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Objective

A new nationwide guideline for minor head injury was introduced in the Netherlands
in 2010. The effect on CT ratio and hospital admission ratio after introduction of the
guideline is unknown. The aim was to reduce these numbers as part of cost-effective
health care. Therefore, we assessed the effect on these variables after introduction
of the guideline.

Methods

We used an interrupted time series study design. Data selection was done three
years before (2007-2008] and several years after (2012, 2014, 2015] introduction
of the guideline.

Results

Data collection was performed for 3880 patients. Introduction of the new guideline
was associated with anincrease in CT ratio from 24.6% before to 55% after introduction
(P < 0.001). This increase is the result of both the new guideline and a secular trend.
Besides this, hospital admissions increased from 14.7% to 23.4% (P < 0.001) during
the study period. This increase was less clearly associated with the new guideline.
After introduction of the guideline there was no significant difference in (intralcranial
traumatic findings (2.6% vs. 3.4%; P = 0.13]) and neurosurgical interventions (0.1% vs.
0.2%; P =0.50).

Conclusions

Between 2007 and 2015, a marked increase in CT ratio and hospital admissions has
been observed. The increase in CT ratio seems to be caused both by the new guideline
and by a secular trend to perform more CT scans. Adaptations to the guideline should
be considered to improve patient care and cost-effectiveness in patients with minor
head injury.
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Introduction

Minor head injury (MHI] is an everyday problem in emergency departments (EDs).
Exact numbers for the Netherlands are lacking, but a distinct increase in ED visits for
traumatic brain injury (TBI) has been observed over the past decades.[1] Traumatic
intracranial findings occur in 7-10 % of MHI patients and less than 1% will reguire
neurosurgical intervention.[2-4] Computed Tomography (CT) of the head is the
most used imaging modality, because it is a fast and reliable method for detecting
traumatic findings.[5]

Obtaining a CT-scan for every head trauma is undesirable, because of various reasons
such as cost-effectiveness, overdiagnaosis, ED crowding and radiation exposure.[8,7]
There are various guidelines to determine for which patients a CT-scan is indicated.
Many guidelines are derived from the Canadian CT Head Rule [CCHR] and the New
Orleans Criteria [NOC).[8,8] These decision rules are externally validated and have a
high sensitivity for both clinically important brain injury and neurosurgical intervention.
[10-13] Nevertheless, the applicability of these decision rules is limited to patients who
experienced loss of consciousness (LOC), post-traumatic amnesia (PTA]) or confusion.
[8,9] However, intracranial complications occur both in patients with and without
LOC and PTA.[14] Therefore, a major disadvantage of these guidelines is the lack of
recommendations in case of the absence of LOC and/or PTA.

A decision rule that is applicable to all MHI patients, was established later on by a
Dutch research group: the CHIP prediction rule.[3] A recent validation study showed
a performance comparable to the CCHR and NOC.[2] The CHIP prediction rule, with
some adjustments, led to the development of the current Dutch guideline for MHI
in 2010.[15] Although the sensitivity of the guideline is expected to be very high,
implications for clinical practice, like the total number of CT-scans performed, are
uncertain. The purpose of this study is to determine the impact of the introduction of
a new guideline for MHI. We compared CT ratio before and after introduction of the
new guideline, and simultaneously the effect on hospital admission rates.
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Methods

Study setting and patients

We used an interrupted time series (ITS] study design. All data were collected from a
Dutch non-academic hospital with two separate ED locations. One location concerns
a level-1trauma centre with an annual number of visitors to the ED of 46,500 (2007)
- 52,000 [2015]; level-1 meaning that all possible traumas can be treated there. The
other location is a level-3 trauma centre with an annual number of ED-visitors of
20,000 (2007) - 17500 [2015). The declining number of visitors to this last ED is due
to reallocation of patients to other EDs.

The study periods involved the first three months of six different years: 2007; 2008;
2009; 2012; 2014 and 2015. The ‘after period’ was intentionally chosen some years
after 2010, to guarantee that all hospitals were familiar with the new Dutch guidelines.
There is no specific reason for the lack of data concerning the year 2013, other than
the data collection being performed in two different time frames.

All patient records concerning MHI were selected manually from the electronic
patient records. Data extraction from these records was performed by physicians
under supervision of the corresponding author (CvdB]. In case no abnormalities or
symptoms were specified, these were assumed to be absent. In case of discrepancies
or doubt about the information in the patient record the record was reviewed by CvdB.

Patients were included when they met the criteria for MHI as described later in
this section. Other inclusion criteria were presentation to the ED within 24 hours of
injury, and age of at least 16 years. Exclusion criteria were ‘reassessed patients’ and
‘transferred patients’.

All CT-scans were performed according to standard trauma protocol. Assessment of
the CT-scans was carried out by a (neuro]radiologist, and by the treating neurologist.
In case of disagreement, a second [neuro]radioclogist and neurologist reached
consensus.

Data collection

We collected the following data from the electronic patient record: demographic
data, Glasgow Coma Scale [GCS]) on entry, whether a CT-scan of the head was made,
CT findings, hospital admissions and neurosurgical interventions. A neurosurgical
intervention is defined as any neurocranial operation for the sustained head trauma
carried out by a neurosurgeon within 30 days after the trauma, including the
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placement of an intracranial pressure monitoring device. We concurrently verified
the presence of major and minor CT-criteria for each patient, according to the 2010
guideline, so that guideline adherence could be measured [15].

The 2010 Dutch MHI guideline

The Dutch guideline for MHI was introduced nationwide in 2010 and was based on
the CHIP decision rule [3,15]. It is applicable to all patients with MHI. MHI was defined
as: Head injury is any trauma to the head, other than superficial injuries to the face.

For minor head injury the following criteria apply:
GCS at first examination 13-15

« Incase of loss of consciousness: no maore than 30 minutes
In case of posttraumatic amnesia: no more than 24 hours

The guideline has major and minor criteria for a head CT. In case of 1 major or 2 minor
criteria a CT-scan of the head is indicated.

Major criteria: GCS < 15 on presentation; signs of skull fracture; vomiting; posttraumatic
amnesia = 4h; GCS deterioration = 2 points (1 hour after presentation); pedestrian or
cyclist versus vehicle; ejected from vehicle; coumarin use, focal neurclogic deficit’;
posttraumatic seizure; suspicion of intracranial injury after focal “high impact” injury2.

Minor criteria: fall from any elevation; posttraumatic amnesia 2-4 hours; visible injury
to the head, (excluding the face); loss of consciousness; GCS deterioration of 1 point
(1 hour post presentation]; age = 40°.

Indications for admission according to the guideline are: new clinically significant
findings on CT-scan; GCS < 15; focal neurologic deficit; indication for CT-scan, but
CT-scan not (yet]) performed; alarming signs for the clinician such as intoxication with
alcohol and/or drugs; other injuries that require admission.

Outcome measures
The primary outcome measure is the change in level and trend in the percentage of
head CT-scans for MHI performed: the crude CT ratio and the standardized CT ratio.

1 Focal neurologic deficit was a minor criterium in the original CHIP rule.

2  Suspicion of intracranial injury after focal “high impact” injury was no criterium in the original
CHIP rule.

3 Age 40-80 was a minor criterium and age =80 was a major criterium in the original CHIP rule.

4 The CHIP rule does not formulate indications for admission.
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The crude CT ratio is the percentage of patients with head CT. The standardized CT
ratio is the quotient of the number of cases with a head CT and the number of cases
with an indication for head CT according to the 2010 guideline.[15]

Secondary outcome measures are the changes in level and trend in the percentage
of patients admitted to the hospital and in the number of neurosurgical interventions
within 30 days after the trauma. Another secondary outcome measure is guideline
adherence. The study was approved by the regional medical research ethics
committee and informed consent was waived (IRB Southwest Holland, nr. 13-054].

Statistical analysis

Data were analyzed using descriptive statistics, c?tests and Mann-Whitney U tests
where appropriate. The impact of the new guideline on CT ratio and admission
percentage was analyzed with an interrupted time series approach, hereby controlling
for the observed level and trend in the data before the intervention.[16] The following
regression model was used:

U=b,+b,T+b,C +b TC where b, represents the baseline level before implementation
of the new guideling, b, represents the change in outcome associated with a time
unit increase (representing the underlying trend, slope), b, is interpreted as the level
change following the intervention and b, represents the slope change following the
intervention. The time unit used in the model is months.

Significance threshold was set at P < 0.05. The statistical package for the social

sciences (IBM Corp., IBM SPSS Statistics for Windows, version 22.0. Armonk, New
York USA] was used for analyses.
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Results

During the study periods a total of 3880 eligible patients were seen at one of the
two EDs and were included in our study. Of those patients, 1823 (47.0%] visited the
hospital before- and 2057 (53.0%] did so after introduction of the guideline. Patient
characteristics are shown in Table 1. Notably, the median age and specifically the
proportion of patients over 40 years of age was higher in the group of patients seen
after the introduction of de guideline.

Tahle 1. Basic demographic characteristics and hospital location

2007-2008 2012-2014-2015 P-valug'
(before group) (after group)
(n=1823]) (n=2057)
Demographics
* Median agey (I0R] 40 (25-80] 48 (28-67) <0.001
* Age =40y n (%) 917 (50.3] 1211 (58.8] <0.001
* Male gender n (%) 116 (81.2] 1215 (59.1) 0172
Hospital location
* Trauma centre 1293 (70.9) 1611 (78.3) <0.001

'Difference between before-group (2007-2009) and after-group (2012, 2014, 2015).

Traumatic (intra)cranial CT findings were present in 2.6% of patients in the ‘before’
group and 3.4% of patients in the ‘after’ group. However, this difference was not
significant, as shown in Table 2. Four patients with at the first visit missed [(intra)
cranial traumatic findings (or possible intracranial findings) were identified, two
before introduction of the guideline and two after introduction of the guideline
(Supplementary Table 1). Facial fractures were found on CT in merely 0.9% of the
‘before’ group, and in 4.0% of the ‘after’ group, this difference was statistically
significant. In line with these findings, there was no noteworthy increase in the number
of neurosurgical interventions between the ‘before’ and ‘after’ group, which was 0.1%
in the before group and 0.2% in the after group (Table 2).

Before introduction of the guideline the crude CT ratio was on average 24.68%. After
introduction of the guideline, the crude CT ratio increased to 55%. A sensitivity analysis
of the period 2012-2015, including only those patients in which the guideline was
adhered, showed a similar crude CT ratio of 55.8%. The ITS analysis showed a (non-
significant) positive time trend (slope) in crude CT ratio, a significant increase in
level after introduction of the new guideline and a slight (non-significant) change of
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slope following the introduction of the guideline [Table 3). The standardized CT ratio®
increased each year and was on average 51.8% before introduction of the guideline
and 100.5% after introduction of the guideline [Table 2, Supplementary Table 2]. The
ITS analysis for standardized CT ratio showed similar results as for the crude CT
ratio; a (non-significant) positive time trend (slope] (b,= 0.48, p = 0.08), a significant
increase in level after introduction of the new guideline [b2= 31.85, p=0.05) and a
slight (non-significant) change of slope following the introduction of the guideline [bg
=-0.21, p = 0.50] (Table 3, Figure 1). Hospital admissions have increased from 14.7%
before- to 23.4% after introduction of the guideline. However, there was nao significant
deviation from the secular trend after introduction of the guideline [Table 2, Table 3).

Table 2. (Standardized) CT ratio, traumatic CT findings, hospital admission and neurosurgical
intervention

2007-2009 2012-2014-2015 P value'
(n=1823) (n=2057)
Head CT-scans n (%) 448 (24.8) 1131 (55]) <0.001
Standardized CT ratio 51.9 100.5 <0.001
[Intra) cranial traumatic CT findings n (%) 47 (2.86) 70 (3.4) 013
* Hemorrhagic intracranial traumatic findings? 24 (1.3] 38 (1.8)
* Isolated skull fracture® 9(0.5) 9(0.4) <0.001
* Intracranial traumatic findings plus fracture 14 (0.8] 23(1.1)
Isolated facial fracture(s) on CT n (%) 16 (0.9] 83 (4.0)
Hospital admission n (%) 268 (14.7) 481 (23.4) <0.001
Neurosurgical intervention n (%) 201 4(0.2) 0.50

'Difference between before-group (2007-2009) and after-group (2012, 2014, 2015].
2hemorrhagic intracranial traumatic findings means all traumatic intracranial findings: subdural
hematoma, epidural hematoma, traumatic subarachnoid hemarrhage and parenchymal contusion.
3 Isolated skull fractures means all fractures to the neurocranium.

Guideline adherence, since the introduction of the guideline, was good; when a CT
was indicated according to the guideline, a CT-scan was performed in 85.7% of the
patients. In addition, a CT-scan was performed in merely 17.89% of the patients when the
guideline dictated not to perform a CT-scan (Supplementary Table 3)]. That equalizes
84.1% overall guideline adherence.

5 The standardized CT ratio is the quotient of the number of cases with a head CT and the number
of cases with an indication for head CT according to the 2010 guidelines.
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Table 3. Interrupted time series analysis changes in slope and level of crude and standardized CT
ratio and hospital admissions

Slope 2007-2008 Change in level after Change in slope
(p value) introduction of new 2012-2015
guideline (p value)
(p value)
Crude CT ratio 018 (0.27) 19.84 (0.04) -0.01(0.94)
Standardized CT ratio 0.48 (0.08) 31.85 (0.05) -0.21(0.50]
Hospital admissions 0.29 (0.13) 8.32 (0.43) -0.23 (0.31)

Standardized CT ratio

120%

110% .
.
—— —S-
_—— .
100% . —
. -_——
——
—
—— .
90% - e
L e
g% e
E T B e e ICT: L
e
[ e
60% ettt
R |
------- a
A e
50% | ettt
....... N
[ N
a0% &
30%
20%
10%
0%
January-07 January-08 January-09 January-10 January-11 January-12 January-13 January-14 January-15
4 20072009
® 20122015

Introduction of new MHI guideline
------- Slope 2007-2009
— -Slope2012-2015

Figure 1.

Interrupted time series analysis changes in slope and level of standardized CT ratio.

This figure shows the standardized CT ratio per month before (triangles) and after [rounds])
introduction of the guideline. It also shows the secular trend [slope] in standardized CT ratio before
[dotted line) and after (striped line) introduction of the guideline.
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Discussion

In this study we found an increase in both the use of CT-scans as well as hospital
admissions in patients with MHI, not sufficiently explained by the increase in (intra)
cranial traumatic findings.

This is in contrast with the expectation that introduction of the guideline would reduce
the number of CT scans as well as the number of hospital admission. A CT reduction of
20-32% was estimated beforehand. Instead of confirming this reduction, we found an
increase of 30.4%. A major cause of this increase seems to be the implementation of
the new guideline as was demaonstrated in the ITS analysis. However, this is probably
not the only cause as we also ohserved a (not statistically significant) secular trend
of an increasing standardized CT ratio each year. Easy access to CT scans, more
defensive healthcare in general, and emergency department crowding are possible
causes of this secular trend. Besides this the CT ratio in the Netherlands is still
relatively low in international perspective, where CT ratios for MHI are generally
around B65-80%.[71718] Remarkahly the implementation trial after introduction of
the Canadian CT Head Rule showed similar results, an increase in CT ratio.[1719]
The authors argued this effect was, for the most part, attributable to poor physician
adherence to the guideline.[17] However, in our study lack of guideline adherence does
not seem to be an important contributing factor with an adherence of 84.1% and an
average standardized CT ratio of 100.5% after implementation of the guideline. This is
a better guideline adherence than other proposed guidelines for MHL.[17,20]

The increase in CT ratio did not result in less hospitalization, on the contrary. Besides
more CT-scans performed, also the proportion of patients admitted to the hospital
increased between 2007 and 2015. This was also an unexpected result, since the new
guideline dictates that hospitalization is (generally) no longer necessary when the CT-
scan shows no traumatic abnormalities. The observed increase in hospital admission
ratio may be partially explained by the abandonment of home waking advice in the
new guideline. Before introduction of the guideline home waking advice used to be
daily routine in certain patients, also when the CT-scan was normal. Home waking
advice comprises of regularly waking the patient in the home setting, to make sure he
or she is doing well. Because of lack of evidence this advice is no longer part of the
new guideline. Itis possible that Dutch physicians, instead of discharging the patient,
chose for hospitalization for clinical observation.
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From the viewpoint of cost-effectiveness there seems to be a lot to gain. The number
of CT-scans performed has risen significantly. Moreover, costs are piling up even
more with the growth in hospitalizations. Careful evaluation of each admission and
CT-scanis therefore needed. A multimodal intervention focusing on physicians could
be of importance to reduce CT ratio, as was shown in community hospitals in the USA.
[21] Furthermore, adjustment of the guideline should be considered. Examples of such
adjustments that could be considered are a higher threshold for performing a CT-
scan, more emphasis on clinical judgement or the implementation of other diagnostic
modalities such as biomarkers to reduce CT ratio.

The retrospective study design has certain limitations. Missing data were presumed
to be absent. For example: if vomiting was not mentioned in the electronic patient
record, we presumed absence. This could introduce hias while determining the major
and minor criteria for performing a CT-scan. However, this bias would be presentin all
years studied, and should not be of notewarthy effect for our primary and secondary
outcomes. Demonstrating a causal link is also impossible with the retrospective
design. Another limiting factor is the possibility of missing traumatic findings in
patients who did not undergo a CT. Subsequently it is not possible to draw conclusions
about whether too few CT-scans were performed in 2007-2009, or too many were
performed in 2012-2015. In line with these limitations, our study was not designed to
prove which situation (2007-2009 or 2012-2015) was better in the context of patient
safety.

Between 2007 and 2015, a marked increase in CT ratio for MHI as well as hospitalizations
has been observed. Several factors seem to contribute to this increase. Most likely,
introduction of the MHI guideline is an important contributor at least to the increase
in CT ratio. Since health care is getting more expensive and cost-effectiveness maore
important, an adjustment to the guideline should be considered.
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Supplementary Material

Supplementary Table 1. Patients with (possible] missed traumatic findings

Patient Year PTA, LOC, GCS! CT indication?
confusion’

A 2007 Yes LOC, PTA 15 No?®

B 2009 No 15 Yes*

C 2012 Yes LOC, PTA 14 Yes®

D 2014 No 15 Yes®

PTA: post traumatic amnesia; LOC: loss of consciousness; GCS: Glasgow Coma Scale score
2According to the guideline introduced in 2010.

3Age < 40 years, no external injury to the head, LOC, PTA < 2 hours, no other risk factors.

4Age = 40 years, external injury to the head, anticoagulants.

5Age = 40 years, external injury to the head, LOC, GCS 14, PTA < 2 hours.

8 Age = 40 years, external injury to the head, anticoagulants. A CT head was not performed for
unclear reasans.

Supplementary Table 2. Crude and standardized CT ratio per year, hospital admission per year

2007 2008 2008 2012 2014 2015
Crude CT ratio % 24.2 22.2 270 51.6 55.6 578
CT indication % 52.5 41.0 48.0 54.3 541 55.7
Standardized CT ratio % 48.2 54.2 551 84.9 102.9 103.8
Hospital admissions % 10.3 18.0 16.9 231 19.8 274

Supplementary Table 3. Guideline adherence (years 2012, 2014, 2015)

CT indicated according to CT not indicated according to
guideline guideline

CT performed 964 (85.7%) 167 (17.9%)

CT not performed 161 (14.3%) 765 (82.1%)
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CT on first ED visit

CT on repeat ED visit (within
30 days)

Clinical course

No CT on first visit

Day 2: epidural hematoma
with midline shift, skull
fracture

Neurosurgical intervention, full
recovery

No CT on first visit

Day 3: parenchymal contusion,
acute subdural hematoma

Conservative treatment,
patient died of a non-
neurologic cause on day 16

Yes, no traumatic findings on
first CT

Day 10: acute subdural
hematoma with midline shift

Several neurosurgical
interventions, patient died of
a non-neurologic cause on
day 27

No CT on first visit

No repeat ED visit

Patient died of an unknown
cause on day 7
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