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Summary 
Objectives: To assess the effects of a CPOE 
system on inter-professional workflow in the 
medication process. 
Methods: Twenty-three semi-structured in-
terviews with physicians, nurses, and pharma-
cists were conducted in a Dutch academic 
hospital. In addition, the handwritten and sys-
tem-generated documents used daily were 
collected for analysis. Data was analyzed on 
the basis of three conceptual themes in the 
inter-professional workflow: division of tasks, 
flow of information, and task coordination. 
Results: The CPOE system reorganized the 
existing work procedures, affecting the work-
flow among the three professional groups 
both advantageously and disadvantageously. 
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The system resulted in the reassignment of 
tasks and reallocation of areas of expertise in 
the medication process. Moreover, patients’ 
medication-related information became frag-
mented in both the paper records and in the 
electronic records, as well as in different 
 professional domains. The system provided 
lim ited support for professional groups to 
 coordinate their tasks temporally. It also made 
it difficult to build mutual intelligibility upon 
new changes in the medication plan. To in -
tegrate tasks, the professional groups had to 
bypass the system or add new steps and extra 
coordinative tasks. 
Conclusion: We identified several workflow 
integration issues after the implementation of 
a CPOE system. Our insights into these issues 
can help ensure that the system design or 
redesign properly integrates all tasks, infor-
mation, and areas of expertise of professional 
groups into those of the physicians. 

1. Introduction 
The deployment of computerized provider 
order entry (CPOE) systems in hospitals is 
 increasingly encouraged, especially after 
the Institute of Medicine (IOM) advocated 
these systems in its two consecutive reports 
[1, 2]. Despite all the interest in and poten-
tial benefits with regard to implementing 

these systems, the real implementation and 
application rate is relatively low [3]. Their 
implementation especially in inpatient set-
tings has proved to be difficult, partly be-
cause CPOE systems have been shown to 
support clinical workflow poorly [4–6].  

An issue that is gaining attention in the 
literature is that the workflow model em-
bedded in CPOE systems does not match 

actual workflow between professionals [7]. 
These systems enforce a linear, sequential, 
and unidirectional model of care processes, 
while clinical workflow is distributive, col-
laborative, and interruptive [8]. Moreover, 
the design of these systems is often nar-
rowly focused on the work of physicians, 
with the result that the collaborative and 
multi-professional nature of medical 
workflow has been overlooked [9, 10]. 
Studies have shown that, for example, 
 nursing records may have important 
 medication data that are critical for safe 
management of medications but they may 
be overlooked when these systems are used 
[11, 12].  

There is evidence to suggest that CPOE 
systems transform the roles and responsi-
bilities of care professionals and the way 
they carry out their tasks and establish and 
maintain work relationships [13–15]. Such 
transformations can frequently cause inter-
ruptions or overloads in the work of care 
professionals [6]. To compensate for such 
breakdowns and to ensure a smooth 
 workflow, professionals may frequently be 
forced to deviate from the underlying 
workflow model required by these systems 
[8]. Despite the importance of the topic, 
the literature to date has paid little atten-
tion to how well the design of these systems 
takes into account the multi-professional 
and interdependent nature of clinical 
workflow. In fact, very few studies have 
evaluated the impact of CPOE systems spe-
cifically on the inter-professional relation-
ship in the medication process.  

The objective of this study was to ana-
lyze the effects of a CPOE system on inter-
professional medication work in a Dutch 
hospital. In a quantitative, before-and-after 
implementation study, nurses reported 
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ative work (CSCW). Three themes were 
identified to be relevant to conceptualize 
the workflow between professional groups 
using information systems: division of 
tasks, flow of information, and task co -
ordination [21–23]. 

In the medication process, an effective 
division of labor is required that takes into 
account the work domains of different pro-
fessional groups [21]. This can help to 
avoid possible conflicts among co-working 
professionals and enable them to construct 
actions as well as interactions. However, the 
conditions of the practice greatly influence 
how strictly to follow this division [24]. 
Moreover, the medication process is infor-
mation-intensive. Each professional do-
main collects and documents a set of pa-
tients’ medication-related data. The medi-
cation data produced in different profes-
sional domains should be communicated 
timely and clearly and integrated with that 
of others in order to enable collaboration 
among them [22]. Strauss called this “in-
formation work” [24]. However, the ad hoc 
nature of the medication process can cause 
a medication plan to change frequently. 
Different professional groups therefore are 
required to co ordinate their interrelated 
tasks and also to ensure a shared under-
standing of the medication plan [23].  

�Figure 1 provides a visual model of 
the inter-professional workflow in the 
medication process among physicians, 
nurses and pharmacists. It also depicts the 
relationship among the three concepts dis-
cussed above. In this model, the division of 
tasks among the three professional groups 
serves as a core. On the basis of this division 
and the flow of in formation gathered in 

different professional domains, these pro-
fessional groups can co ordinate their inter-
dependent tasks.  

3. Methods 

This study is based on a qualitative study of 
a CPOE implementation at Erasmus Uni-
versity Medical Center, a 1237-bed aca-
demic hospital in Rotterdam, the Nether-
lands. This hospital began to implement a 
commercial computerized medication 
order entry system (Medicatie/EVS®, 
iSOFT, Leiden, the Netherlands) in 2001. A 
detailed description of Medicatie/EVS can 
be found elsewhere [25]. It took five years 
to implement the system hospital-wide in 
both inpatient and outpatient settings. The 
last inpatient unit implemented the system 
in March 2005. Medicatie/EVS was chosen 
for implementation because of its compati-
bility with the hospital’s existing informa-
tion systems. The system has been inte-
grated into other existing information sys-
tems in the hospital except the patient data 
management system used in the intensive 
care units (ICUs). Medicatie/EVS can be 
accessed in all physicians’ offices as well as 
through every computer that is connected 
to the hospital network. 

Order entry by physicians into this 
CPOE system has been mandatory since 
the introduction of the system; in principle, 
nurses and pharmacy staff do not accept 
hand-written prescription orders. As a re-
sult, for hospitalized, non-ICU patients, 
physicians directly enter almost all medi-
cation orders into the system. Nurses then 
receive printed medication-order labels 

that the computerized system did not sup-
port their workflow in the medication pro-
cess better than the paper-based systems 
did [16]. A mixed-method study in internal 
medicine wards showed that although the 
system improved the main non-supportive 
features of the paper-based system, it 
 lacked its main supportive features for 
nurse-physician collaboration [17]. In-
trigued by these findings, we aimed at 
further evaluating the workflow among the 
three main professional groups involved in 
the medication process: physicians, nurses, 
and pharmacists. For this purpose, we con-
ducted a qualitative study, in which we 
examined the role of the system in integrat-
ing the work of one professional group 
with that of the others. In particular, we 
were interested in identifying areas of the 
inter-professional medication work which 
are either supported or impeded by the im-
plementation. The insights from this study 
can help in the redesign of both systems 
and care processes, thereby creating a better 
fit between the system and the multi-pro-
fessional nature of the medication process. 

2. Theoretical Background 

Our study was inspired by Wears and Berg, 
who pointed out that “many of the difficul-
ties do not result from bad parts of the sys-
tems but are inherent in the perspectives 
and theories of medical work (and the role 
of IT in this work)” on which these systems 
are founded [18]. The medication process, 
for example, involves multiple health pro-
fessional groups. Although they may be 
spatially distributed throughout a hospital, 
their work is highly interconnected because 
they are dependent upon each other in 
terms of skill, knowledge, expertise, and 
physical assistance [19]. This interdepen-
dency, combined with the ad hoc nature of 
medical work, makes it highly collabora -
tive. For healthcare information systems 
(HISs) to fit in this work, they should 
 adequately support collaboration among 
different professional groups [20].  

To examine the interplay between the 
collaborative nature of healthcare work 
and HISs, we drew upon studies of medical 
work carried out in the social sciences and 
in the field of computer-supported cooper- Fig. 1 A conceptual model for inter-professional workflow in the medication process
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(MO labels), which they affix to a paper-
based medication administration record 
(Kardex-card). Nurses register the admin-
istration of a prescribed medication by 
placing a signature in front of each MO 
label. Details of these documents have been 
published elsewhere [17]. Nurses use the 
electronic system to request non-stock 
medications from the pharmacy. The 
medication ordering and administration 
process after the CPOE system in this hos -
pital has been described in detail elsewhere 
[16, 17]. 

We conducted 23 semi-structured inter-
views between November 2006 and June 
2007. The first and second authors, who 
have a background in medicine and health 
informatics, carried out the interviews. The 
interviews were in-depth, one-on-one, and 
face-to-face. The interviewees were among 
the informant key users of the system. In 
clinical wards, we interviewed 12 nurses 
and eight physicians, who acted as a link 
 between the implementation team and the 
clinical end-users. They were recruited 
from medical specialties, including general 
internal medicine, gastroenterology, neph-
rology, hematology, and pulmonology and 
surgical specialties, including general sur-
gery, urology, and neurosurgery and pedi-
atrics. We also interviewed two hospital 
pharmacists – one of them was also the 
project leader of the implementation 
team – and one pharmacy technician.  

The majority of the interviewees had ex-
perienced working with the paper-based 
medication systems in the hospital before 
implementation of the CPOE system. They 
also had everyday interaction with the elec-
tronic system after implementation. All the 
interviews were performed in the inter -
viewee’s working environment. This allowed 
the interviewers to observe how the inter -
viewees used the system in the medication 
process. This also made it possible for the 
 interviewees to provide us with a concrete 
example in the event that something was 
 difficult to explain in words.  

During the interviews, we reviewed and 
discussed the medication process, the inter-
viewees’ role in the process, and the effect of 
the system on their work. We were specifi-
cally interested in the effects of the system 
on the areas of medication work shared be-
tween two or three professional groups and 

requiring their close collaboration and co-
ordination. The interviews were voice-
 recorded and transcribed and the tran-
scripts were analyzed on the basis of the 
three themes defined in our conceptual 
model (�Fig. 1). The first two authors 
 analyzed data and the results were dis-
cussed among the other authors. To analyze 
their role in the workflow, we also exam -
ined the documents used in daily work, 
both handwritten artifacts (including 
medication administration records, what-
to-do lists, and appointment forms) and 
system printouts (including MO labels and 
the patients’ current medication overviews 
[AMO]). These documents were accessed 
through both the interviewees and the 
 implementation team. 

4. Results 

The results are presented here on the basis 
of the three themes defined in our theoreti-
cal background. Per theme, we particularly 
focused on workflow between two or more 
professional groups in the medication pro-
cess. 

4.1 Division of Tasks 

By forcing strict levels of authorization for 
executing tasks, the CPOE system rein-
forced professional boundaries. In some 
cases, this was perceived as beneficial. All 
professional groups had no doubt that the 
electronic medication orders had been 
initiated by physicians because only physi -
cians were authorized to do so. The phar-
macy’s doubts about the legitimacy of 
nursing staff to request non-stock drugs 
were, for example, considerably removed 
because this could be simply checked in the 
system. Furthermore, nurses were happy 
that they were no longer questioned by 
other professionals about who made 
changes in an order, and when and why. 
Only physicians could change medication 
orders in the new situation, and all changes 
were registered in the system. 

In other cases, however, this strict task 
division negatively affected workflow by 
 reallocating areas of expertise and by re -
assigning tasks. The concept of physician 

order entry in this system enforced a cen-
tral position for physicians in the order 
 entering process. This meant that, for 
example, physicians were sometimes forced 
to decide on the details of orders that were 
beyond their areas of expertise. One phy -
sician, although generally satisfied with the 
system, commented: 

 
  “When you have to put 10 prescriptions, 

then you have to check for all [details], [for 
example] let’s go to IV: IV white, IV periph-
eral, IV central… or just IV; it doesn’t 
matter… these are very specialized.” (Feb-
ruary 2007) 

 
Physicians also had to react to safety alerts 
related to drug administration interval 
 recommendations that could normally be 
handled by nurses. Nurses frequently re-
ferred to their need for such decision sup-
ports for their own work; however, they had 
no access to it, nor did they have access to 
the responses of the physicians to the alerts 
given at the time of ordering.  

Order entry by the system removed 
order decryption and transcription tasks 
for nurses in the handwritten practice; 
however, the centralized decision-making 
by physicians violated the nurses’ work do-
main in some instances. Nurses experi-
enced difficulties in implementing physi -
cians’ detailed medication orders, particu-
larly with regard to time and route of ad-
ministration. For example, they often had 
to adjust the administration timing to fit 
into nursing work routines, and they did so 
by manually registering these adjustments 
on the order labels. Although this approach 
worked well for available drugs in the ward 
stocks, problems arose when such adjust-
ments required nurses to request non-stock 
drugs from the pharmacy. For instance, 
 before the implementation of the CPOE 
system in surgical wards, nurses could, on 
their own initiative, change a patient’s IV 
antibiotics to oral forms after three days of 
infusions. After the implementation, how-
ever, they had to remind it to physicians 
and wait for them to change the orders in 
the system, because the pharmacy would 
refuse the nurses’ requests for drugs in the 
absence of electronic orders.  

It emerged from the interviews that the 
boundaries between professional groups 
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with respect to the decision-making pro-
cess may blur in practice. Physicians and 
nurses often referred to instances in which 
physicians delegated the decision-making 
to nurses and the nurses were supposed to 
take action independently, especially in 
hectic situations. The following quote 
from a neurosurgery nurse spells the point 
out: 

 
  “…In such [emergency] conditions we ad-

minister the drugs by ourselves and we do 
not wait for MO labels. It depends on trust-
making between doctor and nurse … When 
you start to work here, you do not get some-
one like a doctor to work with you and 
supervise your work completely. Sometimes 
the physician says “You do this and if you 
have a problem then contact me”... Some-
times you have to make a decision.” (Febru-
ary 2007) 

4.2 Flow of Information 

Using the CPOE system enabled physicians 
to have an overview of the availability of 
drugs or the alternatives at the pharmacy. 
This in turn decreased interruptions 
caused by the pharmacy calling to discuss 
an alternative for an unavailable prescribed 
drug. Furthermore, the system improved 
the flow of patient-specific, medication-
 related information from physicians to 
nurses and to the pharmacy. This was es-
pecially the case due to legible and com-
plete electronic medication orders, saving 
many callbacks to physicians for order 
verification and prescription reason in-
quiries. The following note from a nurse 
highlights this:  
 
  “In the paper-based medication system it 

was hard to read the handwriting of doctors 
and sometimes you had to show it to three 
people, each one telling you something dif-
ferent. But now the prescriptions are read-
able and you know when to start what, 
when to stop it, and which doctor wrote it.” 
(February 2007) 

 

A pharmacist also explained: 
 
  “Sometimes physicians don’t want to order 

the medication that is selected by the sys-
tem, but another one; then they enter the 
reason [into the system] why they want to 
have another drug.” (November 2006)  

 
In routine daily work, nurses received large 
numbers of MO labels after physicians en -
tered their orders into the system. This 
required nurses to sort the labels out per 
 patient and put them into the correct ad -
ministration records. Nurses perceived this 
step to be highly error-prone. They fre-
quently stressed the necessity to be extra 
vigilant when working with these small 
 labels, mainly because their uniform black 
and white structure sometimes caused 
nurses to mix them up for different pa-
tients. While comparing the new process 
with the paper-based ordering process, an 
internal medicine physician remarked on 
this issue:  
 
  “… [Now] I don’t think that there is less 

[possibility for] mistakes because of MO la-
bels. Because there is a very small place for 
comments [on MO labels] and everything is 
very, very tiny and small.” (June 2007)  

 
To ensure an accurate flow of information, 
nurses therefore had to ensure that they 
had attached the correct medication labels 
to the right patient’s Kardex-card. For this 
purpose, nurses were obliged to double-
check once a day each patient’s MO labels 
with a medication overview printed out 
from the system (AMO). Moreover, in 
order to decrease the chance of missing cer-
tain information such as the remarks at the 
bottom of the labels or the stop dates for 
drugs, the first nurse who noticed this in-
formation was supposed to mark them 
with a colored highlighter pen so they 
would be easily noticeable for others as 
well. During the double-checking phase, 
nurses looked for any probable discrepancy 
between the physicians’ orders and the MO 
labels they had collected in a patient’s 
paper-based administration record. This 
procedure was perceived by them to be ex-
tremely time-consuming. 

The improvement in information flow 
was unidirectional: from physicians to 

other professional groups. Unfortunately, 
the system lacked the functionality to allow 
information transactions in the reverse di-
rection. Because nurses recorded medi-
cation-related information on the Kardex-
card, the medication data became frag-
mented in the electronic and the paper-
based systems. During prescription by the 
system, physicians therefore had practically 
no easy access to the administration rec-
ords, which were affixed on a mobile medi-
cation administration cart. Because the sys-
tem was not available at the patients’ bed-
sides, both physicians and nurses used a 
printout of the system (AMO) to gain an 
overview of a patient’s current medi-
cations. Nevertheless, this printout could 
not provide all the medication information 
needed during medical rounds because it 
was only a list of what had been prescribed, 
not what had been administered, or when 
and how often. To develop comprehensive 
and integrated patient medication infor-
mation, this information therefore had to 
be communicated directly between physi -
cians and nurses. 

The flow of information through the 
system between nurses and the pharmacy 
was insufficient, although it had been im-
proved compared to the way it was before 
the implementation. To compensate, both 
groups were using phone calls to acquire 
necessary information, as was reflected in 
the interviews with nurses and the phar-
macy technician.  

4.3 Task Coordination 

Coordination through the system was 
mainly asynchronous. The medication-
 related tasks among professionals were 
therefore coordinated by other meth- 
ods of communication and not only 
through the system. In fact, none of the 
professional groups actually counted on 
the system for secure coordination. While 
phone calls played an important role in 
 coordinating interdependent tasks be-
tween professionals from different services 
(such as physicians and pharmacists, or 
nurses and pharmacy technicians), phy -
sicians and nurses who worked closely 
 together still relied on face-to-face com -
munication. 

© Schattauer 2010 Methods Inf Med 1/2010
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In most of the specialties interviewed, 
physicians and nurses discussed the overall 
medication plans in medical rounds, dur-
ing which the majority of the decisions on 
changing medication plans were made. For 
reference, nurses often made notes on these 
decisions or, in some wards, they asked 
physicians to issue preliminary, concise, 
hand-written medication orders before the 
orders could be entered into the system. 
Without these rounds, there was little 
possibility for a shared understanding of 
the medication plan to be developed; both 
groups therefore depended on direct com-
munication and discussion.  

Nevertheless, despite discussions during 
medical rounds, the necessity to have syn-
chronized discussions and order entry 
 process was frequently pointed out by 
 physicians and nurses alike. Both reported it 
to be common for a patient, for instance, to 
receive an extra dosage of a medication that 
should be stopped or to miss one or two 
 dosages that should be started earlier. A 
physician commented: 

 
  “… [In the paper-based system] There was 

less confusion for the nurses … because at 
the time you were writing [the prescription 
at the bedside], they were with you, and 
they could see what you wanted and what 
your plan was. I found it better and easier.” 
(June 2007) 

 
If a change was necessary during the even-
ing or night shifts, physicians would have to 
inform nurses directly. Or, if nurses were 
busy with other duties at that moment, they 
would need to coordinate the change 
through a paper-based form called “ap-
pointment form”. This form was primarily 
a communication medium between nurses 
and physicians, helping them to coordinate 
laboratory tests and radiology requests. 
However, after implementation of the sys-
tem, they also used it to communicate some 
of their medication-related tasks, especially 
during evening and night shifts; physicians 
could write the related changes to the medi-
cation plan and/or nurses could use the 
form to ask any of their medication-related 
questions.  

It was considered risky to rely simply on 
the system and on the printed labels to co -
ordinate these changes timely. In fact, it was 

possible for a medication order label to be 
lost among other papers in the nursing 
station, or for a printer to fail to print out 
orders. In such instances, none of the 
nurses or physicians would be aware of and 
be able to resolve the problem quickly, un-
less they noticed the printer’s red warning 
light in time or performed a double-check 
of AMO and the printed MO labels. It was 
also possible that nurses received unex-
pected new order labels or changes in a pa-
tient’s medication plan. In such cases, they 
often contacted the prescribing physician, 
as one senior head nurse noted: 

 
  “…in such a case [a change in the medi-

cation plan], physicians usually tell us; 
otherwise, if we see there is a controversy 
between the medication label and our 
notes, then we [will] call physicians and ask 
for the reason.” (January 2007)  

 
Similarly, the procurement of non-stock 
drugs required nurses to take extra coordi -
native steps beyond the system. Because the 
system was not available at the bedside, 
phy sicians entered the orders later in their 
offices. Due mainly to the time pressure 
caused by other clinical responsibilities 
after their medical rounds (e.g., operations, 
outpatient visits, and laboratory results in-
quiries), they often delayed entering their 
orders into the system. As a result, nurses 
were able to send the electronic drug re-
quests to the pharmacy only later in the day. 
These late non-stock drug requests forced 
nurses to call the pharmacy when they 
wanted the drugs the same day: 
 
  “If I put it [a non-stock drug request] in the 

computer before 12 o’clock, I will get the 
drug in the afternoon. But after that time, I 
need to call [the pharmacy technicians] to 
tell them that I need it today. Then they will 
put it in our ward container so that I can get 
it today. If I put the request in after 12 
o’clock and I don’t make a phone call, the 
drug will be here tomorrow.” (a nurse, De-
cember 2006) 

 
The pharmacy technicians checked the 
electronic requests per ward/per patient 
twice a day at 8 and 12 o’clock. This way of 
checking orders was due to an internal pol-
icy at the pharmacy to cope with wholesaler 

delivery times and with the high workload 
in managing the drug supply for the entire 
hospital during the course of a day. To em-
phasize the necessity of same-day drug de-
livery, this coordination redundancy there-
fore had become a part of routine and was 
referred to by nearly all the nurses inter-
viewed.  

5. Discussion 

The CPOE system in our study reorganized 
the existing work procedures, affecting the 
workflow among the three professional 
groups both advantageously and disad -
vantageously. We noticed that the system 
mainly benefited physician-pharmacy and 
nurse-pharmacy workflows, while imped -
ing the physician-nurse workflow. Our 
study also identified instances in which the 
system inappropriately integrated the three 
professional domains, forcing them to by-
pass the system (e.g., paper-based adjust-
ments to the electronic medication orders), 
to take extra steps (e.g., double-checking 
the orders), and to perform extra coordi -
native tasks (e.g., paper notes, phone calls, 
or face-to face communication).  

5.1 Practice-oriented Inter-
 professional Workflow 

Our analysis of the benefits and pitfalls re-
vealed that the workflow model underlying 
this CPOE system overlooked the overlaps 
and interdependencies that exist between 
professionals involved in the medication 
process. As a result, it challenged their ef-
fective collaboration by reassigning tasks, 
reallocating the areas of expertise, and re -
inforcing strict boundaries around profes-
sional domains. These findings are in ac-
cordance with the argument of Gorman et 
al. [7], support ing that under this system 
the workflow is indeed conceptualized as 
linear, stepwise, and unidirectional: the 
flow runs from physicians to the other pro-
fessional groups. Yet, as elaborated upon in 
our theoretical background, the medica -
tion work is highly distributive and collab-
orative without a sharp division of tasks 
among collaborating professionals. Our 
findings are also in accord with those 
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studies that have emphasized that CPOE 
systems alter roles and responsibilities es-
tablished in hand-written practices over a 
period of years [13, 14, 26]. They also sup-
port the argument that these systems may 
result in centralized decision-making by 
physicians in the medication process [27]. 
Physician dominancy in the ordering phase 
can cause nurses to experience difficulties in 
their workflow, as seen in our study. Never-
theless, studies have shown that nurses are 
capable and experienced in managing 
 certain medication-related issues indepen-
dently, such as handling time adjustments 
in drug-drug interactions [28, 29]. 

In the case we studied, the unilateral 
flow of information from physicians to 
other professionals together with the limi-
tation of feedback in the reverse direction 
led to medication-related information be-
coming fragmented in both the paper rec-
ords and in the electronic records, as well as 
in different professional domains. Physi -
cians thus had no easy access to the medi-
cation-related information produced by 
nurses. This condition could be improved 
by the deployment of an electronic medi-
cation administration registration system 
[30]. However, it must be taken into ac-
count that a similar lack of effective data in-
tegration has also been found in a highly 
advanced CPOE with computerized medi-
cation administration registration [12]. 
Therefore, for a safe and aligned medi-
cation process, it is fundamental that the 
interrelated pieces of medication informa-
tion produced by different professionals 
are effectively integrated while these sys-
tems are being designed and implemented. 

We also found that the providers had 
 limited support through the system to co -
ordinate their tasks temporally. Care pro -
fessionals are busy and mobile, working 
mainly in places other than around com-
puters and printers. CPOE systems enable 
providers to enter or change orders from 
locations outside of clinical units. This is 
often accompanied by a lack of visual clues 
such as the presence of a physician at a 
 bedside or the physical existence of paper 
orders [8]. This can have detrimental effects 
on providers’ situation awareness [31]. The 
awareness of orders can be improved by 
proper and timely notifications to the in-
tended professionals. In an approach to 

identify and address workflow changes after 
CPOE, it is described how real-time, visual 
alerts as orders are processed can help 
 different professional groups to maintain 
their situation awareness [32]. 

Furthermore, the implementation also 
impeded shared understanding with regard 
to changes in patient medication plans. 
Studies have shown that negotiation be-
tween co-working professionals is critical 
to creating a shared sense of a care plan and 
to adjusting the work of one professional 
group with that of another [33, 34]. In our 
study case, these purposes were served by 
the medical rounds, which enabled physi -
cians and nurses to negotiate their overall 
medication plans. Nevertheless, this was 
not helpful with regard to the details of 
orders and also to changes that were made 
beyond rounds: extra communication 
methods such as paper-based notes, phone 
calls, and face-to-face communication 
were used to supplement the information 
registered in the system. Other CPOE 
studies have also reported similar coordi -
nation redundancies among professional 
groups for clarification purposes [4, 15]. 
These methods in turn can increase the 
workload of already overburdened profes-
sionals and can also be a source of inter-
ruption.  

In this paper, we reported on the basis of 
common themes that emerged in the work 
of specialties we studied. However, it is 
noteworthy that there were subtle differ-
ences among the specialties concerning the 
way they organized the medication process 
using the same system. Other social and 
organi zational factors were also influential. 
First, their work was greatly dependent on 
the nurse-physician relationship in differ-
ent wards and the way they co-constructed 
their interrelated medication tasks around 
the same system. For example, while the 
electronic orders were considered neces -
sary in some units to authorize adminis-
tration of a drug, in others a physician’s ver-
bal order was still being accepted by nurses. 
Moreover, the implementation team in this 
hospital took great efforts to customize the 
system based on the wishes of different 
wards. For example, the hematology wards 
in this hospital were using a number of dif-
ferent IV-routes in the paper-based system, 
which were not present in the CPOE sys-

tem. Because of the complexity of hematol-
ogy therapy, the hematology department 
requested adding different IV-routes to the 
system. However, the generalization of 
such customizations to other specialties 
sometimes resulted in annoyance, con-
fusion, and workflow obstructions.  

The last, our study identified workflow 
integration issues in one of the successful 
implementation sites where all of the phy -
sicians were entering their orders directly 
into the system and the system was fully 
being used at the time of this study. This is 
consistent with the argument [5, 35] that 
CPOE systems may be operational only be-
cause providers devise workarounds to by-
pass the difficulties rather than have the 
system respond to their needs. There are 
other examples of how clinicians work 
around workflow blocks to continue their 
work after the implementation of an infor-
mation technology [36]. Similarly, in our 
case study, professionals frequently by -
passed the system and added extra coor-
dinative tasks to integrate interrelated work. 
The outcome of such workarounds may be 
varied that merits attention (see further). 

5.2 Computerized vs.  
Practice-oriented Inter- 
professional Workflow 

Our study shows a mismatch between the 
developer’s computational workflow model 
and the real-world, pragmatic inter-profes-
sional workflow. It shows how and why a 
system that is intended to automate and 
improve one critical step in the medication 
process thoroughly impacts the other 
phases as well, both advantageously and 
disadvantageously. The insights gained in 
our study invite developers to work closely 
with different professional groups involved 
in a clinical process in order to understand, 
design, and embed more practice-oriented, 
inter-professional workflow models in 
HISs. These clinicians are in a unique posi-
tion to provide feedback on the develop -
ment process of complex HISs and their 
impact [37]. Their extensive experience 
and rich knowledge of a pragmatic work-
flow would allow developers to accom-
modate these systems on the basis of users’ 
needs, concerns, and work contexts.  
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5.3 Strengths and Weaknesses  
of the Study 

Our study is a qualitative evaluation study 
having triangulation of different sources of 
qualitative data as its strong point. To our 
knowledge, this study is one of the few 
CPOE studies that specifically focused on 
the inter-professional workflow among key 
professionals with a bird’s eye view of the 
medication process. Many of the CPOE 
studies looked at subsets of individual pro-
fessionals’ workflow and not at the overall 
workflow in a clinical process in the course 
of a day. As our study also showed, having 
an overall view of a clinical process, es-
pecially one shared among different de-
partments across a hospital, can help to rec-
ognize and take into account the conflicts 
that may exist among their goals and incen-
tives [38]. However, our study has limi-
tations as well. Although it provides a gen-
eral overview of different specialties, spe-
cific workflow impediments may not be 
well generalized to all specialties in this 
hospital. Furthermore, some of the impedi-
ments in workflow were produced because 
there was no bedside order entry system or 
electronic administration system in place. 
Next, this CPOE system is widely used in 
other hospitals throughout the country. 
However, differences exist in the ways the 
same system has been  introduced and ap-
plied in these hospitals. In several hospitals, 
for instance, nurses are allowed to enter 
orders into the system. Hence, it is possible 
that the site used in our study is not truly 
representative of all sites using the same 
system.  

5.4 Recommendations  
for Future Research  

Diverse social, technical, and organiza -
tional factors can influence a CPOE sys-
tem’s effects on workflow [6, 16]. In depth 
qualitative studies are necessary to under-
stand the interplay between these factors 
following the implementation of a system. 
Ethnographic studies, for example, are 
needed to identify context-specific require-
ments of workflow (e.g., in surgical vs. non-
surgical specialties) in order to consider 
them in the (re)design of a CPOE system. 

Studies also needed to understand and 
solve in situ workflow impediments. In-
depth workflow analyses are able to char-
acterize the providers’ responses (such as 
workarounds) aimed at bypassing the 
workflow impediments [39]. More impor-
tantly, the outcome of these responses in 
terms of the workload of professionals and 
patient safety should be carefully evaluated 
in future studies. Finally, a same CPOE sys-
tem may be implemented in different con-
text of different hospitals. Thus, evaluation 
of inter-professional workflow with the 
system in different contexts can provide 
valuable lessons for system (re)design, im-
plementation, and integration into work-
flow.  

6. Conclusion 

With regard to inter-professional medi-
cation workflow, the implementation of a 
CPOE system is a double-edged sword. Our 
study not only contributes to a deeper 
under standing of the interdependent na-
ture of medication-related tasks among 
professional groups working in the same or 
different services, but it also identifies 
where the problems lie with the CPOE sys-
tem implemented. In our case study, the 
system caused the physi cians to dominate 
other groups, whose work became con -
tingent on the timely and appropriate 
execution of physicians’ tasks. In order to 
distribute the benefits of work efficiency 
fairly, the real-time, ad hoc, and inter-
dependent nature of the medication pro-
cess has to be considered in the design of 
these systems. Nurses’ and pharmacists’ in-
puts into this process should also be taken 
into consideration. Only then can CPOE 
systems support actual inter-professional 
relationships in the medication process. 

Acknowledgment 
We would like to thank all the individuals 
who participated in our study. While con-
ducting this research, the first and second 
 authors were supported by training grants 
from the Iranian Ministry of Health and 
Medical Education.  

References 
1.  Briere R, ed. Crossing the quality chasm, a new 

health system for the 21st century. Washington, 
D.C.: National Academy Press; 2001. 

2. Committee on Identifying and Preventing Medi-
cation Errors, Aspden P, Wolcott J, Bootman JL, 
Cronenwett LR. Preventing Medication Errors: 
Quality Chasm Series. 2007. 

3. Ash JS, Gorman PN, Seshadri V, Hersh WR. Com-
puterized physician order entry in U.S. hospitals: 
results of a 2002 survey. J Am Med Inform Assoc 
2004; 11 (2): 95–99. 

4. Dykstra R. Computerized physician order entry 
and communication: reciprocal impacts. Proc 
AMIA Symp 2002. pp 230–234. 

5. Koppel R, Metlay JP, Cohen A, Abaluck B, Localio 
AR, Kimmel SE, et al. Role of computerized physi -
cian order entry systems in facilitating medication 
errors. JAMA 2005; 293 (10): 1197–1203. 

6. Aarts J, Berg M. Same systems, different outcomes – 
comparing the implementation of computerized 
physician order entry in two Dutch hospitals. Meth-
ods Inf Med 2006; 45 (1): 53–61. 

7. Gorman PN, Lavelle MB, Ash JS. Order creation 
and communication in healthcare. Methods Inf 
Med 2003; 42 (4): 376–384. 

8. Cheng CH, Goldstein MK, Geller E, Levitt RE. The 
Effects of CPOE on ICU workflow: an observa-
tional study. AMIA Annu Symp Proc 2003. pp 
150–154. 

9. Aarts J, Ash J, Berg M. Extending the understanding 
of computerized physician order entry: Impli-
cations for professional collaboration, workflow 
and quality of care. Int J Med Inform 2007; 76 
(Suppl 1): 4–13. 

10. Goorman E, Berg M. Modelling nursing activities: 
electronic patient records and their discontents. 
Nurs Inq 2000; 7 (1): 3–9. 

11.  Hurdle JF, Weir CR, Roth B, Hoffman J, Nebeker JR. 
Critical gaps in the world’s largest electronic medi-
cal record: Ad Hoc nursing narratives and invisible 
adverse drug events. AMIA Annu Symp Proc 2003. 
pp 309–312. 

12. Weir C, Hoffman J, Nebeker JR, Hurdle JF. Nurse’s 
role in tracking adverse drug events: the impact of 
provider order entry. Nurs Adm Q 2005; 29 (1): 
39–44. 

13. Carpenter JD, Gorman PN. What’s So Special 
About Medications: A Pharmacist’s Observations 
from the POE Study. Proc AMIA Symp 2001. pp 
95–99. 

14. Massaro TA. Introducing physician order entry at a 
major academic medical center: I. Impact on or -
ganizational culture and behavior. Acad Med 1993; 
68 (1): 20–25. 

15. Pitre M, Ong K, Huh JH, Fernandes O. Thorough 
planning and full participation by pharmacists is 
key to MOE/MAR success. Healthc Q 2006; 10 
(Spec No): 43–48, 4. 

16. Niazkhani Z, van der Sijs H, Pirnejad H, Redekop 
WK, Aarts J. Same system, different outcomes: 
Comparing the transitions from two paper-based 
systems to the same computerized physician order 
entry system. Int J Med Inform 2009; 78 (3): 
170–181. 

17. Pirnejad H, Niazkhani Z, van der Sijs H, Berg M, Bal 
R. Impact of a computerized physician order entry 

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.methods-online.com on 2012-05-28 | IP: 38.107.179.230



demic Medical Centre in Amsterdam. Pharm World 
Sci 2003; 25 (3): 88–93. 

26. Georgiou A, Westbrook J, Braithwaite J, Iedema R, 
Ray S, Forsyth R, et al. When requests become 
orders – a formative investigation into the impact of 
a computerized physician order entry system on a 
pathology laboratory service. Int J Med Inform 
2007; 76 (8): 583–591. 

27. Beuscart-Zephir MC, Pelayo S, Anceaux F, Meaux 
JJ, Degroisse M, Degoulet P. Impact of CPOE on 
doctor-nurse cooperation for the medication or-
dering and administration process. Int J Med In-
form 2005; 74 (7–8): 629–641. 

28.  Van den Tweel A, Van der Sijs I, van Gelder T, 
Knoester P, Vulto A. Computerized medication 
alert signals; does the MD no longer need 
the PharmD? Eur J Hosp Pharm 2006; 12 (2): 
30–32. 

29. Coleman RW. Translation and interpretation: the 
hidden processes and problems revealed by com-
puterized physician order entry systems. J Crit Care 
2004; 19 (4): 279–282. 

30. Lenderink BW, Egberts TC. Closing the loop of the 
medication use process using electronic medication 
administration registration. Pharm World Sci 2004; 
26 (4): 185–190. 

31. Campbell EM, Guappone KP, Sittig DF, Dykstra 
RH, Ash JS. Computerized provider order entry 
adoption: implications for clinical workflow. J Gen 
Intern Med 2009; 24 (1): 21–26. 

32. Wright MJ, Frey K, Scherer J, Hilton D. Maintaining 
excellence in physician nurse communication with 

CPOE: A nursing informatics team approach. J 
Healthc Inf Manag 2006; 20 (2): 65–70. 

33. Beuscart-Zephir MC, Pelayo S, Anceaux F, Maxwell 
D, Guerlinger S. Cognitive analysis of physicians 
and nurses cooperation in the medication ordering 
and administration process. Int J Med Inform 2007; 
76S: S65–S77. 

34. Pirnejad H, Niazkhani Z, Berg M, Bal R. Intra-
 organizational communication in healthcare – con-
siderations for standardization and ICT appli-
cation. Methods Inf Med 2008;47(4):336–45. 

35. Koppel R, Localio AR, Cohen A, Strom BL. Neither 
panacea nor black box: responding to three Journal 
of Biomedical Informatics papers on computerized 
physician order entry systems. J Biomed Inform 
2005; 38 (4): 267–269. 

36. Vogelsmeier AA, Halbesleben JR, Scott-Cawiezell 
JR. Technology implementation and workarounds 
in the nursing home. J Am Med Inform Assoc 2008; 
15 (1): 114–119. 

37. Hartswood MJ, Procter RN, Rouchy P, Rouncefield 
M, Slack R, Voss A. Working IT out in medical prac-
tice: IT systems design and development as co-
 realisation. Methods Inf Med 2003; 42 (4): 392–397. 

38.  Symon G. The coordination of work activities: co-
operation and conflict in a hospital context. Com-
puter Supported Cooperative Work (CSCW) 1996; 
5: 1–31. 

39.  Halbesleben JR, Wakefield DS, Wakefield BJ. Work-
arounds in health care settings: Literature review 
and research agenda. Health Care Manage Rev 
2008; 33 (1): 2–12.

system on nurse-physician collaboration in the 
medication process. Int J Med Inform 2008; 77 (11): 
735–744. 

18. Wears RL, Berg M. Computer technology and clini-
cal work: still waiting for Godot. JAMA 2005; 293 
(10): 1261–1263. 

19.  Bardram J. Mobility Work: The Spatial Dimension 
of Collaboration at a Hospital. Computer Sup-
ported Cooperative Work (CSCW) 2005; 14: 
131–160. 

20. Karsten H. Constructing interdependencies with 
collaborative information technology. Computer 
Supported Cooperative Work (CSCW) 2003; 12: 
437–464. 

21.  Strauss A. Work and the Division of Labor. The 
 Sociological Quarterly 1985; 26 (1): 1–19. 

22. Reddy MC, Dourish P, Pratt W. Coordinating 
 heterogeneous work: information and represen-
tation in medical care. Proc of the European Con-
ference on CSCW; 2001. Dordrecht: Kluwer Aca-
demic Publishers; 2001. pp 239–258. 

23. Bardram J. Designing for the Dynamics of Cooper-
ative Work Activities. Proc of the 1998 ACM confer-
ence on CSCW; 1998. Seattle, United States: ACM 
Press, NY, USA; 1998. pp 89 – 98. 

24.  Strauss AL, Fagerhaugh S, Suczek B, Wiener C. So-
cial Organization of Medical Work. New Bruns-
wick: Transaction Publishers; 1997. 

25. Kalmeijer MD, Holtzer W, van Dongen R, Guche-
laar HJ. Implementation of a computerized phy -
sician medication order entry system at the Aca-

© Schattauer 2010 Methods Inf Med 1/2010

27 Z. Niazkhani et al.: CPOE and Inter-professional Work Support

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.methods-online.com on 2012-05-28 | IP: 38.107.179.230


