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Abstract—The relationship between information and
ommunication technology (ICT) and trauma work co-
rdination has long been recognized. The purpose of the
tudy was to investigate the type and frequency of use of
arious ICTs to activate and organize trauma teams in
evel I/II trauma centers. In a cross-sectional survey,
uestionnaires were mailed to trauma directors and cli-
icians in 457 trauma centers in the United States. Re-
ponses were received from 254 directors and 767 clini-
ians. Communication with pre-hospital care providers
as conducted predominantly via shortwave radio

67.3%). The primary communication methods used to
each trauma surgeons were manual (56.7%) and com-
uterized group page (36.6%). Computerized group page
53.7%) and regular telephone (49.8%) were cited as the
ost advantageous devices; e-mail (52.3%) and dry erase
hiteboard (52.1%) were selected as the least advanta-
eous. Attending surgeons preferred less overhead pag-
ng and more cellular phone communication than did
mergency medicine physicians and nurses. Cellular
hones have become an important part of hospital–field
ommunication. In high-volume trauma centers, there is

need for more accurate methods of communicating
ith field personnel and among hospital care
roviders. © 2006 Elsevier Inc.

Keywords—Communication technology; Trauma cen-
er; Team activation; Field communication
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21
INTRODUCTION

n a trauma center, preparation for patient arrival and
ctivation of trauma teams in response to the expected
rrival of injured patients are heavily reliant on informa-
ion and communication technology (ICT). Key data
bout a patient during transport include estimated time of
rrival, description of the patient’s condition, and mech-
nism of injury. The timely acquisition of these data is
ritical for preparation and efficient use of resources at
he receiving trauma center. Dissemination of timely and
ccurate information between pre-hospital care providers
nd the trauma team is needed for the mobilization of
ppropriate trauma team members to ensure effective
are. Telecommunication technology has played an im-
ortant role in transmitting pre-hospital information for
ecades (1). Today, hospitals are testing and implement-
ng a variety of new ICT, such as global positioning
ystems and image telemetry, to improve information
ow and enhance coordination of resources (2–5). Sim-

larly, advances in communication within the hospital
ill help clinicians to manage interruptions and improve

eam coordination (6,7).
Data on current status of ICT implementations may

ssist design and deployment of new ICT. This article
eports the results of a cross-sectional survey of ICT in

February 2005;
D: 18
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22 Y. Xiao et al.
ajor trauma centers in the United States. We focused on
he use of ICT in activating and organizing trauma teams,
nd clinicians’ assessment of several core ICT devices.
dditionally, we assessed pre-hospital patient informa-

ion, including updates available to trauma teams before
atient arrival, accuracy of communications received,
nd then compared usage patterns between high- and
ow-volume trauma centers.

MATERIALS AND METHODS

ata Collection

e visited 14 trauma centers to develop a deeper under-
tanding of the information technologies used in trauma
are. During each visit (lasting 1 or 2 days), the facilities
n trauma centers were visited and patient admissions
ere observed for 1 to 3 h. Finally, interviews were

onducted with trauma directors, coordinators, and cli-
icians. Based on the interviews, observations, and in-
ormation gathered from documentations provided, we
eveloped two surveys—one for trauma directors and
ne for trauma clinicians.

The trauma director survey was designed to collect
nformation about communication methods with pre-
ospital care providers and among trauma team mem-
ers. The survey collected patient information available
o the trauma team and identified related activities that
ake place before a patient’s arrival and communication
evices used in the trauma center. Their responses were
athered in a “yes/no” format, with an area in which
espondents could list devices not among the 10 men-
ioned in the survey. The survey also asked trauma
irectors to assess the accuracy of estimated time of
atient arrival within 5 min, the accuracy of information
eceived from field care providers, and the adequacy of
nformation disseminated to trauma team members.
hese items were measured by a Likert scale ranging

rom 1 (not at all) to 5 (to a great extent).
The trauma clinician survey targeted trauma staff

irectly involved in trauma patient care: emergency phy-
icians (EPs), anesthesiologists, surgeons, residents,
urses, technicians, paramedics, dieticians, pharmacists,
nd medical students. The trauma clinicians were asked
o select three of the most beneficial and three of the least
eneficial communication devices used to coordinate
rauma care from among 10 listed devices. A fill-in area
as provided for devices not mentioned in the survey.
A list of all level I and II trauma centers in the United

tates was compiled by first searching the health depart-
ent and emergency medical services (EMS) web pages

ublished by all 50 states and the District of Columbia.

here possible, we relied on those web pages for indi- a
ation of trauma center level designation according to the
merican College of Surgeons (ACS). When the ACS
esignation could not be determined in this way, indi-
idual state EMS directors or state trauma system direc-
ors were contacted to obtain designation methods (ACS,
tate, or self). A total of 457 trauma centers (207 level I
nd 250 level II) were identified. After the list was
eveloped, every trauma center in the sample was con-
acted directly to verify status and contact information.

The survey packages were mailed to 457 level I and
evel II trauma centers in May 2003. A random 4-digit
umber generated by a third party uninvolved in the
esearch was assigned to each trauma center to blind
espondent identity. The trauma clinician surveys were
ent to the trauma coordinator of each center who was
sked to hand out one to each of the clinical positions
escribed above. A self-addressed and prepaid reply
nvelope was attached to each survey, and participants
ere instructed to return the survey directly to the re-

earch team to ensure confidentiality. Five weeks after
he first mailing, a second mailing was sent out to
on-respondents.

nalysis Approach

n addition to descriptive statistics, we compared ICT use
y six geographic regions (northwest, north central,
ortheast, southwest, south central, and southeast) and
our levels of trauma admission volume: low (� 500),
oderate (500–1000), high (1001–2000), and highest (�

000). The accuracy of communication was analyzed
ased on trauma admission volume and use of ICT. The
sefulness of ICT as perceived by clinicians was ana-
yzed by clinical roles. Student’s t-test, chi-squared test,
nd analysis of variance were used to determine statisti-
al significance.

RESULTS

f the 457 identified level I and II trauma centers, seven
enters stated they were no longer trauma centers and
herefore were dropped from our study. Of the remaining
50 centers, we received responses from 300, giving us
66.7% center-level response rate. The response rate of

rauma directors was 56.4% (254/450), and the response
ate of trauma clinicians was 46% (207/450, from 767
linicians). Table 1 presents the numbers of level I and II
rauma centers identified for the study and the response
ate by state. The responses in this study represented all
tates of the country with the exception of Alabama,
rkansas, Hawaii, Idaho, Kentucky, and Vermont. To
ssess potential response bias, the number of trauma
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Communication Technology in Trauma Centers 23
enters in this study was compared with that in a recent
ational trauma center study (8). Our list of 450 trauma
enters and the directory of 453 trauma centers compiled
y the American Trauma Society (ATS) Trauma Infor-
ation Exchange Program (8) include the same number

f trauma centers in 23 states (45.1%), are different by
ne or two centers in 24 states (47.1%), and are different
y more than three centers in only 4 states (7.8%).

The largest groups among the 767 trauma clinicians
esponding to the survey were nurses (n � 263), attend-
ng surgeons (n � 155), and attending emergency phy-
icians (n � 106), together comprising 68.6% of trauma
linician survey respondents (Table 2). The responding
enters reflected known trauma center distribution, with
he north central (29.9%) and northeast (27.2%) regions
orming the largest groups (Table 2). About half (50.7%)
f the trauma centers had 1000 or more trauma admis-
ions during the most recent fiscal year. More than 1700
atients per year on average were admitted to level I
rauma centers, whereas an average of 800 patients were
dmitted to level II trauma centers during the most recent
scal year. A majority (76.8%) of trauma patient admis-
ions were direct admissions from the scene of trauma.

CT Devices Used for Communication

he majority of field communication with pre-hospital
are providers was through shortwave radio (67.3%)

able 2. Characteristics of Respondents and
Trauma Centers

Characteristics Total (%)

espondents*
Trauma directors 254
Trauma clinicians 767

Attending surgeon 155 (20.3)
Attending anesthesiologist 45 (5.9)
Attending emergency physician 106 (13.9)
Nurse 263 (34.4)
Nurse practitioner 32 (4.2)
Resident 63 (8.2)
Technician 44 (5.8)
Other 59 (7.7)

egion**
Northwest 18 (7.1)
Southwest 37 (14.6)
North central 76 (29.9)
South central 18 (7.1)
Northeast 69 (27.2)
Southeast 36 (14.2)
umber of trauma admissions in the past year**

� 500 31 (19.1)
500–1000 49 (30.2)
1001–2000 57 (35.2)
� 2000 25 (15.4)
able 1. Number of Level I and II Trauma Centers and
Response Rate by State

State
No. of trauma

centers

No. of trauma
centers

including
responses of

trauma
directors (%)

No. of trauma
centers

including
responses of

trauma
clinicians (%)*

labama 1 0 (0) 0 (0)
laska 1 1 (100) 1 (100)
rizona 8 5 (63) 3 (38)
rkansas 0 N/A N/A
alifornia 41 22 (54) 14 (34)
olorado 11 4 (36) 7 (64)
onnecticut 9 5 (56) 6 (67)
elaware 2 2 (100) 1 (50)
istrict of
Columbia

3 1 (33) 1 (33)

lorida 18 11 (61) 4 (22)
eorgia 9 7 (78) 5 (56)
awaii 1 0 (0) 0 (0)

daho 0 N/A N/A
llinois 54 26 (48) 19 (35)
ndiana 5 3 (60) 3 (60)
owa 11 6 (55) 6 (55)
ansas 4 0 (0) 2 (50)
entucky 0 N/A N/A
ouisiana 2 1 (50) 1 (50)
aine 3 1 (33) 2 (67)
aryland 6 4 (67) 4 (67)
assachusetts 5 3 (60) 2 (40)
ichigan 13 7 (54) 6 (46)
innesota 7 4 (57) 2 (29)
ississippi 6 4 (67) 4 (67)
issouri 18 10 (56) 10 (56)
ontana 3 1 (33) 2 (67)
ebraska 5 2 (40) 0 (0)
evada 2 2 (100) 2 (100)
ew Hampshire 5 2 (40) 1 (20)
ew Jersey 10 8 (80) 4 (40)
ew Mexico 1 1 (100) 1 (100)
ew York 44 21 (48) 15 (34)
orth Carolina 8 6 (75) 5 (63)
orth Dakota 6 5 (83) 2 (33)
hio 21 11 (52) 10 (48)
klahoma 3 1 (33) 1 (33)
regon 7 4 (57) 3 (43)
ennsylvania 24 15 (63) 16 (67)
hode Island 1 1 (100) 1 (100)
outh Carolina 7 6 (86) 6 (86)
outh Dakota 2 2 (100) 2 (100)
ennessee 9 4 (44) 4 (44)
exas 19 12 (63) 9 (47)
tah 4 3 (75) 2 (50)
ermont 1 0 (0) 0 (0)
irginia 6 5 (83) 4 (67)
ashington 10 7 (70) 6 (60)
est Virginia 3 1 (33) 1 (33)
isconsin 4 2 (50) 3 (74)
yoming 7 5 (71) 4 (57)

otal 450 254 (56) 207 (46)
Number of individual respondents.
* Number of trauma centers.
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24 Y. Xiao et al.
Table 3). Cell (including satellite) phone (32.7%) and
egular telephone (32.3%) were the next most frequently
sed devices for this communication. The majority of
rauma centers (76.4%) alerted their trauma team mem-
ers of an incoming patient using a computerized group
age. By contrast, the regular telephone (70.1%) was
sed predominantly to notify the operating room staff of
n impending surgery. The most often used communica-
ion methods to reach the trauma surgeon were manual
age (56.7%), regular telephone (39.4%), and computer-
zed group page (36.6%).

Table 4 compares most frequently used ICT devices
y admission volume. The low-volume trauma centers
ith fewer than 500 trauma admissions annually used

ell phones significantly more frequently than other
rauma centers to communicate with pre-hospital care
roviders (p � 0.03). The low volume trauma centers
mployed the computerized group page to alert the

able 3. Use of Information Technology for Communication

Computerized
page*

Manual
page**

Shortwave
radio te

ield communication with
pre-hospital care
providers

5.5 2.0 67.3

lerting the trauma team
of an incoming patient

76.4 22.0 3.1

otification to the trauma
team for a trauma
consult

18.5 62.2 1.2

otification of an
impending surgery to
operating room staff

34.3 19.3 1.2

ethods to reach the
trauma surgeon

36.6 56.7 1.2

All team members paged at once.
* Individual members paged one at a time.
Respondents were asked to check all IT devices being used i

able 4. Most Frequently Used IT Devices for Communicati

No. of trauma
admissions

Field
communication

with pre-
hospital care

providers

Alerting the trauma
team of an incoming

trauma patient

N
th

Radio
Cell

phone*
Computerized

page*
Manual
page*

M
p

500 64.5 51.6 54.8 45.2 4
00–1000 63.3 30.6 83.7 18.4 7
001–2000 68.4 29.8 77.2 24.6 5

2000 68.0 24.0 88.0 8.0 6
p � 0.05.
Respondents were asked to check all IT devices being used in their
rauma team significantly less than higher volume trauma
enters (54.8% vs. 83%, respectively, p � 0.01) and to
each the trauma surgeon (19.4% vs. 41.6%, respec-
ively, p � 0.04). No differences were found in terms of
se of a shortwave radio for communication with pre-
ospital care providers among the six regional groups (p

0.38). However, the use of cell phones was signifi-
antly higher in the north central and northwest regions
han in other regions (p � 0.05).

nformation and Activities Available to Trauma Team
efore Patient Arrival

ge, gender, vital signs, and mechanism of injury were
atient information mostly available to the trauma team
efore patient arrival at the hospital (Table 5). Triage
evel and treatment performed at site or during transport

254, %)

r
e

Cellular
phone

Overhead
page

Cordless
house
phone

Electronic
signage

Dry erase
whiteboard E-mail

32.7 2.4 10.6 0 0.8 1.6

7.1 33.9 5.5 0.8 1.2 0

7.1 9.4 7.1 0.8 0.8 0

5.5 9.4 7.5 0.8 0.4 0

11.4 9.1 3.1 1.6 0.4 0.4

trauma centers.

Trauma Admission Volume† (%)

tion to
a team

auma
ult

Notification of an
impending surgery to
operating room staff

Methods to reach the
trauma surgeon

Regular
phone*

Regular
phone

Computerized
page

Computerized
page* Manual page

51.6 71.0 22.6 19.4 61.3
34.7 67.3 40.8 30.6 69.4
8.8 66.7 36.8 42.1 54.4

12.0 68.0 32.0 52.0 44.0
† (n �

Regula
lephon

32.3

16.9

29.1

70.1

39.4
on by

otifica
e traum
for a tr

cons

anual
age

5.2
3.5
6.1
4.0
trauma centers.
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Communication Technology in Trauma Centers 25
ere available at, respectively, 55.9% and 63.8% of
esponding trauma centers.

Over half of the responding trauma centers reported
hat trauma teams were able to receive updates of patient
ital signs during patient transport. The activities using
ther ICTs, such as viewing of the patient on scene and
axing of any patient information from pre-hospital care
roviders, were not frequently available (Table 6).

ccuracy of Communication

he respondents perceived that field care providers pro-
ided more accurate estimated time of patient arrival and
ore accurate reports on mechanisms of injury in low

olume trauma centers than occurred at higher volume
enters (p � 0.01). Although the extent of injuries re-
orted by pre-hospital personnel was thought to be more
ccurate in low-volume trauma centers, it was not statis-
ically significantly different than in higher volume cen-
ers (Table 7). The information from field care providers
as widely disseminated in trauma centers with low

dmission volume, but the difference compared with
igher volume centers was not significant.

Use of a cell phone was associated with more accurate
nformation regarding the estimated time of patient ar-
ival and mechanism of injuries compared with use of
CT devices other than cellular phone (p � 0.05)
Table 8).

ost and Least Beneficial Communication Devices

alf of the responding trauma clinicians indicated that a
omputerized group page (53.7%) and regular telephone
49.8%) were the most beneficial ICT devices for coor-
ination of trauma care (Table 9). In comparison, e-mail
52.3%) and dry erase whiteboard (52.1%) were selected
s the least beneficial devices.

able 5. Before Patient Arrival, Patient Information
Available to Trauma Team

Information n (%)

echanism of injury 236 (92.9)
ex 223 (87.8)
ge 206 (81.1)
ital signs 204 (80.3)
evel of consciousness 198 (78.0)
irway status 197 (77.6)

ntravenous access 170 (66.9)
reatments performed 162 (63.8)
riage level 142 (55.9)
The respondents were ambivalent about the value of
S

he overhead page: 32.6% of clinicians ranked it as
eneficial whereas 36% ranked it as least beneficial.
urther analysis of this finding showed that specialty
ifferences existed (Figure 1). As a group, attending
urgeons found the overhead page to be least beneficial
ompared with other clinicians (p � 0.00). In addition,
ignificantly more attending surgeons (56.1%) preferred
cellular phone for coordination than did anesthesiolo-

ists (40.0%), EPs (31.1%), and nurses (30.2%).

DISCUSSION

evices Used for Communication

his study found that radio was the most frequently used
ethod of communication with the field. The use of a

tatewide EMS radio system for direct field communica-
ion was present in 40% of the 35 states that participated
n the EMS technical assessment program in 1993 (9).
lthough the comparison of use of the radio system was
ot available at the state level, it has become more
ommon, as shown in this study that 67% of trauma
enters in 45 states use a radio system. Despite the
ncreasing popularity of cellular phones among consum-
rs, our study showed that only 33% of the trauma
enters used a cellular phone as a field communication
ethod. The cellular phone communications are a valu-

ble supplement to radio communication when channels
re overcrowded or communications are needed in cov-
rage of dead spots (10,11). Yamamoto compared fea-
ures of radio systems and cellular phones (12). The
ellular phone has more clarity, hands-free operation,
ultiple simultaneous transmissions, easier procedure to

nitiate communication, and lower cost of equipment/
aintenance. However, although cellular services may

e effective under many circumstances, cellular band-
idth can be easily overwhelmed in the event of mass

asualty incidents or catastrophes (10). For example, a
evel I trauma center in New York City experienced
ntermittent interruptions of telephone and cellular com-
unication after the 2001 World Trade Center attack

11). In downtime when cellular phones are over-

able 6. During Patient Transport, Activities Available to
Trauma Team

Activities n (%)

et updates of patient vital signs 150 (59.1)
peak to field care providers at any time 96 (37.8)
et single data points of vital signs by
voice or electronic means

79 (31.1)

btain FAX from field care providers
during transport

2 (0.8)
ee images of patient/scene 1 (0.4)
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26 Y. Xiao et al.
helmed, land lines are most available. However, avail-
bility of key personnel and time to make connection are
imiting factors. Hand-held shortwave radios are the al-
ernative of choice to cell phones.

The association between the use of cellular commu-
ications with the provision of more accurate informa-
ion is interesting. This study found that low-volume
rauma centers (� 500 admissions) relied as much on
ellular phones as on shortwave radios. We speculate
everal reasons why cellular phone usage was associated
ith more accurate information. First, cellular phones

llow duplex communication. Two parties can speak at
he same time, allowing one party to interrupt the other
12). Second, the voice quality may be better and reduce
he need for repeating information (13). Lastly, duplex
ommunication using cellular phones reduces the chance
f cutting the first few syllables of transmission, as may
appen with simplex, radio systems (14). Accurate and
imely information communication through reliable de-
ices would reduce preparation time for a facility to be
eady to care for the incoming patients (15). Also, it
ould decrease unnecessary transfers between hospitals
y immediately informing EMS crews about bed avail-
bility and diversion status (16).

The vast majority (76%) of trauma centers in our
tudy used a computerized group pager to alert the
rauma team. Activation of the trauma team is a time-
ensitive but straightforward activity with recognized
riteria for calling the team and requesting the presence

able 7. Perceived Accuracy of Communication by Trauma

No. of trauma
admission

Accuracy of estimated
time of patient arrival

within 5 min*

Accuracy of info
regarding mech
of injuries from

500 4.27 (0.74) 4.20 (0.71
00–1000 3.67 (0.99) 3.76 (0.66
001–2000 3.45 (1.01) 3.44 (0.99

2000 3.59 (1.04) 3.76 (0.66

p � 0.05.
Score range: 1 (not at all) to 5 (to a great extent).

able 8. Perceived Accuracy of Communication by Use of I

Use of IT
devices

Accuracy of estimated time of
patient arrival within 5 min

Accuracy of
mechanism

Radio Cell phone* Radio

o use 3.56 (1.04) 3.44 (1.11) 3.81 (0.
se 3.58 (1.09) 3.86 (0.94) 3.72 (0.
p � 0.05.
Score range: 1 (not at all) to 5 (to a great extent).
f specialists (17). Consistent with our findings, an Aus-
ralian national survey of trauma teams found that 61%
f trauma teams are activated simultaneously by their
ospital switchboard, and the remaining trauma teams
re contacted individually (17). In the current study,
ighest volume trauma centers relied heavily on comput-
rized paging to activate the trauma teams. Contacting
ach trauma team member individually will clearly be
lower than a group contact mechanism (18).

The survey results show that wireless, in-house two-
ay communication was not used widely. Two-way

ommunication systems can improve coordination.
erndt and colleagues showed that utilization of a two-
ay radio system for in-hospital trauma communication,

long with implementation of a pre-hospital trauma clas-
ification system, was efficient in shortening initial time
o complete evaluation of the trauma patient and reduced
osts of emergency care for these patients (4).

nformation and Activities Available before
atient Arrival

ccurate patient information, before patient arrival at the
ospital, allows the trauma team to prepare to receive
atients and to allocate space, staff, and equipment (19).
n our study, demographic data such as age and gender,
nd clinical information like vital signs, injury mecha-
ism, and airway status were commonly given to the

sion Volume, Mean (SD)†

n Accuracy of information
regarding extent of
injuries from field

Adequate dissemination of
information about an
incoming patient to

trauma team

3.50 (0.82) 3.67 (0.84)
3.43 (0.74) 3.43 (0.96)
3.12 (0.79) 3.30 (0.98)
3.29 (0.79) 3.00 (1.19)

ces, Mean (SD)†

tion regarding
ries from field

Accuracy of information regarding extent
of injuries from field

Cell phone* Radio
Cell

phone

3.64 (1.11) 3.35 (0.87) 3.27 (0.87)
3.97 (0.90) 3.31 (0.89) 3.42 (0.91)
Admis

rmatio
anism
field*

)
)
)
)

T Devi

informa
of inju

84)
88)
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Communication Technology in Trauma Centers 27
rauma team before patient arrival. In contrast, informa-
ion regarding triage level, treatment performed, and
ntravenous access was not commonly available.

hether such information is useful for the trauma team
ay depend on individual trauma center practices.
This study revealed that little usage of advanced in-

ormation and communication technology was reported
etween pre-hospital care providers and receiving
rauma team. For example, it has become increasingly
ossible to transmit images on videos directly from the
eld to trauma centers (20). Vital signs and other clinical
ndings may be digitally transmitted, reducing the need
or voice communication (21). Advanced information
ommunication technology via two-way voice, video,
nd data transmission may reduce the communication
orkload and interruptions, and improve dissemination
f key information and ultimately quality of patient care.
he relative cost of each device varies from lowest to
ighest for plain telephones, cell phones, simple short-
ave radios, etc. The complexity, cost reliability, robust-
ess for field use, and the added values of images in each
CT device remain to be justified by testing in multiple
urisdictions.

linicians’ Perception of Communication IT Devices

synchronous communication devices, where two indi-
iduals do not attend in a conversation at the same time,
uch as e-mail and dry erase boards, were not widely
sed, although they are less interruptive. An explanation
ay be that for busy, multi-tasking clinicians, commu-

ication devices must provide some confirmation that the
ommunication occurred. As Coiera and Tombs noted in
heir study of communication behaviors in a hospital,
ost care providers seemed to prefer an immediate ac-

nowledgement of the receipt of a message (22). This
cknowledgment in many hospitals is mainly possible

able 9. Most and Least Beneficial Communication
Devices for Coordination of Trauma Care
(n � 767)

Rank Most beneficial IT (%) Least beneficial IT (%)

1 Computerized group page
(53.7)

E-mail (52.3)

2 Regular telephone (49.8) Dry erase whiteboard
(52.1)

3 Cell or Satellite phone
(36.0)

Overhead page (36.0)

4 Overhead page (32.6) Electronic signage
(34.5)

5 Manual group page (26.5) Radio (21.8)
ith synchronous channels such as face to face or tele- F
hone but not with the available asynchronous channels
uch as e-mail or whiteboard (22).

We found it interesting that significantly fewer attend-
ng surgeons preferred overhead paging than did EPs or
urses. An explanation could be that emergency physi-
ians and nurses are mostly physically located in the
rauma unit or emergency department (ED), but attend-
ng surgeons usually are not. Clinicians in the trauma
nit or ED may use overhead paging as the first com-
unication method for requiring the quick presence of a

urgeon. Otherwise, they may use it as a supplementary
ethod of contact after paging a surgeon individually

nd waiting for a response. Surgeons indicated that they
referred cellular phone communication. They can ig-
ore pagers when they are overwhelmed by the sheer
olume of communication, and they might not want to
ave their overhead page broadcast through the hospital.

The survey findings reported here provide an inven-
ory of ICT used for communication and coordination in
rauma care. Clearly, variations in technology may be
elated to earlier design choices, the culture of a hospital,
ype and level of care provided, the overall communica-
ion load placed on individual care providers, state reg-
lations, and budgetary considerations (6,16). The effi-
ient use of ICT devices may reduce the communication
oads on clinical staff and the time involved in commu-
ication. These reductions may subsequently affect the
rocesses and outcomes of patient care. Further study is
eeded to examine the impact of the use of ICT devices
or communication on clinical outcomes.

The current study was unable to identify issues en-
ountered when each communication device was used in
clinical setting or the back-up system. Also, whether

ommunication technologies had an impact on trauma
atient outcomes could not be assessed, as outcomes
rom each trauma center were confidential and not ac-
essible for review. Further studies are needed to inves-
igate cost-effective communication devices and their
mpacts on patient care and outcomes.

Another study limitation is that the findings were
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28 Y. Xiao et al.
erived from the perception of trauma directors and
linicians, not from objective measurement. There may
e a gap between perception of trauma directors and
ctual use of ICT devices. However, the cross-sectional
urvey methodology used in this study allowed us to
each as many trauma centers as possible and to provide
detailed inventory of their ICT usage.
In summary, cellular phones were used by 25% to

0% of trauma centers, and seemed to be an important
art of hospital–field communication. Wireless two-way
oice communications were associated with improved
ommunication accuracy. Computerized group paging
as the dominant mode of trauma activation methods,
erhaps due to its simplicity and reliability. For high-
olume trauma centers, there was a general consensus of
eeding methods to improve accuracy of communication
ith the field and among hospital care providers.
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