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ABSTRACT 

Background: Struggling healthcare systems of developing countries like Pakistan have to balance the patient load with 

financial burden in maximum benefit of patient. Unnecessary CT brain although relatively economical and less time taking 

should be avoided owing to its negative impact on health and economy. This study is based on data obtained from CT 

request form of Allied Hospital Faisalabad, Pakistan and analyzed in terms of proportionate wastage of financial resources 

of unnecessary scans. Objective: To study proportionate morbidity on CT findings and Comparison of CT scan request 

with clear indication and without clear indication and to calculate proportional wastage of resources. Study Design: 

Descriptive cross sectional. Settings: Emergency CT section, Allied Hospital, Faisalabad Pakistan. Duration: 2 Months i.e., 

1st July to 31st Aug 2019. Methods: In this study, CT brain referral forms of all the patients that were referred for CT brain 

during 2 months period were reviewed via non probability consecutive sampling in Allied hospital Faisalabad then their 

CT brain findings were reviewed. Referral forms were reviewed for pattern of request they made or any CT brain indication 

they followed. All the patients referred were included in the study except those whose CT brain showed too many motion 

artifacts. Results: There were total 500 patients in this study, out of which 463 (92.6%) were having CT request slips without 

clinical history and 37(7.4%) were having request slip with clinical history. 164 patients had positive CT findings, whereas 

336 patients had negative CT findings. Proportionate wastage of financial resources was 52% i.e., 4,70,400/rupees which is 

our margin of saving revenue. Conclusion: Most of the request forms are without proper clinical history and findings with 

many having normal CT brain, some of these scans could have been avoided, provided proper history, examination, GCS, 

time lapse mentioned and patient triaged accordingly, will avoid radiation and financial burden it had put on patient, 

hospital and state. 
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INTRODUCTION 

ur emergencies are crowded with patients1 having a 
number of problems, a major cause being altered 

sensorium resulting from head injuries, neurological 
deficits, requiring early decision making for diagnosis 
and appropriate management. With significantly reduced 
doctor to patient ratio2 and less resources as we are a 
developing country, we can’t afford to have delayed 
patient stay and unnecessary tests.3 

CT (computerized tomography) brain is a very 
economical, less time taking, easily available radiological 
modality that can rule out a number of emergency and 
non-emergency pathologies,4 correlating it with history of 
the patient and clinical examination aids treating clinician 
to reach a decision regarding patient management. 
Emergency CT brain is advised in most hospital settings 
for patients presenting in emergency for conditions like 
road traffic accidents, sudden unconsciousness, ruling 
out stroke either infective or hemorrhagic, to rule out 
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other causes of altered sensorium, seizures and severe 
headache and in making surgical decisions in sudden 
raised intracranial pressure5 Although modern CT 
scanners are delivering relatively less radiation still 
radiation induced hazards are something clinician must 
take into account. Unnecessary CT where possible should 
be avoided in favor of reducing radiation and cost.6 

This study is intended to give an overview of how 
emergency CT scan brain are done with the protocol 
being followed for scans in Allied hospital Faisalabad. As 
in our opinion no standard protocol is being followed in 
our system and no such study has been conducted in our 
setup regarding this so this study is intended to give 
awareness to our clinicians, the need for importance of 
following a standard protocol. 

OBJECTIVES 

1. Study of proportionate morbidity on CT findings. 

2. Comparison of CT scan request with clear indication 
and without clear indication. 

3. To calculate proportional wastage of resources. 

METHODS 

This was descriptive cross-sectional study conducted in 
Emergency CT scan section, Allied hospital Faisalabad 
Pakistan. The duration of the study was two months from 
July 01, 2019 to August 31, 2019.  

The sample size was 500 patients by using non-
probability consecutive sampling in this study.  

Patients of all ages and both sex who were referred from 
emergency departments both medical and surgical 
during this period for need of emergency CT brain were 
included for the study. 

We had to exclude around 15 patients whose CT brain 
showed too many motion artifacts making them difficult 
to read so we were left with a sample size of 500 patients. 

CT request forms of all these patients were reviewed for 
the request made by emergency clinicians, i.e., if they 
mentioned indication for scan, if they mentioned patient’s 
history and examination, salient features that could give 
an idea about emergency CT brain indication in each case. 
Referral ward and patient’s payment status were also 
noted. Then we reviewed their CT finding. We also 
estimated cost of each scan and inferred total radiation 
dose given to patients. 

RESULTS 

Table 1 shows that 7.4% of all referral forms had clinical 
history mentioned on them and 92.6% have no clinical 
history mentioned.   

Table 1: Clinical screening and requisition with clinical 
diagnosis 

 Number Percentage 

CT advised with clinical 
history mentioned 

37 7.4% 

CT advised without 
clinical history mentioned 

463 92.6% 

Total 500 100.0% 

 

Table 2 shows relationship of CT positive patients and CT 
negative patients. 67.2% (336 out of 500) of the patients 
had normal CT scan (CT negative patients) while 32.8% 
were CT positive. 

Table 2: Proportionate CT scan morbidity  

Morbidity Status Number Percentage 

Morbidity Detected on CT scan 164 32.8% 

Normal Scan 336 67.2% 

Total 500 100.0% 

 

Table 3 shows clinical suspicion profile showing 83.7 % of 
suspicion mentioned slips had CVA mentioned, 8.1% had 
RTA and SAH mentioned each. 

Table 3: Clinical suspicion profile  

Finding Number Percentage 

CVA 31 83.78% 

RTA 3 8.11% 

SAH 3 8.11% 

Total 37 100.0% 

 

Table 4 shows 31.7% (52/164) had infarct. The descriptive 
of the data further showed that 22.5% (37/164) and 5.48% 
(9/164) had intracranial bleed (ICB) and subarachnoid 
bleed respectively.  

Subdural hemorrhage (SDH) having 12% (12/164), 
extradural hemorrhage (EDH) having 3.04% (5/164), 
gliosis had 5% (5/164) on the CT scan findings. 13.41% 
(22/164) showed atrophic changes. Intracranial masses 
had 3% (5/164) representation. Others include soft tissue 
swelling, pneumocephalus, edema and fractures having 
11.5% (19/164) representation. 
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Table 4: Radiological findings by CT scan 

Radiological findings Frequency Percentage 

Bleed 

ICB 37 22.5% 

SAB 9 5.48% 

SDH 12 7.31% 

EDH 5 3.04% 

Infarct 52 31.70% 

Mass/Tumor 3 1.82% 

Atrophy 22 13.41% 

Gliosis 5 3.04% 

Others 19 11.5% 

Total 164 100% 

Proportionate scan positivity rate: 164/500*100 = 32 % 
Cost on positive scan = 164 x 1400 = 2,29,600 
Cost on negative scan = 336 x 1400 = 4,70,400 
Total CT cost = 500 x 1400 = 7,00,000 

DISCUSSION 

Irrational use of healthcare services resulted in wastage of 
approximately 750 billion dollars on non-beneficial 
treatments in US.7 Approximately 26 million CT scans are 
being done annually in US only in emergency.7 This 
injudicious use of CT is reasoned via its easy availability 
in most setups, less time taking, no interference with 
metal objects placed within the body, suitability for 
unwell patient, in diagnosing early signs of progressive 
hemorrhagic injury8 and its ability to decide when not to 
use thombolytics.9 Decision is also influenced by many 
other factors such as fear to miss some special diagnosis 
on clinical examination only, unable to reassure patient of 
symptoms not needing radiological interference, on the 
other hand factors like fear of increasing inpatient 
hospital stay, keeping overly safe approach for radiation 
induced side effects may miss a justified CT. So, a 
balanced approach is required following international 
and local guidelines in order to limit excess CT exposure 
reducing radiation hazards and on the other hand not 
wasting hospital resources on unnecessary scans and 
utilizing them where they are actually necessary.  

As we know a single CT scan brain gives 2mSv of 
radiation dose to patient so it should be justified. In our 
study 67% (336/500) patients had normal CT brain, 
giving approx. 672mSv of radiation in normal scans, some 
of which could have been avoided if we had properly 
triaged patient with proper request. 

A plain CT brain costs 1400 rupees so approximately 
4,70,400 rupees were spent on these normal scans. This is 
consistent with the US study7 mentioned above in sense 
of financial burden; however, they are strictly following 

standardized international protocols for emergency CT 
brain., however if we use the standardized protocols this 
state burden would have definitely reduced.  According 
to a study most of the negative results were owing to not 
following proper clinical indication for imaging due to 
lack of adequate clinical information probably due to 
overcrowded emergencies. It is mandatory to know 
indications for emergency CT brain in each clinical 
situation to avoid overuse of imaging techniques, 
minimize radiation risk and economic cost.10 

A proper request should be in accordance to international 
CT protocol guidelines, such as for trauma patient one of 
the internationally used criteria is NEXUS II criteria; 
National Emergency X-Ray Utilization Study (NEXUS II) 
is one of the validated criteria for emergency computed 
tomography in head trauma patients.11 

Nexus II criteria12 is as follows: 
CT head not indicated if all of the following are absent 
1. Evidence of significant skull fracture 
2. Scalp hematoma 
3. Neurologic deficit  
4. Altered level of consciousness 
5. Abnormal behavior 
6. Coagulopathy 
7. Recurrent or forceful vomiting 

In the same way for stroke and altered sensorium patients 
at least GCS score, side of weakness should be mandatory 
to be assessed and written on imaging request forms. For 
developed countries, stroke incidence in childhood was 
estimated to be varying from approximately 2.3 to 13 per 
100,000 children annually.13 Mutch CA et al14 also stated 
in his study that in order to assess a patient’s conscious 
level GCS has been used and accepted worldwide for its 
easy, rapid and accurate stratification5, he also added that 
it should be written in sub scores. In our study no request 
form mentioned GCS and only 5 request slip mentioned 
side of weakness.  

Mair G et al stated in his study that in an emergency 
situation radiation hazard is not our primary concern but 
all stroke patients don’t fall in this category.9 Radiation 
dose delivered to a patient during a plain CT scan brain 
is estimated to be 2 mSv, which is very less when 
compared to CT brain done with full stroke protocol 
which is approximately 14 mSv, that is, equivalent to an 
additional 5 years of normal background radiation over 
non-contrast CT alone. 0.05% patients over the age of 60 
years can develop cancer due to radiation who undergo 
CT head with full stroke protocol, the frequency of 
inducing cancer at this dose is two to three times higher 
in young patients.9 In our emergency setup we are using 
protocol of CT brain with radiation of 2mSv. 
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Ikpeme AA et al15 in his study stated that for stroke 
patient CT should be advised first in order to rule out 
cause of stroke however early CT may miss findings in 
ischemic strokes needing help of MRI or late CT. This 
could justify a small proportion of normal CTs in 
suspected stroke patients. 

A meta-analysis was done by Dubosh NM et al16 and his 
colleagues stating that if subarachnoid hemorrhage is not 
seen in CT brain in first 6 hours of symptoms, then it can 
be easily excluded from differentials in following 
conditions: 

1. Thunderclap headache 
2. Neurologically symptomless patient 
3. Clear time of onset.16 

Overall sensitivity of CT for ruling out subarachnoid 
hemorrhage after meta-analysis was estimated to be 95% 
with only 0.14% being false positive.16 

In 2012, an initiative was introduced by The American 
Board of Internal Medicine Foundation, called “Choosing 
Wisely” whose principal aim was to set better medical 
practice and decisions in order to avoid unnecessary 
procedures and medical test which result in waste of 
money. One of the proposals was; in cases of minor head 
injuries CT head should be avoided to maximum extent, 
which according to established criterias are not at high 
risk. Due to lack of data. it couldn’t be assessed that to 
what degree these guidelines were being followed7. Our 
aim behind study is to cause awareness to have such 
criteria applied in our setup. 

In US, hospitalization expenses of traumatic brain injury 
are approximately estimated to be 52 billion dollars.17 
John DeAngelis, in his study said that streamlined 
assessment of patients presenting with minor head injury 
to identify those who require imaging, in order to further 
risk stratify the need for neurosurgical management 
could result in a significant reduction in healthcare 
expenditure and he concluded that emergency 
department(ED) providers appropriately applied the 
Choosing Wisely criteria for 75.5% of patients, obtaining 
head CTs when indicated by the NEXUS II rule (41.5%), 
and not obtaining head CTs when the NEXUS II criteria 
were not met (34.0%). However, ED providers obtained 
non-indicated CTs in 23.1% of patients. Less than 2% of 
the sample did not receive a head CT when imaging was 
indicated by NEXUS II.7 Our results are probably a lot 
worse than this as out of our 336 requests that were 
without any clinical history/ clinical finding, 322 patients 
were normal so percentage of non-indicated scans seem 
higher. Another similar study done in Ghana South 
Africa that showed that 60% patients with head injury 
had normal CT finding necessitating need for proper 
guidelines to be implemented at their setup.18 

Waganekar A. and colleagues in their study concluded 
that CT positivity is strongly related to these five factors: 
Loss of consciousness more than 5min, vomiting, fits, ear 
and nose bleed in head injury patients. In his study 
positive CTs were approximately 50.9% overall with 38% 
being positive CTs in minor head injury category.19 Most 
of such patients can be discharged without need of 
hospital stay approximately (78%) according to a study.20 
As our study includes emergency patients having 
medical and surgical/trauma patients so in this case we 
can’t compare our data with this as they are only 
considering head injury. 

In our study 473 out of 500 patients underwent CT free of 
cost and only 27 patients paid for the scan but hospital 
has to bear the cost of free CT and also wear and tear of 
machine is also paid by hospital. Allied hospital 
Faisalabad is paying approximately 1 crore rupees for CT 
maintenance annually. So, concluding point is that if 
emergency department and radiology department 
collaborate and follow a pre-set protocol for emergency 
CT as discussed above, a lot of unjustified scans can be 
omitted in favor of both patient and hospital staff and 
reduce unnecessary expenditure. 

CONCLUSION 

As CT has its radiation hazards and again has a financial 
burden so we can avoid unnecessary scans saving 
hospital and state resources, patient health and his 
financial burden. 

LIMITATIONS 

As in our study most of the requests were blind i.e., 
without history and clinical examination, so we couldn’t 
assess adherence to international protocols of emergency 
CT in different conditions. 

SUGGESTIONS / RECOMMENDATIONS 

All patients presenting in emergency should be 
thoroughly evaluated with proper history clinical 
examination, GCS which should be mentioned properly 
and then the patient should be triaged carefully for 
radiological imaging or referral or discharge. These 
things should also be properly documented on request 
forms to radiology department so they can have an idea 
what to expect and for clinical correlation. 
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