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a b s t r a c t 

Objective: To update the existing CHIP (CT in Head Injury Patients) decision rule for detection of (in- 

tra)cranial findings in adult patients following minor head injury (MHI). 

Methods: The study is a prospective multicenter cohort study in the Netherlands. Consecutive MHI pa- 

tients of 16 years and older were included. Primary outcome was any (intra)cranial traumatic finding 

on computed tomography (CT). Secondary outcomes were any potential neurosurgical lesion and neuro- 

surgical intervention. The CHIP model was validated and subsequently updated and revised. Diagnostic 

performance was assessed by calculating the c-statistic. 

Results: Among 4557 included patients 3742 received a CT (82%). In 383 patients (8.4%) a traumatic find- 

ing was present on CT. A potential neurosurgical lesion was found in 73 patients (1.6%) with 26 (0.6%) 

patients that actually had neurosurgery or died as a result of traumatic brain injury. The original CHIP 

underestimated the risk of traumatic (intra)cranial findings in low-predicted-risk groups, while in high- 

predicted-risk groups the risk was overestimated. The c-statistic of the original CHIP model was 0.72 

(95% CI 0.69–0.74) and it would have missed two potential neurosurgical lesions and one patient that 

underwent neurosurgery. The updated model performed similar to the original model regarding trau- 

matic (intra)cranial findings (c-statistic 0.77 95% CI 0.74–0.79, after crossvalidation c-statistic 0.73). The 
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Minor head injury (MHI) is a common and increasing cause 

f emergency department (ED) visits worldwide. [1–3] With ag- 

ng of the population it is expected that the burden caused by 

HI will continue to rise in the next decades. The vast majority 

 > 90%) of patients with MHI will have no (intra)cranial traumatic 

esions. [4 , 5] Nonetheless, (intra)cranial traumatic lesions can re- 

ult in severe disability or death and therefore require clinical ob- 

ervation and a small percentage needs neurosurgical intervention. 

his study aims to provide a method to improve selection of pa- 

ients that require a head computed tomography (CT) to identify 

raumatic lesions. 

Currently the most used technique to rule out traumatic find- 

ngs after MHI is CT. CT is widely available and the fraction of 

atients receiving a CT for MHI has increased significantly in the 

ast decades. [6 , 7] The use of CT has many advantages because it

s fast and reliable. However, its increasing use in MHI also has 

everal important disadvantages. First, a CT exposes the patient to 

adiation risks. [8] Second, a CT is costly and should, in the light 

f ever-expanding healthcare costs, only be used when necessary. 

ast but not least, performing more diagnostic procedures such as 

T may lead to prolonged ED throughput times and thus result in 

D-crowding. [9] With increasing ED visits for MHI it is more im- 

ortant than ever to identify those patients that will benefit from 

 CT. 

To enhance selective use of head-CT several decision rules for 

HI have been developed. Worldwide the most used decision rules 

re probably the Canadian CT Head Rule (CCHR) and the New Or- 

eans Criteria (NOC). [10 , 11] Both CCHR as NOC are only applica- 

le to patients with loss of consciousness, post traumatic amnesia 

r confusion. However, most patients with MHI do not experience 

ny of these and (intra)cranial findings can be present even in the 

bsence of these risk factors. [12 , 13] Therefore, another decision 

ule was developed in four level one trauma centers in the Nether- 

ands in the beginning of this century. This rule is applicable to all 

D patients with MHI, the CT in Head Injury Patients (CHIP) rule. 

4] The ACEP (American College of Emergency Physicians) clinical 

olicy for neuroimaging in MHI includes recommendations from 

he CHIP study for patients without loss of consciousness or post- 

raumatic amnesia. [14] 

We recently validated the CHIP-rule and compared it to the 

OC and the CCHR. [15] In line with an aging population, the pa- 

ient population in this validation-study differed substantially from 

he original CHIP, NOC and CCHR studies. [1 , 4 , 10 , 11 , 15] The pop-

lation was older and trauma was more often caused by ground 

evel falls. In this validation-study sensitivity and specificity for any 

raumatic finding were 94% and 22% for the CHIP rule; 99% and 4% 

or the NOC and 80% and 44% for the CCHR. Based on these re-

ults we concluded that the CHIP rule performed well compared 

o several other prediction rules in terms of a proper balance be- 

ween specificity and sensitivity. Nonetheless, we also conclude 

hat there is room for improvement of the CHIP because the sensi- 

ivity for detecting (potential) neurosurgical lesions was less than 

00%. [15] 
2980 
 rate as the original CHIP (75%) and a similar sensitivity (92 versus 93%)

ny traumatic (intra)cranial finding. However, the updated CHIP would not

rosurgical lesions and had a higher sensitivity for (potential) neurosurgi-

of traumatic brain injury (100% versus 96%). 

ed CHIP decision rule is a good alternative to current decision rules for

 to the original CHIP the update identified all patients with (potential)

creasing CT rate. 

© 2022 The Authors. Published by Elsevier Ltd. 

icle under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ )

Given the potential for improvement of the CHIP as demon- 

trated in the validation study, the changing demographic charac- 

eristics of MHI patients and the fact that the CHIP was developed 

n level one trauma centers only, there seems to be need for an 

pdate of the CHIP. Therefore, the aim of the current study is to 

pdate and improve the CHIP decision rule for detection of (in- 

ra)cranial findings following MHI. The primary and secondary out- 

omes for this study are any traumatic intracranial lesion and (po- 

ential) neurosurgical lesions respectively. 

ethods 

tudy design and setting 

This prospective, multicenter cohort study was conducted in the 

etherlands, data were collected between March 1st 2015 and Jan- 

ary 1st 2017. Three level 1, one level 2 and two level three EDs 

articipated in the study. [16] The participating study sites have 

n average approximately 33,0 0 0 ED visits (range 15,512–54,216 in 

016). The current study is a secondary analysis of data collected 

or the original study published in 2018 in which 9 EDs partici- 

ated, in the current study only the 6 EDs that included patients 

ith and without CT participated ( Fig. 1 ). [15] 

election of participants 

Consecutive patients of 16 years and older with MHI who ar- 

ived at one of the participating EDs within 24 h after blunt 

rauma to the head were included. MHI was defined as: 

Any trauma to the head, other than superficial injuries to the 

ace and: 

-Glasgow Coma Scale (GCS) score 13–15 at first examination 

-Loss of consciousness (not required): no more than 30 min 

-Posttraumatic amnesia (not required): no more than 24 h 

Patients who were transferred from another hospital were ex- 

luded. Clinical data concerning risk factors as used in the CHIP- 

ule and additional risk factors were collected (supplementary Ta- 

le 1). [7] 

utcomes 

Similar to the original CHIP, the primary outcome was any 

intra)cranial traumatic finding on CT, defined as: subdural 

ematoma, epidural hematoma, subarachnoid hemorrhage, hem- 

rrhagic contusion, non-hemorrhagic contusion, diffuse axonal in- 

ury, intraventricular hemorrhage, and skull fracture. The sec- 

ndary outcome was any potential neurosurgical lesion, which was 

efined as an (intra)cranial traumatic finding on CT which could 

ead to a neurosurgical intervention or death. [15] The following 

raumatic findings were labelled as potential neurosurgical lesions: 

pidural hematoma, large acute subdural hematoma (mass), large 

ontusion(s) (mass), depressed skull fracture, and any lesion with 

idline shift or herniation. Another secondary outcome was neu- 

osurgical intervention for traumatic skull or brain injury within 

http://creativecommons.org/licenses/by/4.0/
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Fig. 1. title: Included patients Legend: This study was part of a larger study in which nine centers participated, in the current study only six centers that included both 

patients with- and patients without CT participated. 
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0 days patients that died as a result of their traumatic brain in- 

ury were included in this outcome regardless whether they actu- 

lly underwent neurosurgery. 

A prerequisite of the (updated) model was not to miss any po- 

ential neurosurgical findings. 

tudy procedures and analysis 

We described study procedures and data management in de- 

ail elsewhere. [15] Consecutive eligible patients were included by 

rained researcher physicians, who did not personally interview the 

atients. Clinical data were collected before diagnostic tests as far 

s possible by using forms the clinicians could fill in for each pa- 

ient. The head CT scans were performed according to a routine 

rauma protocol at each hospital. 

Sample size was based on 20 eligible variables in multivariable 

ogistic regression. Per variable at least 10 events of the primary 

utcome measure were required. Based on earlier research the es- 

imated incidence of traumatic findings on CT was 7.4% [7] , hence 

t least 2703 scanned patients had to be included. 

In accordance to the original CHIP-study, we imputed loss of 

onsciousness and posttraumatic amnesia as present if data was 

issing or unknown. Other missing data were assumed to be miss- 

ng at random. We imputed missing data based on all the variables 

sing “Multivariate Imputation by Chained Equations” (MICE) in R. 

utcomes could not be observed in patients without CT. There- 

ore, we imputed the expected outcomes based on their risk fac- 

ors with multiple imputation, acknowledging the uncertainty of 

mputations by performing the imputation multiple times ( n = 5). 

17] The imputed missing data are the result of a combination 

f these five imputed datasets. Baseline and outcome are first re- 

orted without imputation mentioning any missing data. We used 

ata with imputed outcomes for the primary analysis, similar to 

ur previous study. [15] We performed a sensitivity analysis by in- 

luding scanned patients only (without outcome imputation). Anal- 
2981 
ses were performed using IBM Statistical Package for Social Sci- 

nces version 24 and R foundation for statistical computing soft- 

are, version 3.3.2. 

Institutional ethics and research board approval was obtained, 

nd informed consent was waived. 

alidation and updating 

Model validation, updating and revision were based on the 

ethodology as described by Steyerberg. [18] First, we validated 

he original CHIP-rule. The predicted risk of any (intra)cranial trau- 

atic finding was calculated for each patient using the original 

isk factors, regression coefficients and intercept. We calculated the 

bserved frequency of any (intra)cranial traumatic finding in our 

ataset and present this in a calibration plot. A locally weighted 

egression curve (LOESS) was used in the calibration plot. The de- 

ault setting of the val.prob.ci.2 function in R was used to create 

he calibration plot. [19] 

Updating of the CHIP decision model was performed based on 

he difference in fit of the CHIP-model and a newly fitted model in 

he current data. [18] 

To update the CHIP we performed re-calibration as a first step. 

he intercept was updated to correct a potential deviation in 

calibration-in-the-large’. Calibration-in-the-large refers to whether 

he mean observed outcome is equal to the mean predicted out- 

ome. The second step was to update both the intercept and the 

verall calibration slope. The third step was to re-estimate the in- 

ercept and the regression coefficients of the original CHIP predic- 

ors in the study data. 

odel revision 

In the next steps the model was extended with new predic- 

ors and existing predictors with limited predictive value were 
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Table 1 

Baseline characteristics update study versus original CHIP study. 

Update study( n = 4557) Missing Original CHIP( n = 3181) 

Inclusion period 2015–2016 2002–2004 

Age mean in years (range) (standard deviation) 53.1 (16–101) (23.4) 0 41.4 (16–102) 

Sex, n male (%) 2656 (58.3%) 0 2246 (70.5%) 

GCS score at presentation 0 

- GCS 13 143 (3.1%) 151 (4.7%) 

- GCS 14 500 (11.0%) 568 (17.9%) 

- GCS 15 3914 (85.8%) 2462 (77.4%) 

Use of anticoagulation 29 (0.6%) 

- None 4045 (88.8%) 2963 (93.1%) 

- Coumarin 418 (9.2%) 218 (6.9%) 

- Direct oral anticoagulants 54 (1.2%) NA 

- Other 11 (0.2%) 0 

Use of thrombocyte aggregation inhibitors (TAI) 615 (13.5%) 33 (0.7%) 

- None 3909 (85.9%) unknown 

- ASA monotherapy 405 (8.9%) unknown 

- Other TAI or combination 210 (4.6%) unknown 

Bleeding disorder 44 (1%) 33 (0.7%) unknown 

High Energy Trauma a 583 (12.7%) 3 (0.1%) 1457 (45.8%) 

Mechanism of injury 0 

- Pedestrian or cyclist versus vehicle 226 (5.0%) 100 (3.1%) 

- Road traffic accident other 1019 (22.4%) unknown 

- Ground level fall 1699 (37.3%) 691 (21.7%) 

- Fall from height ( > 1 meter) 574 (12.6%) 513 (16.1%) 

- Assaults or other violence 659 (14.5%) 771 (24.2%) 

- Sports or recreational activitiy 158 (3.5%) unknown 

- Other b 222 (4.9%) unknown 

Ejected from vehicle 150 (3.3%) 56 (1.2%) 65 (2.0%) 

Focal high impact trauma 74 (1.6%) 5 (0.1%) unknown 

Loss of consciousness 1192 (26.2%) 651 (14.3%) 1951 (61.3) 

Posttraumatic amnesia 502 (11%) 

- None 2951 (64.8%) 2181 (68.6%) 

- Up to 2 h 976 (21.4%) 916 (28.8%) 

- 2–4 h 69 (1.5%) 69 (2.2%) 

- More than 4 h 59 (1.3%) 15 (0.5%) 

Intoxication with drugs or alcohol c 1031 (22.6%) 85 (1.9%) 1367 (43%) 

Posttraumatic seizure 36 (0.8%) 68 (1.5%) 23 (0.7%) 

Vomiting 50 (1.1%) 342 (10.8%) 

- Once 158 (3.5%) 

- Twice or more 144 (3.2%) 

GCS deterioration d 23 (0.5%) 

- 1 point 38 (0.8%) 51 (1.6%) 

- 2 or more points 12 (0.3%) 17 (0.5%) 

Neurological deficit 130 (2.9%) 141 (3.1%) 304 (9.6%) 

Signs of skull base fracture 144 (3.2%) 25 (0.5%) 66 (2.1%) 

Visible injury of the head 2564 (56.3%) 19 (0.4%) 2861 (90%) 

CT = computed tomography, GCS = Glasgow Coma Scale, NA = not applicable, ASA = Acetylsalicylic acid or carbasalate cal- 

cium. 
a In the update study this was defined as: High risk auto crash (intrusion > 30 cm to occupant site or > 45 cm to any 

other site, ejection from automobile, death in same passenger compartment, vehicle telemetry data consistent with high risk 

of injury); Auto versus pedestrian/bicyclist; motorcycle crash > 32 km/h (20 miles/h); fall from > 6 m (20 feet). The exact 

definition in the original CHIP is not known and may differ. 
b Includes patients with mild head injury such as bump head against object. 
c History or suggestive findings on examination (for example nystagmus, abnormal walking, etc.). 
d GCS deterioration 2 hrs after presentation. 
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liminated. We assessed performance by calculating the area un- 

er the receiver operating characteristic curve (c-statistic). Calibra- 

ion was assessed by plotting the observed proportions versus pre- 

icted chances of the primary outcome (calibration plot). A locally 

eighted regression curve (LOESS) was used in the calibration plot. 

To improve the performance of the model in future populations, 

e multiplied the regression coefficients by a shrinkage factor ob- 

ained using bootstrapping. The updated model (without shrinkage 

actor) was cross-validated six times by re-estimating the intercept 

nd regression coefficients in five centers and testing it in the sixth 

enter. We present the validated c-statistics in a forest plot. 

esults 

For this study we included 4557 consecutive eligible MHI pa- 

ients during the study period ( Fig. 1 ). Patient characteristics are 
2982 
ummarized in Table 1 and supplementary Table 2. Compared to 

he original CHIP-study the current study population was older 

mean age 53 versus 41 years) and more often female (42% versus 

8%). Regarding trauma mechanism more injuries were the result 

f ground level falls (37% versus 22%) and less injuries were the 

esult of assaults (15% versus 24%). [20] 

Of the 4557 included patients 3742 received a CT (82%). Com- 

ared to patients with CT, those without CT were on average 

ounger (36 versus 57 years) and almost all of them had a GCS 

f 15 (99%). According to the CHIP-rule 3412 (75%) patients should 

ave received a CT because of a predicted risk of ≥3% for traumatic 

intra)cranial findings ( Table 2 ). [4] 

In 383 of 4557 patients (8.4% of all patients; 10.2% of all 

canned patients) a traumatic (intra)cranial finding was present 

n CT (supplementary Table 3). A potential neurosurgical le- 

ion was found in 73 patients (1.6%) with 18 (0.4%) undergoing 
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Table 2 

CT rate in patients above and below the CHIP CT threshold (predicted risk ≥3%) ( n = 4557). 

CT performed, 

traumatic findings 

present ( n = 383) 

CT performed, 

traumatic findings 

absent ( n = 3359) 

CT not performed, imputed 

as traumatic findings 

present ( n = 23) 

CT not performed, imputed 

as traumatic findings 

absent ( n = 792) 

CHIP predicted risk ≥3% ( n = 3412) 367 (8.1%) a 2841 (62.3%) 9 (0.2%) 195 (4.3%) 

CHIP predicted risk < 3% ( n = 1145) 16 (0.4%) 518 (11.4%) 14 (0.3%) 597 (13.1%) 

a Percentage of all included patients (4557). 

Fig. 2. title: Calibration plot original CHIP Legend: Calibration plot original CHIP, range 0 to 40% predicted and observed risk. A 95% confidence interval is given for intercept, 

slope and c-statistic. 
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eurosurgery. In total 1511 patients (33%) were hospitalized for any 

ause. The vast majority of patients ( n = 340, 89%) with traumatic 

ndings on head-CT were hospitalized. In total 32 patients (0.7%) 

ied during their hospital admission, in 11 patients (0.2%) this was 

 result of their traumatic brain injury. In total 26 patients (0.6%) 

nderwent neurosurgery or died as a result of traumatic brain in- 

ury. 

alidation 

Fig. 2 shows observed frequency of traumatic (intra)cranial find- 

ngs in our population compared with the predictions according 

o the CHIP-model. In the low-predicted-risk patients, the original 

HIP slightly underestimated the risk, while in the high-predicted- 

isk patients the model overestimated the risk. By applying the 
2983 
riginal CHIP-rule 30 traumatic findings would have been missed, 

ncluding two potential neurosurgical lesions and one neurosurgi- 

al intervention. None of the fatal traumatic lesions was missed 

y the original CHIP. In total 1145 patients (25%) had no indica- 

ion for CT according to the original CHIP (at a cut-off value of 3% 

redicted-risk). The sensitivity of the original CHIP for any trau- 

atic lesion was 93% (95% CI 90–95%) and the specificity was 27% 

95% CI 26–28%). Sensitivity and specificity for potential neurosur- 

ical lesions were 97% (95% CI 90–100%) and 25% (95% CI 24–27%) 

espectively. Sensitivity and specificity for neurosurgical interven- 

ion or death were 96% (95% CI 80–100%) and 25% (95% CI 24–27%). 

The c-statistic for any traumatic finding was 0.72 (95% CI 0.69–

.74). For potential neurosurgical lesions and for actual neurosur- 

ical interventions the c-statistic was 0.82 (95% CI 0.77–0.87) and 

.84 (95% CI 0.73–0.94) respectively. 
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Table 3 

Variables included in updated CHIP with regression coefficients. 

Risk factor Odds ratio Beta-coefficient P value Penalized beta-coefficient 

Signs of skullbase fracture 4.6 1.53 < 0.001 1.48 

GCS 13 2.5 0.90 < 0.001 0.88 

GCS 14 1.6 0.48 0.001 0.46 

Contusion skull 1.8 0.59 < 0.001 0.57 

Vomiting more than once 1.7 0.52 0.046 0.50 

Age (per year over 16) 1.01 0.010 < 0.001 0.010 

Post traumatic amnesia 0 to 2 h (or unknown) 2.0 0.70 < 0.001 0.67 

Post traumatic amnesia 2 to 4h 2.6 0.96 0.006 0.93 

Post traumatic amnesia > 4h 5.7 1.73 < 0.001 1.68 

Loss of consciousness (or unknown) 1.9 0.62 < 0.001 0.61 

Neurologic deficit 2.5 0.90 < 0.001 0.87 

Fall from any elevation 1.6 0.49 < 0.001 0.47 

Use of antiplatelet therapy a 1.7 0.51 0.021 0.49 

Dangerous trauma mechanism 

b 1.9 0.64 < 0.001 0.62 

Focal high impact trauma 2.4 0.87 0.018 0.84 

To determine the need for a CT scan the beta-coefficients of present risk factors have to be added (for age multiplied by age 

in years over 16). The intercept is −4.34 and the intercept for the penalized estimation is −4.27. The predicted probability 

of a traumatic intracranial finding equals: 1/(1 + e −( −4.27 + penalized beta score) ). A penalized beta score of 0.79 equals a predicted 

probability of a traumatic intracranial finding of 3.0%. 
a Acetylsalicylic acid monotherapy or carbasalate calcium monotherapy should not be regarded as risk factor. 
b Definition: High risk auto crash (intrusion > 30 cm to occupant site or > 45 cm to any other site, ejection from automo- 

bile, death in same passenger compartment, vehicle telemetry data consistent with high risk of injury); Auto versus pedes- 

trian/bicyclist; motorcycle crash > 32 km/h (20 miles/h); fall from > 6 m (20 feet). 
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Table 4 

Risk factors included in the original versus the updated CHIP. 

Original CHIP Updated CHIP 

Signs of skullbase fracture Signs of skullbase fracture 

GCS (13 or 14) GCS (13 or 14) 

Persistent anterograde amnesia 

Change in GCS score (1 h after 

presentation) 

Contusion skull Contusion skull 

Vomiting Vomiting more than once 

Age Age 

Post traumatic amnesia (2–4 h or > 4 h) Post traumatic amnesia (0–2 h; 

2–4 h; > 4 h) 

Loss of consciousness Loss of consciousness 

Neurologic deficit Neurologic deficit 

Fall from any elevation Fall from any elevation 

Use of anticoagulant therapy 

Use of antiplatelet therapy 

Pedestrian or cyclist versus vehicle 

Ejected from vehicle 

Dangerous trauma mechanism 

Post traumatic seizure 

Focal high impact trauma 

Table 5 

Sensitivity and specificity of the original and updated CHIP (predicted risk ≥3%). 

Original CHIP Updated CHIP 

Any traumatic finding 

-sensitivity (95% CI) 

-specificity (95% CI) 

93% (90–95%) 

27% (26–28%) 

92% (89–94%) 

27% (26–28%) 

Potential neurosurgical lesion 

-sensitivity (95% CI) 

-specificity (95% CI) 

97% (90–100%) 

25% (24–27%) 

100% (95–100%) 

26% (25–27%) 

Neurosurgical intervention or death 

-sensitivity (95% CI) 

-specificity (95% CI) 

96% (80–100%) 

25% (24–27%) 

100% (87–100%) 

25% (24–27%) 

1

s

w

pdating 

The overall observed frequency of traumatic (intra)cranial find- 

ngs was slightly lower in our population (8.9% 

1 ) compared to the 

HIP predicted frequency (9.4%) ( p < 0.001). To correct for this “cal- 

bration in the large” the intercept was adjusted. 

After that, we refitted the regression slope, the new calibration 

lope ( βoverall ) was significantly steeper in the updated model com- 

ared to the original model ( p < 0.001). This adjustment would in- 

rease sensitivity to 97%, but at the cost of a decline in specificity 

o 11% (at a cut-off value of 3% predicted-risk). 

Next, we re-estimated regression coefficients of original risk 

actors in the current dataset. Some regression coefficients were 

imilar in the validation data and the CHIP-model, others differed 

nd two (use of anticoagulants and ejection from vehicle) had a 

egative regression coefficient in our dataset. Because we consider 

 protective effect of risk factors clinically implausible we omit 

hese predictors from the updated model. (supplementary Table 4) 

odel extension 

Several updated models have been considered of which the 

odel in Table 3 showed the best performance in terms of c- 

tatistic and calibration ( Table 3 and Fig. 3 ). All selected variables 

howed significant effects ( p < 0.05). The c-statistic for any trau- 

atic finding was 0.77 (95% CI 0.74–0.79). For potential neuro- 

urgical lesions and for neurosurgical intervention lesions the c- 

tatistic was 0.87 (95% CI 0.84–0.91) and 0.92 (95% CI 0.86–0.98) 

espectively. Table 4 lists variables included in the original CHIP 

ersus variables included in the updated CHIP. 

At a cut-off value for CT of 3% predicted-risk of any traumatic 

nding , similar to original CHIP, the sensitivity of the updated CHIP 

as 92% (95% CI 89–94%) and the specificity was 27% (95% CI 26–

8%) ( Table 5 ). Sensitivity and specificity over a range of cut-off

alues are shown in supplementary Table 5. Sensitivity and speci- 

city for potential neurosurgical lesions at a cut-off value for CT 

f 3% predicted-risk of any traumatic finding were 100% (95% CI 95–
1 The observed frequency of traumatic findings of 8.9% includes imputed data, 

ence the discrepancy with the earlier mentioned 8.4%. 

t

i

c

2984 
00%) and 26% (95% CI 25–27%) respectively. At this cut-off value 

ensitivity and specificity for neurosurgical intervention or death 

ere 100% (95% CI 87–100%) and 25% (95% CI 24–27%). None of 

he fatal traumatic lesions was missed by the updated CHIP. 

Internal validation of the updated model using bootstrapping 

ndicated optimism for the c-statistic, which we expected to de- 

rease from 0.77 to 0.76 for any traumatic (intra)cranial finding. 
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Fig. 3. title: Calibration plot updated CHIP Legend: Calibration plot updated CHIP, range 0 to 40% predicted and observed risk. A 95% confidence interval is given for intercept, 

slope and c-statistic. 
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nternal validation using crossvalidation per center would decrease 

he c-statistic from 0.77 to 0.73 (supplementary Figs. 1 and 2). 

o correct for optimism penalized beta-coefficients were calculated 

 Table 3 ). 

A sensitivity analysis only including the 3742 scanned patients 

howed similar results for the updated CHIP. The c-statistic for any 

raumatic finding was 0.76 (95% CI 0.73–0.78). The c-statistic for 

otential neurosurgical lesions and neurosurgical intervention was 

.85 (0.81–0.89) and 0.90 (0.84–0.97) respectively. At a cut-off of 

% predicted-risk 16 traumatic (intra)cranial findings were missed 

f which none was a potential neurosurgical lesion or needed neu- 

osurgical intervention (sensitivity 96%; specificity 34%). 

iscussion 

The aim of this study was to update the CHIP decision rule, this 

as done in a large multicenter study in a contemporary Dutch 

ohort. The original CHIP-model underestimated the risk of trau- 

atic (intra)cranial findings in low-predicted-risk patients, while 

n high-predicted-risk patients the risk was overestimated. The up- 

ated model performed better over a wide range of predicted risks. 

The updated model uses three variables less than the orig- 

nal CHIP-model (12 versus 15) which makes it easier to use 

 Table 4 ). The c-statistic for any traumatic finding would improve 

rom 0.72 to 0.77. However, it should be noted that internal val- 
2985 
dation using crossvalidation per center would decrease the c- 

tatistic from 0.77 to 0.73. From the calibration plot it can be con- 

luded that especially in the low-predicted-risk groups the up- 

ated model performs better than the original. Performance in 

hese low-predicted-risk groups is most important because the 

igh-predicted-risk groups will be scanned regardless of the ex- 

ct predicted risk. Probably even more important, in contrast to 

he original CHIP, the updated CHIP would not miss any potential 

eurosurgical lesions or patients that actually underwent neuro- 

urgery. Compared to the original CHIP-study potential neurosur- 

ical lesions have been added as secondary outcome measure be- 

ides actual neurosurgical intervention. Neurosurgical intervention 

r death is rare in MHI patients and the decision to operate a pa- 

ient is surgeon and country dependent. [21] Nonetheless nobody 

ants to miss a traumatic epidural hematoma or a large acute sub- 

ural hematoma, therefore the term potential neurosurgical lesion 

as introduced to more objectively identify the traumatic findings 

hat definitely should not be missed. Hence, the largest gain of the 

pdated model compared to the original CHIP is better identifica- 

ion of patients with (potential) neurosurgical lesions. 

In the original CHIP-study a cut-off value of 3% predicted-risk for 

ny traumatic finding for performing a CT is used. This rather arbi- 

rary threshold is used in this update study as well. Nevertheless, 

ne could argue that a different cut-off value can be more suitable 

epending on setting and preferences. For cut-off levels up to 3.5% 
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nd 6.0% predicted risk for any traumatic finding sensitivity for re- 

pectively potential neurosurgical lesions and actual neurosurgical 

ntervention remained 100% in our study sample. 

A striking difference between the original CHIP and this update 

s that the use of anticoagulants is no longer found to be a predic-

or of traumatic (intra)cranial findings, neither in univariable nor 

n multivariable analysis. Although it is impossible to establish the 

xact cause of this surprising change there are some possible ex- 

lanations. First anticoagulants may be a smaller risk factor than 

reviously thought. There are only few studies that have estab- 

ished the risk of anticoagulant therapy for traumatic intracranial 

emorrhage in MHI. [22 , 23] A recent systematic review found a 

ooled incidence of traumatic findings in MHI patients that used 

nticoagulants of 8.9%. [22] However, there was a large variation 

nd in the two largest studies in the review this incidence was 

nly 4%. A second reason for the difference could be that referral 

atterns have changed. Possibly patients on anticoagulant therapy 

re referred to the ED for less severe trauma than patients without 

nticoagulant therapy. This potential difference was nonetheless 

ot reflected in the multivariable analysis. Finally we do not know 

ow well anticoagulants were used, it is known that patients on 

nticoagulants frequently have a sub-therapeutic INR. [24] How- 

ver, although anticoagulant use was not a risk factor for traumatic 

ndings in the current study, a low threshold for scanning these 

atients should be considered in our opinion because traumatic 

ndings may have a worse outcome in the presence of anticoag- 

lant use. [25–27] Scanning all patients on anticoagulant therapy 

ould (at a 3% predicted-risk scanning-threshold) lead to 81 extra 

Ts and a reduction of two patients with missed traumatic findings 

sensitivity 92%; specificity 25%). 

In contrast to the original CHIP-rule we choose to present the 

etailed results only, the updated decision rule will be integrated 

nto an easy to use app. A simplified decision rule is less reliable 

nd not necessary anymore because everybody uses smart phones 

nd electronic patient records are widespread. 

Future research is needed to externally validate this updated 

HIP decision rule. Until now the CHIP-model has only been val- 

dated in the Netherlands. To increase generalizability validation 

ata should preferably also be collected in other countries. 

A limitation of this study is that not all consecutive MHI pa- 

ients received a CT. This is a result of the current Dutch guidelines 

or patients with MHI [28] . Patients that were not scanned could 

ossibly have had traumatic findings that would have been missed. 

o anticipate these possible false negatives, the outcomes of these 

atients were imputed. Because of different scanning rates in hos- 

itals all different risk profiles of patients were present in the non 

mputed dataset. Nonetheless, differential patterns of missing data 

ay introduce unknown biases despite multiple imputation. 

Study forms were filled in by clinicians as part of their rou- 

ine clinical care this could have caused missing data. Although we 

re not aware of any missed inclusions in the study and inclusions 

ere checked on a daily basis we cannot rule out that possible el- 

gible patients could have been missed. 

There is some heterogeneity in the results across different study 

ites, this means that the performance of the model may be over- 

tated in some sites and understated at other sites. Besides this 

he reported c-statistics and estimates of sensitivity and specificity 

re based on the selection of centers and patients in our study. 

o reduce optimism we used shrinkage and cross validation across 

enters, nonetheless the reported c-statistics and sensitivity and 

pecificity will still be biased. Therefore external validation of the 

esults is needed. 

The CHIP-rule predicts the presence or absence of traumatic 

ndings on CT. Nonetheless, the real outcome of interest is the 

ong-term clinical outcome which was not assessed in the current 

tudy. 
2986 
Because there was no follow-up for discharged patients with 

 negative CT (or without CT) it is possible that some of these 

atients would have developed traumatic findings on consecutive 

cans. However development of an intracranial lesion after a nor- 

al CT is rare. [29] 

In summary use of the updated CHIP decision rule should be 

onsidered in patients with MHI. Compared to the original CHIP 

he updated rule seems to be better able to identify patients with 

potential) neurosurgical lesions without increasing the CT rate. In 

he current study anticoagulant use was not identified as indepen- 

ent risk factor for traumatic findings. Nonetheless a low threshold 

or scanning these patients is advised because of potentially worse 

utcome of traumatic intracranial hemorrhage in the presence of 

nticoagulant use. Future research is needed to externally validate 

he updated CHIP decision rule. 
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