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Repeated computed tomographic scans in transferred trauma
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Trauma patients are often transferred to regional Level I trauma centers from other institutions. At times, when the patient
presents to the trauma center, radiologic studies performed at the previous institution are repeated. The aim of this study was to
assess the proportion of computed tomographic (CT) scans repeated in trauma patients receiving CT scans before transfer and
to obtain the indications for these repeats. This study also estimated the additional radiation dose and economic burden
associated with repeated CT scans.

This prospective, observational cohort study collected data consecutively on transferred trauma patients who had received a CT
scan at the transferring institution and investigated whether the CT scan was repeated at the receiving institution. Indications
for repeating CT scans were obtained from the general surgery trauma service. The economic impacts were assessed using fee
schedules from the hospital and the Center of Medicare and Medicaid Services. Effective dose radiation was estimated using
the dose-length product method.

Of'the 211 patients who presented with a previous CT scan at the transferring institution, 82 had at least one repeated CT scan.
Indications for repeating CT scans varied based on the body region. Additional hospital charges ranged from $728 to $5,892
with an average of $1,762.40 for patients having one or more repeated CT scans. The estimated additional effective dose
radiation ranged from 1.2 mSv to 124 mSv with an average of 21.5 mSv.

This study reveals the high rates of repeated CT scans in transferred trauma patients and the various indications that lead to
them. Additional hospital charges and additional low levels of radiation exposure are a consequence of these repeats. (J Trauma
Acute Care Surg. 2012;73: 1564-1569. Copyright © 2012 by Lippincott Williams & Wilkins)

Diagnostic study, level IV.

Radiation exposure; effective dose; repeated imaging; computed tomography; trauma transfer.

Trauma systems in the United States frequently rely on pa-
tient transfers from local institutions to regional Level I
trauma centers. At times, patients receive computed tomo-
graphic (CT) scans during their initial evaluation before
transfer to the trauma center.! However, when the patient
presents to the trauma center, these scans are often repeated. CT
scans are a sensitive, minimally invasive method for diagnosing
injury in trauma patients.>* Nevertheless, they have the dis-
advantage of increasing radiation exposure and incurring
greater costs compared with plain radiographs.>~” The practice
of repeating CT scans on transferred trauma patients may have
negative consequences owing to radiation exposure and eco-
nomic burden.

Effective dose radiation from CT scans is more than 100
times greater than that received by a routine chest x-ray.’
Previous studies reported that CT scans account for two thirds
of the radiation dose that trauma patients receive; in general,
trauma patients averaged 22 mSv, which increased to 106 mSv
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in critically injured patients requiring intensive care unit stays
greater than 30 days.®® The effects of high dose radiation,
defined as greater than 100 mSv, have been investigated in
atomic bomb survivors, and excess cancer rates in this cohort
were attributed to radiation exposure.!®"!? The effective dose
radiation of CT scans can vary widely but typically falls in the
range of 0.3 mSv to 45 mSyv, depending on the body location
and the use of contrast.!3:!* These levels of effective dose ra-
diation are classified as low dose; the epidemiologic studies
performed in atomic bomb survivors found some evidence of
elevated cancer risk compared with the general population at
levels greater than 50 mSv.!! Repeated CT scans in transferred
trauma patients could result in cumulative radiation dose levels
shown to have an increased risk of cancer, especially in younger
patients who are more sensitive to radiation effects.

Expense is another important factor to consider when
repeating CT scans. With the constant push to decrease health
care costs in the United States, the impact of imaging proce-
dures has been investigated. One study reported 31% of high-
cost imaging studies were repeated.'> The Medicare Payment
Advisory Commission reported that diagnostic imaging ser-
vices grew by 62% from 1999 to 2004, the highest of all
physician service categories. In dollar terms, this resulted in
Medicare spending increases from $5.8 billion in 1999 to $10.9
billion in 2004.° Much of this expense was disproportionately
caused by high-cost advanced imaging modalities such as
magnetic resonance imaging and CT scans.
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The aim of this study was to assess the proportion of CT
scans repeated in trauma patients who had received CT scans
before transfer from the previous institution and to obtain the
indications for these repeats. Moreover, this study estimated
the additional effective dose radiation and economic burden
associated with the repeated CT scans.

PATIENTS AND METHODS

This study was approved by the institutional review
board of our institution; the requirement for informed consent
was waived.

Study Population

This is a prospective observational cohort study at an
institution that holds a Level I trauma designation for adults
and a Level II trauma designation for pediatrics. It received
1,460 patient transfers in 2010 from the regional referral basis.
The data collection period was August 1, 2010, to November
30, 2010, and the sample population was obtained consecu-
tively. Subjects included trauma patients transferred to our
institution’s emergency department who had previously been
evaluated and underwent CT scan at an outside institution.
Patients were excluded from enrollment if they were not paged
as a trauma through the emergency department triage system or
if they were directly admitted to the hospital, bypassing the
standard trauma evaluation. Moreover, patients were excluded
from the analysis if their outside CT scan images were unable to
be verified or if, on subsequent chart review, their medical
diagnoses were found to be unrelated to trauma.

Data Collection

Once subjects met enrollment criteria, efforts were made
to obtain and document the CT scan images performed at the
transferring institution. The CT images were scanned from the
compact discs (CDs); they were transferred on into an elec-
tronic database for storage and assessment. In the event that
CDs with CT scan images went missing, efforts were made to
obtain a new CD from the transferring hospital. CT studies that
were repeated on the initial trauma evaluation were docu-
mented, and the indication was sought from either the attending
trauma surgeon or chief surgical resident on-call during that
trauma evaluation.

Indications for repeated CT scans included technical
problems, image problems, reporting problems, clinical rea-
sons, consult request/convenience, and unintentional/error. A
technical problem was defined as a problem opening the
software, which contained the images, or a problem with
manipulating the images in a timely fashion. An image problem
included patients who arrived without the digital images, the
images inappropriately contained or omitted contrast, or ima-
ges were deemed as poor quality by the trauma staff on-duty
during that patient’s evaluation. Reporting problems included
patients who arrived without a report stating what was found on
the CT scans at the transferring institution or if there was any
discrepancy between the report and what the trauma staff
reading the images interpreted. At times, the trauma service
consulted orthopedics, neurosurgery, otolaryngology, and oral
maxillofacial surgery, and if these consulting services requested
or ordered a repeated CT scan, this indication was classified
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under the consult request/convenience category. Moreover, if
repeated CT scans were ordered by the trauma service as a
courtesy to the consult service, then this indication was also
classified under the consult request/convenience category.
Rarely, a CT scan was ordered in error by a junior member of
the trauma staff; this repeated CT scan was usually caused by
a misunderstanding or miscommunication. There were a few
repeated images for which we were unable to obtain the indi-
cations owing to the fact that we did not immediately approach
the trauma staff for the indication, and by the time we did re-
quest the indication, they no longer recalled the reason. Finally,
clinical reasons included changes in the patient’s clinical pre-
sentation that warranted reevaluation such as new onset vomiting
in a potential head injury. Moreover, if the patient had a previous
finding of intracranial bleed at the transferring institution, a re-
peated head CT scan evaluating for interval changes was con-
sidered a clinical indication. If CT scans were obtained for clinical
reasons, they were deemed unpreventable and not included in the
analysis of preventable CT scans.

Effective Dose Calculation

A record of the dose-length product (DLP) for each CT
scan performed was maintained and stored. Owing to a soft-
ware malfunction, the DLP information for one patient was not
recorded. However, this patient had one repeated CT scan that
was caused by a clinical reason; therefore, these data were not
necessary for our analysis. The DLP values, along with DLP
conversion coefficients (k) specific to the respective subject’s
age and body region scanned, were used to estimate the effective
dose received with each respective CT scan. The following
equation represents the formula used where £ represents ef-
fective dose measured in millisieverts: '

E ~ k(DLP)

Economic Calculations

Two sources were used to assess costs. First, the hospi-
tal’s fee schedule was used to obtain the hospital charges for
each CT scan repeated. These values are specific only to one
institution. The second source was the Center of Medicare and
Medicaid Services (CMS) physician fee schedule 2010B for
our state. These values are the same among institutions within
our state but differ from other states. The combined value of the
technical and physician (26) components were used from each
fee schedule.

Statistical Methods

Multivariate logistic regression models were created to
determine whether demographic and trauma-related variables
influenced the likelihood of having a preventable repeated CT
scan. Variables were first analyzed in univariate models.
Variables that were found to have significance were then in-
cluded in multivariate models. Statistical significance was set
at p <0.05.

RESULTS

Our sample population included 211 transferred trauma
patients, of which 140 were males (Table 1). The age dis-
tributions were similar among categories with a slight increase
in the age group of 60 years and older. Most of the patients had
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TABLE 1. Patient Demographics and Trauma Characteristics TABLE 2. Proportion of Patients With a Repeated CT and
Types of Repeated CT scans
n Percentage
Gender Total/Initial Repeats 95% CI
Male 140 66.4 Patients 211 82 38.9% 32.5-45.6
Female 71 33.6 CT scans 570 149 26.1% 22.7-29.9
Age Head 168 26 15.5% 10.8-21.7
Mean 44.7 C-spine 135 53 39.3% 31.4-47.7
0-19 51 242 Chest 60 22 36.7% 25.6-49.3
20-39 47 223 Abdomen 64 19 29.7% 19.9-41.8
40-59 44 20.9 Pelvis 60 19 31.7% 21.3-44.2
>60 69 32.7 Maxillofacial 41 8 19.5% 10.2-34.0
1SS T-spine 15 1 6.7% 1.2-29.8
Mean 11.7 LS-spine 21 1 4.8% 0.8-22.7
<15 141 66.8 Other 6 0 0% —
16-23 46 21.8 CI, confidence interval; C-spine, cervical spine; LS-spine, lumbosacral spine; T-spine,
24-33 20 9.5 thoracic spine.
>34 4 1.9
Mechani . .. . ..
ZCS::lllstm " 14 multiple logistic regression model, we found that a unit in-
Crush ; 3' ; crease in the ISS increased the odds of obtaining a repeated CT
Fall 0 4 3' p scan by 0.036 (p =0.0361). Although age was not significant, it
’ trended toward an increased odds of 0.009 (p = 0.0882) with
ATV/MCC 34 16.1 ..
MVC 51 242 each additional year.
Penetratin N 1' A Indications for repeated CT scans varied based on the
Insurance € ’ body region being scanned (Table 3). For the head, the pre-
Auto 3 L4 dominant reason was because of technical problems. Tech-
. ’ nical problems, reporting problems, and consult request/
Workers compensation 4 1.9 . T
\ L convenience were the most frequently reported indications for
Veteran’s administration 2 0.9 . . R X .
. repeating CT scans of the cervical spine. Technical and im-
Commercial 70 33.2 . X AP
Medicare 60 284 aging problems were the predominant indications for chest,
Medicaid 0 | 5' 5 abdomen, and pelvis CT scans. Repeated maxillofacial, tho-
None 10 : 9' 0 racic spine, and lumbosacral spine CT scans were rare;

ATV, all -terrain vehicle accident; MCC, motorcycle crash; MVC, motor vehicle crash.

an Injury Severity Score (ISS) less than or equal to 15. Falling
was the mechanism responsible for most of these traumas.
Penetrating trauma was rare in this sample. Commercial in-
surance and Medicare were the two predominant types of in-
surance; 40 patients (19%) had no form of insurance.

Of the 211 patients who presented with a previous CT
scan at the transferring institution, 82 (38.9%) had at least one
repeated CT scan (Table 2). Cervical spine CT scans were
repeated most frequently, and maxillofacial, thoracic spine, and
lumbosacral spine CT scans were rarely repeated. In our

therefore, determining a predominant indication for these
body regions is less informative.

Using the hospital fee schedule, the additional hospital
charges ranged from $728 to $5,892 per patient that had one or
more repeated CT scans; the majority had fees less than $2,000
(Fig. 1). The combined additional charges totaled $144,517 in
this sample, which averages to $1,762.40 per patient for those
receiving at least one repeated CT scan. However, when using
the CMS physician fee schedule, the additional fees ranged
from $182.97 to $1,530.06, and most of the patients had fees
less than $600 (Fig. 2). The combined additional CMS fees
totaled $37,121.47, which averages to $452.70 per patient for
those receiving at least one repeated CT scan.

TABLE 3. Indications for Repeated CT Scans

Total Head C-spine Chest Abd Pelvis Face T-spine LS-spine
Technical problem 49 329% 12 462% 16 302% 7 31.8% 6 31.6% 6 31.6% 2 250% O 0% 0 0%
Image problem 28  18.8% 2 77% 4 75% 8 364% 5 263% 7 368% 2 250% O 0% 0 0%
Report problem 37 248% 8 308% 15 283% 3 13.6% 4 21.1% 4 21.1% 2 250% O 0% 1 100%
Consultant/convenience 20  13.4% 2 77% 14 264% 1 45% 1 53% 0 00% 1 125% 1 100% O 0%
Unintentional error 7 47% 2 7.7% 1.9% 2 9.1% 1 53% 0 00% 1 125% 0 0% 0 0%
Missing data 8 54% 0 0.0% 3 57% 1 45% 2 105% 2 105% 0 0.0% 0 0% 0 0%

Abd, abdomen; C-spine, cervical spine; Face, maxillofacial; LS-spine, lumbosacral spine; T-spine, thoracic spine.

1566

© 2012 Lippincott Williams & Wilkins

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



J Trauma Acute Care Surg
Volume 73, Number 6

Jones et al.

40

35

30

25

20

Frequency

15

10

0,
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
Hospital Charges (US $)

Figure 1. Additional hospital charges (US$) to each patient
for repeated CT scans.

The estimated additional effective dose radiation re-
ceived from the repeated CT scans ranged from 1.2 mSv to
124 mSv with most of the patients having additional effective
dose radiation levels less than 20 mSv (Fig. 3). The average
estimated effective dose per patient with at least one repeated
CT scan equaled 21.5 mSv.

DISCUSSION

Of the 211 transferred trauma patients who received CT
scans before arrival at our institution, more than one third
received at least one preventable repeated CT scan. The pre-
dominant indications for these repeats differed based on the
body region being evaluated. This study demonstrates the
consequences of these repeats, including the additional im-
aging charges of $1,762.40 or CMS fees of $452.70 per patient
with a repeated CT scan. Patients undergoing a repeated CT
scan had an average additional radiation exposure of 21.5 mSv.
Studies further assessing the financial consequences should
investigate who takes financial responsibility for the additional
charges from repeated images. Are they the patient’s respon-
sibility, do insurance companies cover them, or do the hospitals
ultimately absorb these costs?

There are several limitations to this study including the
fact that it was performed in one trauma institution in a rural
network. Therefore, these results may not be reflected in other
types of institutions or trauma networks. Moreover, this study
required observation and inquiry about the decision by the
trauma staff at our institution to repeat CT scans. This increases
the potential of the Hawthorne effect, in which participants
being studied or observed alter or improve their behavior be-
cause they are aware they are being studied. If this is true, then
the reported results may be an underestimate. Another limi-
tation is the use of a single institution’s fee schedule to deter-
mine the financial burden. As previously mentioned, these fee
schedules vary from one institution to the next and are therefore
not generalizable. We included the 2010B CMS physician fee
schedule for our state, but again, this schedule differs among
states. Moreover, we estimated effective dose radiation expo-
sure using the DLP method, which has been found to under-
estimate the effective dose by 14% to 37% when compared
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Figure 2. Additional CMS fees (US$) to each patient
for repeated CT scans.

with more direct measurements.!”>'® Therefore, the actual
additional effective dose radiation received is probably slightly
higher than the calculations presented in this study. We did not
estimate the total effective dose radiation the patients received
because we did not include the original CT scans obtained at
the transferring institution or the nonrepeated CT scans
obtained at the receiving institution. Finally, the radiology
department at our institution does not formally consult on
outside imaging studies, which would make the proportion of
repeated CT scans caused by reporting problems nongeneraliz-
able to other institutions that do consult on outside studies.

Another study performed in an urban trauma setting
noted 53% of patients received at least one duplicate image
(including plain radiographs and CT scans), and these repeats
resulted in $2,985 in additional charges per patient who re-
ceived duplicate imaging; most of the these charges were
caused by CT scans.'” Our study shows a lower average ad-
ditional hospital charge per patient with a duplicate, and when
looking at CMS fees, the results are more modest. These dis-
crepancies may be explained by differences in the respective
institutional fee schedules as well as the fact that the previous
study did not include CMS fee schedules.
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Figure 3. Estimated additional effective dose radiation (mSv)
each patient received from repeated CT scans.
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To our knowledge, no previous study has investigated the
additional effective dose radiation exposure caused by repeated
images in transferred trauma patients. Concern about the po-
tential dangers of medical radiation exposure is rising.2~23
Epidemiologic studies demonstrate the carcinogenic effects
of high-dose radiation levels in subjects exposed to gamma
radiation.!’** However, medical radiation uses x-rays, not
gamma rays, and minimal evidence is available to demonstrate
carcinogenic risks with the levels of radiation currently used in
most medical evaluations. Nevertheless, an important factor to
consider when repeating CT scans is the patient’s age. Children
are more sensitive to radiation exposure because they are
growing and their cells are dividing more rapidly. Moreover,
children have a longer life expectancy following their radiation
exposure and are more likely to survive the interval of time
needed for the radiation effects to present.?> As previously
stated, the evidence of cancer risks from high-dose radiation is
more clearly defined, and 1 Sv (1,000 mSv) is associated with a
risk close to 15% in neonates.?® One study estimated the risk of
low-dose radiation in children exposed to one head CT scan
and demonstrated that the lifetime attributable cancer mortality
risk was 0.05% (1 in 2,000) in a neonate, less than 0.01% (< in
10,000) in a 15-year-old, and less than 0.005% (<1 in 20,000)
in a 35-year-old.?’ In our multivariate logistic regression,
models trended toward a higher likelihood of having a repeated
CT scan as age increased. This may reflect an understanding by
trauma staff of the potential risks that radiation poses to
younger patients.

Our results support the findings of similar studies in-
vestigating repeated images in transferred trauma patients. One
study, also performed in a rural trauma network, found 58% of
the patients with CT scans before transfer underwent repeated
CT imaging and found similar indications for the repeats that
varied based on body region.”® Our study highlights areas
where future efforts can be focused to limit the number of
repeated CT scans in trauma patients. Another study demon-
strated that importing outside images from the transferred CD
into the receiving institution’s picture archive and communi-
cation system resulted in a 16% to 29% reduction in repeated
CT scans.?? Importing images into the institution’s picture
archive and communication system would not only aid in
viewing the images using familiar software, but it would also
potentially decrease the need to repeat CT scans for the con-
sulting services. During this study, we were informed by both
the trauma service and the consulting services of their concern
for losing the CD with the transferred images. The trauma staff
expressed the difficulty of keeping up with the CD owing to
multiple consult services needing to see the images. The
consult services expressed the difficulty of finding the CD
when it was time to take patients to the operating room.

Another potential area to explore is the “imaging prob-
lem” indication, which explained 13.5% of the repeated scans. It
has been previously demonstrated that patients with extremely
high ISSs get transferred to a trauma center quickly without
obtaining CT scans.' This raises the question as to when and
how the outside facility determines the need for transport. Is it
necessary to obtain the CT scan before transfer? Evidence
supports limiting nontherapeutic tests before transfer because
obtaining CT scans significantly delays transfer times.3%-3!
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Nevertheless, it is impractical to expect the transferring fa-
cilities to eliminate all CT scans in suspected trauma patients.
A study from Canada suggests that this practice would further
overload the resources of many already exhausted trauma
centers by increasing the already high overtriage rates to these
centers.’? Therefore, if images are obtained at an outside
facility, outreach and education from the regional trauma
centers to these transferring institutions sharing trauma im-
aging protocols and techniques may improve the quality of
images obtained before transfer.

In conclusion, this study demonstrated the high rates of
repeated CT scans in transferred trauma patients and the var-
ious indications that influence the decision to obtain these
repeats. Moreover, this study revealed the large economic
burden these repeats place on the health care system, and it
estimated the potential levels of effective dose radiation
patients are exposed to during these repeated scans.
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