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QUESTION ASKED: How do electronic health records
(EHRs), satisfaction with technology, and clinician
communication enable a safety culture in ambulatory
oncology treatment settings?

SUMMARY ANSWER: Practices vary in their perfor-
mance on elements in a validated patient safety cul-
ture questionnaire. This is especially evident as it
relates to communication with other clinicians, ca-
pabilities of their EHR, and their satisfaction with
communication through technology used in the
practice, invariant of clinician age or years in practice.
Factors contributing to increased safety scores in-
cluded higher satisfaction with technology used in the
practice and more favorable communication with
other clinicians. Increased EHR capability in the
practice was associated with lower safety scores.

WHAT WE DID: We distributed paper questionnaires to
297 nurses and prescribers in 29 practices that par-
ticipate in a statewide quality improvement collabo-
rative. Previously validated measures included the
Safety Organizing Scale that reflects actions consistent
with a safety culture, satisfaction with clinic technol-
ogy, and satisfaction with communication with other
clinicians. We constructed an index to reflect practice
reliance on EHR (1 = “all paper” to 5 = “all elec-
tronic”). Linear regression models (with robust SEs to
account for clustering) were used to examine the re-
lationship between covariates of interest and safety.

WHAT WE FOUND: Sixty-two percent of clinicians
were registered nurses, and 38% were prescribers.
Fifty-nine percent of clinicians reported that they
were satisfied with the available technology in their
clinic, and 75% reported high-quality clinician-to-
clinician communication. In a linear regression

model examining factors associated with actions
consistent with a safety culture and adjusted for
clinician age, higher communication satisfaction
with technology (P , .001) and more favorable
clinician communication (P , .001) were signifi-
cantly associated with increased safety scores.
Conversely, higher reliance on EHR was associated
with lower safety scores (P , .001). Prescribers
reported lower safety scores compared with nurses
(P , .001).

BIAS, CONFOUNDING FACTORS: Data were cross-
sectional; therefore, the true direction of association
between some variables may not be easily discerned.
The study sample comprised practices in Michigan
only, where oncology practices have high rates of
integration with health systems. Thus, the findingsmay
not be generalizable to all areas. Survey measures of
clinician communication and satisfaction with tech-
nology were not specific to electronic health records.
Objective safety measures were not available across all
practices.

REAL-LIFE IMPLICATIONS: There is substantial variation
in patient safety in practices with full technology ca-
pability. Practices interested in improving patient
safety should consider monitoring clinicians’ safety
perceptions as technology is introduced or updated. In
addition, effort to strengthen clinician communication,
regardless of form, is an evidence-based strategy to
improve patient safety. Careful attention to technology
adoption and updates, coupled with high-quality
communication skills across clinicians, are promis-
ing strategies to administer high-risk treatments safely
in ambulatory oncology settings and improve cancer
care quality.
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abstract

PURPOSE We know little about how increased technological sophistication of clinical practices affects safety of
chemotherapy delivery in the outpatient setting. This study investigated to what degree electronic health records
(EHRs), satisfaction with technology, and quality of clinician-to-clinician communication enable a safety culture.

METHODS We measured actions consistent with a safety culture, satisfaction with practice technology, and
quality of clinician communication using validated instruments among 297 oncology nurses and prescribers in
a statewide collaborative. We constructed an index to reflect practice reliance on EHRs (1 = “all paper” to 5 = “all
electronic”). Linear regression models (with robust SEs to account for clustering) examined relationships
between independent variables of interest and safety. Models were adjusted for clinician age.

RESULTS The survey response rate was 68% (76% for nurses and 59% for prescribers). The mean (standard
deviation) safety score was 5.3 (1.1), with a practice-level range of 4.9 to 5.4. Prescribers reported fewer safety
actions than nurses. Higher satisfaction with technology and higher-quality clinician communication were
significantly associated with increased safety actions, whereas increased reliance on EHRs was significantly
associated with lower safety actions.

CONCLUSION Practices vary in their performance of patient safety actions. Supporting clinicians to integrate
technology and strengthen communication are promising intervention targets. The inverse relationship between
reliance on EHRs and safety suggests that technology may not facilitate clinicians’ ability to attend to patient
safety. Efforts to improve cancer care quality should focus on more seamless integration of EHRs into routine
care delivery and emphasize increasing the capacity of all care clinicians to communicate effectively and
coordinate efforts when administering high-risk treatments in ambulatory settings.

J Oncol Pract 15:e529-e536. © 2019 by American Society of Clinical Oncology

INTRODUCTION

Given the narrow therapeutic index of chemotherapy
agents and the volume of agents administered, patient
safety in ambulatory oncology settings is a high-priority
consideration.1 Safe chemotherapy delivery requires
effective communication among clinicians to identify
and manage adverse events. Increasingly, oncology
practices have turned to technology solutions to im-
prove communication and patient safety, with little
empirical evidence for their efficacy.

The recent, rapid diffusion of health information
technologies in clinical settings, specifically electronic
health records (EHRs), has raised mounting concerns
that immature technology designs as well as poor
integration of these technologies can threaten patient
safety, clinician well-being, and job satisfaction.2,3

Furthermore, health information technology en-
hances but may also disrupt standard modes of
communication.4 Established communication prac-
tices can change when organizations move from
a paper-based to an electronic patient record-keeping
system,5,6 because the content and patterns of com-
munication are altered.7

The mechanisms described above have an effect on
the safety culture of a practice. By safety culture we
mean performance of behaviors by clinicians theorized
to support safety in health care settings. We know little
about the impact of communication processes and
communication technologies (eg, EHRs, synchronous
messaging) on safety culture in ambulatory oncology
practices. It is essential to understand the ways in
which communication processes and technology are
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integrated in these settings to reduce errors and manage
physiologic adverse responses to chemotherapy. The
purpose of this study was to investigate the degree to which
EHRs, satisfaction with technology, and clinician com-
munication enable a safety culture in ambulatory oncology
treatment settings. We hypothesized that practices with low
reliance on EHRs that have clinicians who are more sat-
isfied with the technology in their practice and report
higher-quality clinician-to-clinician communication would
be more likely to report increased behaviors that promote
patient safety.

METHODS

Data Source

This study is a secondary data analysis of a larger study, the
OCTET (Oncology Communication, Technology, and Pa-
tient Events) study (R01HS024914) a mixed-methods in-
vestigation aimed at characterizing clinician
communication processes, communication technologies,
and adverse patient events in a sample of ambulatory
chemotherapy practices and examining how these prac-
tices and technologies influence safe chemotherapy ad-
ministration. The study’s conceptual model is rooted in the
sociotechnical framework, which posits that patient and
practice outcomes are associated with two social system
constructs (structure and people) and two technical system
constructs (technology and communication).8 Data for the
current study came from clinician surveys and daily
practice event logs from the quantitative data collection
phase. All study procedures were reviewed and approved
by the University of Michigan Health Sciences and Be-
havioral Sciences institutional review board.

Sample

Practices. We recruited 29 ambulatory oncology practices
that are members of the Michigan Oncology Quality Col-
laborative (MOQC). MOQC practices share data to develop
best practices in areas of care with high variation and costs.
Currently, 48 practices across the state participate in
MOQC, representing nearly 90% of all Michigan’s medical
oncologists. To recruit practices, study investigators com-
menced the project at a regularly scheduled MOQC bi-
annual meeting with physician, nursing, and administrative
leaders in attendance. The MOQC Program Director then
distributed e-mail invitations to physician leaders in each
practice with a cover letter, a brief study synopsis, and
a page of frequently asked questions. Once practices were
recruited, study staff identified at least one staff member at
each practice who completed (60-minute) Web-based
training in study procedures. In partnership with trained
staff, we disseminated a tip sheet for data collection
procedures.

An on-site study coordinator at each participating practice
completed a one-page daily log for 6 weeks that summa-
rized key actions and processes that occurred and then

faxed the daily logs to the MOQC Coordinating Center. All
data were collected between May and October 2017.
Clinicians. Clinicians were eligible to participate if they
were registered nurses, physicians, nurse practitioners, or
physician assistants who managed adult patients before,
during, and after receipt of infusion treatments for cancer.
We prepared two survey formats, one for nurses and one for
prescribers (physicians, nurse practitioners, and/or phy-
sician assistants). Clinicians received survey packets
containing a cover letter, either the nurse or prescriber
survey, a $10 cash incentive, and a self-addressed
stamped envelope for returning completed surveys to the
study team. On-site study coordinators sent scripted e-mail
reminders to clinicians to complete the survey. A total of
438 clinicians were sent recruitment materials and con-
firmed to be eligible. Of those, 297 (68%) consented to
participate and completed surveys.

Measures and Outcome Assessments

Trained research assistants entered surveys into the Re-
search Entry and Data Capture web application. Research
Entry and Data Capture is a password-protected, user-
authenticated, encrypted, and firewalled application
used to collect and enter sensitive data in compliance with
the Health Insurance Portability and Accountability Act.
Research assistants double-entered all data, and dis-
crepancies were resolved by the project manager.
Actions consistent with a safety culture. Our primary out-
come of interest was safety, specifically actions consistent
with a safety culture. This was measured using the Safety
Organizing Scale (SOS). The SOS is a reliable (a = 0.88)
nine-item scale for clinicians to self-report the actual
performance of behaviors theorized to support a safety
culture in health care settings.9 For each item, clinicians are
asked the degree to which they and their colleagues engage
in the behavior or practice (eg, “We talk about mistakes and
ways to learn from them”). Items are scored on a 7-point
Likert scale (1 = “not at all” to 7 = “to a very great extent”)
and summed, with higher scores indicating greater actions
consistent with a safety culture.
Quality of clinician communication. Quality of overall cli-
nician communication was measured through a version of
the Nurse-Physician Communication Questionnaire (a =
0.92), which was adapted for our study setting with the
developer’s permission.10,11 Four aspects of communica-
tion are expressed in four subscales: timeliness, un-
derstanding, accuracy, and openness of communication.
Clinicians rated 21 items on a 5-point Likert scale (1 =
“strongly disagree” to 5 = “strongly agree”). A final item
rated their overall satisfaction with clinician-to-clinician
communication on a 5-point Likert scale (1 = “very dis-
satisfied” to 5 = “very satisfied”). Each of the four subscales
was averaged, and then all four were summed together to
form one overall nurse/prescriber communication score,
with higher scores indicating higher-quality clinician
communication.
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Communication satisfaction with practice technology.
Clinicians’ communication satisfaction with practice tech-
nology was measured through a single item adapted from
Venkatesh et al,12 measured on a 5-point Likert scale (1 =
“very dissatisfied” to 5 = “very satisfied”): “How satisfied
are you with the technology available for communication
with other clinicians?” Higher scores indicated greater
communication satisfaction with practice technology.12

Reliance on EHRs. Reliance on EHRs was measured at the
practice level and was defined as the extent to which
a practice’s documentation practices are electronic. Two
different measures were used in the study. First, we had
a dichotomous measure of whether the practice had an
entirely electronic health record or had either all-paper or
a hybrid health record. For the second measure, each
practice also provided information to the study team on
whether the following five elements of a practice’s docu-
mentation system were electronic or paper-based: any
portion of their record captured electronically, electronic
chemotherapy orders, electronic documentation of che-
motherapy administration, electronic system to document
communication with patients/families, and electronic sys-
tem to document communication among clinicians in the
practice. This second measure was a scale reflecting
whether five elements of their record were nonelectronic (0
points), or partially or fully electronic (1 point). The score
was summed and practices were distributed from 0 = “no
elements electronic” to 5 = “all elements electronic”.

All clinicians reported their sex, race, ethnicity, age, years in
practice, and years employed in their current setting.
Through daily practice event logs and a practice charac-
teristics questionnaire collected by on-site study co-
ordinators, we also ascertained patient volume during the
1-month survey data collection period, practice ownership,
and rural versus urban location.

Data Analyses

All analyses were conducted using SAS 9.4 (SAS Institute,
Cary, NC). Descriptive statistics were computed to examine
demographic and clinical characteristics of clinicians and
their practice settings, stratified by registered nurses and
prescribers. Bivariate analyses (t test, x2) examined dif-
ferences in communication, safety behaviors, and com-
munication satisfaction with technology between nurses
and prescribers and the dichotomous measure of reliance
on EHRs in the practice setting.

A linear regression model with robust SEs to account for
clustering within practices examined the relationships
between potential predictors of actions consistent with
a safety culture, including communication satisfaction with
practice technology, the quality of communication with
other clinicians, reliance on EHRs in the practice (scaled
measure), and type of clinician (nurse or prescriber). Given
that other work suggests that there is variation in EHR
adoption by age and years in practice,13,14 we adjusted the

model for clinician age. Results did not differ for the model
adjusted for clinicians’ years of experience. Alpha values
less than 0.05 were considered significant.

RESULTS

Practice and Clinician Characteristics

The survey response rate was 68% (76% for nurses and
59% for prescribers). Table 1 shows practice and clinician
characteristics. Sixty-two percent of clinicians were regis-
tered nurses, and 38% were prescribers.

Communication, Safety Behaviors, and Satisfaction

Table 2 shows unadjusted differences in communication,
safety behaviors, and communication satisfaction with
technology between nurses and prescribers and by re-
liance on EHRs in the practice setting. Fifty-nine percent of
clinicians reported that they were satisfied with the avail-
able technology in their practice, and 75% reported high-
quality clinician-to-clinician communication.

Significant differences were observed between registered
nurses and prescribers in terms of safety scores, with
registered nurses reporting higher use of behaviors con-
sistent with a safety culture compared with prescribers
(5.4 v 5.1; P , .04). Significant differences were also
evident between prescribers’ and nurses’ reports of com-
munication satisfaction with practice technology (68% v
54%; P , .03) and quality of communication with other
clinicians (88% v 68%; P , .001), with prescribers
reporting more favorably on both measures compared with
nurses. Figure 1 shows the unadjusted relationship be-
tween actions consistent with a safety culture (SOS scores)
and reliance on EHR in the practice. In this unadjusted
analysis, differences were evident between practices that
used all electronic systems versus both electronic systems
and paper in terms of communication satisfaction with
technology (42% v 69%; P , .001).

Factors Associated With Behaviors Congruent With
Patient Safety

In a linear regression model examining factors associated
with actions consistent with a safety culture and adjusted
for clinician age, higher communication satisfaction with
technology (P , .001) and more favorable clinician
communication (P , .001) were significantly associated
with increased safety scores. Conversely, increased re-
liance on EHRs in the practice was associated with lower
safety scores (P , .001). Prescribers reported lower safety
scores compared with nurses (P , .001; Table 3).

DISCUSSION

From clinicians’ perspectives, we found that practices vary
in their performance of what we refer to as patient safety
actions. This is especially evident as it relates to commu-
nication with other clinicians, extent of reliance on EHRs,
and their satisfaction with communication through
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technology used in the practice, invariant of clinician age or
years in practice. Factors contributing to increased safety
scores included clinicians’ report of higher satisfaction with
technology used in the practice and more favorable
communication with other clinicians. Our findings are
consistent with other clinical studies showing that health
information technology integration in care delivery settings
can have unintended consequences on patient safety and
communication.6,15-19 To our knowledge, this is among the
first multisite studies to examine the impact of communi-
cation processes and communication technologies on
patient safety actions in ambulatory oncology practices—
care settings that deliver high-risk and high-cost cancer
treatments.

Notably, we found that increased EHR capability in the
practice was associated with lower safety scores and that

this relationship was even stronger in an adjusted model. It
is important to note that clinicians’ length of experience with
an EHR system might influence patient safety; information
on length of EHR experience was not available to the study
team. Even though the EHR is meant to help with patient
safety and lead to less variation, we saw the most variation
in patient safety in practices that fully relied on EHRs
(Fig 1). The inverse relationship between reliance on EHRs
in the practice and safety suggests that technology may
detract from patient safety. Scholars critical of current
health information technology argue that EHRs were not
designed with clinician usability in mind, nor were they
designed to capture and highlight data in an intuitive
manner.3,20 The tasks and interactions required with EHRs
differ fundamentally from paper records, including
e-prescribing, numerous alerts, reminders, and data entry

TABLE 1. Clinician and Practice Characteristics

Factor
Total Sample
(N = 297)

Registered Nurses
(n = 184; 62%)

Prescribers
(n = 113; 38%)

Clinician characteristics

Sex, female 244 (82.1) 174 (94.5) 70 (61.9)

Race

Black 3 (1.0) 2 (1.0) 1 (0.8)

Asian 22 (7.4) 1 (0.5) 21 (18.5)

White 250 (84.1) 175 (95.1) 75 (66.3)

Hawaiian or Pacific Islander 0 (0) 0 (0) 0 (0)

American Indian or Alaskan Native 1 (0.3) 1 (0.5) 0 (0)

Other 13 (4.3) 1 (0.5) 12 (10.6)

Hispanic or Latino origin 6 (2.0) 3 (1.6) 3 (2.7)

Perceived rating of quality care provided in practice

Poor to fair 3 (1.01) 3 (1.63) 0 (0)

Good 90 (30.3) 60 (32.6) 30 (28.5)

Excellent 186 (62.6) 111 (60.3) 105 (71.4)

Age, years, mean (SD) 47.6 (11.9) 47.2 (11.6) 48.2 (12.3)

Years in practice, mean (SD) 17.2 (11.7) 18.4 (12) 15.26 (10.9)

Years working in current clinical setting, mean (SD) 6.9 (6.7) 5.92 (5.9) 8.53 (7.8)

Average daily patient volume that is provided direct care
in practice, mean (SD)

10.74 (7) 8.08 (5.8) 14.89 (6.7)

Average daily patient volume provided direct care through
electronic systems, mean (SD)

4.34 (7) 3.33 (6.6) 5.91 (7.2)

Practice characteristics (n = 29)

Rural v urban practice 8 (29.6)

Current state of health records

All paper or paper plus electronic 18 (59.2)

All electronic 11 (40.7)

Reliance on EHR, index score, mean (SD) 4.32 (1.2)

Volume of patients receiving chemotherapy during survey month, mean (SD) 234 (210)

NOTE. Data given as No. (%) unless otherwise indicated.
Abbreviations: EHR, electronic health record; SD, standard deviation.
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forms and documentation requirements resulting from
health care regulations, such as Meaningful Use re-
quirements. Furthermore, clinicians have reported that
EHR transitions placed additional burdens on their work-
load and, in some instances, did not replace paper-based
documentation practices.21 Coupled with rapid rollout of
health information technology in clinical settings since the
2009 federal requirement, it seems that patient safety has
the potential to be compromised as clinicians struggle with
adapting to new technology features and fundamentally
different documentation processes. For some, these ad-
aptations disrupt clinicians’ ability to deliver safe cancer
care. These findings are consistent with other work dem-
onstrating numerous unintended consequences of an

electronic prescribing system, including communication
and clinical disruption.18,22

We found that perceptions of prescribers and nurses varied
when it came to performing behaviors consistent with
a safety culture and their perception of quality communi-
cation with other clinicians. Specifically, prescribers re-
ported lower safety scores compared with nurses; however,
prescribers reported higher communication satisfaction
with practice technology and higher-quality communica-
tion with other nurses. Nurses are responsible for a large
portion of the documentation that addresses quality
measures, safety measures, and the overall clinical picture
of the patient and are thus one of the most frequent users of
EHRs.23 Our findings are consistent with other studies that
have shown that nurses notice significant challenges with
the EHR when it comes to facilitating communication and
supporting efficient care delivery.6,22 Prescribers and
nurses have different perspectives and experiences that
should be considered as leaders consider EHR modifica-
tions, quality-improvement efforts, and/or additional train-
ing. Our data suggest that improvement strategies may
benefit from tailoring by clinician type to account for the
notable differences observed in this study.

There are limitations to this study that should be noted.
Data were cross-sectional; therefore, the true direction of
association between some variables may not be easily
discerned. The study sample comprised practices in
Michigan only, where oncology practices have high rates of
integration with health systems. Thus, the findings may not
be generalizable to all areas. Survey measures of clinician
communication and satisfaction with technology were not
specific to EHRs. Although comprehensive in domains
captured, the Nurse-Physician Communication Question-
naire is limited by measuring communication between
physicians and nurses. Ambulatory oncology practices
have more diverse teams for clinical decision making.
Hence, communication measures that reflect diverse
perspectives (pharmacy, advanced practice nurses, phy-
sician assistants, medical assistants) would be worthy of
additional exploration. Objective safety measures were not
available across all practices. These limitations are

TABLE 2. Differences in Communication, Safety Behaviors, and Communication Satisfaction With Technology Between Nurses and Prescribers and by
Current State of Health Records in the Practice Setting

Factors

Total
Sample

(N = 297)

Registered
Nurses

(n = 184)
Prescribers
(n = 113)

t Test
or x2 P

All Paper or Paper
Plus Electronic

(n = 190)
All Electronic
(n = 107)

t Test
or x2 P

SOS score, mean (SD) 5.32 (1.14) 5.42 (5.27) 5.15 (4.92) 1.99 .04 5.42 (1.19) 5.27 (1.12) 1.11 .27

Communication satisfaction with
practice technology (satisfied)

170 (59) 95 (54) 75 (68) 4.97 .03 128 (69) 42 (42) 19.4 , .001

Quality of clinician
communication (satisfied)

215 (75) 117 (68) 98 (88) 14.49 , .001 135 (75) 80 (77) 0.19 .65

NOTE. Prescribers included physicians, nurse practitioners, or physician assistants. Data given as No. (%) unless otherwise indicated.
Abbreviations: SD, standard deviation; SOS, Safety Organizing Scale.
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FIG 1. Unadjusted relationship between practice reliance on EHR
and actions consistent with a safety culture (Safety Organizing Scale
[SOS] scores). Each circle represents one practice’s mean score on
the SOS. Larger circles reflect larger variances in the SOS score.
These values are plotted by the practice-level reliance on EHR index.
EHR, electronic health record.
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presented alongside a large, multisite survey of diverse
members of the cancer care team that collected previously
validated measures of technology use, communication,
and patient safety behaviors.

Notwithstanding these limitations, this study provides
important implications for clinical practice. There is
substantial variation in patient safety perceptions in prac-
tices with full reliance on technology. Practices interested in
improving patient safety should consider monitoring

clinicians’ safety perceptions as technology is introduced
or updated. In addition, effort to strengthen clinician
communication, regardless of form, is an evidence-based
strategy to improve patient safety. Careful attention to
technology adoption and updates coupled with high-
quality communication skills across clinicians are prom-
ising strategies to administer high-risk treatments safely in
ambulatory oncology settings and improve cancer care
quality.
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Abbreviations: EHR, electronic health record; SOS, Safety Organizing Scale.
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