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1. Introduction
Successful communication can be defined as the ability to translate information openly,
accurately, and in a timely manner (1, 2). The literature shows that direct communication
(face-to-face communication or real-time communication) is the preferred mode of
communication in Intensive Care Units (ICUs) (3). However, due to the interruptive nature
of ICU work, direct communication may contribute to communication breakdowns and
medical errors (4, 5). According to the Joint Commission (6), two-thirds of the root causes
of sentinel events1 in the period 1995–2005 were communication-related.

Relatively little is known about the different aspects of communication in ICUs, and how
these different aspects of communication vary among healthcare providers. Furthermore, we
do not know how health Information Technology (IT) implementation may impact
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communication among healthcare providers, and consequently, quality of care and patient
safety.

We know that communication is related to quality of care, patient safety and medical errors
(7–10), but we know little about what aspects of communication are important. In one of the
early thorough studies that examined different aspects of communication in ICUs, Shortell et
al. (11) developed and tested a model (see Figure 1) to describe the relation between
managerial practices and organizational processes and effective performance defined in
terms of quality and efficiency of care provided to patients. They hypothesized that “a team-
oriented, achievement oriented culture and leaders who set high standards and provide
necessary support provide more open, accurate, and timely communication, effective
coordination with other units, and more open collaborative problems solving approaches.
These, aspects, in turn, produce greater cohesiveness among team members resulting in the
delivery of more effective patient care” (11).

In this study we focus on the core of Shortell and colleagues’ model, i.e. the different
aspects of communication, and examine how Computerized Provider Order Entry (CPOE)
implementation may influence communication patterns. Communication openness involves
the extent to which nurses and physicians are able to say what they mean when speaking
with each other without fear of repercussion or misunderstanding. Communication accuracy
refers to the degree to which physicians and nurses believe in the accuracy of the
information conveyed to them by the other party (12). Communication timeliness refers to
the degree to which patient information is related promptly to the people who need the
information. Shift/hand-off communication refers to the effectiveness of nurse/physician
communication between shifts (11). Results of the study by Shortell et al. (11) showed that
within- and between-group openness, within- and between-group accuracy, timeliness and
shift communication are all positively associated with quality of care and negatively with
turnover intention of nurses.

Results of the study by Shortell et al. (2) underline how important managerial and
organizational factors are. Shortell et al. concluded: “The findings suggest that ICUs that
have a team-oriented culture with supportive nursing leadership, timely communication,
effective coordination, and with collaborative open problem solving approaches are
significantly more efficient in terms of moving patients in and out of the unit. The units also
have lower nurse turnover that can result in further cost savings through reduced expenses
for recruitment and selection” (2 p. 521).

Apart from the studies by Shortell and colleagues, there are few studies that examine the
different aspects of communication and their relation with quality of care in ICUs. Donchin
et al. (13) conducted around-the-clock observations to examine human errors in a medical-
surgical ICU of a large hospital. Results of the study showed that verbal communication
occurred only in 9% of all activities. Most communications were exclusively among
physicians or exclusively among nurses. Only in 2% of the recorded activities did physicians
communicate verbally with nurses. Interestingly, verbal communications between
physicians and nurses were recorded in 37% of the error reports. This percentage is
surprisingly high when considering that verbal communications between physicians and
nurses were observed only in 2% of activities recorded during the 24-hour observations (13).

In a recent study, Manojlovich et al. (14) examined the relationship between nurses’
perceptions of communication between nurses and physicians, characteristics of the work
environment and patient outcomes as measured by ventilator-associated pneumonia (VAP),
bloodstream infections associated with a central catheter (BSI) and pressure ulcers in 25
ICU units. Manojlovich et al. (14) focused on different aspects of communication: openness;
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accuracy; timeliness; and understanding, using the ICU Nurse-Physician Questionnaire (11).
Results show that variability in communication understanding was related to VAP and that
communication timeliness was inversely related to pressure ulcers. None of the
communication aspects was related to BSI.

Carayon et al. (15) assessed the reliability and validity of three of the communication
concepts (openness, accuracy and timeliness) developed by Shortell et al. (11) and examined
the relationships between these different aspects of communication on the one hand, and
unit effectiveness, satisfaction with care provided, job satisfaction, fatigue and tension on
the other hand. Results of the study showed that the measures of communication were
reliable and valid. Furthermore, openness, accuracy and timeliness were significantly
associated with unit effectiveness, satisfaction with care provided, and job satisfaction.
Communication openness was also significantly (negatively) correlated with fatigue and
tension (15). Using data from the first round of data collection in our study to examine the
impact of CPOE, Hoonakker et al. (16) showed that among ICU nurses, communication
openness and accuracy were related to perceived quality of care and patient safety.

To summarize, successful communication is critical in healthcare and is related to outcomes
such as quality of care and patient safety, in particular in ICUs. However, we know
relatively little about what aspects of communication are important in this process. Further,
implementation of CPOE may have negative effects on communication that need to be
studied.

1.1 CPOE implementation and its effects on communication
CPOE is a key health IT in healthcare. The orders, based on the physician’s decisions with
regard to a patient’s status, initiate and organize the actions carried out by other healthcare
professionals such as nurses, pharmacists, radiologists, and laboratory technicians (17).
Research has shown that CPOE may lead to errors (18–20). Errors can occur at each step of
the order management process: ordering, transcription, dispensing and execution of orders
(17, 21, 22). Specifically, medication ordering has received attention in the literature
because medication overuse, misuse, and even underuse can do great harm to the patient
(17).

Using a CPOE system, the healthcare decision maker enters orders directly into a computer
instead of using paper. Several studies have shown that implementation of CPOE can
improve the medication ordering and administration process and reduce medication errors
because of the support for information flow and communication between care providers. For
example, CPOE implementation has been shown to improve antibiotic ordering patterns
(23–27). and significantly decrease non-intercepted medication errors and potential adverse
drug events (23). Several functionalities of CPOE such as patient specific dosing
suggestions, reminder to monitor drug levels, reminders to choose an appropriate drug,
checking for drug-drug and drug-allergy interactions, standardized order sets, increased
legibility, automated communication with other departments within a hospital, access to
patient data and reference information while ordering, and integration of CPOE with other
health IT systems, such as the pharmacy application and the nurses’ electronic Medication
Administration Record (eMAR) system can improve the medication use process (28).

However, recent studies have shown that implementation of CPOE may undermine the
efficiency and safety of the medication process by impeding nurse-physician collaboration
and communication (17, 19).

The primary goal of this study is to examine the impact of CPOE implementation on quality
of communication in ICUs. We also discuss the results of this study from an international
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perspective. We use data from three rounds of data collection: 6-months pre-CPOE-
implementation (R1), 3-months post-CPOE implementation (R2), and one-year post-CPOE
implementation (R3) to examine the impact of CPOE implementation on communication.

2. Methods
2.1 Setting

The study was performed in four ICUs in a 400-bed rural, tertiary care teaching hospital in
the northeast US: the 24-bed adult intensive care unit (AICU), the 18-bed cardiac ICU
(CICU), the 38-bed neonatal ICU (NICU) and the 11-bed pediatric ICU (PICU). CPOE was
implemented throughout the hospital in October 2007. Related EHR functionalities
implemented at the same time included the electronic pharmacy order-management system
and electronic medication-administration record (eMAR), along with physician and mid-
level documentation (all provided by the same vendor: Epic Systems, Madison, WI). The
inpatient psychiatry system had been implemented in 2005 as a pilot. CPOE implementation
was delayed by the decision to replace the existing pharmacy order-management system to
enable safer, more reliable interactions between the order-entry, pharmacy, and eMAR
systems.

2.2 Design
We used a repeated cross-sectional study design with three rounds of data collection: 6
months pre-CPOE implementation (Round 1 or R1), 3 months post-CPOE implementation
(R2) and 1-year post-CPOE implementation (R3).

2.3 Sample
Nurses, physicians (attendings, fellows and residents), nurse practitioners, and physician
assistants working in all four ICUs were asked to fill out the same survey for all three rounds
of data collection. A total of 267 respondents filled out the questionnaire at R1 (response
rate (RR): 68%); 177 respondents filled out the survey at R2 (RR: 47%), and 220
respondents filled out the questionnaire at R3 (RR: 68%). Overall response rate was 61%. In
the rest of the paper we will make a distinction between nurses and providers (attendings,
fellows, physician-assistants (PAs), nurse-practitioners (NPs), and residents). Providers
enter orders in the CPOE technology; nurses use CPOE technology to enter verbal orders
(although this is uncommon) and to review and verify orders.

2.4 Data collection procedures
Researchers distributed paper questionnaires to nurses and providers in the ICUs. Therefore
not all nurses and providers had a chance to fill out the survey if they were not present at any
of the times that surveys were distributed. Respondents returned completed surveys in
locked mailboxes in each ICU’s conference room. The questionnaires were filled out
anonymously. Participation was voluntary and the study was approved by the institutional
review boards at the University of Wisconsin-Madison and the study hospital.

2.5 Questionnaire
We created 5 scales based on the work of Shortell & Rousseau (11, 29) and our previous
research (15, 30). The first scale consists of two items and measures nurse group
communication openness. Originally, the scale consisted of 4 items. The second scale also
consists of two items and measures provider communication openness. The two items are
adapted from a four-item scale on between-group communication openness. The third scale
consists of two items and refers to nurse communication accuracy. The fourth scale also
consists of two items and refers to physician communication accuracy. The fifth scale
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consists of three items and refers to communication timeliness. The last two scales each
contain two items and refer to nurse shift communication and physician hand-off
communication. See appendix 1 for the items in the different scales. The different scales are
combined to create an overall communication construct. All scales are recoded into values
between 0 (lowest) and 100 (highest). Results of reliability analysis show that Cronbach-
alpha scores of the scales are high (ranging from 0.70 for communication timeliness to 0.92
for physician communication openness). Results of a second order Confirmatory Factor
Analysis (CFA) to establish construct validity of the scales showed an adequate fit for the
overall communication construct (χ2=188.9, df=124, p<0.05, GFI=0.88, SRMR=.12 and
RSMEA=0.05).

2.6 Analyses
SPSS 18.0 © and NCSS (31) were used to analyze the data. We analyzed missing values in
the survey data using Little’s test (32). Missing values were completely at random. Analysis
of variance allowed us to examine differences between different groups, and a two-level
multivariate analysis with repeated measures (33, 34) was used to examine differences in
communication between rounds of data collection.

3. Results
Table I describes the study population. A greater proportion of nurses were female as
compared to providers. On average, nurses were older and had longer tenure than providers;
providers had more years of computer experience and more computer expertise than nurses.
Providers in the sample more often work in the AICU. There are no statistically significant
changes in the study population’s characteristics over time.

3.1 Nurse and provider communication
In our study we make a distinction between nurses and providers because only providers
(physicians and physician extenders such as PAs and NPs) can enter orders in the CPOE
system. There are significant differences in how the two groups rate the different aspects of
communication (see for example Figure 2). Figure 2 shows the results for Round 1 of data
collection (6-months pre-CPOE implementation), but the differences between nurses are
providers are consistent over all three rounds of data collection. Nurses rate the overall
quality of communication consistently lower than providers, especially communication
openness and accuracy of providers, communication timeliness and physician hand-off
communication.

3.2 Quality of communication, 6-months before, 3-months after and one-year after CPOE
implementation

Results of our analyses (see Table II) show that differences in overall quality of
communication (all respondents) between the three rounds of data collection are not
statistically significant (F=.779, p=0.46). Differences in overall communication for nurses
between the three rounds of data collection are not statistically significant different (F=2.72,
p=0.07), but the difference between R2 and R3 is statistically significant. Differences in
communication for providers between the three rounds of data collection are not statistically
significant different (F=.579, p=0.56).

Nurses rate the quality of communication lower as compared to the ratings of providers.
Differences between nurses and providers are statistically significant (overall t=−5.69,
p<0.001); in R1 (t=−3.69, p<0.001); in R2 (t=−4.38, p<0.001); but in R3 differences are no
longer statistically significant (t=−1.81, p=0.71).
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Overall, we do not see significant differences in the different aspects of communication for
providers. For nurses, overall, the different aspects of communication decrease at R2, but at
R3 come back to the same or higher levels at R1. Overall, nurses rate the different aspect of
communication lower than providers, especially communication openness of physicians,
communication accuracy of physicians, communication timeliness and physician hand-off
communication.

4. Discussion
4.1 Effects of CPOE implementation on communication

The primary objective of this study was to examine the effects of CPOE implementation on
communication in ICUs. Results of our study show few differences in the quality of
communication 6 months before CPOE implementation (R1), 3 months post-CPOE
implementation (R2) and one-year post-CPOE implementation (R3). Results show that for
nurses, overall, quality of communication decreases 3-months post-CPOE implementation.
Especially communication timeliness was significantly lower at R2 than both in R1 and R3.
However, at R3 the scores on the different aspects of communication have returned to the
same level or higher level as before CPOE implementation. For providers the results are
more difficult to interpret, also because some providers had experience with CPOE in
outpatient settings before CPOE was implemented in the main hospital. In general, the
scores on the different aspects of communication in R3 are lower than at R1 and R2.
However, none of the differences is statistically significant. To summarize, we can conclude
that CPOE implementation did not have a negative long-term impact on quality of
communication in the ICUs.

4.2 Results from an international perspective
An additional objective of this study was to examine the results from an international
perspective. Specifically for nurses, most aspects of communication decreased at R2.
Especially communication timeliness was significantly lower at R2. Studies in many
countries, including Australia (35–37), Denmark (38), France (17), The Netherlands (19,
39–42), and the USA (43–51), have shown that communication is disrupted after CPOE
implementation, and that face-to-face communication is replaced by asynchronous
communication (for a summary of the studies, see Appendix 2).

Results of observational studies show that the time spent on communication is actually
reduced after CPOE implementation (47, 51). Results of an observational study by Shu et al.
(51) in a large hospital in Massachusetts showed that after the implementation of a CPOE
system, physicians spent significantly less time talking, less time with other physicians or in
educational activities, and significantly more time alone than before CPOE implementation.
Cheng et al. (47) observed 50 clinicians (physicians, nursing staff, and pharmacists) to study
the impact of CPOE two months after implementation on workflow processes in a 15-bed
medical/surgical ICU in California. Results of this observation study show that CPOE
changed workflows and led to new forms of communications, such as adding ad hoc
verification tasks to check for an order’s existence and correctness.

Results of other, mostly qualitative studies support the observational studies. For example,
Fields et al. (49) interviewed nurses to examine the impact of CPOE on nurses and nurses’
work in a tertiary care community hospital in California. Results of the study showed that
nurses were spending more time checking for orders and many nurses felt the need to seek
the physician to better understand the care plan, and needed additional information with
regard to medication because physicians had entered orders off-floor. Beuscart-Zephir et al.
(17) examined CPOE implementation in 3 hospitals in France using observations,
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interviews, and documentation review. Results showed that, after CPOE implementation,
doctors and nurses had less time to interact and discuss medications. Synchronous
communication had been replaced with asynchronous communication. Pirnejad et al. (19,
40) examined the effects of CPOE implementation on nurse-physician collaboration in 6
internal medicine wards of a Medical Center (1200 beds) in the Netherlands. The
researchers used questionnaires and interviews in a pre-post (5 months after CPOE
implementation) design. Results of the study showed that synchronization and feedback
mechanisms in nurse-physician collaboration had been impaired after the CPOE system was
implemented. Many of the feedback loops that existed in the paper-based system were
negatively affected after CPOE implementation. For example, nurses complained that they
were not sure why a doctor had stopped or changed a medication, and they were not notified
when an order had been placed by the physician off the floor. Physicians on the other hand
complained about the fact that they did not know whether nurses had picked up medications.
Pirnejad and colleagues concluded that: “… the CPOE system has a physician-advantaged
design that promotes asynchronous communication and separates the work of physicians
from that of nurses” (19). Results of secondary qualitative data analysis on data from 5
different hospitals that implemented CPOE in the US (48) showed that CPOE can have a
negative impact on the communication between all actors in the care process: physician-
nurse communication, physician-patient communication, and physician-pharmacist
communication. For example, CPOE allows care providers to write orders off the floor, and
the nurse does not always know that a new order has been placed. The latter is especially a
problem in ICUs where medication orders need to be carried out as soon as possible. Other
studies that used secondary analysis and expert panels confirmed these results (44, 46). To
summarize, based on the results in these different countries, we can conclude that in general
CPOE implementation disrupts communication patterns, and especially communication
between nurses and physicians.

Interestingly, many of the problems caused by CPOE implementation such as change in
established workflow patterns and communication have been known for quite a while.
Massaro (43) in 1993 described the effects of CPOE implementation at the University of
Virginia (UVA) Medical Center. CPOE implementation at UVA was difficult: the
implementation experienced considerable delays, and its cost was higher than originally
estimated. Among the causes of the problems with CPOE implementation at UVA were the
alteration of established workflow patterns and a change in the way the medical center’s
professional groups related to each other (43). Using CPOE, orders were placed by
clinicians from anywhere in the hospital and no direct communication with other caregivers
was required.

The results of the international studies have shown that several underlying mechanisms are
causing disruption in physician-nurse communication after CPOE implementation. First, the
amount of time for nurse-physician communication is reduced. Second, direct or
synchronous communication in which the physician gives a verbal order or writes a paper
order (including change orders), which is acknowledged by the nurse, who then takes care of
the ordering process, is replaced by asynchronous communication: the physician puts the
order in the system, assumes that the “system” will take care of the ordering process
(sometimes called an “illusion of communication” (48)), but it can take time for the nurse to
find out about the order. For example, the nurse may have to log in the system to find about
the order. In other words: there is a delay between the physician “sending” the order and the
nurse “receiving” the order (44, 46, 48). Third, some of the feedback mechanisms that are
present in verbal or paper ordering are missing. In a synchronous paper ordering system, the
physician gives the verbal order or writes the paper order and the nurse receives the order. If
there are any questions about the order, at that moment the nurse can ask questions to the
physician. In addition to this verbal exchange of information and the opportunity to get

Hoonakker et al. Page 7

Int J Med Inform. Author manuscript; available in PMC 2014 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



direct feedback and resolve possible issues with the order, non-verbal communication takes
place. Face-to-face communication between the physician and nurse is multi-dimensional:
the face-to-face communication does not only convey information about patient care, but
also meta-communication messages that are important to create and maintain interpersonal
relationships, evaluate one other’s knowledge, and establish trust (52).

These underlying mechanisms can at least partly explain the results of our study. Nurse-
physician communication openness and timeliness decreased between pre-CPOE
implementation and 3-months post-CPOE implementation, but nurse-physician
communication accuracy did not change. Studies in several countries have shown that CPOE
does improve accuracy (53–57). However, at R3, one-year after CPOE implementation,
communication openness and timeliness are back at the same level as pre-CPOE
implementation. We assume that nurses and physicians have adapted to the disruptive
effects of CPOE on communication by changing the way they communicate, and using
workarounds and new ways of communicating. For example, several studies have shown
that there is an increase in calls made by nurses to physicians to get additional information
about the orders (42, 47, 49). The study by Khajouei et al., (41) in the Netherlands, 10 years
after CPOE implementation, shows that both nurses and physicians have found new ways to
communicate, and restored the feedback loops by using paper artifacts. The CPOE that was
implemented provides the possibility to print out labels that indicate to nurses that a new
order, or change or discontinuation of previous orders has occurred. Nurses mentioned that
they use these print-outs to coordinate ordering activities with physicians and other nurses.

4.3 Conclusion
Communication in healthcare is of crucial importance. According to the Joint Commission,
many errors in medical settings are related to communication (6, 58). Several international
studies have shown that CPOE can disrupt communication. However, there are few studies
that have studied long-term effects of communication.

Results of this study show that CPOE implementation has a negative effect on the quality of
communication in the short time, but that in the long-term quality of communication reverts
to pre-CPOE implementation levels. Results of this study show that implementation of
health IT, such as CPOE, causes basically the same problems in different countries, despite
differences in health IT implementation approach (bottom-up, middle-out, or top-down).
This means that the problems are caused by the technology and not so much the
implementation process. Technology implementation has an impact on work processes,
workflow, and communication. Interestingly, even in countries with a bottom-up approach,
such as the USA, where one would expect more competition between vendors and therefore
more attention to customer demands, these problems persist, and will not be resolved until
either vendors pay more attention to usefulness and usability of health IT, or employees
have found ways to work around the problems caused by technology implementation.

4.4 Study limitations
In this study we used a repeated cross-sectional design (trend study); therefore, there may be
some dependency between the samples in the different rounds of data collection (R1, R2,
and R3). For the providers the dependency is limited because residents are a large part of the
sample (48% in R1, 39% in R2 and 30% in R3, see Table I). Residents rotate through the
units, thus the chance that the same resident filled out the questionnaire in an ICU in the
three rounds of data collection is rather small. There were no statistical differences between
the nurses’ samples in the different rounds of data collection with regard to gender, age,
education, tenure at the hospital and unit they work in, and average years of computer
experience. This means that there must be some dependency between the nurses’ samples at
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R1, R2, and R3. The question is how important that dependency is. It is possible that the
manner in which nurses filled out the questionnaire at R1 may have some effect on how they
filled out the questionnaire at R2, nine months later, and R3 (18 months later than R1 and 9
months later than R2). A second limitation of this study is that the samples of providers at
R1-R3 were rather small, and consist of different job positions (residents, fellows,
attendings, nurse practitioners, and physician assistants). However, results of a power
analysis, conducted before we started the study, showed that at the provider-level, an
optimal sample size configuration to maintain statistical power at .80, with alpha = .05,
would be 50. The sample size of the prescribing providers is small, but should be large and
sensitive enough to detect statistically significant differences.

References
1. Knaus WA, Draper EA, Wagner DP, Zimmerman JE. An evaluation of outcome from intensive care

in major medical centers. Annals of Internal Medicine. 1986; 104:410–418. [PubMed: 3946981]

2. Shortell SM, Zimmerman JE, Rousseau DM, Gillies RR, Wagner DP, Draper EA, et al. The
performance of intensive care units: Does good management make a difference? Medical Care.
1994; 32(5):508–525. [PubMed: 8182978]

3. Moss J, Xiao Y, Zubaidah S. The operating room charge nurse: coordinator and communicator. J
Am Med Inform Assoc. 2002 Nov-Dec;9(Suppl):S70–S74.

4. Coiera E, Jayasuriya RA, Hardy J, Bannan A, Thorpe ME. Communication loads on clinical staff in
the emergency department. MJA. 2002; 176:415–418. [PubMed: 12056992]

5. Schoop M. An Empirical Study of Multidisciplinary Communication in Healthcare using a
Language-Action Perspective. Methods of Information in Medicine. 1999; 36(4–5):265–273.
[PubMed: 10805011]

6. Joint Commission on Accreditation of Healthcare Organizations (JCAHO). [cited 2007 August 7]
Sentinel Events Statistics. 2007 Mar 31. 2007; Available from: http://www.jointcommission.org/
SentinelEvents/Statistics/

7. Baggs JG, Schmitt M, Mushlin AI, Mitchell PH, Eldredge DH, Oakes D, et al. Association between
nurse-physician collaboration and patient outcomes in three intensive care units. Critical Care
Medicine. 1999; 27(9):1991–1998. [PubMed: 10507630]

8. Reader T, Flin R, Lauche K, Cuthberson B. Non-technical skills in the intensive care unit. Br J
Anaesth. 2006; 96:551–559. [PubMed: 16567346]

9. Wilson RM, Runciman WB, Gibberd RW, Harrison BT, Newby L, Hamilton JD. The quality in
Australian health care study. Med J Aust. 1995; 163:458–471. [PubMed: 7476634]

10. Bhasale AL, Miller GC, Reid SE, Britt HC. Analysing potential harm in Australian general
practice: an incident-monitoring study. Med J Aust. 1998; 169:73–76. [PubMed: 9700340]

11. Shortell SM, Rousseau DM, Gillies RR, Devers KJ, Simons TL. Organizational assessment in
intensive care units (ICUs): construct development, reliability, and validity of the ICU nurse-
physician questionnaire. Medical Care. 1991; 29(8):709–726. [PubMed: 1875739]

12. Roberts KH, O'Reilly CA. Measuring organizational communication. J Appl Psychol. 1974;
59:321.

13. Donchin Y, Gopher D, Olin M, Badihi Y, Biesky M, Sprung CL, et al. A look into the nature and
causes of human errors in the intensive care unit. Critical Care Medicine. 1995; 23(2):294–300.
[PubMed: 7867355]

14. Manojlovich M, Antonakos CL, Ronis DL. Intensive care units, communication between nurses
and physicians, and patients' outcomes. American Journal of Critical Care. 2009; 18(1):21–29.
[PubMed: 19116401]

15. Carayon, P.; Alvarado, CJ.; Hundt, AS.; Springman, SR.; Borgsdorf, A.; Hoonakker, PLT.
Employee questionnaire survey for assessing patient safety in outpatient surgery. In: Henriksen,
K.; Battles, JB.; Marks, E.; Lewin, DI., editors. Advances in Patient Safety: From Research to
Implementation. Rockville, MD: Agency for Healthcare Research and Quality; 2005. p. 461-473.

16. Hoonakker, PLT.; Carayon, P.; Douglas, S.; Schulz, K.; Walker, J.; Wetterneck, TB.
Communication in Intensive Care Units and the Relation with Quality of Care and Patient Safety.

Hoonakker et al. Page 9

Int J Med Inform. Author manuscript; available in PMC 2014 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.jointcommission.org/SentinelEvents/Statistics/
http://www.jointcommission.org/SentinelEvents/Statistics/


In: Snelwar, LI.; Mascia, FL.; Montedo, UB., editors. Human Factors in Organizational Design
and Management. Santa Monica, CA: IEA Press; 2008. p. 715-721.

17. Beuscart-Zephir MC, Pelayo S, Anceaux F, Meaux J-J, Degroisse M, Degoulet P. Impact of CPOE
on doctor-nurse cooperation for the medication ordering and administration process. International
Journal of Medical Informatics. 2005; 74(7–8):629–641. [PubMed: 16043087]

18. Kohn, LT.; Corrigan, JM.; Donaldson, MS., editors. To Err is Human: Building a Safer Health
System. Washington, DC: National Academy Press; 1999.

19. Pirnejad H, Niazkhani Z, van der Sijs H, Berg M, Bal R. Impact of computerized physician order
system on nurse-physician collaboration in the medication process. Int J Med Inform. 2008;
77:735–744. [PubMed: 18514020]

20. Wetterneck TB, Walker JM, Blosky MA, Cartmill RS, Hoonakker PLT, Johnson MA, et al.
Duplicate medication errors incrase after CPOE implementation. JAMIA. 2011; 18(6):774–782.
[PubMed: 21803925]

21. Paris, B.; Carayon, P.; Blosky, MA.; Walker, J.; Wetterneck, TB. Safety of the antibiotic
medication use process in the intensive care unit; The Human Factors and Ergonomics Society
52nd Annual Meeting; September 22–26; New York (NY). 2008.

22. Wetterneck, TB.; Paris, B.; Walker, J.; Carayon, P. CPOE Functionalities and Medication Ordering
Errors in the ICU. In: Snelwar, LL.; Mascia, FL.; Meontedo, UB., editors. Human Factors in
Organizational Design and Management - IX. Santa Monica, CA: IEA Press; 2008. p. 369-375.

23. Bates DW, Teich JM, Lee J, Seger D, Kuperman GJ, Ma'Luf N, et al. The Impact of Computerized
Physician Order Entry on Medication Error Prevention. J Am Med Inform Assoc. 1999; 6(4):313–
321. [PubMed: 10428004]

24. Shojania KG, Yokoe D, Platt R, Fiskio J, Ma’luf N, Bates DW. Reducing vancomycin use utilizing
a computer guideline: results of a randomised controlled trial. J Am Med Inform Assoc. 1998;
5:554–562. [PubMed: 9824802]

25. Evans RS, Pestotnik SL, Classen DC, Clemmer TP, Weaver LK, Orme JFJ, et al. A computer-
assisted management program for antibiotics and other antiinfective agents. The New England
Journal of Medicine. 1998; 338(4):232–238. [PubMed: 9435330]

26. Bates DW, Leape LL, Cullen DJ, Laird N, Petersen LQ, Teich JM, et al. Effect of computerized
physician order entry and a team intervention on prevention of serious medication errors. Journal
of the American Medical Association. 1998; 280(15):1311–1316. [PubMed: 9794308]

27. Kuperman G, Teich J, Gandhi T, Bates D. Patient safety and computerized medication ordering at
Brigham and Women's Hospital. Jt Comm J Qual Improv. 2001; 27(10):509–521. [PubMed:
11593885]

28. Kuperman GJ, Gibson RF. Computer physician order entry: Benefits, costs, and issues. Annals of
Internal Medicine. 2003; 139(1):31–39. [PubMed: 12834316]

29. Shortell, SM.; Rousseau, DM. The Organization and Management of Intensive Care Units.
University of California-Berkeley; 1989.

30. Carayon P, Alvarado CJ, Hundt AS, Springman S, Ayoub P. Patient safety in outpatient surgery:
The viewpoint of the healthcare providers. Ergonomics. 2006; 49(5–6):470–485. [PubMed:
16717005]

31. Hintze, J. NCSS. Kaysville, Utah: LLC; 2007.

32. Little RJA. A test of missing completely at random for multivariate data with missing values.
Journal of the American Statistical Association. 1988; 83(404):1198–1202.

33. Goldstein, H. Multilevel Statistical Models. 3 ed. London: Arnold; 2003.

34. Korn EL, Whitemore AS. Methods for analysing panel studies of acute health effects of air
pollution. Biometrics. 1979; 35:795–802. [PubMed: 526525]

35. Georgiou A, Westbrook JI. Clinician reports of the impact of electronic ordering on an emergency
department. Stud Health Technol Inform. 2009; 150:678–682. [PubMed: 19745397]

36. Westbrook JI, Georgiou A, Lam M. Does computerised provider order entry reduce test turnaround
times? A before-and-after study at four hospitals. Stud Health Technol Inform. 2009; 150:527–
531. [PubMed: 19745367]

37. Georgiou A, Braithwaite J, Westbrook J. Computerized provider order entry systems - Research
imperatives and organizational challenges facing pathology services2010. 2010 Jan 1.:11.

Hoonakker et al. Page 10

Int J Med Inform. Author manuscript; available in PMC 2014 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



38. Wentzer HS, Bottger U, Boye N. Unintended transformations of clinical relations with a
computerized physician order entry system. International Journal of Medical Informatics. 2007;
76(1003):S456–S461. [PubMed: 17936681]

39. Aarts J, Doorewaard H, Berg M. Understanding implementation: the case of a computerized
physician order entry system in a large Dutch university medical center. Journal of the American
Medical Informatics Association. 2004; 11(3):207–216. [PubMed: 14764612]

40. Pirnejad H, Niazkhani Z, van der Sijs H, Berg M, Bal R. Evaluation of the Impact of a CPOE
system on nurse-physician communication. Methods in Information Medicine. 2009; 4:350–360.

41. Khajouei R, Wierenga PC, Hasman A, Jaspers MWM. Clinicians satisfaction with CPOE ease of
use and effect on clinicians' workflow, efficiency and medication safety. International Journal of
Medical Informatics. 2011; 80(5):297–309. [PubMed: 21419695]

42. Niazkhani Z, Pirnejad H, van der Sijs H, Aarts J. Evaluating the medication process in the context
of CPOE use: The significance of working around the system. International Journal of Medical
Informatics. 2011; 80(7):490–506. [PubMed: 21555237]

43. Massaro TA. Introducing physician order entry at a major academic center: I. Impact on
organizational culture and behavior. Acad Med. 1993; 68:20–25. [PubMed: 8447887]

44. Ash JS, Berg M, Coiera E. Some unintended consequences of information technology in health
care: The nature of patient care information system-related errors. Journal of the American
Informatics Association. 2004; 11(2):104–112.

45. Ash JS, Gorman PN, Lavelle M, Stavri PZ, Lyman J, Fournier L, et al. Perceptions of physician
order entry: Results of a cross-site qualitative study. Methods in Information Medicine. 2003;
42:313–323.

46. Campbell EM, Sittig DF, Ash JS, Guappone KP, Dykstra RH. Types of unintended consquences
related to computerized order entry. JAMIA. 2006; 13(5):547–556. [PubMed: 16799128]

47. Cheng, CH.; Goldstein, MK.; Geller, E.; Levitt, RE., editors. The effects of CPOE on ICU
workflow: an observational study; Proceedings of the American Medical Informatics Association
Symposium; 2003.

48. Dykstra R. Computerized order entry and communication: Reciprocal impacts.
ElectronicHealthcare. 2003; 2(3):36–42.

49. Fields, W.; Jacoby, J.; McCullough, S., editors. Effect of computerized physician order entry on
nurses and nurses' work; AMIA 2009 Symposium; San Francisco, CA. 2009.

50. Wright MJ, Frey K, Scherer J, Hilton D. Maintaining excellence in physician nurse communication
with CPOE: A nursing informatics team approach. Journal of Healthcare Information
Management. 2006; 20(2):65–70. [PubMed: 16669590]

51. Shu, K.; Boyle, D.; Spurr, CD.; Horsky, J.; Heiman, H.; O'Connor, P., et al. Comparison of time
spent writing orders on paper with computerized physician order entry. In: Patel, V., et al., editors.
MEDINFO 2001. Amsterdam, The Netherlands: IOS Press; 2001. p. 1207-1211.

52. Gorman PN, Lavelle M, Ash JS. Order creation and communication in healthcare. Methods in
Information Medicine. 2003; 42:376–384.

53. van Rosse F, Maat B, Rademaker CMA, van Vught AJ, Egberts ACG, Bollen CW. The effect of
computerized physician order entry on medication prescription errors and clinical outcome in
pediatric and intensive care: a systematic review. Pediatrics. 2009; 123:1184–1190. [PubMed:
19336379]

54. van Doormaal JE, van den Bemt PMLA, Zaal RJ, Egberts ACG, Lenderink BW, Kosterink JGW,
et al. The influence that electronic prescribing has on medication errors and preventable adverse
drug events: an interrupted time-series study. J Am Med Inform Assoc. 2009; 16:816–825.
[PubMed: 19717798]

55. Westbrook JI, Reckmann M, Li L, Runciman WB, Burke R, Lo C, et al. Effects of two commercial
electronic prescribing systems on prescribing error rates in hospital in-patients: a before and after
study. PLoS Med. 2012; 9(1):e1001164. [PubMed: 22303286]

56. McKibbon KA, Lokker C, Handler SM, Dolovich LR, Holbrook AM, O'Reilly D, et al. The
effectiveness of integrated health information technologies across the phases of medication
management: a systematic review of randomized controlled trials. J Am Med Inform Assoc. 2012;
19:22–30. [PubMed: 21852412]

Hoonakker et al. Page 11

Int J Med Inform. Author manuscript; available in PMC 2014 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



57. Kaushal R, Shojania KG, Bates DW. Effects of Computerized Physician Order Entry and Clinical
Decision Support Systems on Medication Safety: A Systematic Review. Arch Intern Med. 2003;
163(12):1409–1416. [PubMed: 12824090]

58. The Joint Commission. [cited 2012 April 30] Sentinel Event Data - Root Causes by Event Type.
The Joint Commission. 2012. Available from: http://www.jointcommission.org/assets/1/18/
Root_Causes_Event_Type_2004-2011.pdf

Appendix
Appendix 1

Communication in the ICU (Adapted from the ICU Nurse-Physician Questionnaire (1, 2))

If you are a resident, when answering the questions in this section, please think about the ICU that you worked on
most recently.

Strongly
Disagree Disagree

Neither
Disagree

Nor Agree Agree
Strongly

Agree

1. Communication with nurses on this ICU is very open. □1 □2 □3 □4 □5

2. It is easy to ask advice from nurses on this ICU. □1 □2 □3 □4 □5

3. Communication with physicians/PAs/NPs on this ICU
is very open.

□1 □2 □3 □4 □5

4. It is easy to ask advice from physicians/PAs/NPs on
this ICU.

□1 □2 □3 □4 □5

5. Communication with pharmacists on this ICU is very
open.

□1 □2 □3 □4 □5

6. It is easy to ask advice from pharmacists on this ICU. □1 □2 □3 □4 □5

7. I can think of a number of times when I received
incorrect information regarding patient care from nurses
on this ICU.

□1 □2 □3 □4 □5

8. It is often necessary for me to go back and check the
accuracy of information regarding patient care I have
received from nurses on this ICU.

□1 □2 □3 □4 □5

9. I can think of a number of times when I received
incorrect information regarding patient care from
physicians/PAs/NPs on this ICU.

□1 □2 □3 □4 □5

10. It is often necessary for me to go back and check the
accuracy of information regarding patient care I have
received from physicians/PAs/NPs on this ICU.

□1 □2 □3 □4 □5

11. I can think of a number of times when I received
incorrect information regarding patient care from
pharmacists on this ICU.

□1 □2 □3 □4 □5

12. It is often necessary for me to go back and check the
accuracy of information regarding patient care I have
received from pharmacists on this ICU.

□1 □2 □3 □4 □5

13. I get information on the status of patients when I need
it.

□1 □2 □3 □4 □5

14. When a patient’s status changes, I get relevant
information quickly.

□1 □2 □3 □4 □5
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If you are a resident, when answering the questions in this section, please think about the ICU that you worked on
most recently.

Strongly
Disagree Disagree

Neither
Disagree

Nor Agree Agree
Strongly

Agree

15. In matters pertaining to patient care, nurses call
physicians in a timely manner.

□1 □2 □3 □4 □5

16. There is effective communication between nurses
across shifts.

□1 □2 □3 □4 □5

17. Nurses associated with the unit are well informed
regarding events occurring on other shifts.

□1 □2 □3 □4 □5

18. There is effective communication between physicians/
PAs/NPs across shifts.

□1 □2 □3 □4 □5

19. Physicians/PAs/NPs associated with the unit are well
informed regarding events occurring on other shifts.

□1 □2 □3 □4 □5

1
Shortell SM, Rousseau DM. The Organization and Management of Intensive Care Units. University of California-

Berkeley, 1989.
2
Shortell SM, Rousseau DM, Gillies RR, Devers KJ, Simons TL. Organizational assessment in intensive care units (ICUs):

construct development, reliability, and validity of the ICU nurse-physician questionnaire. Medical Care. 1991;29(8):
709-26.
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Bullets

What was already known about the topic

• Communication patient safety

• Computerized Provider Order Entry (CPOE) can improve the medication
ordering and administration process and reduce medication errors because they
support better data communication between care providers

• Recent studies have shown that implementation of CPOE may undermine the
efficiency and safety of the medication process by impeding nurse-physician
collaboration and communication

What this study added to our knowledge

• Few studies have examined the long term effects of CPOE implementation on
communication

• In addition, few studies have examined what aspects of communication are
affected by CPOE implementation

• Results of this study show that CPOE implementation has a short-term, negative
effect on communication timeliness and openness, but in the long term these
effects revert to the same or higher levels as pre-CPOE implementation
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Highlights

• Few studies have examined long term effects of CPOE implementation on
communication

• Few studies have examined what aspects of communication are affected by
CPOE

• CPOE implementation has a short-term, negative effect on communication

• In the long term the effects revert to the same levels as pre-CPOE
implementation
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Figure 1.
Managerial and organizational factors affecting ICU performance (Shortell et al., 1991)
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Figure 2.
Differences in communication between nurses and providers
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Table I

Summary table descriptive statistics nurses and providers, Round 1, percentages, means and [standard
deviations]

Nurses
(N=178)

Providers1
(N=79)

Significance

Age

/< 34 33.7% 53.8% χ2 = 10.6, df=3,

35–44 27.4% 21.3% p<0.05

45–54 32.0% 17.5%

>/ 55 6.9% 7.5%

Gender

Male 12.4% 60.8% χ2 =64.7, df=1,

Female 87.6% 39.2% P<0.001

Education

Some college or technical training 40.3% 1.3% χ2 =195.3, df=3,

Graduated from college 46.6% 7.5% p<0.001

Some graduate school 10.2% 2.5%

Graduate degree 2.8% 88.8%

Years of computer experience 9.9
[6.1]

13.5
[6.4]

t=−4.3, p<0.001

Computer expertise (1 = never use it; 7 = regular and expert user) χ2=18.9, df=5, p<0.01

Tenure at hospital (Years) 11.5
[10.3]

6.5
[8.4]

t=3.9, p<0.001

Tenure at ICU (Years) 10
[9.2]

3.5
[6.8]

t=5.8, p<0.001

ICU

Adult ICU 28.3% 45.8% χ2=10.3, df=3, p<0.05

Cardiac ICU 27.2% 24.1%

Neonatal ICU 30.6% 14.5%

Pediatric ICU 13.9% 15.7%

1
R1: 9 Physician Assistants (PAs), 9 Nurse Practitioners (NPs), 22 attendings, 4 fellows, 40 residents and interns, R2: 3 PAs, 3 NPs, 15 attendings,

10 fellows, 22 residents and interns, 1 unknown; R3: 7 PAs, 4 NPs, 21 attendings, 8 fellows, 17 residents and interns
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Table II

Communication by job type and round of data collection 6-months pre-implementation (R1), 3-months post
implementation (R2) and one-year post implementation (R3), means and [standard deviations]

Nurses
R1

(N=178)

Nurses
R2

(N=120)

Nurses
R3

(N=162)

Providers
R1

(N=77)

Providers
R2

(N=52)

Providers
R3

(N=55)

Communication with nurses:
openness

77.0
[15.8]

75.2*
[16.0]

79.8*
[13.9]

79.9
[20.3]

84.6
[14.8]

80.7
[19.5]

Communication with physicians:
1,2,3

72.7
[17.6]

70.1
[20.3]

72.8
[19.0]

89.0
[13.3]

87.0
[13.3]

84.3
[18.8]

Communication with nurses:
accuracy

67.2
[23.1]

64.7
[21.8]

65.9
[21.5]

68.2
[23.3]

70.1
[19.2]

65.2
[23.9]

Communication with physicians:

accuracy 1,2
67.9

[20.6]
66.9

[21.7]
68.4

[20.0]
79.2

[19.5]
77.9

[16.5]
73.0

[22.4]

Communication: timeliness1,2,3 77.8**
[10.5]

73.4**
[12.9]

77.8**
[11.7]

79.5
[13.8]

79.6
[15.4]

79.7
[13.2]

Nurses Handoff/
Shift Communication

70.2
[16.0]

68.3
[17.3]

71.7
[16.4]

65.3
[21.4]

68.9
[18.9]

66.4
[20.7]

Physician Handoff/

Shift Communication1,2,3
63.7

[16.5]
63.0

[17.6]
66.2

[16.8]
77.3

[16.4]
75.2

[15.9]
76.8

[16.6]

Communication Total1,2 71.4
[10.7]

69.0
[12.1]

72.2
[11.0]

77.1
[12.4]

77.9
[12.6]

75.4
[12.3]

*
Differences between rounds of data collection are statistically significant at p<0.005, and

**
p<0.001

1,2,3
Differences between providers and nurses are statistically significant in respectively R1, R2, and R3
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