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Inappropriate utilization 
has been seen as a significant problem 
in healthcare, especially in areas such as 
imaging.1-3 Evidence indicates that the  
number of CT examinations increased 
from 3 million in 1980 to 80 million in 
2014 in the United States.4  Literature, 
mainly from Western countries, suggests 
a steady increase in CT utilization in the 
emergency department (ED), specifi-
cally.5 In 2007 in the United States, 14% 
of all patients in the ED underwent CT, 
a six fold increase compared with 1995.  
The majority (80%) of the annual increase 
in CT use in the ED can be attributed to 
rising frequency of CT scanning, while 
only 20% are related to an increased 
numbers of patients in the ED.6

The massive volume of imag-
ing requests makes for an excessive 
workload and consequently increases 
the likelihood of errors.7 Moreover, 
much of the research highlights harm-
ful effects of radiation associated with 
CT examinations on generating dis-
eases.8 It has been estimated that CT 
imaging contributes to 1.5–2% of all 
cancers in the US. 9 In the literature, it 
is debated that CT imaging is substan-
tially overused and imposes large costs 

to the healthcare system annually.10,11  
Some authors suggest that 20-50% of 
imaging procedures may be unnecessary.12

Proper utilization of and appropri-
ate reasons for imaging are beneficial to 
both patients and providers. However, 
in the case of inappropriate utilization, 
imaging costs can increase.13 Inappro-
priate utilization is mostly influenced 
by various factors such as an increase in 
demand, unnecessary patient demand, 
self-referral, concerns for medical-legal 
risk, progression of new technologies, 
physician experience and education for 
managing imaging procedures, unavail-
ability of enough clinical data for radi-
ologists, and lack of appropriateness 
guidelines.14,15 Today, most healthcare 
providers look at various methods to 
prevent overutilization or underutiliza-
tion of imaging procedures.13 Utilization 
of resources is an alternative that offers 
a tool for effective and efficient selec-
tion of imaging studies on the basis of 
appropriateness criteria.16

Appropriateness criteria for radi-
ology procedures has been published 
by different organizations and institu-
tions including the Royal College of 
Radiologists (RCR) Referral guidelines, 
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 • Due to the importance of controlling 
healthcare costs and appropriate utiliza-
tion of imaging, this study evaluates CT 
scan utilization based on the ACR appro-
priateness criteria in patients at Kashan 
University of Medical Sciences Tertiary 
Care University Hospital (KAUMS-TCUH) 
in Kashan, Iran. 

 • Of CT scans performed, imaging proce-
dures were rated as inappropriate 
(9.1%), may be appropriate (11.9%), and 
appropriate (78.9%). Findings revealed 
that the highest rates for appropriate 
and inappropriate requests pertained to 
trauma (101, 87.8%) and ataxia (8, 
34.8%) patients. 

 • Findings demonstrated that CT scan uti-
lization is not appropriate in Kashan. Of 
the total rates of CT scans, almost one 
tenth are in the inappropriate and may 
be appropriate groups. This suggests 
immediate actions to reduce the rates. 
For effective intervention based on the 
problematic area, a utilization commit-
tee for resources should be established 
to regularly direct the CT scan utilization.

ExEcutivE Summary



imaging referral guidelines in Europe, 
diagnostic imaging in clinical practice 
guidelines (CPGs), and CAR Diagnos-
tic Imaging Referral Guidelines.17-21 
The ACR Appropriateness Criteria is 
of special importance for its focus on 
educational guidelines for radiology 
procedures. Studies have proven that 
these guidelines can help physicians 
decide on appropriate utilization for 
radiology procedures.22 ACR criteria 
can minimize inappropriate utilization 
by up to 30%.23-25 Consequently, due to 
the importance of the matter and con-
cerns about radiology usage, this study 
evaluates appropriate and inappropri-
ate CT scans in the patients in Shahid 
Beheshti Hospital of Kashan University 
of Medical Sciences (KAUMS-TCUH) 
in Kashan, Iran based on ACR appro-
priateness criteria. 

Method
This current descriptive cross-sectional 
study was performed in KAUMS-TCUH 
in one of the 510-bed hospitals of Kashan 
University of Medical Sciences. In 2014, 
about 2802 patients were admitted to the 
hospital with 82% of the beds occupied. 
For judging the appropriateness criteria 
of procedures, anatomic posture, and 
other concerns were considered based 
on the phases below.

Phase One: Determining Appropriateness 
Criteria of the Procedures
Different literature was searched and 
appropriate guidelines of various orga-
nizations were reviewed. As a result, due 
to the educational aspect of the ACR 
and the possibility to provide an educa-
tional package based on these criteria, 
studies performed, referral of AIM and 
CareCore National to the ACR criteria, 
and views of radiologists, it was decided 
to apply the ACR criteria as a measuring 
tool in this study.

Phase Two: Modality and Case
Based on the studies done and consulting 
with radiologists, internists, surgeons, 

and medical physics experts, it was 
agreed to study triage patients with CT 
head requests. According to the HIS of 
Beheshti Hospital, 60% of the CT head 
requests are received from the triage 
department of that hospital.

Phase Three: Data Collection  
and Checklist Completion
This study was conducted on 370 patients 
admitted to the triage department of 
Shahid Beheshti Hospital with CT head 
requests. By reviewing medical records, 
it was revealed that medical documen-
tation for the patients was not eligible 
and satisfactory enough (descriptions 
in phase one). Consequently, due to 
the significance of the data recorded 
(authenticity, precision, comprehen-
siveness, and readability); a prospective 
method was applied to collect the data. 
In this method, to evaluate appropri-
ateness or inappropriateness of the CT 
head requests of the triage department 
patients, a general practitioner unaware 
of the aim of the study was recruited. 
This physician was earlier evaluated and 
trained on the ACR criteria and guide-
lines by neurologists. After detection of 
the CT head requests in the triage depart-
ment, the physician was present at the 
patient’s bed to complete a clinical his-
tory and physical examination based on 
a checklist, which was designed accord-
ing to the criteria in the ACR guidelines 
for CT head requests.

Based on the checklist and the ACR 
criteria, the imaging procedures were 
put into three categories: appropriate, 
inappropriate, and may be appropri-
ate. Comparing the items in the check-
list with the ACR criteria, the items 
were then scored. Items scored 1, 2, 
or 3 were considered as inappropriate, 
those scored 4, 5, or 6 were considered 
as may be appropriate and items scored 
7, 8, or 9 were considered as appropri-
ate. Also, cause of imaging procedure 
for each patient was inserted in the 
checklist to determine which factors 
are most effective in the inappropriate-
ness procedure.

Statistical Analysis 
Statistical analysis was performed using 
Statistical Package for Social Sciences 
(SPSS) software and to describe the quanti-
tative variables of central tendency and dis-
persion. SPSS is a commonly used software 
package with lots of capabilities for statisti-
cal analysis to address the entire analytical 
process, from planning to data collection 
to analysis, reporting, and deployment.

In this study, SPPS was employed to 
calculate frequency tables and graphs 
that described the qualitative variables 
used. Statistical methods such as chi-
square were also used for data analysis.25

Findings
Findings demonstrated that among the 
total CT scan requests in the triage depart-
ments, the majority of requests pertained 
to men (58.7%). Also, the age group above 
70 years old (122 individuals, 33.8%) and 
the age group below 29 years old (63 indi-
viduals, 17.5%) were the most and the 
least prevalent, respectively. Of the total 
CT scan requests in the triage depart-
ments, 115 (31.9%) and 264 (68.1%) were 
traumatic and non-traumatic, respec-
tively. Cerebrovascular disease (CVA) was 
seen as the most prevalent abnormality 
among the traumatic patients (164 cases) 
and ataxia was the least prevalent among 
them (23 cases). Most of the patients 
(38.5%) were admitted at night (from 
8 PM to 8 AM) with the majority (44.8%) 
having CT scan requests. Of the total CT 
scan requests, 9.1% were “inappropriate,” 
11.9% were “may be inappropriate,” and 
78.9% were “appropriate.” The majority  
of the appropriate requests were related 
to the traumatic patients (101 cases, 87.8%) 
and most of the inappropriate requests as 
presented in Table 1 pertained to ataxia 
patients (8 cases, 34.8%).

Table 2 confirms that 74.8% of the 
head trauma patients for whom imag-
ing was requested had a Glasgow Coma 
Score (GCS) less than 13. Also, 26.1% 
of the ataxia patients had met criteria 
1 and 2 (Table 3). The findings reveal 
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 taBLE 1. Distribution of CT scans conducted on patients as appropriate or inappropriate for the shahid Beheshti hospital triage 1393

total inappropriate may be  
appropriate 

appropriate

115(100%) 14(12.2%) 0(0%) 101(87.8%) trauma

23(100%) 8(34.8%) 5(21.7%) 10(43.5%) Ataxia

Nontrauma
164(100%) 9(5.5%) 12(7.3%) 143(87.2%) CVA

26(100%) 0(0%) 3(11.5%) 23(88.5%) Headache

33(100%) 2(6.1%) 23(69.7%) 8(24.2%) Seizures and 
Epilepsy

361(100%) 33(9.1%) 43(11.9%) 285(78.9%) total

 taBLE 3. Distribution of brain CT scan for Ataxia patients According to ACR criteria in shahid Beheshti Hospital triage 1393

Percentage No criteria

   26.1 6 criteria I

   26.1 6 criteria II

    4.3 1 criteria III

   17.4 4 criteria IV

criteria i: Slowly progressive ataxia, or ataxia of long 
duration (adult or child)

criteria ii: Acute ataxia (<3 hours) as a manifestation 
of suspected stroke (adult or child).

criteria iii: Acute or subacute ataxia as a manifesta-
tion of suspected infection (adult or child).

criteria iv: Acute ataxia following head trauma,  
less than 24 hours (adult or child).

 taBLE 2. Distribution of brain CT scan for Head Trauma patients According to ACR criteria in shahid Beheshti Hospital triage 1393

criteria i: Minor or mild acute closed head injury  
(GCS ≥13), without risk factors or neurologic deficit.

criteria ii: Minor or mild acute closed head injury, focal 
neurologic deficit, and/or risk factors.

criteria iii: Moderate or severe acute closed head injury.

criteria iv: Mild or moderate acute closed head injury, 
child <2 years old.

criteria v: Subacute or chronic closed head injury with 
cognitive and/or neurologic deficit(s).

criteria vi: Closed head injury; rule out carotid or verte-
bral artery dissection.

criteria vii: Penetrating injury, stable, neurologically intact.

criteria viii: Skull fracture 

Percentage

74.8

11.3

19.1

 0

 0

 6.1

 0

 0

No

86

13

22

 0

 0

 7

 0

 0

criteria

criteria I

criteria II

criteria III

criteria IV

criteria V

criteria VI

criteria VII

criteria VIII
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that distribution of appropriate, may be 
appropriate, and inappropriate CT scans 
were different in the normal and abnor-
mal test results (P.value<0.001). In other 
words, the majority of inappropriate CT 
scans (7.8%) had been reported normal 
and no abnormal findings were detected. 
Other findings suggest that distribution 
of normal and abnormal test results is 
quite different in the surgical and inter-
nal wards (P.value<0.001) so that only 
findings of 36 CT scans (31.3%) for the 
traumatic patients were abnormal. 

Discussion
Our findings showed that the majority 
of appropriate use of diagnostic imaging 
was related to traumatic patients (101 
cases, 87.8%). Also, the majority of inap-
propriate use of diagnostic imaging per-
tained to ataxia patients (8 cases, 34.8%). 
This can be attributed to the complexity 
of the diagnostic process. In fact, ataxia 
is an abnormality that may result from 
the engagement of different parts of the 
body such as cerebral cortex, thalamic 
nuclei, vestibular nuclei, brainstem, cer-
ebellum, spinal cord, white matter tracts 
of the cerebral hemispheres (especially 
the frontal lobes), and peripheral sensory 
nerves.26–27

This multiplicity of etiological factors 
along with anatomic regions has chal-
lenged the appropriateness imaging in 
these cases. Accordingly, the ACR has 
insisted on the clinical history and physi-
cal findings of patients.26  One researcher 
believes that ataxia is a general symptom 
that can be generated because of vari-
ous hereditary and acquired conditions. 
Therefore, gathering comprehensive 
data at the onset and progression of 
symptoms is necessary for exact diag-
nosis.27 One study indicated that 30% of 
performed head CT examinations were 
unnecessary.28  Also, in another study, 
7.4% of CT scan requests of trauma 
patients were reported as inappropri-
ate.29 According to another, 20% of the 
imaging requests for cervical spine in 
patients in the emergency department 
were not appropriate.30  It is estimated 

that 30–40% of requested CT scans were 
unnecessary.30

Findings of this study confirm that, 
based on the ACR criteria (Glasgow 
Coma Scale [GCS] less than 13), most 
of the imaging requests of head trauma 
patients (86 cases, 74.8%) were appro-
priate, while 68.69% of their CT scans 
were normal. Thus, it is not only neces-
sary for these criteria to be accurate, but 
also physicians should be informed of 
how to apply it. GCS is a common neuro-
logical scale used for assessing comatose 
patients.31  Therefore, GCS is a highly 
recommended tool for assessment level 
of consciousness for traumatic brain 
injury (TBI). GCS is objective and com-
prises three tests of the eye with verbal 
and motor (EVM) responses graded on 
respective scales of 4, 5, and 6. The total 
GCS score is derived from the sum of the 
scores allocated to these three compo-
nents; the lowest possible GCS (the sum) 
is 3 (deep coma or death) while the high-
est is 15 (fully awake person).31–32

A study on Nigerian university hos-
pital specialists reported that physicians’ 
knowledge on GCS was not appropri-
ate.31 Previous evidence suggested that 
physicians’ knowledge on GCS is weak.31 
Moreover, sole theoretical knowledge of 
the GCS does not ensure proper admin-
istration of this clinical scale in the 
course of patient management and about 
36.9% of trained physicians scored GCS 
wrongly. 32 It was concluded that learn-
ing the GCS is not simple and more time 
should be allocated for its establishment.

In a study on patients with traumatic 
brain injury to assess the inaccuracy and 
misjudged factors of GCS scores by 94 
junior residents, one study concluded 
that they needed more instruction in this 
regard. 33  In addition to enough knowl-
edge and experience in the application 
of the GCS scale, most texts insist on the 
use of this tool together with other injury 
scoring criteria to assess both severity of 
the injury and survival prediction of the 
patients.35, 34-35 The mission of the GCS 
is to improve communication between 
physicians and nurses to describe the 
difficult state of impaired consciousness 

and to avoid ambiguous definitions. 
Therefore, more comprehensive scales 
such as the Full Outline Unresponsive-
ness Score (FOUR) should be used.  36

In addition to the necessity of 
instructing physicians on how to use the 
GCS in conjunction with other meth-
ods for injury scoring, most researchers 
believe that attention to clinical factors 
are of the same importance as the GCS 
scale for appropriate utilization of brain 
CT scan in patients with minor head 
injury.37 Proper justifiable symptoms, 
history, and physical examination have 
reduced the number of CT examinations 
by approximately 20%.6

In addition to the GCS and with 
respect to risk factors including severe 
headache, nausea, vomiting, and 
depressed skull fracture on physical 
examination, one study achieved a 61% 
reduction in the number of head CT 
scans in minor head trauma patients.38 

As a result, clinical decision (or predic-
tion) rules are effective in reducing CT 
scans for minor head injury through 
collecting and interpreting clinical data 
standards.  

A decision rule which is derived from 
original research entitled the Canadian 
CT Head Rule (CCHR) may help cli-
nicians diagnose patients with minor 
head injury for CT scan by incorporat-
ing variables such as history, physical 
examination, or simple tests. 39  Studies 
reveal that CCHR with 100% sensitivity 
can help clinicians accurately identify 
patients requiring neurosurgical inter-
vention and presence of the clinically 
important brain injury.40 Therefore, uti-
lization of the GCS (≥13) scale for minor 
or mild acute closed head injury patients 
is considered one of the flaws of the ACR 
criteria that challenges determination of 
the appropriateness of head CT scans in 
most studies.2  On the whole, although 
these criteria can effectively reduce inap-
propriate CT scans, costs, and radiation 
for the trauma patients,  history and 
physical exam along with development 
and implementation of clinical guide-
lines and protocols can also be effective 
in appropriate utilization.2,28, 41
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Research Limitation  
and Strengths 
One of the strengths of this study is that 
this is the sole study in the country of 
Iran to evaluate the CT scan utilization 
based on ACR appropriateness criteria. 
In addition, to evaluate the CT scans, 
we did not rely on medical records that 
were not documented properly; and the 
study was directed by a trained general 
physician. However, this study suf-
fers limitations. First, the ACR criteria 
is not designed according to the needs 
and structure of services provided in 
Iran and, therefore, it ought to be con-
firmed by an expert panel. Focus on the 
appropriateness of head CT scans due to 
the reduced generalization of the find-
ings is considered another limitation of 
this study. Another limitation was that 
instead of a neurologist familiar with 
signs and symptoms pertaining to brain 
injuries and GCS, the evaluation was 
made by a general physician.

Implications for Practice,  
Education, and Research
Due to limited resources, managing the 
costs is a vital consideration in providing 
services. Therefore, CT scan utilization 
review should be performed to deter-
mine and detect probable factors for 
its inappropriate utilization. Probable 
causes of inappropriate CT scans include 
absence of proper instruction for physi-
cians; unavailability of clinical guidelines 
and protocols; lack of suitable evaluation 
and giving feedback to physicians on how 
to appropriately utilize CT scans; negli-
gence in collecting comprehensive data 
regarding clinical symptoms through 
history and physical exam; and inabil-
ity to apply GCS accurately. Of course, 
performance of such studies in different 
wards and clinical specialties particularly 
in the state, profitable, social insurance, 
educational, and non-educational hospi-
tals may contribute to the recognition of 
factors behind the CT scan utilization all 
over the country.

Conclusion 
The authors came to the conclusion that 
CT scan utilization based on ACR appro-
priateness criteria is not satisfactory in 
Kashan. Nearly one tenth of the total CT 
scans was categorized in the inappropri-
ate and may be appropriate groups. To 
exactly identify the main factors and 
make effective interventions, it is sug-
gested to design a suitable criterion for 
evaluating CT scan utilization according 
to the needs and context of the country. 
Then, a multidisciplinary team under the 
name of a resource utilization committee 
including physicians, information tech-
nology (IT) experts, health services man-
agers, and nurses should be developed in 
hospitals in order to regularly evaluate 
the CT scan utilization based on above-
mentioned criteria. By continuous and 
regular evaluation of the imaging ser-
vices in different diagnostic areas and 
various clinical wards, this committee 
will certainly be eligible to provide more 
succinct information about the main fac-
tors of CT scan inappropriate utilization 
and focused interventions.
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