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Objective: The treatment of severe trauma patients requires a fast and accurate method to
diagnose life-threatening conditions. Computerized tomography (CT)-PANSCAN has been widely
used for the last 20 years to diagnose many patients in critical condition. However, no research has
been performed into the efficacy of CT-PANSCAN. This research aims to compare the mortality
rate of trauma patients who underwent CT-PANSCAN versus conventional CT scan.

Methods: This retrospective cohort study enrolled patients who were at triage ESI level 1-2
in the emergency department of Ramathibodi Hospital from January 2013 to December 2018
and analyzed the mortality rate between those who underwent CT-PANSCAN and conven-
tional CT scan.

Results: The study enrolled 123 trauma patients; 61 patients underwent CT-PANSCAN,
whereas 62 patients underwent conventional CT scan. There were 1 and 7 patients who expired
in the CT-PANSCAN and conventional CT scan groups, respectively. After multivariate regres-
sion analysis, the result revealed that patients who underwent CT-PANSCAN had a lower
mortality rate (adjusted odds ratio = 0.023; p-value = 0.018; 95% CI 0.001-0.518).
Conclusion: Undergoing a CT-PANSCAN can reduce the mortality rate in trauma patients,
especially in ESI level 1, 2 traumatic patients, and CT-PANSCAN available facilities.
Keywords: whole body CT, trauma, mortality rate, death

Introduction
In 2019, the Global Burden of Disease Study reported that injuries (both intentional and
unintentional) were the leading cause of death worldwide. Deaths occurred in 4.3
million population, which represents 7.6% of all causes of mortality.' Severe traumatic
injured patients usually present with life-threatening conditions caused by multiple
organ injuries that require advanced trauma management.” Early initiation of care for
traumatically injured patients is important as it is associated with better outcomes.”
According to the Advanced Trauma Life Support (ATLS®) protocol, to identify any
life-threatening conditions, primary survey and its adjuncts (ie, vital signs and ECG
monitoring, urinary and gastric catheterization, as well as diagnostic imaging) must be
rapidly performed.* In patients with neurological symptoms, the extent of physical
examination is limited, and results should be cautiously interpreted, eg, signs indicated
for cervical spine injury or peritoneal irritation may be obscured by those altered mental
statuses or intoxicated.’
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Diagnostic imaging including plain radiographs (X-
rays), focused assessment with sonography for trauma
(FAST), and computed tomography (CT) has become fun-
damental investigation tools for traumatically injured
patients.*® However, there are some limitations to these
modalities. For example, chest radiography can misdiag-
nose pneumothorax, ultrasonography is an operator-depen-
dent procedure, and visualization may be limited in some
organ regions.” In traumatic brain injury, portable near-
infrared spectroscopy may be used for intracranial hemor-
rhage diagnosis but cannot be ruled out.® In hemodynami-
cally unstable patients, FAST positive is a high positive
predictive value, and other modalities should always con-
firm a FAST-negative.” Thus, organ-specific CT has been
increasingly used as a radiological gold standard in recent
years.

Many advantages support CT utilization in initial
trauma evaluation. CT has more sensitivity and specificity
to diagnosed life-threatening conditions than X-rays and
FAST. The development of modern CT shortens the scan-
ning time and results in high resolution. Its application can
guide clinicians to decide which appropriate treatment
should be provided for trauma patients.'® '

In some trauma centers, whole-body CT (WBCT) —
also known as CT PANSCAN - protocols have been
implemented in trauma patients, especially those with
multiple organ injuries.'*

This yields superior advantages to conventional CT
due to its accuracy in detecting unidentified injury and
shorter investigation time.'> '® Several observational stu-
dies reported the improvement of clinical outcomes by
decreasing mortality rate and hospital length of stay
among  trauma who  underwent CT
PANSCAN.'*%

However, the REACT-2 Study,> an international, mul-

patients

ticenter, randomized controlled trial, debated no statistical
difference in the mortality rate for those who received CT
PANSCAN or conventional scanning. In addition, this
diagnostic procedure also extends the time spent in the
emergency department (ED), especially in settings in
which the CT room is not located within or near the
ED.?* Prolonged diagnosis of definite intervention interval
is associated with detrimental outcomes in trauma
patients.>

Radiation exposure from diagnostic imaging is a safety
issue that must be a concern. The average effective dose of
whole-body scanning in adults is approximately 32 mSyv,
higher than the average range of other CT examinations

(about 2-20 mSv).?® Radiative exposure of more than 20
mSv increases the risk of cancer. This is based on the
theory that doses above 20 mSv have a cancer risk more
significant than one in a thousand.?” There was a previous
study that found that the implementation of CT
PANSCAN protocol increased the odds of radiation expo-
sure >20 mSv in trauma patients.

Recently, CT PANSCAN imaging has not been widely
used in Thailand, and it is mostly available in tertiary-level
or university-affiliated hospitals. Therefore, we hypothe-
sized that CT PANSCAN imaging was associated with
better outcomes in traumatically injured patients. Thus,
the study aims to determine the association of performing
a CT PANSCAN to the mortality of traumatically injured
patients.

Method
Study Setting and Participants

The study was a retrospective cohort study conducted at
the Emergency Department (ED) of Ramathibodi Hospital
— a university-affiliated, level 1 trauma facilities in an
urban area of Bangkok, Thailand. The Institutional
Review Board (IRB) approved this study on Human
Rights Related to Research Involving Human Subjects by
Faculty of Medicine Ramathibodi Hospital, Mahidol
University (Ethics code: MURA2018/453). The ethics
committee did not require consent for this research
because reviewing the medical record is the reason for
the waiver and a statement covering patient data confiden-
tiality and compliance with the Declaration of Helsinki.

All study subjects were trauma patients who were
brought to the ED of Ramathibodi Hospital between
January 1st, 2013 and December 31st, 2018. Inclusion
criteria were patients those met the Emergency Severity
Index (ESI)*® level 1 or 2 criteria. Exclusion criteria were
patients aged less than 15 years and those who presented
with traumatic cardiac arrest. Patients who were lost to
follow-up or missing in outcome measurement were also
excluded.

Data Collection and Outcomes

Data were retrieved from Ramathibodi Electronic Medical
Record (EMR) database by using trauma record form.
Study variables were collected include gender, age, under-
lying conditions, initial triage level based on emergency
severity index (ESI), mechanism of injury, initial vital
signs (respiratory rate, pulse rate, and systolic blood
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pressure, oxygen saturation), initial Glasgow coma scale,
point-of-care testing hemoglobin level and drug or alcohol
used status.

The primary outcomes were ED and 28-days mortality
underwent CT

compared between patients who

PANSCAN and conventional CT.

Sample Size Estimation
We collected the data from the trauma patients for the pilot
data. There were 34 and 30 patients who underwent CT
PANSCAN and conventional CT, respectively. Among
those who underwent CT PANSCAN and conventional
CT, 1 (2.94%) and 5 (16.67) patients expired, respectively.
According to the pilot study, P (death|CT PANSCAN)
is 0.0294, P (death|CT conventional) is 0.1667, alpha is
0.05, and beta is 0.8. The sample size can be calculated as
CT PANSCAN 73 and CT conventional 73. The total
participants were 146 trauma patients.

Statistical Analyses

Data were analyzed using STATA version 14.0 (StataCorp,
College Station, TX, USA). All study variables were com-
pared between patients who underwent CT PANSCAN and
conventional CT. The categorical data report as frequency
and percentage. The numerical data report as mean and
standard deviation or median and interquartile range.
Exact probability test was used to compare categorical
data. Independent #-test or Mann—Whitney U-test was
used to compare numerical data, as appropriate.

The association between CT PANSCAN and mortality
was calculated by univariable logistic regression, reports
as unadjusted odds ratio and 95% confidence interval
(CIs). Then, multivariable logistic regression was used to
control the influence of confounding variables and
reported as adjusted odds ratio, consistent with 95% CI.
All statistical analyses with p-value of less than 0.05 were
considered statistically significant.

Multivariable Analysis

Age, gender, underlying conditions, mechanism of injury,
respiratory rate, pulse rate, systolic BP, oxygen saturation,
Glasgow coma scale.

Result

Among the 65 patients who underwent CT-PANSCAN, 4
were excluded due to incomplete data. Thus, in total, there
were 61 and 62 patients who underwent CT-PANSCAN
and conventional CT scan, respectively.

The baseline characteristics of all patients are shown in
Table 1. Of the 123 patients, 93 were males (75.60%).
Among the male patients, 47 (77.05%) and 46 (74.19%)
underwent CT-PANSCAN and conventional CT scan,
respectively. The average age of both groups is 42.66
years old (44.08 years in CT-PANSCAN and 41.35 years
in conventional CT scans). The underlying disecases in
each group were similar.

Although the patients’ vital signs, respiratory rates,
pulse rates, and blood pressures had similar means and
standard deviations, there was a difference in the Glasgow
Coma Scale (GCS) and oxygen saturation. Those who
underwent CT-PANSCAN and conventional CT scan had
a mean GCS of 11.28 and 12.90 and a mean oxygen
saturation of 92.80% and 96.70%, respectively.

For the Injury Severity Score (ISS) 2, patients who
underwent CT-PANSCAN and conventional CT scan had
a medium score of 29 and 19.5, respectively. There were
also differences in the ESI triage-level ratio, as shown in
Table 1.

For the patient outcomes, the mortality rate of patients
for both modalities was 5.69% (7 patients), 1 patient
(1.64%) who underwent CT-PANSCAN and 6 patients
(9.68%) who underwent a conventional scan, as shown
in Table 1.

The 28-day number of mortalities was 18 (14.63%), 11
(18.03%), and 7 (11.29) patients for CT-PANSCAN and
conventional CT scan, respectively, as shown in Table 1.

The number of mortalities in both groups was analyzed
and compared using multivariate logistic regression using
STATA® version 14.2. The results had shown that the
Trauma patients with ESI triage levels 1 and 2 who under-
went CT-PANSCAN had a significantly lower mortality
rate than those who underwent conventional CT scan
(adjusted odds ratios = 0.023; p-value = 0.018; 95% CI
0.001-0.518), as shown in Table 2.

Undergoing a CT-PANSCAN can reduce the mortality
rate in trauma patients, promptly provides a diagnosis of
life-threatening situations, results in better decision-mak-
ing for treatments, is more accurate and more precise and
preferable to ultrasound, which is operator-dependent.

Discussion

The results showed that patients in both the CT-
PANSCAN and conventional CT scan groups had similar
baseline characteristics, but the differences in the mean
GCS scores and oxygen saturation in the patients of both
groups were interpreted as those that underwent CT-
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Table | Baseline Characteristics of Patients Who Underwent CT-PANSCAN versus Conventional CT

CT-PANSCAN (N = 61) Conventional CT (N = 62) p-value

Gender male - n (%) 47 (77.05) 46 (74.19) 0.834
Age - years 44.08 + 20.53 41.35 £ 20.54 0.463
Body weight - Kg 63.76 £ |1.62 61.32 £ 11.94 0.254
Height - cm 165.70 £ 9.76 164.50 £ 10.70 0.516
BMI - Kg/m? 23.13 £ 3.14 22.62 £ 4.23 0.495
Underlying conditions - n (%)

-Hypertension 8 (13.11) 6 (9.68) 0.583

-Diabetes mellitus 4 (6.56) 4 (6.45) 1.000

-Dyslipidemia 8 (13.11) 6 (9.68) 0.583

-Ischemic heart disease 3 (4.92) 2 (3.23) 0.680

-Cerebrovascular disease 2 (3.28) I (l1.61) 0.619

-Bleeding disorder 3 (4.92) 5 (8.06) 0.717

-Others 5 (8.20) 10 (16.13) 0.270
Mechanism of injury - n (%)

-Blunt 57 (93.44) 57 (91.94) 0.276

-Penetrating 2 (3.28) 5 (8.06)

-Blast 2 (3.28) -
Drug/alcohol intoxication - n (%) 4 (6.56) 8 (12.90) 0.363
ESI triage level - n (%)

-ESI level | 29 (48.33) I (17.74) <0.001

-ESI level 2 31 (51.67) 51 (82.26)
Initial vital signs

-Respiratory rate (bpm) 22.56 + 6.83 22.29 £ 3.73 0.788

-Pulse rate (bpm) 94.70 + 30.90 98.87 + 25.96 0419

-Systolic BP (mmHg) 115.05 £+ 53.90 141.84 £ 34.11 0.001
Oxygen saturation - % 92.80 + 1841 96.69 + 2.24 0.101
Glasgow coma scale - n (%)

-Average 11.28 + 4.47 12.90 + 3.63 0.029

—13-15 33 (54.10) 46 (74.19) 0.060

-9-12 10 (16.39) 6 (9.68)

-3-8 18 (29.51) 10 (16.13)
Point-of-care hemoglobin - g/dL 12.30 £ 2.36 13.18 £ 1.47 0.015
Injury severity score (ISS) 29 (18, 48) 19.5 (7, 29) <0.001*
Medium (IQR)

Hospital length of stay - days 10 (2-19) 2 (1-7) <0.001*
ED dispositions - n (%)

-Trauma/surgical ward 11 (18.03) 30 (48.39) <0.001

-Intensive care unit 44 (72.13) 20 (32.26) <0.001

-Operating theatre 1 (1.64) - 0.496

-Deceased I (1.64) 6 (9.68) 0.114
28 days mortality - n (%) 11 (18.03) 7 (11.29) 0.319
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Table 2 Objectives and Outcomes

Factors Crude Odds Ratio Adjusted Odds Ratio Adjusted p-value 95% CI
CT-PANSCAN 0.156 0.023 0.018 0.001-0.518
ISS 1.053 1.115 0.005 1.033-1.203
Age 1.086 1.044 0.024 1.005-1.084
Hb 1.594 1.029 0.893 0.679-1.558

PANSCAN were in a worse state than those who under-
went conventional CT scan.

Although patients who underwent CT-PANSCAN were
in a worse state, the multivariate logistic regression analysis
showed that the mortality rate of patients who underwent CT-
PANSCAN was significantly lower (adjusted odds ratio =
0.023; p-value = 0.018; 95% CI 0.001-0.518).

According to Long et al'> CT-PANSCAN can decrease
mortality, but this benefit was limited to only some groups.
Moreover, Corbacioglu and Aksel'® showed that under-
going CT-PANSCAN can reduce the mortality rate of
severe trauma patients. Study of Jiang et al is a meta-
analysis comparison of whole-body CT and selective radi-
ological imaging. Whole-body CT significantly reduces
the mortality rate.

The REACT-2 study, including all traumatic patients
aged 18 years with unstable vital signs and life-threatening
or severe injuries, shows that PAN-SCAN does not reduce
in-hospital mortality. Our study enroll the ESI level 1
traumatic patient (life-threatening injuries or severe injury)
and ESI level 2 traumatic patient (high-risk injuries
patient) to candidates to CT-PANSCAN. In ESI level 2,
CT-PANSCAM should be done in every patient, ESI level
1 should consider a patient’s condition, operation room,
and CT-PANSCAN available. In Ramathibodi Hospital,
the CT-PANSCAN was always available 24 hours and
located within the resuscitation room. There was no
delay time for CT-PANSACN after primary resuscitation.

Along with previous reports, this research has shown
that undergoing a CT-PANSCAN can reduce the mortal-
ity rate in trauma patients, promptly diagnose life-threa-
tening situations, result in better decision-making for
treatments, and be more accurate and preferable than
ultrasound, which is operator dependent.

The overall cost of CT-PANSCAN in Ramathibodi
Hospital was 600 US per case. Therefore, CT-PANSCAN
in every traumatic patient has a significant financial
impact.>* The study by Oosthuizen et al recommended
using CT-PANSCAN to rule out significant injuries.

Clinically negative scans are valuable in obtunded
patients, intubated, or have major distracting injuries.
Clinical assessment and alternative imaging modalities
may suffice in traumatic patients with full consciousness,
no intubation, and significant distracting injuries.”’
Consequently, we recommend selecting the traumatic
patient in ESI levels 1 and 2 to candidate to CT-
PANSCAN.

CT-PANSCAN should not delay the definite operation
in critically injured patients. In hemodynamic unstable
traumatic patients, the delay time for CT-PANSCAN may
result in a poor outcome. Therefore, clinicians should be
aware and select the appropriate patient for CT-

PANSCAN.*°

Limitations

First, this was a retrospective study. Some factors could
not be controlled, so statistical methods were required to
analyze the results. Second, selection is biased by the
retrospective design. Third, CT-PANSCAN is not widely
available in our country. This study was conducted at a
university hospital with a tertiary trauma center, the first
public health study in Thailand. To validate our results,
further studies should include more patients who have
undergone CT-PANSCAN.

Conclusion

Undergoing a CT-PANSCAN can reduce the mortality rate
in trauma patients, especially in ESI level 1, 2 traumatic
patients, and CT-PANSCAN available facilities.

Disclosure
The authors report no conflicts of interest in this work.
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