although, the duration of loss of consciousness was often
unclear. About 75% (43 of 57) of the patients were admitted to the hospital. Of these patients,
almost 60% (25 of 43) were admitted to the pediatric intensive care unit. There were no
significant differences in the demographic and clinical characteristics of the two cohorts (Table
1).

D-dimer and GCS strongly predicted brain injury on head CT (Table 2). S100β was a poor
predictor of brain injury. Several potential confounding variables were not correlated with the
D-dimer level (time interval to phlebotomy [p = 0.54], sex [p = 0.69], and age [p = 0.77]). All
the associations presented in Table 2 were similar even among the subsets of patients with time
interval to phlebotomy less than 3 (n = 38) or 2 (n = 28) hours (data not shown). None of the
49 patients who had platelet count, fibrinogen, and PT values in addition to D-dimer met criteria
for disseminated intravascular coagulation.11 The level of C-reactive protein was not associated
with the presence of brain injury (p = 0.92) or correlated with the D-dimer level (p = 0.49).

Variables with a p ≤ 0.05 in the univariate analysis were analyzed in a logistic regression model.
D-Dimer was identified as an independent predictor of brain injury on head CT and was a
stronger predictor than initial GCS (Table 2).

Receiver operator characteristic curve analysis suggested that a cut off of 500 pg/μL predicts
brain injury (area under curve = 0.77, data not shown). Using this cut off, one patient with a
D-dimer score <500 pg/μL was misclassified (Table 3). To test the suggested cut off, we
conducted a follow-up validation study on a second cohort. Again, only one patient with a
positive head CT had a D-dimer score < 500 pg/μL, whereas, almost half of those with a higher
D-dimer had a positive head CT. Using the combined data, a D-dimer cut off of 500 pg/μL had
a negative predictive value of 94%. In patients with an initial GCS of 13 to 15 or 15, the cut
off generated a negative predictive value of 97% and 96%, respectively, with one false negative
(Table 4).

Two patients with a D-dimer level score <500 pg/μL were misclassified. The first patient was
15 years old with an initial GCS of 12 and no other injury; the injury to phlebotomy time was
60 minutes, the D-dimer level 154 pg/μL, and the patient had a 48-hour period of disorientation.
The head CT scan showed several, small intracerebral hemorrhages and a tiny subarachnoid
hemorrhage. This patient received minimal medical therapy, no surgical therapy, and had
slightly disorganized speech at discharge. The second patient was 8 months old and had no
neurologic deficit with an initial GCS of 15 and no other injury; the injury to phlebotomy time
was 280 minutes, the D-dimer level 198 pg/μL, and the patient’s head CT had a small single-
slice intracerebral hemorrhage, which may have been an artifact or an antecedent calcification.
The patient was observed in the hospital for a brief period because of the suspected intracerebral
hemorrhage and received no medical or surgical therapy.

The distribution of D-dimer levels from the combined data (Fig. 1) shows that the majority of
patients were above or below the range of the measurement device. Six percent (2 of 35) of
the patients with D-dimer score < 500 pg/μL had brain injury on head CT. Sixty-one percent
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(22 of 36) of the patients with a D-dimer score >5000 pg/μL had brain injury. The patients with
more severe findings tended to have a higher D-dimer level (Table 5). Twenty-one patients
had an abnormal GCS for greater than 12 hours, and of these, only two had D-dimer score less
than 1500 pg/μL (data not shown). One was the 15 year old mentioned previously; the other
had had a seizure with an initial GCS of 9, a negative head CT, and an uneventful recovery.
Six patients had abnormal GCS greater than 48 hours, and all had a D-dimer level greater than
5000 pg/μL. Only one patient required neurosurgical intervention (besides monitoring or
drainage devices). This patient had an epidural hematoma evacuated with quick recovery and
a D-dimer level of 4840 pg/μL (data not shown).

In the combined cohorts, 33% (13 of 39) of patients with a brain injury also had a skull fracture,
and 57% (13 of 23) of patients with a skull fracture also had a brain injury. To evaluate the
specificity of D-dimer for brain injury versus skull fracture, we conducted subset analyses (data
not shown). The D-dimer level was not associated with a skull fracture in the subsets of patients
with (p = 0.36) or without (p = 0.29) brain injury. Conversely, D-dimer level was associated
with brain injury in subsets of patients with (p = 0.006) or without (p < 0.001) skull fracture.
We also conducted logistic regression to determine which factors (brain injury, face fracture,
skull fracture, or other fracture) predict a D-dimer level ≥500 pg/μL. These results suggest that
brain injury (odds ratio [OR] = 11.2, p = 0.002) is a stronger predictor of D-dimer level >500
pg/μL than face fracture (OR = 2.8, p = 0.24), skull fracture (OR = 7.8, p = 0.02), or other
fracture (OR = 5.5, p = 0.06) (data not shown).

DISCUSSION
These results suggest that quantitative D-dimer level may be an important adjunct in the
evaluation of children with head trauma, especially, in light of the concerns regarding the
expanding use and adverse effects of head CT. In fact, it was recently estimated that current
CT use accounts for 2% of all cancers in the United States, and it is predicted that this number
will increase as the large number of children exposed to even a single CT scan age.3,12

Several laboratory-based tests have been proposed to predict brain injury. Two recent
studies13,14 suggest a s100β level less than 100 pg/mL predicts a negative CT in patients with
initial GCS 13 to 15. One of our initial goals was to build a biomarker panel including s100β
to overcome the concerns about its specificity in trauma15 and usefulness in pediatrics.16 But
s100β was a poor predictor of brain injury in our study. There are several possible explanations
for this unexpected result: (a) the higher low-detection limit of our study device (100 vs. 5 and
13 pg/mL), (b) differences in normative ranges between devices, (c) differences in sample
preparation, (d) the higher rate of positive CT scans (26 vs. 7 and 9%) in our population, (e)
the previous studies were restricted to patients with isolated head trauma and/or included the
presence of skull fracture in the analysis, and (f) sample degradation.

Other laboratory-based studies have evaluated the association between brain injury and
coagulopathy, thought to be triggered by the release of thromboplastin17 or other factors.18 A
study published by the International Mission on Prognosis and Clinical Trail Design in TBI
study group19 suggested that elevated PT is an independent predictor of poor outcome in
patients with TBI. Other studies have suggested that elevated D-dimer levels predict poor
outcome in TBI20 and after acute intracerebral hemorrhage.21 We found no studies that have
rigorously evaluated D-dimer levels in comparison to head CT results.

Clinical scales designed to limit head CT use, such as The New Orleans Criteria7 and the
Canadian CT Rule,5 were recently compared in prospective studies.10,22 In general, these
scales are very sensitive but lack specificity (0–41%), and their application to the pediatric
population has been limited. One study examined the New Orleans Criteria in children older
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than 5 years and suggested that CT use could be safely reduced to 23% using the criteria.23

The large, prospective CHALICE study4 in children proposed that if any of the 14 criteria is
met, a head CT is justified, and the algorithm had 99% sensitivity and 87% specificity for
significant injury. Similarly, a large meta-analysis9 suggested that focal neurologic deficit,
abnormal GCS, and loss of consciousness correlate with brain injury. But despite the promise
of these clinical indicators and scales, their utility has not been broadly accepted. This is perhaps
because of the often limited history that is available during trauma screening and the confusing
clinical picture often encountered in children.

An appreciation of injury-induced coagulopathy and familiarity with these clinical scales is
important to understanding the potential applications of our finding. D-Dimer levels are used
routinely in the evaluation of deep venous thrombosis and pulmonary embolism. In these
scenarios, the D-dimer level is used as a negative predictor as proposed here for head trauma.
A common feature of these pathologic states is activated fibrinolysis. Stoichiometrically, a
relatively small loss of fibrinogen produces a relatively large amount of D-dimer. Therefore,
D-dimer is a far more sensitive measure of activated coagulation than does parameters based
on the disappearance of factors, such as PT, and might be more useful in the context of mild
injury.

The biggest concern in limiting head CT scans is that clinicians would miss potentially severe
injuries. Consideration of the misclassified patients in our study is encouraging, but the number
is limited. The first patient had a low initial GCS with clear traumatic mechanism and would
require head CT by any reasonable criteria and had a relatively long period of disorientation.
The second had a normal GCS and a small finding on head CT. Neither patient required medical
therapy beyond intravenous fluids and observation.

Based on these results, we suggest that the D-dimer level is a potential negative predictive tool
in patients with suspected TBI who meet current indications for head CT (as defined by the
practitioner, institution, or published criteria) with an initial GCS of 13 to 15 or a confounding
condition, such as seizure or alcohol intoxication. Such patients might include those with loss
of consciousness but appear well, recurrent emesis, abnormal GCS that is stable or improving,
or the likely intoxicated or postictal. Injudicious use of the D-dimer test outside of this clinical
context might, inadvertently, increase the use of head CT. This is akin to the widespread use
of D-dimer to rule out deep vein thrombosis with high-negative predictive value (96–99%) and
low-positive predictive value (14–37%).24

There are several points of caution regarding the use of D-dimer to evaluate TBI. Most
importantly, although it is tempting to use the D-dimer level as a positive predictor of brain
injury, our data do not support this use. Nevertheless, the observation that patients with higher
D-dimer tended to have more severe injuries suggests that a value beyond the range of the
device used herein might provide positive-predictive power.

Our patient population had a relatively high-incidence of positive head CT. This is likely
because of the strict inclusion criteria (admission via trauma system activation), our tendency
to image patients who meet the CHALICE criteria,4 and the use of high-resolution −64 channel
VCT technology. The higher incidence effectively amplifies the difference between pre- and
post-test odds of a negative result, because the pretest odds of a negative head CT are lower.
But if D-dimer were applied to populations with a lower pretest probability (but still meet head
CT criteria determined by clinician, institution, or guideline-based criteria), the negative
predictive value would increase. These statistical observations reinforce the important point
that this test be applied to individual patients after clinical assessment and determination of the
need for head CT to rule out injury and not as a positive predictor.
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Furthermore, the time interval between injury and phlebotomy might confuse interpretation of
D-dimer. In this study, the interval was not associated with D-dimer level, and adjustments to
include only patients with a shorter time interval had no effect on the results. We could not
find a detailed description of the kinetics of D-dimer degradation. Because patients enrolled
in our study were admitted through the county trauma system protocol, there was little variation
in triage time between patients, although there was large variation in transport time. It is
possible in other settings where triage might be altered based on clinical condition, and the
time interval to phlebotomy may be important. Nevertheless, a low D-dimer level, in the context
of rapid D-dimer degradation, would likely imply that there is no ongoing release of
thromboplastin. Conversely, a high D-dimer level, in the context of slow degradation, would
not alter the negative-predictive power of the D-dimer level.

The coagulation and fibrinolytic systems undergo developmental changes throughout
childhood,25–27 and D-dimer level seems to be elevated in children.25 It is possible age-related
normative D-dimer values might alter our conclusions. We found no correlation between D-
dimer and age. Also, there was no such correlation in patients with or without brain injury (data
not shown). A larger study would be required to determine age-related effects. Because younger
children presumably have higher normative D-dimer levels, the age effect would not alter the
negative-predictive power of D-dimer, and D-dimer might be more useful in adults who seem
to have a lower and a more narrow normative range.

Our data are not sufficient to delineate the specificity of D-dimer for brain injury in the context
of polytrauma. The data do suggest that brain injury is a potent stimulator of fibrinolysis, but
many traumatic injuries trigger this state. Furthermore, as another study has suggested,28 these
results question the use of D-dimer to evaluate for deep vein thrombosis in patients with TBI.

Finally, other limitations of our study include the relatively small number of patients and its
retrospective design, especially, considering the importance of missing severe brain injury. In
addition, reading of head CT scans was not standardized, and there may have been variation
in interpretation among radiologists. A larger clinical study will be required to validate these
findings and address these concerns. We note that D-dimer is a commonly used marker;
confirmation of these results in adult and other centers should be relatively straightforward.

CONCLUSIONS
In children who meet clinical criteria for a head CT scan after trauma, low-plasma D-dimer
strongly suggests the absence of significant brain injury. This common test may prove
especially valuable to help assess such patients with GCS from 13 to 15 or clinical comorbidity
and reduce the overall burden of head CT, but further study is required to fully ascertain its
limitations.
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Figure 1.
Distribution of D-dimer levels. The histogram combines data from the prospective and
retrospective cohorts. The black bars represent the portion of patients with evidence of brain
injury on Head CT.
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TABLE 1

Demographic and Clinical Characteristics of Study Population by Cohort

Cohort 1 (n = 7) Cohort 2 (n = 57)

Male (%) 35 (61%) 41 (72%)

Mean age (yrs) ± 1 standard deviation 7.2 ± 5.3 7.3 ± 5.2

Glasgow Coma Score

 <8 5 3

 8–10 1 1

 10–12 5 2

 13–14 11 11

 15 35 40

Head CT

 Normal 38 (67%) 37 (65%)

 Abnormal* 19 (33%) 20 (35%)

 EDH 5 13

 SDH 9 5

 ICH/edema† 6 6

 SAH 8 2

 ICP‡ 2 1

Interval between injury and phlebotomy

Median (range) 93 min (10–1020 min)

Main secondary injuries or condition

 None 35 31

 ETOH intoxication 2 0

 Large organ injury§ 2 0

 Skull Fx 7 16

 Face Fx 6 6

 Other Fx 4 4

 Cardiac arrest 1 0

EDH, epidural hematoma; SDH, subdural hematoma; SAH, subarachnoid hemorrhage; ICH, intracerebral hemorrhage; ICP, intracranial pressure; Fx,
fracture; ETOH, ethanol.

*
Sum of individual injury types is greater than the total abnormal because some studies showed more than one injury type.

†
Includes small areas of intracranial hemorrhage, edema, or contusion.

‡
Includes evidence of increased ICP such as midline shift or ventricular or cisternal effacement.

§
Large organ injury includes one liver laceration and one pulmonary contusion.
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TABLE 2

Univariate and Multivariate Analysis of Laboratory Parameters to Predict Presence of TBI on Head CT From
Patients in Cohort 1

No Brain Injury (n = 38)* Brain Injury (n = 19) ICP Univariate† Multivariate‡

Na (mmol/l) 140 ± 2.2 141 ± 3.3 p = 0.40

K (mmol/l) 3.74 ± 0.45 3.35 ± 0.7 p = 0.02 p = 0.8

PT (s) 13 (11.5–15.8) 13 (11.4–18.7) p = 0.86

PTT (s) 25 (18–52) 28 (19–45) p = 0.15

Fibrinogen (mg/dl) 263 (157–520) 230 (132–320) p = 0.04 p = 0.26

Platelets (103/μl) 295 (183–519) 283 (71–514) p = 0.50

D-dimer (pg/μ) 688 (150–5000) 5000 (154–5000) p < 0.001 p = 0.02

MMP9 (pg/ml) 183 (25–686) 170 (25–1300) p = 0.94

S100β (pg/ml) 100 (100–1250) 100 (100–1260) p = 0.65

GCS 15 (6–15) 13 (3–15) p < 0.001 p = 0.08

Na, sodium; K, potassium; PTT, partial thromboplastin time; MMP-9, major metalloproteinase-9; GCS, Glascow Coma Scale.

*
Mean ± SD or median (range).

†
Statistical tests: Na and K, student’s t test; all other variables, Wilcoxon rank sum.

‡
Standard logistic regression using variables with P ≤ 0.05 from univariate analysis.
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TABLE 3

Analysis of Proposed D-Dimer Cut-Off to Predict TBI

D-Dimer (pg/μl)

<500 ≥ 500

Cohort 1 p = 0.002

 No TBI 17 21

 TBI 1 18

Cohort 2 p = 0.002

 No TBI 16 21

 TBI 1* 19

Combined cohorts p < 0.001

 No TBI 33 42

 TBI 2 37

*
Patient had a small single slice intracerebral hemorrhage versus antecedent calcification on head CT.
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TABLE 4

Analysis of Proposed D-Dimer Cut-Off to Predict TBI in Patient Subsets

D-Dimer (pg/μl)

<500 ≥500

Patients with GCS 13–15 p < 0.001

 No TBI 30 39

 TBI 1* 27

Patients with GCS 15 p = 0.004

 No TBI 23 32

 TBI 1* 18

*
Patient had a small single-slice intracerebral hemorrhage versus antecedent calcification on head CT.
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