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The Use of Wireless E-Mail to Improve Healthcare
Team Communication

CHRIS O’CONNOR, MD, JAN O. FRIEDRICH, MD, DPHIL, MSC, DAMON C. SCALES, MD, PHD,
NEILL K.J. ADHIKARI, MDCM, MSC

A b s t r a c t Objective: To assess the impact of using wireless e-mail for clinical communication in an intensive care
unit (ICU).

Design: The authors implemented push wireless e-mail over a GSM cellular network in a 26-bed ICU during a
6-month study period. Daytime ICU staff (intensivists, nurses, respiratory therapists, pharmacists, clerical staff,
and ICU leadership) used handheld devices (BlackBerry, Research in Motion, Waterloo, ON) without dedicated
training. The authors recorded e-mail volume and used standard methods to develop a self-administered survey
of ICU staff to measure wireless e-mail impact.

Measurements: The survey assessed perceived impact of wireless e-mail on communication, team relationships,
staff satisfaction and patient care. Answers were recorded on a 7-point Likert scale; favorable responses were
categorized as Likert responses 5, 6, and 7.

Results: Staff sent 5.2 (1.9) and received 8.9 (2.1) messages (mean [SD]) per day during 5 months of the 6-month study
period; usage decreased after study completion. Most (106/125 [85%]) staff completed the questionnaire. The majority
reported that wireless e-mail improved speed (92%) and reliability (92%) of communication, improved coordination of
ICU team members (88%), reduced staff frustration (75%), and resulted in faster (90%) and safer (75%) patient care;
Likert responses were significantly different from neutral (p � 0.001 for all). Staff infrequently (18%) reported negative
effects on communication. There were no reports of radiofrequency interference with medical devices.

Conclusions: Interdisciplinary ICU staff perceived wireless e-mail to improve communication, team relationships,
staff satisfaction, and patient care. Further research should address the impact of wireless e-mail on efficiency and
timeliness of staff workflow and clinical outcomes.
� J Am Med Inform Assoc. 2009;16:705–713. DOI 10.1197/jamia.M2299.
Introduction
Clinical communication in hospitals consists of information
exchanges between healthcare workers and includes face-to-
face conversations, telephone calls, and e-mail.1 Such ex-
changes are voluminous, often complex, and vital for patient
care. However, clinical communication is frequently inter-
rupted and of poor quality,2 leading to inefficiencies in care
delivery,3,4 preventable medical error,5–10 and frustration in
medical staff.4,11 These issues are particularly important in
an intensive care unit (ICU), which may have even more
interrupted communications than other healthcare settings12
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and where rapid and accurate communication is essential to
delivering safe patient care.2

Given these issues, optimizing clinical communication may
improve the quality of patient care. An ideal communication
tool would enable bidirectional, rapid, secure, and nondis-
ruptive transmission of content-rich messages. Current
hospital-based communication methods rely primarily on
numeric paging, which falls short of this ideal.13–15 Pro-
viders have attempted to mitigate these limitations in selected
clinical situations by implementing automated wireless alert-
ing systems using alphanumeric paging,16–21 user-initiated
alphanumeric paging of physicians,22 and wireless voice
systems.23 While offering some advantages, these systems
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lack bidirectional communication capacity (paging), user-
initiated messages (some alphanumeric paging systems), or
capability for non-simultaneous communication (voice).
One potential communication tool that may overcome these
limitations is real-time or push wireless e-mail, which has
been widely adopted in business.24

Our initial interest in wireless e-mail as an interdisciplinary
communication strategy arose from a critical incident at
the study hospital in which an intensivist was handling
multiple simultaneous (nonurgent) queries from nursing
staff while reviewing a chest radiograph for feeding tube
placement. He became distracted by these multiple tasks
and missed the radiographic diagnosis of intrapulmonary
feeding tube placement. In a community ICU without house
staff, situations of multiple competing time demands on one
physician provider are common, in our experience. Our
objective was to implement wireless e-mail to facilitate
communication among members of an interdisciplinary
healthcare team in a large community hospital ICU. At the
end of the implementation period, we developed and ad-
ministered a questionnaire to ICU staff to evaluate the
perceived impact of wireless e-mail on communication,
team relationships, job satisfaction, and patient care. We also
recorded the number of e-mails transmitted and received
during and after the study period.

Background
Communication Tasks in the ICU
Effective care of the critically ill patient requires communi-
cation among all participants in the patient’s care, including
physicians (intensivists, consultants, house staff in a teach-
ing hospital), nurses, pharmacists, respiratory therapists,
and other allied health personnel (physiotherapists, dieti-
cians, social workers).25–27 All these healthcare workers are
mobile, traveling both within and outside the ICU. The
traditional forum for patient assessment and interdiscipli-
nary communication is bedside rounds, which typically
occur at least once daily.28,29 However, substantial clinical
activity occurs outside of rounds: new patients are assessed
and admitted, patients who have recovered sufficiently are
discharged, current patients have ongoing care needs, and
care is transferred from one provider to another (for exam-
ple, between nurses when one takes a break). These clinical
episodes lead to interdisciplinary communication events, for
example, between nurses and physicians, between nurses, or
between nurses and respiratory therapists.3,12,30 Examples
include notification of a minor or major clinical deterio-
ration, planning for intrahospital transport for a test,
scheduling of a family meeting, or temporary transfer of
care.

Current Methods of Communication in the ICU
The substantial volume of communication generated by
acute patient care must be integrated into the workflow of
busy and mobile clinical staff.12,31–34 Commonly used com-
munication tools have significant limitations, integrating
poorly with clinical workflow and reducing healthcare team
effectiveness.35 The most prevalent of these tools, the nu-
meric pager, is limited by low information content. Paging

of healthcare workers has been reported to disrupt patient
care and teaching rounds.13–15 Although approximately one-
third of pages require a timely response and lead to a change
on patient care,14,15 traditional numeric paging offers no
triage mechanism, leading to frustration for clinical staff.11

Direct communication between healthcare workers by face-
to-face or telephone conversation results in rapid informa-
tion transfer, but misunderstandings may lead to errors in a
high-risk ICU environment.5–10 Factors contributing to ver-
bal miscommunications may include the requirement for
simultaneous attention of both parties for information trans-
fer (synchronous communication), which can interrupt clin-
ical activities already in progress, failure to accurately recall
the information in the conversation, and lack of specificity of
the actual message.2

Other methods of communication also have disadvantages.
Physician “ask lists” (written notes left at a patient’s bedside
or nursing station) may be difficult to locate and inappro-
priate for urgent messages. Overhead paging has limited
geographic reach, cannot communicate long or sensitive
messages, and may be disruptive to patients and staff.
In-person searches for staff members, even if successful, can
be time-consuming and may interrupt current tasks for both
parties. Desktop computer-based e-mail requires frequent
checking for new messages. Implementation of alphanu-
meric text paging systems has increased the information
content of messages and allowed for triage of message
urgency, but has not eliminated the need for direct commu-
nication between healthcare workers.22

A review of mobile healthcare information communication
technologies discussed devices to facilitate clinician access to
patient information, but did not consider technology to push
information to clinicians or allow interclinician communica-
tion.36 Similarly, we found no published reports of wireless
push e-mail in healthcare team communication. We searched
Ovid MEDLINE (1950�) on Mar 4, 2009 using the strategy
“exp Electronic Mail/and wireless.mp” and retrieved 3 rele-
vant citations discussing transmission of medical images37,38 or
recording of educational experiences.39 Although other stud-
ies have described automated wireless alerting systems
using alphanumeric paging,16–21 user-initiated alphanu-
meric paging of physicians,22 wireless voice systems,23 and
wireless personal digital assistants,40 we could find no
description of wireless e-mail communication among health-
care team members.

Rationale for Wireless E-Mail in the ICU
Several attributes of wireless e-mail make it well-suited to
healthcare communication: information-rich, specific, leg-
ible, and time-stamped messages can be sent almost
instantaneously to one or many healthcare workers. These
characteristics have been endorsed in reports of health-
care workers’ stated communication needs11,41 and in
feedback after implementation of alphanumeric text pag-
ing.22 Although notification of a new wireless e-mail by
sound or device vibration creates a brief interruption,
wireless e-mail itself does not require simultaneous com-
munication involving both parties. The handling of the
message content is therefore an asynchronous process and
less likely to disrupt the recipient’s current task compared
to synchronous communication tools such as telephone or

face-to-face discussion.1 The transmission of specific in-
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formation facilitates rapid triaging of messages, enabling
better organization of personal workflow. The informa-
tion in messages remains available for future review,
which facilitates accurate information transfer and subse-
quent inclusion in the patient chart. Finally, in our pre-
liminary experience, the recipient could often address the
issues in the message by responding with a return wire-
less e-mail. The rapid, accurate, and nondisruptive infor-
mation exchange via wireless e-mail makes it an attractive
communication tool in the information-laden environ-
ment of hospital patient care.

Methods
Setting
We conducted this study in a 26-bed medical-surgical ICU in
a community hospital in Mississauga, ON, Canada. The ICU
operated using an intensivist-led interdisciplinary team
model. The ICU, containing only individual patient rooms
and 2 nursing stations, is physically divided into two
geographic areas separated by approximately 150 m: one
20-bed unit and one 6-bed satellite unit. The area of the main
ICU is approximately 480 m2. The study population con-
sisted of 4 intensivists and 121 interdisciplinary staff mem-
bers (nurses, respiratory therapists, pharmacists, social
workers, unit clerks, and ICU nurse-leaders) who worked
daytime shifts. Night staff did not participate in the trial.
With the exception of respiratory therapists, who worked in
all hospital departments, staff members worked almost
exclusively in the ICU.

Baseline Communication Methods
Prior to study implementation, ICU staff members used
various communication methods, including receive-only nu-
meric pagers, overhead paging, physical searches for staff,
handwritten messages left in or near patient charts, and
e-mail, which required the use of the hospital e-mail system
(Meditech, Westwood, MA) and could only be accessed
using desktop computers. Intensivists acquired personal
wireless e-mail devices (BlackBerry, Research in Motion
[RIM], Waterloo, ON) at their own expense over a six-month
period before the start of the trial.

All baseline communication methods remained available
during the study period. ICU staff members were free to
choose the method of communication depending on the
clinical situation and could use several different methods if
needed. For example, the initial notification of a problem
could be via wireless e-mail with a preliminary response via
wireless e-mail followed by subsequent direct in-person
communication. We did not record usage data of baseline
communication methods before, during or after the study
period, but subjective experience suggests that all methods
were used throughout the study depending on the clinical
context.

Intervention
During the study, staff accessed wireless e-mail using
BlackBerry 7,290 handheld devices using cellular phone
frequencies (Global System for Mobile Communications
[GSM] 850/1900 MHz) with maximum power output of 2
W at 850 MHz and 1 W at 1,900 MHz. This wireless device
uses push technology to send e-mails without delay to the
recipient’s device, eliminating the need for users to log

into an account to check for new messages. In this study,
device vibration alerted users to the receipt of a new
message. Messages could be sent to one or multiple
recipients. A server encrypted all messages to ensure
secure message transmission and compliance with pro-
vincial and national privacy regulations. All devices were
password-protected, with a 1-hour time-out period, and
stored data could be remotely erased from any device by
an administrator in the event of loss. Because of these
security measures, there were no restrictions on the
inclusion of personal health information in messages. We
did not use other device functionality such as voice or
calendar capabilities.

We used wireless e-mail as our method for real-time push
text communication for the following reasons: (1) security
(as discussed above), (2) form factor: the selected devices
had a full character keyboard that facilitated text entry, and
(3) integration with hospital e-mail system: e-mails created
with the wireless device were also stored on the hospital
e-mail server. In contrast, other methods of text communi-
cation, such as text messaging from mobile phones (short
message service, or SMS), are limited by lack of encryption,
slow message creation using numeric key pads, and lack of
integration with the hospital e-mail system.

Devices were assigned to specific roles or to individual ICU
leadership staff. The former category comprised 28 devices,
distributed to bedside nurses (up to 19/daytime shift), the
charge nurse (n � 1), respiratory therapists (n � 2), social
worker (n � 1), pharmacists (n � 2), and unit clerks (n � 3).
These users received a specific device at the beginning of the
shift and returned it at the end of the shift. Six devices were
assigned to leadership staff members, who retained the
same device for the entire study period. This category
included clinical educators (n � 2), clinical leaders (n � 2),
ICU nursing director (n � 1), and ICU administrative
assistant (n � 1). Intensivists (n � 4) supplied their own
personal devices and cellular network access during the
study period. They could send orders to specific nurses by
wireless e-mail, which were transcribed into the hospital’s
paper chart.

Implementation
Prior to the study, we created an implementation group with
15 members representing all user types. The group met 4
times over 3 months before device deployment and devel-
oped policies regarding device use, message content, device
security and implementation.

We introduced wireless e-mail into the ICU on Aug 1, 2005
for a 6-month study period. Implementation group members
provided device training to ICU staff on an as-needed basis.
Devices were used during the day 7:30 am to 7:30 pm shift
only and charged at night.

Device Usage
We recorded the number of e-mail messages transmitted
and received during approximately 5 months of the 6-month
study period by reviewing the secure e-mail account asso-
ciated with each role-specific device. We also recorded
e-mail volume during a subsequent 5-month nonstudy pe-

riod (Jan 6, 2007–Jun 6, 2007). Specific times that messages
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were received and opened by the recipient were not avail-
able from the wireless service provider or the local wireless
e-mail server.

Questionnaire Development
We developed the questionnaire (see Appendix, available
as an online data supplement at http://www.jamia.org)
using standard survey methodology.42,43 We first gener-
ated survey items by searching MEDLINE (1966 to second
week October 2005) for papers on wireless communica-
tion in the hospital (search terms included e-mail, wireless
e-mail, BlackBerry, communication) and by conducting
semi-structured interviews with 12 ICU staff (nursing,
ICU leadership, pharmacy and respiratory therapy) and 4
ICU physicians. We developed content areas of interest
(domains) and specific questions (items) within domains.
Questions contained stems with ordinal response frames
using 7-point Likert scales, with 7 indicating the highest
level of agreement or most favorable response, 1 indicat-
ing the least favorable response, and 4 indicating a neutral
response. Three intensivists with methodology training
(NA, JF, DS) reviewed the instrument for redundant
items, face and content validity, comprehensiveness,
and clarity. A focus group of 17 ICU staff led by the
hospital patient safety director provided a similar review.
We then pretested the penultimate version using 11
members of the implementation group and 18 attendees at
an interdisciplinary staff meeting. Finally, we assessed
clinical sensibility of the final draft by administering it
to 5 ICU staff and obtaining feedback using a 6-question
instrument. The final questionnaire comprised 49 ques-
tions.

Questionnaire Administration
A unit clerk administered the questionnaire to ICU staff,
tracked respondents, and collected completed forms over a
5-week period (Dec 22, 2005–Jan 27, 2006). Completion of the
questionnaire was voluntary, and all responses were confi-
dential. We provided an incentive (Can $2 gift certificate for
coffee) for questionnaire completion. The hospital research
ethics board approved the study.

Data Analysis
We present e-mail usage data as the mean (standard devia-
tion, SD) number of messages transmitted and received
daily and survey responses as median (interquartile

Table 1 y Wireless E-Mail Device Usage Data

User Group

Daily Messages Trans

During Study
Period

Afte
P

All devices (n � 28; n � 29)* 5.2 (1.9) 3.4
Nurses (n � 19) 5.7 (1.5) 3.7
Unit coordinators (n � 3) 5.7 (1.2) 2.4
Respiratory therapists (n � 2; n � 3)* 5.0 (0.3) 2.3
Pharmacists (n � 2) 4.6 (0.9) 5.4
Social worker (n � 1) 1.7 (n/a) 2.5
Dietician (n � 1) 0.3 (n/a) 1.8

Values represent mean (SD) daily messages during 5 months of the
the study period (152 d from Jan 6, 2007 to Jun 6, 2007). Messages c
from desktop computers located at each patient’s bedside. p values
Abbreviations: n/a � not applicable; SD � standard deviation.

*There were 3 devices for respiratory therapists after the study period.
range, IQR) scores on 7-point ordinal Likert scales, unless
otherwise stated. We used t tests to examine for differ-
ences in the number of e-mail messages sent and received
during and after the study period. For each survey
question, we used the sign test to test the null hypothesis
that the median response equals 4, the neutral position on
the Likert scale. All p values are two-sided. We also col-
lapsed items on the Likert scales into categories representing
favorable (Likert � 5,6,7) versus unfavorable (including
neutral) responses (Likert � 4). Graphical representations of
our results were constructed. The small number of nonnurs-
ing respondents precluded reliable comparison of results
among healthcare disciplines. Calculations were carried out
using SAS 8.0 (Cary, NC).

Role of the Funding Sources
Research in Motion (RIM, Waterloo, ON) provided devices
for the study on an unrestricted basis. Rogers Wireless
(Toronto, ON) provided unlimited data communication
over a local GSM cellular network on an unrestricted
basis. After the study period, the hospital provided oper-
ational funds for ongoing wireless e-mail usage, but did
not have to pay for the devices. The funding sources had
no role in the conception, design, or conduct of the study;
collection, management, analysis, or interpretation of the
data; or preparation, review, or approval of the manu-
script.

Results
Respondents
Most (106/125 [85%]) ICU staff members who used the
devices during the study period completed the question-
naire; all available responses were analyzed. Respondents
included physicians (n � 4), nurses (n � 66), ICU leaders
(n � 4), RTs (n � 18), pharmacists (n � 2), social workers
(n � 1), and unit clerks (n � 9). Two respondents did not
report their occupation. Respondents had a median age of
37.5 (IQR 33, 43) years, with 11.5 (IQR 5, 16) years of
experience. Most respondents used home information tech-
nology such as a computer (96%), wireless network (45%), or
a laptop computer (44%). Home applications included e-
mail (95%), Internet (89%), and word-processing (74%). Prior
to the wireless e-mail trial, most respondents reported at least

(Mean (SD)) Daily Messages Received (Mean (SD))

y
p Value

During Study
Period

After Study
Period p Value

�0.0001 8.9 (2.1) 7.8 (1.2) 0.018
�0.0001 9.4 (1.4) 7.7 (0.6) � 0.0001

0.046 8.9 (1.3) 6.3 (0.6) 0.035
0.030 10.4 (0.3) 8.3 (2.2) 0.29
0.34 7.5 (0.4) 10.4 (0.2) 0.012
n/a 6.1 (n/a) 7.0 (n/a) n/a
n/a 1.2 (n/a) 6.7 (n/a) n/a

th study period (154 d from Aug 29, 2005 to Jan 29, 2006) and after
e received from other devices or though the hospital e-mail system
aring during and after study periods are calculated using t tests.
mitted

r Stud
eriod

(1.1)
(0.7)
(1.6)
(0.9)
(0.1)
(n/a)
(n/a)

6-mon
ould b

comp

http://www.jamia.org
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moderate familiarity with computers (62%) but not handheld
computing devices (31%).

Wireless E-Mail Use, Usability, and Impact
ICU staff sent 5.2 (1.9) and received 8.9 (2.1) messages (mean
[SD]) per day during 5 months of the 6-month study period
(Table 1). In a subsequent 5-month period, the volume of
messages sent and received decreased by 35% (p � 0.001)
and 12% (p � 0.018), respectively.

Respondents took a median of 2 (IQR 1, 2.5) shifts to
become comfortable using the devices, and only 4 (4%)
remained uncomfortable at the end of the trial. Overall,
respondents had positive perceptions of device usability,
impact on ICU communication, team relationships and
patient care, personal impact, and overall impact; these
perceptions were statistically different from the neutral
response (Table 2, p � 0.001 for all responses; Figure 1).
Staff members reported that the device was easy to use
(median Likert 6 [IQR 5, 7]), keep clean (median Likert 4.5
[IQR 4, 6]), and keep in their possession (median Likert 6
[IQR 4, 7]), and that it became more useful as usage
increased (median Likert 6 [IQR 5, 7]). Respondents
reported sending a median of 5 (IQR 3.5, 10) e-mails per
shift, matching the actual usage data. No devices malfunc-
tioned and there were no network outages; however, 1
device used by nursing was lost during the study period.
There were no reports of any device-induced radiofre-
quency interference with medical devices during the trial.

ICU staff reported a positive overall impact on communica-
tion (Likert 6 [IQR 6, 7]). Wireless e-mail was perceived to
provide fast (Likert 6 [IQR 6, 7]) and reliable (Likert 6 [IQR
6, 7]) communication with improved physician response
times (Likert 6 [IQR 5, 7] for both critical and routine issues)
and nonphysician response times (Likert 6 [IQR 5, 7]). The
content of wireless e-mail messages were perceived to contain
useful content (Likert 6 [IQR 5, 7]), improve access to the ICU
team (Likert 6 [IQR 5, 7]), and require less effort to use than
alternate methods of communication (Likert 5 [IQR 3, 6]). A
majority (n � 86 [81%]) reported experiencing no negative
impact from using wireless e-mail. However, a minority
(n � 19 [18%]) reported a small to moderate negative
impact of wireless e-mail on quality of ICU communica-
tion (Likert 4 [IQR 2, 4]). The most frequent negative
comments were reduced face-to-face communication
among team members or between team members and
patients’ families (n � 7), and inappropriate use of devices
for personal purposes (n � 3).

Respondents reported that wireless e-mail enabled new
ways for the ICU team to work together (Likert 6 [IQR 5, 6])
and improved ICU team coordination (Likert 6 [IQR 5, 7]), in
addition to improving personal job satisfaction (Likert 6
[IQR 4, 6]) and reducing job frustration (Likert 6 [IQR 4, 6]).
The survey did not solicit examples of these improve-
ments. Most respondents (n � 92 [87%]) perceived no
negative impact on ICU team relationships, whereas only
a minority (n � 13 [12%]) reported a moderate negative
impact (Likert 3 [IQR 2.5, 4.5]), with the primary concern
being a reduction of face-to-face interactions among team
members.

Respondents believed that wireless e-mail improved pa-

tient care (Likert 6 [IQR 5, 6]) and patient safety (Likert 6
[IQR 5, 6]) and facilitated faster care (Likert 6 [IQR 5, 7]).
Only 4 respondents (4%) reported any negative impact on

Table 2 y Perceptions of Wireless E-Mail Device
Usability and Impact (n � 106)

Survey Question Response

Favorable
Response

(Number, %)

Device usefulness increases with use 6 (5, 7) 90 (85%)
Device is easy to use 6 (5, 7) 94 (89%)
Easy to keep track of device 6 (4, 7) 71 (67%)
Device is easy to keep clean 4.5 (4, 6) 59 (56%)
I had sufficient training 5 (4, 6) 53 (50%)
Improved speed of communication 66,7 97 (92%)
Improved reliability of

communication
66,7 97 (92%)

Less effort required to communicate 5 (3, 6) 64 (60%)
Improved access to ICU team 6 (5, 7) 95 (90%)
Improved physician response times

to routine issues
6 (5, 7) 91 (86%)

Improved physician response times
to critical issues

6 (5, 7) 89 (84%)

I am less likely to delay contacting a
physician

6 (4.5, 7) 78 (74%)

Improved nonphysician response
times

6 (5, 7) 90 (85%)

Content of messages is useful 6 (5, 7) 93 (88%)
I resorted to overhead paging or

numerical paging
1 (1, 3) 82 (77%)

Overall impact of wireless e-mail on
communication

6 (6, 7) 94 (89%)

Improved job satisfaction 6 (4, 6) 78 (74%)
Improved my communication skills 6 (5, 6) 86 (81%)
Helped me take better care of my

patients
6 (5, 6) 82 (77%)

Has made me more comfortable
with using information technology
for patient care

5 (4, 6) 65 (61%)

Has made my job less frustrating 6 (4, 6) 79 (75%)
Has a positive effect on team morale 6 (4, 6) 71 (67%)
Has enabled better coordination of

ICU team members
6 (5, 7) 93 (88%)

Has enabled new ways of ICU team
to work together

6 (5, 6) 80 (75%)

Has enabled greater awareness of
ICU activity

6 (4, 6) 78 (74%)

Improved patient care 6 (5, 6) 94 (89%)
Improved patient safety 6 (5, 6) 80 (75%)
Enabled faster care 6 (5, 7) 95 (90%)
I would like to keep using wireless

e-mail in the ICU
7 (6, 7) 92 (87%)

All physicians should use wireless
e-mail

6 (5, 7) 90 (85%)

Legend: Data are presented as median (interquartile range) on a
7-point Likert scale, with 7 indicating the highest degree of agreement
or most favorable response, except for “Resorted to overhead paging or
numerical paging”, where 7 indicates frequent use of paging. For each
question, we calculated a p value (using the sign test) to test the null
hypothesis that the median response equals 4, the neutral value on the
Likert scale. All p values for these comparisons were � 0.001. A
favorable response is defined as a Likert score of 5, 6 or 7, except for
“Resorted to overhead paging or numerical paging” where it is defined
as a Likert score of 1, 2, or 3.
ICU � intensive care unit.
patient care, describing 3 incidents where responses to
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messages were not received in a timely manner; no details
of these incidents were provided. No specific adverse
events as a result these message delays was reported.
Most staff members (n � 92 [87%]) wished to continue
using wireless e-mail after study completion.

Discussion
Summary of Principal Findings
We implemented wireless e-mail using a local GSM
cellular network for interdisciplinary communication in
an ICU without dedicated training or project manage-
ment. Wireless e-mail users perceived a strongly positive
impact on ICU communication, including increased speed
and reliability of communication, improved message con-
tent, and faster response times, leading to more timely
and safer patient care. Staff members also reported im-
proved job satisfaction and team relationships. The easy
implementation and favorable response to wireless e-mail
technology in this ICU are atypical of initial experience
with other healthcare information technology,44,45 and
may reflect the high clinical impact of timely communi-
cation combined with reliable and user-friendly technol-
ogy.

Secondary Findings
Although our survey did not solicit examples of improved
team collaboration, we anecdotally observed that wireless
e-mail facilitated several novel activities. First, overnight
charge nurses started to e-mail a summary of overnight
nursing issues to the intensivist well before morning
rounds, allowing for efficient triage of rounds workflow
and organization of diagnostic tests and subspecialty

F i g u r e 1. Responses to selected questions from survey of
Likert scale had 7 points, with 7 indicating the most favora
consultations. Second, patient care became less inter-
rupted during staff breaks, since the covering nurse could
e-mail the primary nurse on break for patient care issues
(for example, to confirm the time of a family meeting).
Finally, staff perceived an improvement in overall safety
since help could be rapidly summoned to very high-
acuity events in the geographically sprawling ICU by
e-mail notification (perceived to be less disruptive than
overhead paging).

Drawbacks of wireless e-mail were uncommonly reported
in this study and appeared relatively modest. The princi-
pal concerns related to a decrease in face-to-face clinician
communication and inappropriate use of wireless e-mail
for personal use. These issues underscore the need for
continued face-to-face communication for more complex
patient care issues, in addition to education and policy
regarding appropriate use of wireless e-mail.

A particular concern about wireless e-mail using cellular
frequencies is its potential for radiofrequency interference
with medical devices. Our implementation was consistent
with the study hospital’s policy, which permitted the use
of mobile phones and wireless e-mail devices further than
1 m from mechanical ventilators. We observed no epi-
sodes of radiofrequency interference in our 6-month trial,
consistent with other reports of the safety of cellular
communication devices in patient care environments,46

including sensitive environments such as the operating
room and ICU.47 Our approach was consistent with a
review recommending that hospitals balance the need to
avoid electromagnetic interference with promotion of
mobile communication technology used by healthcare

care workers (n � 106) about impact of wireless e-mail). The
ponse.
health
workers to provide patient care.48
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Strengths and Weaknesses of This Study
Several aspects of our study enhance its internal validity. We
developed our survey instrument using an accepted sequen-
tial approach including item generation and reduction,
pretesting, and assessment of clinical sensibility, adminis-
tered it to the entire eligible population, and achieved a very
high response rate that exceeded the norm for healthcare
provider surveys.49 Our results are likely to be generalizable
to other settings with large interdisciplinary healthcare
teams. We did not purchase the devices for the study and
did not perform a formal cost analysis. Nevertheless, we
implemented wireless e-mail using local resources with no
dedicated project management or training. The use of a local
cellular GSM network eliminated the need for additional
telecommunications infrastructure. In our ICU, we estimate
the annual cost of wireless e-mail operations to be approx-
imately Can$17,000, less than 0.2% of the ICU annual
operating budget (Can$16 million).

A limitation of this study, common to all surveys, is that the
responses reflect the subjective experiences of respondents
rather than actual outcomes. We did not define any terms
used in the survey; however, we attempted to clarify the
meaning of summary questions about a domain (“Overall
impact on communication”) with more specific questions
about perceived impacts within a domain (“Improved speed
of communication”). We are not aware of any validated
survey tool to assess communication among members of
healthcare teams. The subjective nature of our outcomes
data makes our study hypothesis-generating and not defin-
itive proof of actual benefit.

We did not directly measure the impact of wireless e-mail on
ICU communication processes, such as message content or
response times, missed or neglected messages, or on actual
patient outcomes. Our subjective impression was that most
messages were relatively brief (fewer than 50 words) and
related to common issues in patient management such as
low urine output, high blood pressure, and arranging of
family meetings. Similarly, we did not assess the specific
impact of wireless e-mail on other types of communication
used in the ICU. Subjectively, we observed that wireless
e-mail replaced the use of overhead and receive-only numeric
paging. More routine patient care issues were addressed by
wireless e-mail communications, allowing face-to-face inter-
disciplinary bedside rounds to focus on the more complex
aspects of patient care. Comparing actual response times to
messages sent using wireless e-mail to response times using
traditional methods of communication could be an area of
future research.

Our evaluation may overstate the potential benefits of
wireless e-mail, given that we were responsible both for
implementation and evaluation; the association of successful
information technology applications with developer-led
evaluation has been reported for clinical decision support
systems.50 Usage data showed that the number of messages
transmitted and received decreased after the study period.
This finding may reflect exaggerated usage during the study
period (“Hawthorne effect”) or initial enthusiasm for a
technology followed by a more tempered attitude as famil-
iarity increased. We do not have more recent usage data,

although the hospital budget continues to cover wireless
device cellular charges, and the use of these devices has been
extended to another medical ward.

Our findings may not be reproduced in other institutions
because of the influence of technical and social environ-
ments on the uptake of any new technology.51 Finally, we
conducted no formal screen for episodes of radiofrequency
interference. Although such episodes may have been under-
reported, it is highly unlikely that a clinically important
event would have been undetected.

Future Research
Given the potential impact to improve patient safety by
optimizing communication among members of healthcare
teams, there are many opportunities for additional re-
search. This study is limited to one community hospital;
the effects of wireless e-mail on interdisciplinary commu-
nication should be studied in other academic and com-
munity hospital settings. The perceived positive impacts
of our intervention may differ among healthcare disci-
plines, and could be reliably explored in a larger multi-
center investigation. Other important and currently unad-
dressed issues include the effect of wireless e-mail and
other communication methods on (1) healthcare worker
efficiency, such as frequency and duration of interrup-
tions during direct patient care, (2) timeliness and quality
of clinical response to important patient care issues, (3)
incidence of potentially unsafe verbal ordering practices,
and (4) satisfaction of patients and their families. In
addition, the optimal structure and content of written
messages has received attention in care handoff situa-
tions52,53 but remains to be defined for routine clinical
care.

Conclusions
Interdisciplinary ICU team members using wireless e-
mail over a 6-month period reported improved clinical
communication compared to baseline communication
methods that included numeric paging, overhead paging,
physical searches for staff, handwritten messages, and desk-
top-based e-mail. They also perceived improvements in
patient care, team relationships and staff satisfaction, with-
out major safety concerns. Ease of implementation and high
clinical impact make wireless e-mail an attractive tool for
improving communication in other healthcare settings.
More research is needed to assess the effects of wireless
e-mail communication, compared to traditional communica-
tion methods, on clinically important outcomes.
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