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The National Center for Injury Prevention and Con-
trol estimates that 1.7 million people sustain a trau-
matic brain injury (TBI) in the United States each 

year,6 with the vast majority suffering a minimal head in-
jury (MHI), defined as a loss of consciousness and/or ret-
rograde amnesia with a Glasgow Coma Scale (GCS) score 
greater than 12.11 Traditionally, nonoperative management 
of MHI patients with an intracranial hemorrhage (ICH) 

has consisted of observation and a routine repeat head CT 
(HCT) study at 24–48 hours after admission to assess for 
any ICH evolvement. However, with increasing concern 
over the use of hospital resources and concern for radia-
tion exposure, the value and necessity of a routine repeat 
HCT scanning has come into question.3,10,15,16,18,19,21–23,25 
Despite this, the use of routine repeat HCT studies has ac-
tually increased, especially in developed countries.24

abbreviatioNs GCS = Glasgow Coma Scale; HCT = head CT; ICH = intracranial hemorrhage; LOS = length of stay; MHI = minimal head injury; NORH = Neurologic 
Observation without Repeat HCT; TBI = traumatic brain injury.
submitted June 14, 2015.  accepted September 9, 2015.
iNclude wheN citiNg Published online January 15, 2016; DOI: 10.3171/2015.9.JNS151379.

Eliminating unnecessary routine head CT scanning in 
neurologically intact mild traumatic brain injury patients: 
implementation and evaluation of a new protocol
seema p. anandalwar, md,1 christine Y. mau, md,2 chirag g. gordhan, md,1 Neil majmundar, md,2 
ahmed meleis, md,2 charles J. prestigiacomo, md,2 and Ziad c. sifri, md1

Departments of 1Trauma Surgery and 2Neurological Surgery, Rutgers New Jersey Medical School, Newark, New Jersey

obJective The utility of routine repeat head CT (HCT) scans in the management of minimal head injury (MHI) pa-
tients with an intracranial hemorrhage (ICH) has been questioned in multiple studies. All these studies analyzed this by 
obtaining a repeat HCT study, and none examined the effects of eliminating these routine HCT studies in neurologically 
intact patients. The authors’ institution implemented a new “Neurologic Observation without Repeat HCT” (NORH) pro-
tocol with no repeat HCT scanning for patients admitted for MHI and ICH whose neurological status was maintained or 
improved to a Glasgow Coma Scale score of 15 at 24 hours after admission. This purpose of this study was to assess 
the outcomes and safety of this novel protocol.
methods Records of patients who sustained blunt trauma MHI and an ICH and/or skull fracture on initial HCT be-
tween January 1, 2009, and December 31, 2012, were retrieved from the trauma registry of a Level I trauma center. The 
authors analyzed 95 patients in whom the NORH protocol was followed. Outcome measures included death, emergency 
department readmission, neurosurgical intervention, delayed repeat HCT, and length of stay.
results The NORH protocol was followed for 95 patients; 83% of the patients were male, the average age was 38 ± 
16.0 years old, and the most common cause of trauma was assault (35%). Of the 95 patients in whom the NORH proto-
col was followed, 8 (8%) had a delayed repeat HCT study (> 24 hours) after admission, but none resulted in neurosurgi-
cal intervention because of progression of ICH. The average length of stay was 4 ± 7.2 days. None of the patients were 
readmitted to the hospital.
coNclusioNs Implementation of the NORH protocol (eliminating routine follow-up HCT) resulted in very low rates of 
delayed neurological deterioration, no late neurosurgical interventions resulting from ICH progression, very few emer-
gency department revisits, and no readmissions. For a select group of MHI patients with ICH, the NORH protocol is safe 
and effective, and can reduce radiation exposure and costs.
http://thejns.org/doi/abs/10.3171/2015.9.JNS151379
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Some recent studies have suggested that the establish-
ment of a normal neurological status precludes the need 
for a routine repeat HCT study.2,4,5,9,16–18,22,25 In a prospec-
tive single-center study, 76% of patients who suffered an 
MHI and ICH had a normal neurological status at the time 
of their repeat HCT study, and none sustained any neu-
rological deterioration or intervention during the hospital 
course.16 A meta-analysis reported very low intervention 
rates in patients without evidence of neurological deterio-
ration and argued for the abandonment of routine repeat 
HCT studies in patients who return to a normal mental 
status.2 Other studies have reported similar outcomes 
and have reached similar conclusions.2,4,5,22 With 75% of 
MHI patients regaining a normal mental status after the 
initial HCT study, a reduction in the number of routine 
repeat HCT studies in this population has the potential 
to significantly reduce hospital costs and resource utili-
zation.11 However, all published literature details studies, 
both retrospective and prospective, determining the util-
ity of repeat HCT studies by obtaining one to evaluate 
progression of ICH and/or need for neurosurgical inter-
vention.3,10,15,16,18,19,21,22,25 Furthermore, no studies have re-
ported implementing a protocol to eliminate unnecessary 
repeat HCT studies to evaluate the safety and efficacy of 
only obtaining an initial HCT study.

Despite the literature, most institutions continue to ob-
tain routine repeat HCT scans even in neurologically in-
tact patients. Reluctance to practice what is recommended 
in the literature may be related to concerns over unfore-
seen risks, such as imminent neurological deterioration. 
Our institution implemented a selective new Neurologic 
Observation without Repeat HCT (NORH) protocol in 
2009, whereby patients admitted for an MHI and ICH 
whose neurological status was maintained or improved 
to a GCS score of 15 at 24 hours after admission do not 
undergo routine repeat HCT scanning. The indication for 
repeat HCT in this population was neurological deteriora-
tion.

To our knowledge, this study is the first to examine the 
actual implementation of a protocol eliminating unneces-
sary routine HCT in neurologically intact MHI patients 
with ICH. The goal of this study was to assess the safety 
and efficacy of a protocol such as NORH.

methods
Records were retrieved from the trauma registry of 

adult patients (≥ 18 years) admitted to a Level I trauma 
center (University Hospital, Newark, NJ) between January 
1, 2009, and December 31, 2012, with blunt trauma MHI 
(GCS score > 12) and an ICH and/or skull fracture on 
initial HCT. Their records were retrospectively reviewed. 
This study was approved by the institutional review board 
at Rutgers New Jersey Medical School. Patient informed 
consent was not obtained.

patient inclusion criteria
Patients were included in the study if they were admit-

ted with an MHI and ICH, had a GCS score of 15 at 24 
hours after admission, and did not receive a repeat HCT 
study (NORH protocol). All patients were observed for a 

minimum of 24 hours based on our previous work.8 Pa-
tients who did receive a repeat HCT and had a GCS score 
of 15 were considered to have deviated from protocol and 
were analyzed as the comparison group in this analysis. 
Exclusion criteria included immediate neurosurgical in-
tervention following initial HCT scanning, prior TBI or 
neurosurgical intervention, associated spinal cord injury, 
coagulopathy (indicated by an international normalized 
ratio > 1 or if the patient was on a regimen of anticoagula-
tion therapy), pregnancy, psychiatric or neurological dis-
orders, or incomplete records. Patients with psychiatric or 
neurological disorders were excluded because their men-
tal status examination findings can fluctuate due to their 
disorders and thus be unreliable. Patients with incomplete 
records as well as those transferred from outside hospitals 
were excluded because accurate records of initial men-
tal examinations could not be obtained. These patients 
were all excluded to maintain the accuracy of our study 
population. Demographics were recorded for each patient 
and included age, sex, mechanism of injury, Injury Sever-
ity Score, and Head Abbreviated Injury Severity score. 
Patients whose conditions deteriorated and required an 
emergent repeat HCT study before 24 hours were not con-
sidered a deviation from the NORH protocol.

head computed tomography
All HCT scans were read by a staff radiologist who was 

on call at the time of the scan and were retrospectively re-
viewed for data collection. Time to initial HCT study, type 
of lesion, and comparison with previous HCT scans (same, 
better, worse) were recorded. Any repeat HCT studies ob-
tained less than 24 hours after admission were considered 
deviation from the NORH protocol unless clinical indica-
tions were present.

outcome measures
Patients were followed for evidence of any repeat HCT 

scans > 24 hours after admission (delayed repeat HCT). 
Delayed repeat HCT scans were ordered based on the at-
tending surgeon’s discretion based on clinical concern or 
documented acute mental status change. Comparisons 
were made between repeat HCT scans and previous CT 
scans based on interpretations in the radiology reports and 
were recorded as same, better, or worse. These patients 
were monitored for any neurosurgical interventions or 
change in care based on repeat HCT findings. Neurosur-
gical intervention was defined as placement of an intra-
cranial pressure monitor or external ventricular drain, or 
craniotomy. Change in care based on repeat HCT findings 
was defined as being upgraded to the ICU, administration 
of mannitol, or intubation. All emergency department vis-
its within 1 year after discharge for TBI-related symptoms 
were also recorded. Other recorded neurological outcome 
measures include length of stay (LOS), GCS score at dis-
charge, and disposition at discharge (home vs rehabilita-
tion center).

statistical analysis
Descriptive analysis was conducted using Microsoft 

Excel (Microsoft Corp.). Wilcoxon rank-sum tests com-
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paring medians, Fisher’s exact tests, and independent t-
tests were performed using SAS (SAS Institute Inc.). Sta-
tistical significance was defined as p < 0.05.

results
During the 48-month study period, 533 patients were 

admitted with an MHI and ICH at our institution. Of these 
patients, 370 (69%) were excluded for coagulopathy, histo-
ry of TBI, immediate neurosurgical intervention, transfer 
from an outside hospital, or incomplete records. Twenty-
one patients (3.9%) had neurological deterioration less 
than 24 hours from admission and were excluded from 
the protocol and this study. Of the remaining 142 eligible 
patients, treatment in 47 patients (33%) was considered 
a deviation from protocol; these patients constituted the 
comparison group (GCS score of 15 at 24 hours with a 
repeat HCT), and the remaining 95 (67%) patients were 
treated according to the NORH protocol and are included 
in this analysis (Fig. 1).

Of the 95 patients, 83% were male and the average age 
was 38 ± 16.0 years old. The most common cause of trau-
ma was assault (35%) followed by fall (34%). A majority 
of patients were admitted with a GCS score of 15 (80%), 
and 86% were admitted to the progressive care unit from 
the emergency department. The most common lesion on 
initial HCT was a subdural hemorrhage (72%), and 61% 
had multiple lesions (Table 1).

To ensure that there was no selection bias among the 
patients in whom the protocol was followed versus those 
in whom it was not, the 47 patients who received repeat 
HCT within 24 hours of initial HCT scanning even with-
out neurological deterioration were compared with the 
study population. There was no significant difference in 
age, lesion on initial HCT scanning, LOS, and number 
of patients with acute mental status change. Of these 47 

patients, 1 (2.1%) patient had a medical intervention after 
the repeat HCT study. This patient did not suffer a neuro-
logical decline or have any change in ICH. The patient’s 
repeat HCT revealed a venous sinus thrombus for which 
the patient received aggressive intravenous hydration ther-
apy. The 47 patients in whom treatment deviated from 
the NORH protocol had a significantly greater number of 
delayed repeat HCT studies (23% vs 8%, p = 0.014) and 
number of emergency department revisits (15% vs 3%, p = 
0.005) compared with the study population.

Of the 95 patients in whom the NORH protocol was 
followed, 8 (8.4%) had a delayed repeat HCT study (> 24 
hours) after admission. Of these 8 patients, 5 (63%) HCT 
studies were ordered based the attending surgeon’s clinical 
judgment and 3 (38%) were ordered based on a document-
ed acute mental status change. None of the 8 repeat HCT 
studies led to an intervention for progression of an ICH.

Of the 5 patients with a delayed repeat HCT study due 
to clinical judgment, none (0%) had any change in ICH, 
and 1 patient (20%) had a neurosurgical intervention for a 
condition unrelated to the presence of the ICH. This par-
ticular patient was taken to the operating room for concern 
of right frontal sinus obstruction and extraocular muscle 
impingement. Of the patients with a delayed repeat HCT 
study due to acute mental status change, all 3 (100%) had 
worsened CT findings. None of these patients had any 
neurosurgical intervention based on the repeat HCT study 
findings or for progression of the ICH. Average time to an 
acute mental status change was 70 ± 9.2 hours after ad-
mission. Two of three patients were upgraded to the ICU, 
one for increased agitation and the other for respiratory 
decline (Table 2). Both were receiving seizure prophylaxis 
and one was later intubated during the ICU stay.

Of the total study population, only 3 (3.2%) returned to 
the emergency department for TBI-related symptoms. All 
3 patients underwent repeat HCT in the emergency de-

Fig. 1. Study population included and excluded from the NORH protocol. RHCT = repeat HCT.
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partment, of whom 2 (66.7%) showed improvement in ICH 
and 1 (33.3%) showed worsening, but none were admit-
ted to the hospital from the emergency department. There 
was no significant difference in postdischarge emergency 
department visits in patients in whom the NORH protocol 
was followed between the patients who did not undergo 

delayed HCT scanning and those who did (3% vs 13%, p 
= 0.25) (Table 3).

discussion
To our knowledge, this is the first study to analyze the 

safety and efficacy of the NORH protocol to eliminate 
repeat HCT scanning in MHI patients with ICH who re-
mained neurologically intact at 24 hours. This analysis 
revealed that the NORH protocol, if implemented for a 
select group of patients, is safe and effective. There were 
very low rates of delayed neurological deterioration, no 
late interventions for ICH progression, very few emer-
gency department revisits, and no readmissions for TBI 
sequelae.

Of the patients in the NORH protocol, 8 patients (8%) 
underwent delayed repeat HCT (> 24 hours after admis-
sion). Only 3 of these 8 patients (38%) demonstrated wors-
ening of their ICH, and none resulted in neurosurgical in-
tervention, indicating that risk of a missed intervention or 
significant progression of an ICH due to a lack of a routine 
repeat HCT study is very low. The average time to repeat 
HCT in the 3 patients with worsening ICH was 70 hours af-
ter admission. Homnick et al.8 reported that the ICH stops 
progressing by 24 hours in 97% of MHI patients, which is 
supported by a prospective study showing early progres-
sion for all levels of TBI-related ICH.12 Patients whose 
conditions deteriorated within 24 hours and received an 
emergent repeat HCT were excluded from this study. The 
majority (92%) of the patients in whom the NORH proto-
col was followed only received a single HCT study. Of the 
few who received delayed repeat HCT scans, the majority 
showed either no change or an improvement of the ICH, 
and none required any neurosurgical intervention.

The results of this NORH protocol implementation 
support previously reported studies that routine repeat 
HCT studies in MHI patients are not only unnecessary 
but also a resource utilization concern. Three prospective 
studies4,5,16 and several retrospective studies2,9,17,18,22,25 have 
demonstrated little need for routine repeat HCT studies in 
MHI patients who remain neurologically stable. A recent 
meta-analysis by Almenawer et al.2 found that the great-
est predictive factor of neurosurgical intervention after a 
repeat HCT is preceding acute neurological deterioration. 
In that study, the pooled intervention rate after a routine 
repeat HCT study in neurologically stable patients was 
0.6% with a significantly greater intervention rate in 
those who suffered neurological decline. Our study dem-
onstrated similar results; no patient in whom the NORH 
protocol was followed and who remained neurologically 
stable required neurosurgical intervention. The only pa-

table 1. patient demographics of the entire study population 
and those in the delayed repeat hct group*

Variable
Study Population 

(n = 95)
Delayed RHCT 

(n = 8)†
p 

Value

Mean age, yrs 38 ± 16.0 43.5 ± 18.2 0.48
Male sex 79 (83.2) 8 (100.0) 0.35
Type of trauma 
  MVC
  Fall
  Pedestrian struck
  Assault
  Unknown

19 (20.0)
32 (33.7)
9 (9.5)
33 (34.7)
2 (2.1)

0 (0.0)
3 (37.5)
1 (12.5)
4 (50.0)
0 (0.0)

0.58

Mean ISS 21.0 ± 5.9 25.1 ± 5.6 0.08
GCS score on arrival
  13
  14
 15

4 (4.2)
15 (15.8)
76 (80.0)

1 (12.5)
2 (25.0)
5 (62.5)

0.31

ED disposition
  ICU
 PCU
  Floor

10 (10.5)
82 (86.3)
3 (3.2)

1 (12.5)
7 (87.5)
0 (0.0)

1.00

Mean time from arrival to 
1st HCT, hrs

1.0 ± 1.3 1.7 ± 2.6 0.48

Type of lesion‡
  SDH
  IPH
  SAH
  Skull fracture
  EH
  IVH

68 (72.0)
21 (22.0)
33 (35.0)
41 (43.0)
14 (15.0)
1 (1.0)

8 (100.0)
4 (50.0)
5 (62.5)
6 (75.0)
1 (12.5)
0 (0.0)

0.11
0.10
0.14
0.14
1.00
1.00

ED = emergency department; EH = epidural hematoma; IPH = intraparen-
chymal hemorrhage; ISS = Injury Severity Score; IVH = intraventricular 
hemorrhage; MVC = motor vehicle crash; PCU = progressive care unit; RHCT 
= repeat HCT; SAH = subarachnoid hemorrhage; SDH = subdural hemorrhage.
*  Values are presented as the number of patients (%) unless indicated other-
wise. Mean values are presented as the mean ± SD.
†  Patients in this category were managed according to the protocol and 
underwent repeat HCT more than 24 hours after admission because of clinical 
concern.
‡  Patients might have had more than 1 type of lesion reported on the initial 
HCT study. 

table 2. patients with an acute neurological decline after 24 hours on the Norh protocol

Case 
No.

Age 
(yrs)

GCS Score 
on Arrival Initial HCT Findings

Time to 
Decline (hrs)

No. of 
RHCTs Findings on RHCTs

Upgrade 
of Care

Neurosurgical 
Intervention

ED  
Revisit

1 55 15 SDH, SAH 78 1 Worsened: prefrontal lobe 
IPH & worsening edema

Yes No No

2 54 15 SDH, IPH, SAH, EH 72 1 Worsened: increased SDH No No No
3 66 15 SDH, IPH, skull fracture 60 3 Worsened: new SAH & SDH* Yes No No

*  Two additional repeat CT studies were performed.
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tients to experience any change in care were those who 
received a delayed repeat HCT study (HCT > 24 hours) as 
a result of a delayed (70 ± 9 hours) acute neurological de-
cline. The intervention rate in those in whom the NORH 
protocol was followed was 0.2%, which is comparable to 
the pooled rate reported in the meta-analysis. Only 1 pa-
tient had a neurosurgical intervention following a delayed 
repeat HCT; however, the cause was not for progression 
of the ICH but for progressive obstruction of the frontal 
sinuses. Therefore, there were no neurosurgical interven-
tions undertaken for progression of an ICH. This very 
low intervention rate is influenced by patient selection 
and sample size, but it validates low intervention rates for 
patients who remain neurologically stable. Despite these 
studies, there is still fear of the unknown in not obtaining 
a repeat HCT study. This reflects clinical practice across 
most institutions where attending physicians are hesitant 
to implement an NORH protocol. This may be attributed 
to a variety of reasons, including controversy in the lit-
erature and the long-standing tradition of a nonoperative 
management protocol, but the lack of a published study 
demonstrating the safety of only performing an initial 
HCT study may be a factor.

Literature is equivocal, and studies recommending 
the discontinuation of repeat HCT studies still perform 
routine repeat HCT to confirm lack of ICH progres-
sion.2,4,5,9,16–18,22,25 Several studies have argued that there 
is a benefit in performing routine repeat HCT scanning 
in MHI patients.3,7,14,19–21 This reflects the clinical prac-
tice of most institutions where routine repeat HCT stud-
ies are still part of the standard protocol for nonoperative 
management of MHI patients. Thorson et al.21 found that 
30% of routine repeat HCT studies demonstrated injury 
progression. Of the patients who required operative man-
agement, up to 59% had no clinical decline prior to their 
CT study. Bee et al.3 reported similar results, with 28% 
of patients who underwent routine repeat HCT exhibiting 
worsened CT findings; 9% of their study population re-
quired neurosurgical intervention. Several factors might 
explain the variation in findings as well as highlight an 
important emphasis in our NORH protocol. The threshold 
to operate varies among institutions. Bee et al.3 and Thor-
son et al.21 reported that 28% and 32% of their surgically 
treated patients, respectively, had no associated clinical 
deterioration, and the decision for surgery was based sole-
ly on CT findings. Our difference in neurosurgery rates, 

and those noted in the literature, might be due to varying 
thresholds for operative intervention. Furthermore, many 
of the studies that argue for routine repeat HCT studies 
include patients receiving long-term anticoagulation ther-
apy. It should be reiterated that our NORH protocol exclu-
sively applies to patients who have no evidence of a co-
agulopathy, either by medical history or laboratory results. 
In addition, these studies vary in timing of routine repeat 
HCT; Thorson et al.21 reported that more than half of their 
patients underwent repeat HCT scanning in less than 6 
hours, while other studies have quoted a range of 12–24 
hours. Any patient mentioned in these studies whose con-
dition deteriorated prior to 24 hours of observation would 
have received an emergent HCT and would have been ex-
cluded from the NORH protocol. We believe that it is the 
careful selection of the patients who qualify for the pro-
tocol that contributes to the safety and outcomes reported 
in this analysis.

This study found that 47 of the 142 eligible patients 
(33%) deviated from the NORH protocol (GCS score of 
15 at 24 hours and a routine repeat HCT). To ensure that 
there was no selection bias and the severity of injury did 
not dictate who deviated from protocol, all TBI-related 
factors were compared between the patients in whom 
management deviated from protocol and the study popu-
lation. None of the analyses found a significant difference 
in age, type of lesion on initial CT, admission GCS score, 
or type of trauma between the 2 cohorts, demonstrating 
lack of selection bias. Within the deviation from protocol 
group, only 1 patient received medical intervention con-
sisting of aggressive intravenous hydration for a venous 
sinus thrombus. The reason for this 33% rate of deviation 
from the single HCT protocol is unclear and is not well 
documented. Possibilities include the lack of documen-
tation of acute neurological changes, repeat HCT due to 
a need for general anesthesia for other operations, and 
questionable ICH on initial HCT. Although 34% of the 
patients in whom management deviated from the protocol 
had worsened repeat HCT findings (routine repeat HCT < 
24 hours), this was comparable to rates reported in other 
studies.2 Furthermore, all patients had a GCS score of 15 
at 24 hours, and 98% of those with worsened HCT find-
ings resolved without neurosurgical intervention. Thus, if 
the NORH protocol had been followed, the majority of 
patients would have had favorable outcomes. With this in 
mind, we propose the following decision-making algo-
rithm for MHI patients to safely reduce resource utiliza-
tion and hospital costs (Fig. 2).

Sifri et al.18 reported that serial neurological examina-
tions to identify those in need of intervention have a nega-
tive predictive value of 100%. All patients in our study 
population were managed with serial neurological exami-
nations and had established normal neurological examina-
tion findings (GCS Score 15) by 24 hours. These patients 
were followed for the remainder of their admission with 
serial neurological assessments to identify any acute 
change. Of the delayed repeat HCT studies performed in 
8 patients, 5 studies were nonemergent (ordered due to at-
tending request) and 3 were considered emergent (ordered 
because of a documented acute mental status change). The 
only patients in whom worsening was revealed on CT 

table 3. comparing outcomes between single hct and delayed 
rhct patients*

Variable
Single HCT 
(n = 87)

Delayed 
RHCT (n = 8)

p 
Value

Mean LOS, days 4.0 ± 7.2 14.0 ± 13.4 0.074
Mean GCS score at discharge 15.0 ± 0.11 15.0 ± 0.0 0.32
Disposition 
  Home
  Rehabilitation center

83 (95.4)
2 (2.3)

6 (75.0)
2 (25.0)

0.04

Return to ED 2 (3.0) 1 (12.5) 0.25

*  Values represent the number of patients (%) unless indicated otherwise. 
Mean values are presented as the mean ± SD.
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scanning were those who demonstrated a change in mental 
status, supporting the idea that patients can be adequately 
identified for ICH progression by neurological examina-
tion.

Stein et al.19 reported a significant decrease in cost in 
MHI patients who underwent a repeat HCT study only 
after deterioration versus those who underwent routine 
repeat HCT ($1321 vs $1563). They also reported that 
not obtaining a routine repeat HCT study could be less 
effective if it resulted in a delayed intervention leading to 
coma or disability. We believe, however, that with careful 
selection of patients (those who return to a normal neuro-
logical status) it is possible to reduce chances of missing 
a progression. Based on our data, in a select population 
undergoing this NORH protocol, we had no deaths, no 
long-term morbidity, and no delayed neurosurgical inter-
ventions. Additionally, the need to follow up with routine 
repeat HCT studies has been found to be associated with 
a greater number of total HCT scans and a longer LOS.1 
With a greater number of HCT scans, patients are exposed 
unnecessarily to additional radiation, which is of particu-
lar concern in the pediatric population. The cost associ-
ated with additional HCT lies not only in the actual cost 
of the scan, but the time taken by the attending radiolo-
gist, as well as the attending surgeons to evaluate whether 
an intervention needs to occur. These unnecessary scans 

also contribute to longer LOS.1 One study estimates that a 
single night in the ICU costs $2575 vs $1488.13 Excessive 
radiation exposure and unnecessary resource utilization 
further emphasize the need for an NORH protocol.

limitations
There are several limitations to this study. This is a 

retrospective single-center analysis limited by a moder-
ate sample size. CT readings were not blinded, and data 
collection was limited to the information provided in the 
medical records. Reasons for protocol deviation were not 
well documented and were left to the discretion of the at-
tending surgeon. In addition, ordering of a delayed repeat 
HCT study was not standardized and the indication was not 
always documented. Although there were patients in whom 
management deviated from the protocol, no selection bias 
was identified, and if the NORH protocol had been fol-
lowed, the patients would have had favorable outcomes.

Despite these limitations, this is the first study to docu-
ment the safety of an NORH protocol for MHI and ICH 
patients. After the completion of this study, our institution 
continues to follow the NORH protocol successfully with 
good outcomes. An NORH protocol, if implemented in 
similar trauma centers, can be safe, cost-effective, and has 
the potential to reduce the hospital burden attributed to 
this high-incidence disease.

Fig. 2. Decision-making algorithm for repeat HCT in patients who present with MHI and ICH. 

J Neurosurg  Volume 125 • September 2016672

Unauthenticated | Downloaded 05/23/23 11:20 PM UTC



protocol to eliminate unnecessary routine hct

conclusions
To our knowledge, this is the first study that examined 

the safety and efficacy of the implementation of a proto-
col that eliminated routine repeat HCT studies on neuro-
logically intact patients and assessed the outcomes. The 
NORH protocol was found to be safe for patients with few 
delayed HCT studies, no neurosurgical intervention, few 
emergency department revisits, and no readmissions in our 
enrolled patients.

An NORH protocol in MHI patients with ICH and re-
turn of GCS score to 15 at 24 hours reduces radiation ex-
posure, costs, and resource utilization and is a potential 
benefit for all involved stakeholders. Prospective studies 
with actual implementation of a similar protocol need to 
be done for further study.
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