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Summary

Background: As EHR adoption in US hospitals becomes ubiquitous, a wide range of IT options are
theoretically available to facilitate physician-nurse communication, but we know little about the
adoption rate of specific technologies or the impact of their use.

Objectives: To measure adoption of hardware, software, and telephony relevant to nurse-physician
communication in US hospitals. To assess the relationship between non-IT communication practices
and hardware, software, and telephony adoption. To identify hospital characteristics associated
with greater adoption of hardware, software, telephony, and non-IT communication practices.
Methods: We conducted a survey of 105 hospitals in the National Nursing Practice Network. The
survey captured adoption of hardware, software, and telephony to support nurse-physician com-
munication, along with non-IT communication practices. We calculated descriptive statistics and
then created four indices, one for each category, by scoring degree of adoption of technologies or
practices within each category. Next, we examined correlations between the three technology in-
dices and the non-IT communication practices index. We used multivariate OLS regression to assess
whether certain types of hospitals had higher index scores.

Results: The majority of hospitals surveyed have a range of hardware, software, and telephony
tools available to support nurse-physician communication; we found substantial heterogeneity
across hospitals in non-IT communication practices. More intensive non-IT communication was as-
sociated with greater adoption of software (r=0.31, p=0.01), but was not correlated with hardware
or telephony. Medium-sized hospitals had lower adoption of software (r =-1.14,p=0.04) in com-
parison to small hospitals, while federally-owned hospitals had lower software (r=-2.57, p=0.02)
and hardware adoption (r=-1.63, p=0.01).

Conclusions: The positive relationship between non-IT communication and level of software adop-
tion suggests that there is a complementary, rather than substitutive, relationship. Our results sug-
gest that some technologies with the potential to further enhance communication, such as CPOE
and secure messaging, are not being utilized to their full potential in many hospitals.
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1. Background & Significance

1.1 Background

The Health Information Technology for Economic and Clinical Health (HITECH) Act seeks to pro-
mote widespread adoption of health information technology (HIT) in order to address persistent
quality and efficiency challenges facing our healthcare delivery system, many of which derive from
reliance on paper records [1]. HIT includes a variety of tools that clinicians can use to communicate
with each other either directly (e.g., email) or indirectly (e.g., shared record, computerized provider
order entry with work queues), which supplement existing communication technologies such as
pagers and phones. However, there is growing recognition of the unintended consequences of HIT
adoption [2], particularly on nurse-physician communication [3, 4]. Increasing use of HIT is likely
to affect communication between nurses and physicians [5] because nurses and physicians who pre-
viously came together at the point-of-care to discuss a patient face-to-face may now rely on these
technologies to mediate their communication [6]. Poor communication between physicians and
nurses is well known as one of the most common causes of adverse events for hospitalized patients
[7]. 1t is therefore critically important to better understand how HIT and communication technol-
ogies are facilitating or hindering nurse-physician communication [8].

An important starting point is simply to capture the range of information and communication
technologies that are in place in hospitals. While substantial effort has focused on tracking hospital
adoption of electronic health records (EHRs) and computerized provider order entry (CPOE) [9],
we know less about the other types of communication technologies that are available in hospitals.
Further, it is critical to assess the relationships between the degree of adoption of information and
communication technologies and nurse-physician communication practices. This is because they
might work as substitutes, where communication using the information technology resource re-
places or dampens the need for traditional, face-to-face communication. Alternatively, they may be
complementary, such that health IT works as a supplemental tool and serves to promote the overall
level of communication by maintaining or increasing the existing level of non-technology based
communication. It is also possible that health IT impedes communication in ways that create the
need for additional communication to resolve confusion or ambiguity. Finally, it is important to as-
sess whether certain hospital characteristics affect degree of adoption. For example, hospital type
may be a proxy for resource availability. It may be that some organizational decisions, such as select-
ing an EHR from a single vendor versus using modules from multiple vendors, as well as some hos-
pital characteristics, such as size [10] or teaching status [11], impact the extent of adoption of com-
munication-relevant technologies as well as non-IT communication.

1.2 Theoretical Framework

Our study used a conceptual model developed in our previous work that explored how communi-
cation practices and work relationships create the context in which health information technologies
designed to facilitate communication are situated (»Figure 1) [8]. The model, based on a review of
the literature, posits that communication practices and work relationships mediate the relationship
between communication technology and communication. That is, communication practices and
work relationships help explain how communication technology affects communication, because
the use of communication technology does not occur in a vacuum. The current study focuses ex-
clusively on the interplay between communication practices and technology adoption.

Our theoretical model highlights two communication practices in particular that are important
to understanding how communication technology has its impact on communication: the use of rich
media and location and availability of computers. In the hospital environment, complex, ambiguous
clinical issues frequently demand detailed information and require rich methods of communication,
such as synchronous, face-to-face physician-nurse dialogue for successful resolution. Previous work
has shown that computer applications such as EHRs and CPOE systems do not provide the rich,
synchronous communication necessary in those complex care instances [12, 13]. Location and
availability of computers are important considerations because when physicians and nurses are dis-
persed and relying on technology to communicate, there are fewer opportunities for building a
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frame of reference and sharing knowledge from different perspectives, and the meaning of a com-
plex message may be more easily misinterpreted, leading to potentially suboptimal care [14].

2. Objectives

Given our interest in developing a deeper understanding of how communication practices (the use
of rich media, and location and availability of computers) affect the relationship between communi-
cation technology and communication, we seek to address three research questions:

1. What is the level of adoption of types of hardware, software, and telephony used to facilitate
nurse-physician communication? And to what extent are non-IT mediated forms of nurse-phys-
ician communication occurring?

2. Is there a relationship between the extent of non-IT mediated communication practices and
hardware adoption, software adoption, and telephony adoption?

3. What types of hospitals are more likely to have greater adoption of hardware, software, telephony,
and non-IT communication practices?

3. Methods
3.1 Population Studied

We studied medical-surgical units in US acute-care hospitals. We chose this setting because little is
known about communication on medical-surgical units and most inpatient care is provided there.
Our sampling frame was comprised of all 105 members of the National Nursing Practice Network
(NNPN), a national consortium of U.S. hospitals focused on implementing evidence-based nursing
practices [15].

3.2 Survey Development and Administration

We developed a survey to identify health information and communication technologies in use on
medical-surgical units, along with non-IT mediated communications practices. The selection of sur-
vey questions was guided by our theoretical framework to identify the variety of communication
media (including communication technologies) that may interfere or assist with physician-nurse
communication in each hospital. Where existing instruments included questions of interest, we in-
corporated them into our survey (e.g., questions on EHR adoption came from the American Hospi-
tal Association (AHA) IT Supplement). For questions on availability and use of other types of tech-
nologies (e.g., pagers, cell phones, tablets), as well as questions on computer-mediated communi-
cation between physicians and nurses, we did not find suitable questions from existing instruments
and therefore developed new ones. The survey consisted of 99 total questions and was divided into
seven sections: overall HIT adoption, computer hardware, physician and nurse use of computers, in-
frastructure for electronic communication (i.e., pagers and electronic white boards), nurse and
physician use of electronic communication technologies, non-electronic ways of communicating,
and demographics. Questions included both availability of technology and extent of use. Some ques-
tions had a range of possible responses (e.g., all, some, few, none) whereas others had dichotomous
answer choices (e.g., do nurses use cellular telephones for work-related purposes?).

The preliminary survey instrument was pilot tested in a two-step process. First, two academic re-
searchers and one healthcare informatician individually talked through the survey with the principal
investigator (MM), to make sure that the survey questions aligned with the theoretical model and to
establish face validity. Based on feedback, the survey was refined and then pilot tested with a small
group (n = 7) of informaticians, hospital leaders (a physician and nurses), and survey experts,
further establishing face validity of the instrument and resulting in additional refinements. In pilot
testing, the survey took 10 to 20 minutes to complete. After pilot testing, the survey was pro-
grammed into REDCap, a web-based electronic data capture (EDC) system that is secure, and
HIPAA compliant.
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The Chief Nurse Executive at each hospital in the sample was invited by postal letter to partici-
pate in the survey. The postal mail letter was the first of four contacts that introduced the study and
included a survey link with a personal access code that was assigned to each respondent. The use of
personal access codes allowed the respondent to complete the survey without further contact, pro-
hibited the same respondent from completing the survey more than once, and allowed us to link a
particular survey with a specific hospital. Accompanying the letter was a “fact sheet” highlighting
advantages to participation as well as a $20 gift card as an advance incentive to complete the survey.
The Chief Nurse Executive was instructed to work with an informatician, physician, or other appro-
priate personnel as needed to complete the survey. Email requests to complete the online survey
were sent within a week of sending the postal mail letter, along with a study fact sheet, and again
about a week after that. The final contact consisted of follow-up telephone calls to administrative as-
sistants or Chief Nurse Executives themselves. The data collection process lasted from May 4, 2015
to July 31, 2015. Seventy-four hospitals provided complete data for analysis (70% response rate). In
testing for respondent bias, we found no significant differences between respondents and non-re-
spondents on the following hospital characteristics: region, federal government, public, for-profit,
non-profit, church-affiliated, urban/rural, academic medical center, bed size (Data not shown).

3.3 Measures

Hardware, Software, Telephony, and Non-IT Communication Practice Adoption
We first calculated descriptive statistics for questions related to three individual types of communi-
cation-related hardware that are available for use by physicians and by nurses:

1. stationary computers;

2. portable computers and

3. tablet computers.

We then calculated descriptive statistics for the extent to which four types of software are used to fa-

cilitate communication between nurses and physicians:

1. Email within EHR;

2. Email separate from EHR;

3. Middleware (software that enables communication between an operating system and appli-
cations in a distributed computing system, such as smart phone apps that let physicians know
nurse staff assignments for a shift, or that send patient alarms to physician and/or nurse smart
phones); and

4. CPOE (split out based on whether nurses receive notification when an order has been placed and
whether physicians use CPOE as a way to communicate with nurses).

Next, descriptive statistics were calculated to determine use of telephony: nurse assignment to indi-
vidual telephones, nurse and physician use of cellular telephones, and nurse and physician use of
pagers. Finally, we calculated descriptive statistics for non-IT communication practices: the extent to
which nurses and physicians engage in face-to-face communication in general, as well as three par-
ticular forms:

1. verbal orders;

2. nurses communicate with a physician extender before contacting a physician, and

3. bedside nurses participate in rounds.

Indices

To capture overall level of adoption of each category of technology as well as non-IT communication
practices, we created four indices by grouping the questions detailed above into the four categories.
We classified the first three categories (hardware, software, telephony) as technology indices. We
scored responses to each question from 0 to 1, with 1 indicating more of whatever was being
measured. We scored individual question responses in line with the perceived value of the adoption
of that particular technology or communication practice. For example for level of EHR adoption, a
basic EHR without clinician notes was scored as a 0.0, a basic EHR with clinician notes was scored as
0.5, and a comprehensive EHR was scored as a 1.0. We strove to be consistent with our scoring sys-
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tem. For example, when scoring questions related to software adoption, such as use of email inside
or outside of the EHR system, answers of “Never/Rarely” were scored as 0.0 while answers of “Some-
times” or “Regularly” were scored as a 1.0. Similarly for other questions using “Never” to “Regularly”
categories, we first dichotomized responses into “Never/Rarely” and “Sometimes/Regularly” then
assigned scores of 0 or 1 respectively. We summed responses within each index to capture which
hospitals had comparatively less or more adoption in each domain, and then examined the corre-
lations among the three technology indices and the fourth (non-IT communication) index. (» Ap-
pendix Table 1 has individual questions and associated scoring.)

Hospital Characteristics

We selected a subset of hospital characteristics that we hypothesized might be related to the index
scores. These included size (small: <100 beds, medium: 100-500 beds, large: > 500 beds), teaching
status (hospitals with approval to participate in residency and/or internship training by the Accredi-
tation Council for Graduate Medical Education, or hospitals who are a member of the Council of
Teaching Hospitals (COTH) of the Association of American Medical Colleges), urban/rural lo-
cation, hospital ownership (private/non-profit, private/for-profit, non-federal/public, federal/pub-
lic), and participation in payment reform programs (an Accountable Care Organization (ACO) [16]
and/or patient-centered medical home (PCMH) [17]). We also included 4 information technology
factors: having at least a “basic” EHR system (which requires adoption of 10 functionalities and is
more advanced than an EHR that has met federal certification standards [18]), using a single EHR
vendor, having advanced interoperability capabilities (using the ONC definition of ability to find,
send, receive and integrate data from external organizations [19]), and participating in a Regional
Health Information Exchange.

The measures of hospital characteristics were created from the American Hospital Association
Annual Survey and the AHA Annual Survey - IT Supplement data for 2014 [20]. The survey is sent
to the Chief Executive Officer (CEO) of every hospital in the United States, and he or she is asked to
complete it or delegate completion to a knowledgeable person in the organization. Non-respondents
receive multiple follow-up phone calls and mailings to achieve a high response rate. The 2014 survey
was fielded between November 2014 and February 2015, was sent to 6,377 hospitals, and received
3,307 responses. The AHA survey data was linked to our survey results using each hospital’s unique
AHA identification number. The seventy-four hospitals who responded to the survey serve as the
analytic sample for our descriptive statistics and indices. The forty-eight hospitals that provided
complete data in our survey and also responded to the 2014 AHA Annual Survey - IT Supplement
were the analytic sub-sample for our bivariate means comparison and multivariate regression
model.

3.4 Analytic Approach

For research question 1, we present descriptive statistics across all 74 survey respondent hospitals for
measures described above related to hardware, software, telephony, and non-HIT nurse-physician
communication. For research question 2, we examined correlations between the four indices. For re-
search question 3, we used the sub-sample of 48 hospitals who responded to the AHA IT survey and
examined bivariate and multivariate relationships between each index and hospital characteristics.
The bivariate results were generated by running two-tailed t-tests with unequal variances. In order
to more robustly assess the relationships between hospital characteristics and index scores, we per-
formed ordinary least squares multivariate regression analysis with the same hospital characteristics.

4. Results

For the three types of hardware examined, stationary computers were in widespread use and used
equally by physicians and nurses (P Figure 2). Ninety-seven percent of hospitals reported that phys-
icians had access to stationary computers, with 99% reporting nurses had access to those computers.
Portable computers were adopted less often, and were used more often by nurses than by physicians
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(in 81% of hospitals and 64% of hospitals, respectively). Tablets were rarely adopted, with 11% of
hospitals reporting physician use and 4% of hospitals reporting nurse use.

Only 7% of hospitals reported that email within the EHR was used regularly in nurse-physician
communication, and 9% reported regular use of email separate from the EHR, while 16% of hospi-
tals reported regular use of middleware. (»Figure 3) Physicians used CPOE as a way to communi-
cate with nurses regularly in 20% of hospitals (and sometimes in an additional 47% of hospitals). In
77% of hospitals, nurses were alerted when an order had been entered into the electronic health rec-
ord.

In the majority of hospitals (53%), more than three-quarters of nurses had individual phones, and
nurses had cell phones in 51% of hospitals. In comparison, physicians had cell phones in 69% of hos-
pitals (P Figure 4). As compared to physicians who often carry pagers (>75% of physicians in 62% of
hospitals), nurses carried pagers less often (<25% of nurses in 82% of hospitals).

In the majority of hospitals (76%), nurses used face-to-face communication with physicians “All
the Time” while 20% of hospitals reported nurses used face-to-face communication “Regularly;” with
“Sometimes” and “Rarely” at 1% each (P> Figure 5). This is similar to physicians, who used face-to-
face communication: “All the Time” in 76% of hospitals, “Regularly” in 19% of hospitals, “Some-
times” in 3% of hospitals, and “Rarely” in 1% of hospitals. There was substantial variation across
hospitals in the extent to which physicians gave verbal orders to nurses (“All the Time” in 9% of hos-
pitals, “Regularly” in 22% of hospitals, “Sometimes” in 34% of hospitals, and “Rarely” in 32% of hos-
pitals), the extent to which nurses communicated with a physician extender before contacting a
physician (“All the Time” in 27% of hospitals, “Regularly” in 32% of hospitals, “Sometimes” in 20%
of hospitals, and “Rarely” in 18% of hospitals), and the extent to which bedside nurses participated
in rounds (“All the Time” in 49% of hospitals, “Regularly” in 23% of hospitals, “Sometimes” in 20%
of hospitals, and “Rarely” in 7% of hospitals).

When we calculated index scores in each of the four domains, the computer hardware index had
a mean score of 7.48 (SD 1.77, range 3.75 - 11.5) and a Coefticient of Variation of 23.7%. The soft-
ware index mean score was 6.22 (SD 1.25, range 2.5 - 9) with a Coefficient of Variation of 21.3%.
The telephony index had a mean score of 3.03 (SD 1.08, range 0.5 - 5.5) with a Coefficient of Vari-
ation of 36.4%. The communication practices index mean score was 4.92 (SD 1.26, range 1.5 - 7)
with a Coefficient of Variation of 25.6%. The communication practices index was significantly posi-
tively correlated with software (r = 0.31, p < 0.01) but not hardware (r = 0.09, p = 0.44) or telephony
(r=0.06, p = 0.61).

We found that hardware, software, telephony, and communication index scores were associated
with key hospital characteristics. In bivariate results, we found that federal hospitals had lower mean
scores on the hardware index in comparison to private/ non-profit hospitals (5.50 for federal hospi-
tals compared to 7.92 for private/ non-profit hospitals, p = 0.01). Hospitals that had all four core in-
teroperability capabilities had a higher mean hardware score than those that did not (8.00 vs 6.98, p
= 0.05). Characteristics associated with the software index included whether or not the hospital had
at least a basic EHR system (6.30 for hospitals with basic EHR vs 5.67 for hospitals with less than
basic EHR, p = 0.02) and size (7.07 for hospitals with over 500 beds vs 5.97 for hospitals with 100 -
500 beds, p = 0.04). In terms of the telephony index, large hospitals were more likely than medium or
small hospitals to have a higher index value (3.79 for large hospitals compared to 2.86 for medium-
sized hospitals, p = 0.03). For non-IT communication, hospitals located in urban areas compared to
those in rural areas had a higher score (5.23 for urban vs 4.44 for rural, p = 0.03) as did hospitals
with at least a basic EHR system (5.27 vs 3.75, p < 0.01).

In multivariate models, federal hospitals had lower hardware and software index scores, (coeffi-
cient = -2.57, -1.63, p = 0.02, 0.01, respectively) (»Table 2). Medium sized hospitals had a lower
software index score (coefficient = —-1.14, p = 0.04). No characteristics were significantly associated
with the telephony and communication practice indices.

5. Discussion

In a recent survey of medical-surgical units, we captured the extent of adoption of various informa-
tion and communication technologies used to support nurse-physician communication. While we
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found a lot of consistency in the types of health IT and communications technology adopted across
hospitals, we found varied rates of adoption by type of technology. Stationary computers were
widely adopted while tablet computers were rarely adopted; CPOE was widely used for communi-
cation while email as well as middleware were rarely adopted; and pagers among physicians were
widely adopted while pagers among nurses were not. There was also substantial heterogeneity in
non-IT communication practices across hospitals, and we found that it was positively correlated
with the software adoption index. In the context of our theoretical framework, this suggests that
greater IT-enabled communication capabilities do not come at the expense of rich, synchronous
non-IT communication such as face to face dialogue. However, it is also possible that having more
software impairs the quality of communication, creating the need for more face-to-face communi-
cation to clarify meaning. An essential next step is to determine causality and whether different
combinations of technology have implications for the quality of communication and ultimately care.

Our technology index — not dependent on a specific electronic health record system or technol-
ogy type — allowed us to compare level of communication practices with adoption of three categories
of technologies. By gathering more detail about the type, amount, location, and use of technology,
important nuances emerged. For example, despite the widespread availability of stationary com-
puters to both nurses and physicians, comparatively little communication takes places via email
within or outside of EHR systems. In contrast, the majority of hospitals reported that nurses regu-
larly receive notifications from the computer system to alert them to a new order being placed. This
suggests that much of the communication taking place via software is physicians placing orders and
nurses filling them, rather than back-and-forth dialogue. This is consistent with our theoretical
framework that suggests that IT-enabled communication is primarily useful for routine, simple tasks
such as order placement, and is not a suitable replacement for synchronous face-to-face communi-
cation.

Our results examining differences in the indices based on hospital characteristics also revealed
interesting insights. For both hardware and software, federally-owned hospitals had lower adoption,
which could reflect resource constraints in those settings. However, there was no relationship with
communication practices and so it does not appear that the lack of technology is resulting in more
or less intensive communication in federally-owned hospitals. The fact that medium-sized hospitals
had lower software adoption in comparison to large hospitals also likely reflects the resource con-
straints in smaller settings, as well as the need for additional software to manage the more complex
patient mix in larger hospitals. Finally, the fact that hospitals in urban settings had a lower com-
munication index suggests that these hospitals may have different relationships between nurses and
physicians, perhaps due to different staffing models or differences in the types of providers who
work in these settings. While it did not appear that these were a result of differences in technology, it
is still possible that the same types of technology are used in ways that interfere with effective com-
munication.

Our evaluation of the effect of health information technology on nurse-physician communi-
cation contributes to a growing body of literature evaluating the adoption of these technologies and
their impact on provider workflow, communication, and job satisfaction. As EHR adoption in US
hospitals becomes ubiquitous [10], a wide range of IT options such as secure messaging, email, and
CPOE are theoretically available to facilitate physician-nurse communication, but we know little
about the adoption rate of specific technologies or the impact of their use. Recent studies have found
many physicians are low-frequency users of CPOE when it is available [21], and our findings con-
firm that only 16% of hospitals report that physicians use CPOE “regularly” to communicate orders
to nurses. Additionally, while evidence suggests that secure messaging through EHRs, especially via
mobile solutions, can be an effective way to facilitate communication between members of clinical
care teams [22], our results show that adoption of these technologies is far from widespread. Con-
sidering the significant potential for features such as CPOE and secure messaging to improve com-
munication [23], the lack of frequent use when available suggests that they need improvement.

However, what constitutes a useful communication technology tool may vary by clinical role, and
prior literature suggests that nurses have faced particular challenges. A 2013 study by Keenan, et. al.,
found that effective communication between nurses and other health care team members, such as
physicians, was one of three major areas of concern nurses expressed regarding retrieving, docu-
menting, and communicating patient information [24]. This may be explained by the fact that, in a
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separate study, nurses indicated a preference to integrate their EHR systems more closely to bedside
care [25], and our results show that adoption of mobile devices that can accomplish this goal, such as
laptops and tablets, lags behind stationary computers. Thus, our study reveals a likely gap between
the technologies nurses perceive as helpful to facilitate communication and what hospitals are ac-
tually adopting.

Our study has important limitations. We undertook a cross-sectional survey and so we are only
able to capture adoption at a single point in time and examine associations. Because we had a single
respondent from each hospital, they were not able to capture heterogeneity within their medical-sur-
gical unit on the measures of interest and may have reported in error if they were not sufficiently fa-
miliar with experiences on the frontlines of care. However, we did ask respondents to reach out to
others in their organization who would be best positioned to answer our questions. We also examin-
ed a relatively small sample of hospitals and it is therefore unclear the extent to which our findings
generalize to all hospitals. Since we surveyed only hospitals in the National Nursing Practice Net-
work, our findings may not be generalizable to other hospitals - NNPN hospitals are dedicated to
implementing evidence-based nursing practices and may have more advanced communication
practices and / or more comprehensive IT adoption as a result. Our study utilizes a new survey in-
strument, though it was discussed with experts to establish face validity and several of the individual
questions came from a well-established survey instrument (the AHA Annual Survey IT supplement,
which has been tested for reliability and validity [20]). We did not conduct an internal reliability
analysis, instead choosing to aggregate individual responses into the indices, which is consistent
with our theoretical framework that examines the relationship between technology and communi-
cation practices. Finally, while we scored the indices consistently and relative to the perceived value
of each response, others may have different perceptions of the value of certain technologies and
communication practices, which could alter the results.

6. Conclusion

Given the proliferation of health information and communication technologies, characterizing
adoption alongside communication practices in a detailed way is an essential first step towards de-
veloping interventions [26], policies, or practices to promote effective nurse-physician communi-
cation. Our results offer insights into where there is variation across hospitals, and how the extent of
adoption in three technology domains — hardware, software, and telephony - relates to non-IT com-
munication practices. The specific hospitals characteristics that we identify guide future work in this
domain by revealing where the relationship between technology and nurse-physician communi-
cation may differ.

Clinical Relevance Statement

Our research examines the relationship between the extent of adoption of information and com-
munication technologies and non-IT physician-nurse communication practices. Our findings show
that higher levels of software adoption are associated with more intense non-IT communication
practices. This suggests that health IT is a complementary tool in physician-nurse communication,
rather than a substitutive one, but whether it is helping or simply causing the need for additional
communication is unclear.
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Table 1 Statistically Significant Bivariate Relationships between Hospital Characteristics and Four Indices: Hard-
ware, Software, Telephony, and Communication Practices

Hardware Index
Hospitals with advanced in-
teroperability capabilities
(Finding, Sending, Receiv-
ing, and Integrating Data)

Federal Hospitals (vs Pri-
vate/Non-Profit Hospitals)

Software Index

Hospitals over 500 beds (vs
Hospitals with 100 — 500
beds)

Having at least a basic EHR
system

Telephony Index

Hospitals over 500 beds (vs
Hospitals with 100 — 500
beds)

Communication Practices
Index

Having at least a basic EHR
system

Hospitals located in an
urban setting

© Schattauer 2016

Index Mean
Without

Characteristic Characteristic Characteristic Characteristic

6.98

7.92

5.97

5.67

2.86

3.75

4.44

Observations
Without

25

38

36

36

Index Mean

With

Observations
With

8.00 23
5.50 6
1.07 7
6.30 42
3.79 7
5.27 42
5.23 39

p-value

0.05

0.01

0.04

0.02

0.03

<0.01

0.03
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Table 2 Multivariate Regression Results Assessing the Independent Relationships between Hospital Characteristics
and Four Indices: Hardware, Software, Telephony, and Communication Practices

Hospital Size

Hospitals with <100
beds

Hospitals with
100-500 beds

Hospitals with >500
beds

Teaching Status
Teaching Hospitals

Hardware Index

Coeffi- p-value Coeffi-

Information Technology

Having at least a
basic EHR system

Hospitals using only
one EHR vendor

Hospitals Engaging
in the four domains
of interoperability
(Finding, Sending,
Receiving, and Using
Data)

Hospitals participat-
ing a Regional
Health Information
Exchange Organiz-
ation

Location

Hospitals located in
an urban setting

cient

0.41 .60
-0.02 0.99
0.41 0.53
0.69 0.47
0.79 0.45
0.19 0.76
0.09 0.91
0.01 0.99

Hospital Ownership

Private, Non-Profit
Public, Non-Federal
Federal Hospitals
Private, For-Profit
Payment Reform

Participation in an
Accountable Care
Organization

Participation in a
Medical Home

© Schattauer 2016

-1.56 0.26
-2.57 0.02
-1.42 0.50
-0.12 0.83
0.87 0.16

Software Index

p-value Coeffi- p-value
cient cient
Reference
-1.14 0.04 0.61 0.36
-0.82 0.34 1.10 0.23
0.40 0.31 0.23 0.57
0.63 0.27 0.16 0.79
0.69 0.26 0.80 0.22
0.41 0.26 0.15 0.70
-0.54 0.26 0.08 0.8
0.40 0.39 0.32 0.52
Reference
0.17 0.83 0.27 0.75
-1.63 0.01 -0.58 0.37
-1.67 0.48 -2.17 0.10
0.08 0.83 -0.64 0.10
0.27 0.45 -0.40 0.30

Telephony Index

Communication
Practices Index

Coeffi-  p-value

cient
-0.08 0.91
1.27 0.18
-0.54 0.21
0.98 0.12
0.59 0.38
0.13 0.74
-0.63 0.23
0.80 0.12
-1.65 0.07
-0.67 0.31
0.39 0.77
-0.10 0.80
0.09 0.82
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Appendix Table 1  Creation of Technology and Non-IT Communication Practice Indices.

Question
Hardware Index

What proportion of patient rooms on your
medical-surgical units is equipped with
STATIONARY computer terminals (i.e., work
stations)?

On your medical-surgical units, are STATION-
ARY computer terminals located in areas
other than the nurses’ station(s) or patient
rooms?

To what extent in the past year, have you ha-
dissues of user access to STATIONARY com-
puterterminals (e.g., can't find an available
andworking terminal when needed or com-
puter hasbeen locked by another user)?

On your medical-surgical units what propor-
tionof STATIONARY computer terminals are
inworking order the majority of the time:

Are there any PORTABLE or LAPTOP com-
puters (not including tablets) located on your
medical-surgical units?

To what extent in the past year, have you ha-
dissues of user access to PORTABLE or LAP-
TOP(e.g., can't find an available and work-
ingportable or laptop when needed)?

Are there any TABLET computers located on
your medical-surgical units?

Do physicians use electronic tablets forcom-
municating with nurses?

Do nurses use electronic tablets forcommuni-
cating with physicians?

Are there any electronic white boards (i.e.,
electronic displays that integrate information
such as bed status, when patients are off
unit for tests, etc.) on your medicalsurgical
units (not white boards in patient rooms)?

Please choose ONE of the following state-
mentsthat best applies to your medical-sur-
gicalunits:

What percentage of physicians carry pagers?

Responses and Index Scoring

0% —74% = 0.0

75%+=1.0
No =0.0
Yes=1.0

Frequently = 0.0
Sometimes = 0.0
Rarely/Never = 1.0

0% —74% = 0.0

75%+=1.0
No =0.0
Yes=1.0

Frequently = 0.0
Sometimes = 0.0
Rarely/Never = 1.0

No =0.0
Yes=1.0
No =0.0
Yes=1.0
No =0.0
Yes=1.0

All of our medicalsurgical units have electronic white boards = 1.0
Some of our medicalsurgical units have electronic white boards = 1.0
Few of our medicalsurgical units have electronic white boards = 1.0
None of our medicalsurgical units have electronic white boards = 0.0

We don’t have computers available for work on our medical-surgical
units = 0.0

Physicians work mostly offsite (e.g., remote access from office, home,
other hospital) = 0.0

Physicians work mostly on computers located away from the nursing
unit=0.0

Physicians work mostly on computers located in the nursing unit = 1.0

0% —74% = 0.0

75%+=1.0
What percentage of nurses carries pagers? 0% —24% = 0.0
25%+=1.0
© Schattauer 2016 AJ Holmgren, et al.: Survey to Examine Relationship between Health IT Adoption and
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Appendix Table 1 Continued

Question

Does your hospital have a paging website
(that allows for web messaging), a tele-
phone paging system, or both? Please select
only ONE of the following choices:

Do physician / nurse pagers have the capa-
bility to sendas well as receive text mess-
ages?

Do physician / nurse pagers have the capa-
bility todisplay text?

Software Index

If hospital is a respondent to AHA IT supple-
ment and has EHR data:

Do physicians and nurses use an email pro-
gramwithin the electronic health record sys-
tem tocommunicate with each other (i.e.,
physician tonursel nurse to physician)?

Do physicians and nurses use an email pro-

gramseparate from the electronic health re-
cordsystem to communicate with each other
(i.e.,physician to nursef nurse to physician)?

Do physicians use the computerized provide-
rorder entry (CPOE) function as a way to-
communicate with nurses (e.g., when a
nursepages a physician with a request, the
physicianenters an order in CPOE instead of
answeringthe nurse directly)?

Do nurses receive notification through the-
computerized system when a physician en-
tersan order?

Is there a way for nurses to acknowledge re-
ceipt of an order in the computerized sys-
tem?

Is there a way for nurses to document in the-
computerized system when an order has
beencarried out?

Do physicians and nurses have access to the-
same or different information when using-

a Applied Clinical Informatics

Responses and Index Scoring

Paging website (needs internet connection. Allows input of text as well

as numbers) = 0.0

Telephone paging system (through hospital operator or automated sys-

tem) = 0.0
Both paging website and telephone paging systems = 0.0

Nurse AND Physician No = 0.0
Nurse OR Physician Yes = 0.75
Nurses AND Physician Yes = 1.0

Nurse AND Physician No = 0.0
Nurse OR Physician Yes = 0.25
Nurses AND Physician Yes = 0.5

Missing Data = 0.0

“Basic without Notes” EHR = 0.0
“Basic with Notes” EHR = 0.5
“Comprehensive” EHR = 1.0

Our computerized system doesn't have that function = 0.0
Rarely/Never = 0.0
Sometimes = 1.0
Regularly = 1.0

Our computerized system doesn’t have that function = 0.0
Rarely/Never = 0.0
Sometimes = 1.0
Regularly = 1.0

Our computerized system doesn’t have that function = 0.0
Rarely/Never = 0.0
Sometimes = 1.0
Regularly = 1.0

Our computerized system doesn't have that function = 0.0
Rarely/Never = 0.0
Sometimes = 1.0

Regularly = 1.0
No =0.0
Yes=1.0
No =0.0

Sometimes = 1.0
Yes=1.0

Some information is accessible to nurses only = 0.0
Some information is accessible to physicians only = 0.0
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computerized functions (e.g., CPOE)? Physicians and nurses have access to the same information = 1.0
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Question

Do physicians and nurses communicate via-
some other computer application such as-
middleware? Middleware is software thaten-
ables communication between an operating-
system and applications in a distributedcom-
puting system (e.g., smart phone apps that-
let physicians know nurse staff assignments
fora shift, or that send patient alarms to
physicianand/or nurse smart phones).

What proportion of STATIONARY computer
terminals allows internet access?

Telephony Index

On medical-surgical units, are landlinetele-
phones placed in any location not including-
the nurses’ station or patient rooms?

Do the landline telephones on your medical-
surgical units have texting functions?

If nurses have individual telephones, please
select ONE of the following statements that
best applies to your medical-surgical units:

To what extent in the past year, have you ha-
dissues of user access to landline tele-
phones(i.e., cant find an available and work-
ingtelephone when needed)?

On medical-surgical units, do nurses use cel-
lular telephones for work-related purposes?

On medical-surgical units, do physicians use-
cellular telephones for work-related pur-
poses?

Communication Practices Index

Physicians use face-to-face communication
withnurses.

Nurses use face-to-face communication
withphysicians.

Nurses communicate with a physician ex-
tender(nurse practitioner or physician assist-
ant) beforecontacting a physician.

Physicians give verbal orders to nurses.

a Applied Clinical Informatics 1200

Responses and Index Scoring

We don't have any middleware = 0.0
Rarely/Never = 0.0

Sometimes = 1.0

Regularly = 1.0

0% —74% = 0.0

75%+=1.0
No=0.0
Yes=1.0
No =0.0
Yes =1.0
N/A =0.0
Each nurse is assigned a different telephone number every time s/he
works = 0.5

Each nurse is assigned his/her own telephone number which is used
every time s/he works = 1.0

Frequently = 0.0
Sometimes = 0.0
Rarely/Never = 1.0

No =0.0
Yes=1.0
No =0.0
Yes = 1.0

Rarely (less than once/week) = 0.0
Sometimes (at least once/week) = 0.0

Regularly (> once/week) = 0.0

All the time (daily) = 1.0

Rarely (less than once/week) = 0.0
Sometimes (at least once/week) = 0.0

Regularly (> once/week) = 0.0

All the time (daily) = 1.0

Rarely (less than once/week) = 0.0
Sometimes (at least once/week) = 0.0

Regularly (> once/week) = 1.0

All the time (daily) = 1.0

Rarely (less than once/week) = 0.0
Sometimes (at least once/week) = 1.0

Regularly (> once/week) = 1.0

All the time (daily) = 1.0
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Question

Bedside nurses participate in patient care
rounds.

Please choose ONE of the following state-
mentsthat best applies to your medical-sur-
gical units:

Please choose ONE of the following state-
mentsthat best applies to your medical-sur-
gical units:

a Applied Clinical Informatics 1201

Responses and Index Scoring

Rarely (less than once/week) = 0.0
Sometimes (at least once/week) = 0.0

Regularly (> once/week) = 0.0

All the time (daily) = 1.0

Nurses generally prefer to page physicians to a phone covered by a
clerk = 0.5

Nurses generally prefer to text physicians = 0.5

Nurses generally prefer to page physicians to another phone (e.g., their
own phone, a phone close to a patient's room) = 1.0

Nurses generally prefer to call physicians’ cell phones = 1.0

Physicians generally prefer to page nurses to a phone covered by a clerk
=05

Physicians generally prefer to text nurses = 0.5

Physicians generally prefer to page nurses to another phone (e.g., their
own phone, a phone close to a patient’s room) = 1.0

Physicians generally prefer to call nurses’ cell phones = 1.0

© Schattauer 2016 AJ Holmgren, et al.: Survey to Examine Relationship between Health IT Adoption and

Nurse-Physician Communication

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



