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Abstract Many clinicians order focused computed tomogm-
phy (CT) examinations for trauma paticnts bascd on history
and physical examinations, Trauma patients transferred to our
level T trmuma center underzo an extensive, nonfocused stan-
dard trauma CT protocol, We hypothesize that the use of the
standard trauma CT protocol does not contribute significant
clinical information for patient care when compared with CT
examumations based on history and physical examination. We
amm to quantify the wtility of the additional CT examinations
required by our institution’s trauma protocol compared with
emergent CT examinations dictated by the patient's history
and physical cxamination findings, In this IRB-approved
study, we retrospectively evaluated 132 trauma patients trans-
terred to our center who underwent additional CT examing-
tions as determined by fulfillment of our institution's standard
trauma CT protocol. The emergency radiologist evaluated the
CT examinations acquired after the patient's transfer to deter-
mine it there were any additional acute findings that were
identified on these additional examinations compared with the
mitial assessment undertaken at the outside institution. A total
of 101 patients trnsferred to our truma center met inclusion
crteria. The majority of these patients sustained MmN tmouma,
The standard trauma protocol generated 474 negative CT
examinations in 101 patients. In seven patients, there were
unexpected acute findings, However, these unexpeeted acute
findings did not change clinieal managenient in any of the
paticnts. After initinl evaluation, the aequisition of additional
nonfocused CT examinations based on the standard traumnin
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CT protocol provides little useful elinical information in pa-
tients who are transferred for minor trauma, Rather, CT utili-
zation should be based on clinical findings. Replacement of
standard truma CT protocol with focused CTexaminations in
trauma patients is o way 1o curtail overutilization, therchy
decreasing health care cost and the amount of patient radiation
eXpOsUre,
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Introduction

Traumatic injuries continue to rise nationally for all age
eroups and genders and remain a significant cause of morbid-
ity, mortality, and cost 1o the health care system [1, 2, 3], Initinl
evaluation of the trauma patient may be difficult because of
imcomplete patient history due to altered levels of conscious-
ness. pam, or amaesia to the tumatic event, particalarly in
those who have sustained more significant trauma [4, §).
Likewise, the physical examination mury also be suboptimal
and equivecal in a variety of patients due to distracting inju-
nes, intoxication, or combativeness [6, 7], Therefore, imaging

ul:lt?ﬂtmnl has continy -HICTEase —esmergency qn.mr.m-
ments nationwid 8] Specifically, the evolution of multide:

tector computed tomography {MDCT) has become a reliable,
hmli}r rapid_assgssment of acutely injured
pattents [9, 10]; the number of emergency ¢ department visits
associuted with a, CT Txamination hus increased by 600 %
from 1995 through 2007 Despite its benefits, widespread
use of MDCT has led to Tocal and national I1m|l}rﬁr-li_-|:ic._~=‘
aimed at cuthing uQ'IIE--I:}]._I_n_thr: setting of {mums,

transterred patients may be more subject to CT overutilization,
— T e I
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unnecessary delays, and costs due 1o lack of e nication

and improper handling of tansfer imaging [1,‘-’—___,]..)'1. 1 71-MWhen
s, | R 0] — ]

panents are mjured in locations remote frvm a tmum center,

they are "*‘E‘ﬁl’“ﬁfﬂ“‘ to community hospitals for initial

assessment, The decision to transfer a trauma patient is mul-
tifactonial but has been associated with increased survival for
those sustaining major trauma [ 18], Patients sustaining minor
or moderate trauma may be transferred from community
hospitals due to limited expertise in trawma evaluation, hospi-
taladmission poljcies regarding trauma patients, andior due 1o~
regional referml patterns and insurance guidelines. After trans-
fer, studies have reported that approximately 60 % of patients.
‘underwent repeat CT exuminations and most did not signifi-
cantly alier outcome: - Atour level I trauma center, we
observed that trauma patients transferred from regional com-
munity hospitals im-m'mr underwent additional CT exami-
nations of body parts for which there was no documented
clinical concern for injury during the initial assessment prior
to transfer. In these patients, the initial assessment included
CT examinations that were based on the patient's history and
physical examination findings. The additiona)l CT examina-

tions following patient trmnsfer were generated to fulfill pur

institution’s standard trauma imaging pratacol that is typically

applied to all hemodynamically stable trauma patients regard-
less of injury severity. We hypothesized that acquisition of
additional CTexaminations driven by fulfillment of a standard
trauma imaging protocol in licu of clinical suspicion did not
reveal significant clinical information that altered patient man-
agement. Therefore, we scught to evaluate CT utilization in
minor trauma patients transfermed to our university-based level
I trauma center by quantifying the clinical yield of these
additional protocol-driven CT examinations, The purpose of
this study was to evaluate the diagnostic utility and manage-
ment implications of CT examinations generated by following
i standard trauma imaging protocol in the absence of dirccted

findings on history and physical examination for minor tray-
ma paticnts transferred to our level | trmuma center.

Materials and meithods

Institutional review board (IRB) approval was obtained for
this retrospective study, and informed consent was not e-
quired. At our institution, the Division of Emergency and
Telemdiology provides subspecialty cross-sectional Imaging
coverage for emergency departments in our system for 14 h/
day (5 p.m. until 7 a.m, the following day), The division
consists of ten board-certified, subspecialty atterding radiol-
ogists, half having completed fellowship training in body
imaging and the other half in neurerdiology. The expenience
of the radiologists ranged from 2 to 30 vears of elinieal
service, Of the ten radiologists in the division, seven partici-

pated inthis study,
For fip 11-month __Eid_j_}:mu:r}f 2012 through November

2012}, the parficipating radiologists were asked to i dentity any
trauma paticnt transferred to our level T trauma center. Trauma
patients were transferred from various nontrauma centers!
community hospitals to our level T trauma center for the
following reasons: lack of resources/expertise, hospital admis-
sion policies regarding trmuma patients, insurance policics,
and regional referral pattemns. Inclusion eniterin for this study
required that the patient had undergong at least pne CTexnm-

ination during initial presentation to the outside f,'_u:ility. _the
patient’s initial CT examinations were avgilable 1o vigw onour
picture archiving and unicati ‘5 5) and
that the patient subsequently underwent additional CT exam-

inatiogs_gfter they amived in our level 1 center for

twuwmﬂn {Table 1), The participat-
ing radipdegiats were asked 1o determine if the subsequent CT

examinations performed ot our level 1 trauma center werg
-.—-——__* -

Table I Distribution of inial CT

exarmiLations pror o transfer mnd CToype Total performed Total repeated Henson Outcome wlter
charsctenistics of fepented scans ot o transfer after transfer for repeat transfer imaging
following transfer iz of toml)
Chest 12 (6.5 ) (15 Cuestionable bmatizd finfing refuled
chest hematoma
Abdomen 12 (6.5 %0) ]
FPelvia 13 (7 %) 1]
Head B (45,7 %) SUHE00 0 L) Follow-up of 1CH e inital cose refuted,
all pthers stable
Cervical spine 60304 %) 473 %) Quastionahle fraciure Three cases refuted;
one sulbstantialed
0T repeat i Eing
Thorcie spine 1{0,5 %0) )
Lummbar spine 1 (L5 %0y 1]
Facial bore 5(2.7 %) 1]
Total 184 (100 95} S5 (100 )
TCH intracranial hemorthage
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completed in order to fulfill the imaging protocol established

PACS amd reviewed on our PACS (Philips iSie, Amsterdam),

by the trauma service versys bemg based on relevant history
and physical examination findings. This determination was
made by reviewing the history and physical examination in
the electronic medical record for each transferred trauma, The
traumatic findings from the history/physical examination and
the additional CT examinations performed ot our level T irmu-
i center were cataloged for each patient, The traumatic CT
Inw categorized as minor_or majar, Minor
findings were defined as those that did not change clinigal
management while major (indings were defined as those that
did change clinical management. Changes in clinical manage-
ment were defined as the need for any of the following:
surgery. emergent bedside procedure (chest tbe placement),
bload transfusion, prolonged immobilization {C-spine
precautions), and unanticipated admission to intensive care
unit. The elapsed time from the paticot's arrival in our emer-
geney department to completion of the subsequent CT exam-
inations was also recorded,

CT technique

CT examinations performed on the trauma patients at the
outside hospitals varied by body region, manufucturer, tech-
nique, and use of intravenous contrast material, None of the
patients underwent whole-body CT scanning (“pan-scan-
ning”) at the outside hospitals, All CT examinations that
oceurred at our level 1 trauma center were performed on 16
wr 64 slice multidetector machines (Generl Electric). Per the
trmuma protocal, o “complete” standard traoma imaging pro-
tocol consisted of CT examinations of the head, cervical sping,
thoracic spine, lumbar spine, chest, abdomen, and pelvis plus
radiographs of the chest and pelvis. CT images were acquired
in helical mode in the axial plane and displaved at S-mm
collimation for CT examinations of the bead, chest, abdomen,
and pelvis and at 1.25-mm collimation for CT examinations of
the cervical, thoracie, and lumbar spine, [mages were
reformatted at 2.5 mm in the sagittal and coronal planes. In
patients who received intravenous contrast material, bolus-
tracking soltware (SmantPrep) was used 1o intravenously in-
jeet 125 mlL of topamidol (370 me/mL) (Isovue-370, Bracco
Diagnostics, Princcton, NJ). Administration of 1V contrast
material was given at the discretion of the trauma service
and not all the patients received IV contrast material: reasons
for not giving IV contrast material included renal d ysfunction,
allergy, and low clinical suspicion for significant mjury.

Imuige review
CT examinations performed oo the trauma patients at the

s e a . .
oulside_hospitals were sent to our nstilution on a compact
disk and arrived at the time of paticnt transfer. The outside CT

examinations were immediately loaded into our institution s
it et Sodscat b it

by a CT technologist stationed in the CT seanner in the
emergency department. A written interpretation report from
the transfer institution was not included with the oorsile CT
xpminations. The participating rachiologists at our mstitution
communicated interpretations of the outside CT examinations
by phonc or by typing a summary of the findings in the on-
screen text box of our PACS, All of the CT examinations
performed that were uploaded from the outside hospital or
performed at our level T trauma center were of diagnostic
quality; these uploaded examinations were displayed and
reviewed using our institution’s PACS, The _radivlogist
reviewing the CT examination ws able to wanpally seroll
and adjust the window and level as needed. All CT examing-
tions were reviewed by a 5ubaptcirfly' radiologist, and a
formal written report was generated for examinations per-
formed at our institution,

Medical record review

The electronic medical recond for cach transferred trauma
patient wis searched at the time of transfer by the Interpreting
subspecialty radiologist. The patient's history and physical
exarmination findings were thorughly reviewed to assess for
evidence of any suspected injury of' a body part that was not
scanned during the patient’s initial CT examination. Each
patient’s injury severity score {ISS) was determined. If the
patient’s history or physical examination was noted to be
clinically conceming for a potential injury of a body part that
had not been already scanned, the patient was no longer
flagged for inclusion in the study. If the electronic medical
record did not indicate clinical concem for an injury of a body
part that was not initially scanned, the patient was included in
the study. The electronic medical record of each patient was
also reviewed at least | month after the patient’s trauma
transfer to our institution to assess for any missed injurics:
we specifically searched discharge summarnics and checked
for any readmission notes. If additional imaging was per-
formed during the follow-up period, we compared the find-
ings with our CT interpretations to assess for any potential
missed or occult injurics,

Exclusion eriterin

Trauma patients who did net undergo CT imaging of at least
one of the following body parts prior to being transferred to
our main level T trauma center were excluded from the study:
the head, neck, spine (cervical, thoracic, or lumbar), chest,
abdomen, and pelvis. Trauma patients who had conceming
physical examination findings for a body region that was not
included during their initial CT examinations at the outside
hospital were excluded from the study. Trauma patients for
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whom the initial CT examinations from the outside haspital
were not available for review were excluded from the study.

_ - 5/} CT—‘G b
,/E'lf }aff & if /’p

A total of 132 transferred trawma patients were identified, and
101 et inclusion criteria, OF the 101 patients, 42 {41.6 %)
were women and 58 (58.4 %) were men. Patient ages runged
from 19t 106 vears, with a mean of §9,7 years, The avenige
Glasgow coma scale score was 14,85, and all of the trans-
ferred patients were deemed “level 2™ traumas, indicatin i mled
severity of injury. The average 1SS was .93 frange 1-16), OF
the 101 patients in our study, 65 presented after pround level
fall, 2 presented after falling from a height (8 and 10 ft.), 25
presented after motor vehicle crash, and 9 presented after
assault, The total number of additional CT examinations gen-
crated by following the CT trauma protocol was 481 (an_
average of 4.75 per patient) distributed amang cight types of
LT (Table 2), OF these 481 CT examinations, 474 (98.5 %)
were considered to be negative (no traumatic Tindings), 7
(1.5 %) revealed minor troumatic findings, and none (0 %)
revealed major traumatic findings (Table 3), The seven CT
examinations with mino i cvealed four

Results

atic_findings
(57.1 %) nondisplaced rib fractures, one {14.3 %) subcutine.
ous Tlank bematoma (4 cm). and two (28.6 %) nondisplaced
trnsverse process fractures of the lumbar spine (Table 43, For
the seven CT examinations that revea ed clinically unsuspect-
ed minor trauma, six occarred in patients presenting after
ground level fall and one oceurred in a patient presenting after
a mator vehicle crash., The average time elapsed from the
patients’ initial CT examinatign to the CT examination per-,
Tormed in our depariment alter trns et was 216.9 min (3.6 hy,
nm,'s_tk_'gﬂ_m_ﬁﬁ.mw_ -

CTI C-—__.__.;. v CTZ

Sl

Discussion

To our knowledge, our study is the first 1o quantify CT ovenuti-
lization in paticnts transierred afler minor trauma as a

e

Table I Distnbutson of

CT examinations gerer- CT type Nurtiber (% of toml)

ated from trouma imog-

ing protoco] by beudy part Chest R (168 %4)
Abdomen B4 (17.5 %)
Pelvis E3{173 %)
Head TiLS %)
Cervical spine 36 (7.5 %)
Thorwe spme 940195 T
Lurhar spine Q5 (195 %0)
Facial bone 112 %6}
Total AR (104 %5)
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consequence of fullowing a standad trauma imaging protocol.
Atour institution, the standand trauma imaging protocol consists

covering the bead, entire spine (cervical, thormcic, and lumbar),

chest, abdomen, and pelvis, This protocol is applied essentially 1o
all hemodynamically stable patients who arrive with a stated
history of “trauma,” regandless of severity, While this standard
imaging protocol his undoubledly decrensed morhidity and mor-
tality for some patients, we believe that its preatest utility lies in
the rapid evaluation of severely injured patients in whom medical
history and physical examination may be extrenely compro-
mused or unavailable [21, 22), In these cases, CT provides
diagnostic information that is vital 10 triage and the initiation of
treatment [23]. Additionally, CT plays o eritical role in the
evaluation of patients with a benign physical examination but
in whem there is significant history or mechanism of injury. An
example is the patient presenting after blunt abdominal rauma
for whom the physical examination is unrevealing, Studics have
indicated that occult abdominal and pelvic injurics are found in
approximately 10 % of patients fitting this clinical scenario and
that these injurics would change clinical management in approx-
umiately 6 %% [24),

In the context of these clinical situations, there is rtionale
fur establishing and abiding by a standard trmuma imaging
protocol. When the Amenican College of Surgeons set forth to
formalize trauma care, its main objective was to reduce the
morbidity and mortality of trauma patients [25, 26]. A com-
ponent of this formalization includes dingnostic i ging,
With the cvolution and success of CT in trauma diagnosis, it
1s 1ot surprising that many trauma centers nationwide devel-
oped a standard approach for acquiting multiple CT examina-
tions in each patient. In fact, many centers employ whole-
body CT or pan-scanning. While whole-bady CT has not yet
been definitively shown to improve survival of blunt force
trauma patients, it hus been shown 1o deerease triage time in
the emergency department [27, 28], These successes have
solidified the central role of CT in evaluation of the trauma
patient. However, it is possible that the comprehensive nature
of some standard imaging protocols is due to a desire to offset
malpractice Hability (29, 30]. Indecd, one may speculate that
the aveidance of liability may have partially been a factor for
fulfillment of the standard trauma imaging protocol in our
study, Particyly arprised by the relatively long
average length of time clapsed (3.6 h) between the puaticuts”
initial CT examination and the additional CT examinations
required to complete the standard trmuma inaging protocol,
Simee the minor trauma paticnts teained hemedynamically

: of chest and pelvic rdiography plus seven CT examinations

stahle during these notdevelop anv-complaints
or physical examination findings to suggest additional inju-
ries, It seems that o ribile cro-absopart. of

ecision analysis to procead with the additional imaging,
- We have found that the CT examinations generated by
fulfillment of the standard trauma imaging protocol viclded
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Table 3 Truuma presentation, CT distribution, ard injury eatcgonics
Mechanism of presenting tauma Number of patients  Number of CTs generated  Nurmber of CTi showing Nurmber of CTs

Yo of ttal pattentsd (% of total CTs) minor injunes (%o of tetal CTk) showing major injuries
Crooumad Bevel fall 64 {634 45) I (B6.T %) 61,2 %) i}
Fall from heipht 2{2 %) R ilih i 1]
Motor vehicle crash 25 (248 %) T (216 %5 1 (2 %) {l
Assauli GRS 90} 45 (475 %) 0 ]
Tartal 114 ART (100 15 T(L5%) 1t

very fow unexpected clinical findings, In fact, only 6 of 10]
patients were found to have unsuspected acute injuries. Addi-
tionally, these injuries were not clinically significant, as the
clinical management of the patient was not altered by aware-
ness of these injunies. Since the occult injuries discovered by
the additional CT examinations did net contribute to maortality
or morbidity, we feel that the additional imaging could have
been omitted for the patients in our population. Rather, we
propose that the deeision (o pursue additional CT imaging in
transferred minor trauma patients be based on the results of the
patient’s history and physical cxamination [31]. In our popii-
lation, none of the patients declared pain or injury to the body
parts that underwent scanning as part of the standard trauma
imaging protocol. Additionally, there was no documented
abnonmality of the subsequently imaged body parts during
the physical examination, Based on the results of our study,
we feel that the clinical yickd gained from the additional CT
examinations does not justify the added financial cost and
radiation burden,

While we acknowledge the utility of following a standard
trauma magng profocol i oy ehnical siuations, we be-
lieveal The decision analysis for consideration of further
ilrﬁgjng ot 1he stab] [ i i 100

fraLgma o PR,

i ) =
ima pabients indiTered 1o our

mstitution underwent an additional 3.5 CT examinations T
to Talfillment of the standand Tratima magimg protocol, From a
puficnt perspective, medical imaging, particulardy CT., com-
prises the | centape of mdiation exposure by individ-
In our study, since most patients

Table 4 Climcally unsuspeeted injusies foumd on CT examinations gen-
emated hy trauma protocal imaging

Injury type Mumber (%5 of tetal)
Mondisplaced nb fractures 4 (57.1 ™)
Subrutaneous Mank hematoma 11143 %0)
Nondisplaced transyemse process fracture 2 {286 %)
Total T {100 %)

underwent evaluation for head injury during the initial CT
examination, the most common combination of CT examing-
tions incurred after transfer was of the chest, abdomen, and
pelvis, “JMEWMWT

paticnt, the csti

» For most of the patients in
this study, these 21 mSv accounted for approximately 75 % of
the paticnts’ total CT radiation dose. This caleulation is based
on the average effective doses of the head and cervical sping
CT 10 be 2 and 8 mSv, respectively; since the thoracic and
lumbar spine CT examinations are reconstructed from the
existing chest and abdominal CT data, there is no increased
radiation dose from reconstructing those images once the
chest, ubdomen, and pelvis imaging is completed, Additon.
ally, although the reported cost of CT wvaries widely, the
estimated cost associated wilh the additional €T examinations
in fmnslerred patients accounts for a significant portion of the

total 1maging expenditure,

T Our study 15 Timmited By the retrospective design and rela-
tively small number of patients, The number of affected
transterred truma patients during our study period is felt to
be underrepresented since three of the radiologists in our
section did not participate in the study. Additionally, the
participating radiologists covercd the emergency departiments
tor 14 hiday, leaving a 10 h period when potential transferred
patients would not have been enrolled in the study. Another
limitation is that & patient’s injury may have been missed
during our CT interpretation or during our retrospective re-
view of the patient’s clinical medical record, To counteract this
possibility, we performed an additional review of the patients’
medical records ot least 30 days after the date of their transfer
to our facility, During this additional review, we scarched both
the subsequent imaging and clinical records for evidence of
missed or oecult injury that was not identified during the first
review, Finally, this study is limited since it represents the
experience of a single level 1 trauma center. Therefore, our
results may not be able to be extmpolated o other fucilities”
practices. Since some institutions may not cogage in the
practice of standard trauma protocol imaging, CT averutiliz-
tion may not be an issue for their trinsfered trauma patients,

ﬂ Springer
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Conclusion % Andenon SW, Lucey BC, Rhea JT, Solo JA (2007) 63 MUCT in
multiple trawma patients: imaging manifestitions and clinical impli-

. woicha s : cations of active extravasation, Emerg Radiol 14:181- 159
I summary, our study indicates that the additional CT exam- 10, Broder 1, Warshauer DM (2006) In:ri,m-"g wtilization of computed

inations generated by following a standard trauma imaging - tomagraphy in the adult emergency department, 2000-2005. Emerg

protocol lead to CT overutilization in patients transferred for Radiol 13:25-30

miner trauma. The increased number of CT examinations df{l‘f’ LAL: --mln; ‘I:I]._ .Im‘:n.w;d[.\'-_'. !ic!]l"ncll IlH.hSaIuhur_r SR, Forman 1P

G, e + 3 2 ; 2 “13;.. 1) Mutional tremds in €T use in the cmergeney departiment:

not increase chmrml.l yu:ld_ in this population ul‘pancqls. \\,_'t:h 2 19952007, Radiokogy 258:164-173

this knowledge, it is possible that the current trauma imaging Blackmore CC. Mecklenbusy RS, Kaplan GS (201 1) Effectivencss of

protocol can be revised to curtail the overutilization in trans- chinical decision support m controlling inappropeiate imaging. J Am

ferred trauma patients in whom clinical suspicion for occult ol fidinl B35 .

injury is low, We propose that the decisi e foske M), Applegate KE, Boylan J, Butler PF, Callahan M1,
ury ¥ iF'I‘ PO < ‘-Ic’-“"" 1o F”""”*-I' ; Coley BIY, Forley S, Frush DP, Hernane-Schulman M,

beyond the patient’s mitial assessment is based on obtaining poaramillo D, Johnson ND, Kaste SC, Mormison G, Strauss

a thorough history, correlating to the mechanism of injury, and KJ {2008} Image Gently(5ME o national education and com-

performing a meticulous physical examination, We feel that

the radiologist should play a more central part of the decision

munication campaign w sadiolngy using the science of social
matketing. 1 Am Coll Radiol 512041205
Qﬂ:muﬂ KJ, Goske M), Kaste SC, Dulas [, Frush DP Hutler i

making prior to performing additional CT examinations and Musrison G, Collahan M, Applegate KE (2000 Image Gently: ten
establishing institutional scan policies. We believe that open steps you con tahe to optionice mmage quality and lower CT dosc for
discussion with trauma services regarding current standard pediatnic patients. AJR Am J Rocntgenial 194:868-873
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#ley MF, Gunn ML, Robinson 1D (2013) Transfer patient
maging: current stius, review of the literature, and the Harbor iew
expenience. J Am Coll Radiol 10:361-367
7 Rohinson 1D, McNecley MF (2012) Transfer patient imaging: a

protocols and future appropriation of imaging may lead to
improved patient care by means of decreasing radintion dose,
triage time, and overall cost. Future prospective studics will be
needed to comoborate our results and to further determine thef
clinical parameters that may obviate the need for additional
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