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Abstract

Background Non-contrast Computerised Tomography (NCCT) of brain is the gold standard investigation for diag-
nosis and management of Traumatic brain injury (TBI). Asymmetrical CT brain images as a result of improper head
positioning in the CT gantry will compromise the diagnostic value. Therefore, this audit aimed to assess the degree
of asymmetry in CT brain studies carried out in TBI patients.

Methods This audit was carried out at a level one trauma centre and included CT scans of TBI patients with a Glas-
gow come scale (GCS) score < 13, admitted to the Neurological intensive care unit (NICU). The first cycle involved

a period of three months. The data collected included demographic data and variables such as GCS at the time

of the scan and whether the patient was intubated or not. The visualisation of bilateral internal auditory meatuses
was used as landmark to determine scan symmetry. If the internal auditory meatus on both sides were visible

on the same slice of CT scan, it was considered symmetric. The degree of asymmetry was gauged based on the axial
slice difference between bilateral meatuses. The data collected was tabulated and presented to Neurosurgery
residents and a checklist was formulated which had to be followed while positioning the patient on CT table prior
to imaging.

Results The first cycle of the audit showed that 83.8% of scans were asymmetric and among them 44.1% revealed
gross asymmetry affecting interpretation of the scan. Following, implementation of the checklist the percentage
of gross asymmetry dropped to 21.86% in the second and to 22.22% in the third audit.

Conclusion The use of checklist prior to CT brain studies showed sustainable improvement in reducing gross asym-
metry and in acquisition of symmetrical CT brain images.

Key message
+What is already known on this topic —

The importance of symmetry in CT scan slices of brain is known to be vital in interpreting the image. In TBI multiple
causes lead to asymmetry in this vital diagnostic tool.

+ What this study adds —
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head positioning due to lack of attention to this step.
to be sustainable measure.

increasing the value of this basic test.

We found the magnitude of the problem to be very significant (83%). The cause of asymmetry was predominantly
An application of checklist ensuring correct head positioning not only reduced the asymmetry, but was also found
- How this study might affect research, practice or policy — This study will help reduce asymmetry in NCCT, thereby,

Keywords CT symmetry, Laser lines, Head position, Checklist

Background

Non contrast computerized scan of brain is the gold
standard for management of TBI. However, asymmetri-
cal CT slices make interpretation difficult, thereby reduc-
ing the value of this test. It is a problem faced regularly in
Neurological ICU (NICU). Hence we decided to collect
data to estimate the extent of the problem and attempt
to resolve it. Traumatic brain injury (TBI) is predicted
to be one of leading causes of morbidity and mortality
in India [1, 2]. Establishment, adherence and review of
protocol based investigative approach is key in managing
head injury. Non-contrast Computerised Tomographic
(NCCT) scan of brain is the gold standard investigation
for diagnosis and management of TBI [3, 4]. Interpreta-
tion of central nervous system (CNS) anatomy is aided by
the fact that the brain’s two halves are nearly symmetri-
cal. Asymmetrical acquisition of CT brain detracts from
the quality of information obtained from the scan and
will reduce the diagnostic value of the study [5]. Moreo-
ver, CT symmetry helps the interpreter to compare two
sides of the brain and diagnose cranial pathologies [6].
Unfortunately, most of the CT brain scans done in emer-
gencies have varying degrees of asymmetry [7]. There are
a number of reasons which contribute to asymmetrical
CT brain scans such as improper head positioning, agi-
tated or non-co-operative patients or inexperience of
the person positioning the patient [8]. Therefore, this
audit aims to assess the degree of asymmetry in CT brain
imaging done in TBI patients.

Measurement

Study population and data collection

The audit was conducted in a level one trauma centre in
the state of Tamil Nadu, India. In this audit we included
non-contrast computed tomography (NCCT) scans of all
admitted head injury patients with a GCS score <13 (our
protocol mandates that these patients be accompanied by
a Neurosurgery resident). Information collected included
patient-specific data such as age, gender, date of scan,
diagnosis, degree of symmetry in terms of axial CT slice
difference between bilateral internal auditory meatuses,
GCS at the time of the scan and airway status (intubated
or not) (supplementary material).

As it was a quality improvement initiative, need for
ethics approval and informed consent was waived by the
Institutional Review Board of Christian Medical College,
Vellore, India.

Inclusion criteria

TBI patients with a GCS score<13, accompanied by
Neurosurgery residents for the scan and admitted to the
Neurosurgical ICU.

Exclusion criteria
Patients who were not accompanied by a Neurosurgery
resident to the CT room were excluded (occasionally the
patient would be escorted by the Emergency Department
physicians).

TBI patients not admitted in our hospital after CT scan
were also excluded.

Standards set and rationale

On a normal CT brain, the two halves of the brain are
mirror images. Since the two sides are comparable, detec-
tion of abnormality is easier. However if, the CT image
is acquired with the head tilted, this symmetry no longer
exists. Hence, interpretation becomes more difficult. To
gauge the symmetry in CT brain we need to compare
simultaneous visualisation of homologous structures in
the same axial CT slice (Fig. 1). In this audit, we consid-
ered visualisation of bilateral internal auditory meatuses
in the same axial slice (thickness 5 mm) of the CT brain
image as a marker of a symmetrical scan. This method
of assessment was quick, objective and straightforward
without the use of any sophisticated algorithm.

Strategy

A lapse in quality is most likely to be multifactorial in
origin. To rightly identify the probable causes contribut-
ing to the problem (asymmetrical CT scans), we system-
atically analyzed and categorized the causes into different
domains using a fish-bone analysis [9] (Fig. 2).

Design
Two principal investigators analysed CT brain imaging
in TBI and assessed the symmetry of the scans from our
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a) Symmetrical scan image b) Mild: One level asymmetry

¢) Moderate: Two level asymmetry d) Severe: Three level asymmetry

Fig. 1 Representative images of symmetrical and various degrees of asymmetry. a symmetrical scan image. b mild: one level asymmetry. c
moderate: two level asymmetry. d severe: three level asymmetry
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Fig. 2 Fishbone analysis of causative factors for CT Head asymmetry
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prospectively collected patient data base. The degree
of asymmetry was categorized by number of slices by
which the two internal auditory meatuses are separated
into the following categories: mild (one slice difference),
moderate (two slices difference) and severe asymmetry
(3 or more slices). In cases of disagreement, consensus
was reached after review of CT scan by the seniormost
author (MJ) and his decision was accepted. Both mod-
erate and severe symmetrical scans were categorized
as gross asymmetry, significantly affecting interpreta-
tion. The data was analyzed, and factors contributing to
asymmetrical CT brain scans were identified.

From this analysis we identified and reached a con-
sensus that poor positioning of patient’s head was
major cause for the problem. An intervention in the
form of a CT Brain checklist (supplementary material)
was implemented, which had to be completed by doc-
tor accompanying the patient. The checklist included
checkboxes with the following steps (to be completed
while positioning the patient on CT table).

1. Ensure horizontal and vertical Laser marker lines of
the CT machine intersect at the Glabella (Fig. 3).

2. Horizontal marker line should superimpose over the
supraorbital ridges bilaterally, and the vertical marker

Page 4 of 7

line should be in the midline, and both the lines
should intersect.

3. The patient should be immobile.

4. Ensure safe and adequate sedation if needed.

Statistical analysis

The number of patients and percentages were presented
for categorical data. The Chi-square test was applied to
find the association between categorical variables. All
tests were two-sided at a=0.05 level of significance. All
analyses were done using Statistical Package for Social
Sciences (SPSS) software Version 21.0 (Armonk, NY:
IBM Corp).

Results
Baseline measurements
The first cycle of the audit was conducted for four
months, from November 2019 to February 2020. It
revealed that the majority of CT scans (83.8%) were
asymmetric. 39.7% of scans showed only minimal asym-
metry with a difference of 1 slice, but the remaining
44.1% were asymmetric enough to cause difficulty in
interpretation (Table 1).

These were mainly in patients who were not intu-
bated, which probably contributed to a higher degree

Fig. 3 Figure illustrating correct head positioning using laser lines

Table 1 Comparison of severity of asymmetry before and after intervention

Level of internal auditory meatus

Pre-intervention symmetry of Post intervention symmetry

Post intervention

the CT scan of CT scan sustenance of symmetry
of CT scan
Same CT slice 11(16.2%) 22(30.14%) 26 (39.39%)
Minimal asymmetry - Difference of 1 slice 27 (39.7%) 35 (47.95%) 26 (39.39%)
Gross asymmetry - Difference of 2 slice 14 (20.6%) 12 (16.43%) 6 (9.10%)
Gross asymmetry - Difference of 3 slices 16 (23.5%) 4 (5.43%) 8 (12.12%)
Total 68 73 66
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of asymmetry (Table 2). However, even among the 31
intubated patients who were sedated, only 19.35% of the
scans were symmetric, implying a lack of attention to
correct positioning of the patient’s head in the CT gantry.
Therefore, it was apparent that significant improvements
were needed in ensuring a symmetrical CT brain scan
with good diagnostic value.

Subsequently, doctors accompanying the patient were
alerted and advised to follow the checklist (supplemen-
tary material) and the steps therein, before repeating the
audit cycle. Following the intervention, percentage of
grossly asymmetrical scans dropped from 44.1 to 21.86%.
In addition, the percentage of symmetrical scans almost
doubled in comparison to the first audit from 16.2 to
30.14% (Table 1).

A third cycle of the audit was undertaken to ensure the
sustainability of the intervention. This made it clear that
the intervention was effective as the percentage of grossly
asymmetric scans dropped from 44.1% in the first cycle
to 21.22%. Moreover, the percentage of perfectly sym-
metrical scans increased from 16.2% in the first audit to
39.39% with the third cycle (Table 1).

The effect of contributing factors as severity of head
injury or intubation status was not significant (Table 2).

Discussion
Head injury has a complex and varied presentation mak-
ing it difficult to manage. Over the years head injury
assessment and management has evolved with the use
of standardised protocols that has helped improve treat-
ment outcome. Symmetrical CT scans of the brain are
an integral part of management in TBI. Unfortunately, in
our high volume centre majority of NCCT of head injury
patients were asymmetric affecting their diagnostic value.
Confounding factors like agitation or sedation were ruled
out as the effect of intubation in all 3 cycles with any
severity of head injury was not statistically significant.
The use of checklist with objective parameters using
laser beam helped attain correct position effectively. A
good checklist enables medical providers to work more
efficiently by serving as cognitive aid in high intense
environment requiring multitasking and also prevents
inter-physician variability [10, 11]. In addition, the use of
checklist in health care helps to improve the quality of care
and reduces mortality and poor outcome [12-14]. Our
audit followed by the intervention enabled the acquisition
of symmetrical CT brain images with better diagnostic
value. Presently there are many reliable but sophisticated
methods that use intricate algorithms to correct asymme-
try in CT brain images, but they are complex to use and
require professional expertise [15, 16]. The advantage of
using a simple and user friendly checklist while position-
ing the patient’s head on the CT table enables us to obtain
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symmetrical CT brain images in a quick and cost-effective
manner.

Lessons and limitations

We realized from this audit how a simple strategy like
implementation of a checklist formulated from input of all
stakeholders could improve the quality of a basic and vital
investigation. The impeccable placement of landmark using
laser points was vital in attaining symmetry. The simplicity
of establishing anatomical landmarks present bilaterally to
reach symmetry was the highlight of this project.

Despite the stringent application of checklist the
improvement in symmetry accounted only for 30%
patients. We could not prevent the novice, untrained resi-
dents entering the program being designated the job of
accompanying patients to CT scan.

Although we were able to sustain the benefit of interven-
tion in 3rd cycle, we do realize the need of repeated audits
and frequent reemphasis on using landmarks to ascertain
correct head positioning in CT gantry.

Conclusion

The use of a straightforward and short checklist prior to
CT brain in head injury helped acquire symmetrical scans
of good diagnostic value. Moreover, sustainable improve-
ment in reducing grossly asymmetrical scans following the
intervention was also observed.
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