
256

IMIA Yearbook of Medical Informatics 2016

© 2016                                 IMIA and Schattauer GmbH

The Virtuous Circles of Clinical Information 
Systems: a Modern Utopia
P. Degoulet1,2 
1 Public Health and Medical Informatics Department, Paris Descartes University, France
2 INSERM UMR_S 1138 team 22: Information Sciences to support Personalized Medicine, Paris, France

Summary
Context: Clinical information systems (CIS) are developed with 
the aim of improving both the efficiency and the quality of care. 
Objective: This position paper is based on the hypothesis that 
such vision is partly a utopian view of the emerging eSociety. 
Methods: Examples are drawn from 15 years of experience with 
the fully integrated Georges Pompidou University Hospital (HEGP) 
CIS and temporal data series extracted from the data warehouses 
of Assistance Publique - Hôpitaux de Paris (AP-HP) acute care 
hospitals which share the same administrative organization as 
HEGP. Three main virtuous circles are considered: user satisfaction 
vs. system use, system use vs. cost efficiency, and system use vs 
quality of care. 
Results: In structural equation models (SEM), the positive 
bidirectional relationship between user satisfaction and use was 
only observed in the early HEGP CIS deployment phase (first four 
years) but disappeared in late post-adoption (≥8 years). From 
2009 to 2013, financial efficiency of 20 AP-HP hospitals eval-
uated with stochastic frontier analysis (SFA) models diminished 
by 0.5% per year. The lower decrease of efficiency observed 
between the three hospitals equipped with a more mature CIS 
and the 17 other hospitals was of the same order of magnitude 
than the difference observed between pediatric and non-pediatric 
hospitals. Outcome quality benefits that would bring evidence to 
the system use vs. quality loop are unlikely to be obtained in a 
near future since they require integration with population-based 
outcome measures including mortality, morbidity, and quality of 
life that may not be easily available. 
Conclusion: Barriers to making the transformation of the utopian 
part of the CIS virtuous circles happen should be overcome to 
actually benefit the emerging eSociety.
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Introduction
Clinical/hospital information systems 
(CIS/HIS)1 are widely used all over the 
world to the benefits of both the institutions 
that deploy them and the patients whose 
healthcare is increasingly dependent on 
the right and efficient use of electronic 
health records (EHRs), computerized 
provider order entry systems (CPOE), and 
adequate clinical decision support systems 
(CDSSs) [1, 2]. EHR maturity models such 
as HIMSS analytics EMRAM (Electronic 
Medical Record Adoption Model) are be-
coming standards for deployment strategies 
and benchmarking among institutions that 
have embraced information technology (IT) 
solutions [3]. In the United States of Amer-
ica, the meaningful use (MU) legislation 
that provides government subsidies when 
the adequate use of IT solutions is demon-
strated has had a tremendous effect on the 
rapid diffusion of certified EHR solutions 
[4]. For example, in the fourth quarter of 
2015, 31.3% of the 5,454 US hospitals 
studied had reached Stage 6 or 7 of the 
HIMSS–EMRAM maturity model [3]. 

Even if they share most CIS objectives, 
stakeholders are likely to have different 
perceptions of the main clinical informa-
tion success and failure criteria as shown 
in table 1. Health care professionals need 
to perceive the clinical benefits of a system 
they are required to use daily when taking 
care of their patients. Managers will invest 
and/or continue to invest if they receive 
sufficient evidence of a financial return on 

1 This paper is the written version of the 
address given at the 2015 MEDINFO 
meeting during the François Grémy 
IMIA award ceremony. It partly reuses 
and extends with permission material 
previously published in [1].   

investment (ROI). Such financial return is 
expected from improved health profession-
als’ work-flow management, suppression of 
order transcription costs, reduced length of 
stays, reduced duplicated actions, improved 
communication between stakeholders, and 
better financial recovery from third party 
payers [2, 5-10]. From an academic point of 
view, a CIS should foster clinical research 
(e.g., through better patient inclusion in 
public and privately sponsored clinical 
trials) and accelerate publication of novel 
outcomes in peer-reviewed journals.

Obviously all these factors are strongly 
interrelated and it is possible to assume that 
interactions and interdependencies occur 
around at least four virtuous circles of suc-
cess as shown in figure 1. Virtuous cycles 
refer to complex chains of events which 
reinforce themselves through a positive 
feedback loop.Satisfied CIS end-users are 
supposed to better use the CIS and enter in 
a win-win strategy with their CIS provider, 
e.g. by actively participating to user groups 
and/or by suggesting permanent improve-
ments. Adequately used CISs are likely to 
improve the quality of care through improved 
processes and reduced medical errors and to 
foster process improvements (e.g., through 
better decision support tools). Money earned 
by improved financial management can re-
duce the cost of care but may also be partially 
reinvested into quality management through 
progressively enhanced CISs. Within these 
loops, managers find good reasons to invest 
and vendors to sell.

To what extent can these virtuous circles 
be supported by actual data? The conclu-
sions of this article are built from EHR 
experiences drawn from the deployment and 
use of a CIS at the Georges Pompidou Uni-
versity Hospital (HEGP), a HIMSS level 6 
hospital in Paris, and the university acute 
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care hospitals sharing the same AP-HP 
(Assistance Publique - Hôpitaux de Paris) 
administration [12]. The hypothesis of this 
article is that the virtuous loops promoted 
by health professionals, political decision 
makers, and vendors could be part of a 
modern but hopefully productive utopia 
[6] within a truly emerging eSociety. Our 
objective is not to derive definitive con-
clusions from a single hospital experience 
(HEGP) or environment (AP-HP) but to 
pave the way to more collaborative and 
international global CIS/HIS evaluations 
that could test our utopia hypothesis.

The Satisfaction-Use Circle
Continuous evaluation of end-user satisfaction 
and CIS use is an essential part of any infor-
mation system project [13, 14]. It needs to be 
performed at each phase of a CIS project, i.e., 
before installation, during the deployment 
phase, and later at the consolidation and 
meaningful use (MU) stages when all users are 
supposed to adequately use all CIS components 
and major usability flaws have been corrected 
[15, 16]. It should be integrated into a more 
global evaluation strategy including outcome 
measures as well as financial ROI. 

Evaluation should rely on validated mod-
els based on sets of criteria grouped around 
several evaluation dimensions. Examples 
of frequently used models include the In-
formation System Success Model (ISSM) 
of DeLone and McLean [17, 18], the Davis 
Technology Acceptance Model (TAM) with 
its extensions (TAM2, UTAUT) [19-21], and 
the Bhattacherjee Expectation Confirmation 
Model (ECM) of information system contin-
uance [22]. Data recording can be achieved 
through group interviews, questionnaires, 
or ethnographic studies including video re-
cording, or a combination of these methods.

The selected dimensions and their impor-
tance depend on the deployment stage of the 
information system to be evaluated [15]. In the 
earliest CIS deployment phases, it is important 
to observe professional users as close as pos-
sible to their working environment in order to 
evaluate their ease of using the CIS and the 
interaction process (i.e., system usability), as 
well as the CIS performance, the quality of 
the initial training, the quality of support (e.g., 
materials’ repair or bug corrections), and to a 
more general extent how the CIS addresses 
end-users’ expectations. In a CIS MU phase, 
satisfaction might depend on the personal 
characteristics of end-users, the quality of the 
system, and its flexibility to adapt to the chang-
es required by well-trained end-users [16].

Figure 2 illustrates the dimensions re-
tained to evaluate the HEGP CIS since the 
opening of the hospital in July 2000 [14-
16] and the associated research hypotheses 
around the unified model of information 
system continuance (UMISC) developed 
during this process [16]. Hypothesis H

13
 

and H
14

 correspond to the satisfaction-use 
loop described above. Individual charac-
teristics are considered moderators and 
include age, sex, and medical profession 
(H

a to H
d
). Six successive electronic eval-

uation surveys were performed in 2004, 
2008, 2011, and every year since 2013.

Surveys were based on self-administered 
questionnaires consisting of 51 to 58 questions. 
Self-reported CIS use was assessed for each 
of the 12 to 18 functions considered. One to 
seven Likert scales (1 = not available, not used 
or not appropriate, 2 = very rarely, 3 = rarely, 
4 = occasionally, 5 = rather frequently, 6 = 
frequently, 7 = very frequently) were used for 
CIS use-related evaluation questions.

Table 1   Actor’s points of view on CIS success/failure.
ROI = Return on investment

Point of view

Health professionals

Patients

Managers

Academic

Success

Satisfaction
Use

Improved outcomes
Reduced medical errors

Better eGovernance
(Financial) ROI

Increased publication rate
Clinical research funding

Failure

Dissatisfaction
Rejection

Decreased outcomes
Increased medical errors

Lack of eGovernance
(Financial) loss

No added value
Research opportunity loss

Fig. 1   Four virtuous cycles of clinical information systems. Adapted from [1].
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Fig. 2   The Unified Model of Information System Continuance (UMISC) developed at HEGP (Source: [16]). Evaluation dimensions are selected from previously validated models. 1= Technology Acceptance Model 2 (TAM2) 
[19,20], 2 = Unified Theory of Acceptance and Use of Technology (UTAUT) [19-21], 3= Information System Success Model (ISSM) [17], 4= Expectation Confirmation Model (ECM) [22], 5= Information Technology Post Adoption 
Model (ITPAM) [14]

Fig. 3   Evaluation of CIS main acceptance dimensions during three successive phases at HEGP. Self-reported use and acceptance dimensions are evaluated on 1-7 Likert scales.
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A significant increase in CIS use was 
observed between 2004 and 2015, while 
overall user satisfaction increased regularly, 
even in the very late post adoption period 
(2011-2015), as showed in Figure 3.

In multiple regression analysis and struc-
tural equation models [15, 23], the bi-direc-
tional relationship between satisfaction and 
use was significant in the early deployment 
phase (4 years) but disappeared in the late (8 
years) and very late phases (> 10 years). In 
a meaningful use situation, all users access 
the CIS whether satisfied or not with their 
CIS. Disappearance of the expected virtuous 
loop between user satisfaction and CIS use 
could indeed be considered as a sign of CIS 
maturity. It then becomes possible to test the 
other CIS use-related virtuous circles.

The Use-Financial Efficiency 
Circle
Most requests for proposals integrate a ROI 
chapter and CIS vendors are eager to find 
among their clients and/or in the literature 
positive financial evidence to promote their 
products. As others, we believe that these 
returns are overestimated and biased [24, 
25]. Major limitations of financial efficiency 
studies are summarized here.

The context of the underlying health 
system (e.g., insurance coverage and reim-
bursement policies) is a key determinant 
in the choice of the financial model to be 
selected. Studies within different contexts 
and focusing on different beneficiaries are 
unlikely to provide the same results. For 
example, decreased utilization of care is an 
expected result of IT implementation from 
a national policy point a view. In a fee for 
service environment, decreased utilization 
should enter in the negative column for a 
hospital or practice charging for services. 
Efficient claim recovery is positive for the 
hospital budget but has a negative effect 
on overall health expenses. Reductions in 
length of stays are commonly associated with 
increased financial efficiency but when too 
drastic with increased external costs (e.g., 
rehabilitation, home care) and/or increased 
readmission rates. For example the potential 
US$79 - 81 billion yearly savings expected 

from inter-operable EHR systems [5] may 
have disappeared in the fast increase of 
national health expenditures associated with 
the major coverage expansion under the Af-
fordable Care Act [26].

Most earliest economic studies (e.g., 
before 2005) report on a small number of 
institutions with self-developed systems pro-
gressively adapted over long periods of time. 
On the contrary, most recent deployments rely 
on a limited number of commercial systems 
and much aggressive deployment strategies 
(1-3 years) [27]. Adaptations to local organi-
zation and work-flow management become 
more and more problematic as the number of 
clients increases or lead to unfair “site-specif-
ic adaptation” costs from the vendors.

Evaluations performed in selected units or 
on CIS subsystems (e.g., on CPOE, Electronic 
Medication Administrative Records (eMAR) 
or CDSSs), are at high risk of selection bias. 
A HIS is more than the sum of its parts and 
a hospital more than the set of its units. 
Benefits, if they exist, are likely to be found 
in advanced levels of IT deployment and/
or HIS integration (e.g., HIMSS/EMRAM 
levels 6 and 7) [8, 28]. They are also related 
to improved communication both within the 
institution and outside (e.g., practitioners, 
rehabilitation facilities, home care). In Bassi’s 
review of 33 HIT economic evaluation papers, 
only four papers focused on full institutional 
information systems [10] among which one 
was considered negative [27].

Monetizing non-monetary variables (e.g., 
transforming into monetary units the reduction 
of a medical intervention side effects) as done 
in many cost-benefit or cost-consequences 
analysis [8,10] is the most hazardous strategy. 
Accumulation of variables is not a criterion 
of quality and leads to increasingly complex 
models without taking into account the strong 
intra-correlations within the models’ variables. 
For example, cost reductions associated with 
the reduction of side effects of drugs and 
those related to malpractice do not cumulate 
but should be combined with the increased 
costs associated with the e-iatrogenesis or the 
increased physicians’ workload when using 
CPOE or documenting EHRs [30-33].

The limitation of the traditional account-
ing methods was a strong incentive for us to 
introduce econometric modeling approaches 
to evaluate the IT effect on hospital financial 

efficiency. The methods basically contrast a 
limited number of resources, considered as 
productivity inputs (e.g., number of beds, 
technological capital, labor expenses) with 
activity outcomes considered as productivity 
outcomes [34, 35]. Major econometric mod-
eling techniques include Cobb-Douglas and 
Translog production functions, data envelop-
ment analysis (DEA), and stochastic frontier 
analysis (SFA) [37, 38]. IT expenses can be 
entered either as variables within the pro-
ductivity inputs or as moderating factors in 
the equation relating inputs and outputs [39].

In a preliminary study using Cobb-Doug-
las production functions conducted within 
17 acute-care hospitals of AP-HP including 
HEGP, we observed a positive and significant 
relationship between IT investments (including 
capital and labor) and hospital productivity 
over an 8-year period (1998–2005) [34]. 
Results also showed that the benefits expect-
ed from the investments made were directly 
related to the integration level of the HIS: the 
higher the integration level, the greater the 
benefits. On a larger dataset (21 APHP acute-
care hospitals, 1998-2006), both HIT and 
non-HIT inputs had a positive and significant 
impact on hospital productivity [39]. 2006 
financial results were forecast from the 1998 
to 2005 dataset with an accuracy of 99.4%. 
But proving that HIT expenses significantly 
contribute to financial outcome is not suffi-
cient when the objective is to demonstrate that 
increasing CIS use will be associated with an 
increased financial efficiency. In a more recent 
dataset (2009-2013, 20 acute-care AP-HP hos-
pitals), cost-efficiency scores in a SFA model 
including 4 inputs (bed number, medical staff 
expenses, other personnel’s expenses, and 
non-labor expenses) and one output (hospital 
financial income including outpatient visits, 
DRG-related income, and research-associated 
income) were found to diminish by 0.5% per 
year in a period where CIS use had definitively 
increased (figure 4). Interestingly, efficiency 
started out at a higher level and the reduction 
in efficiency was lower in the three hospitals 
with the highest IT maturity level, a difference 
of magnitude similar to the one observed be-
tween pediatric and non-pediatric hospitals. 
These results show the importance of a more 
comprehensive approach to the analysis of 
the CIS use-financial efficiency loop than the 
ones currently used.
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The Use-Quality Circle
Major expected benefits are associat-

ed with the IT-related improvements of 
processes. They mainly rely on adherence 
with guidelines, in particular in the field 
of preventive health care delivery, or on 
the reduction of iatrogenesis through the 
implementation of adequate protocols (e.g., 
prevention of post-operative infections and 
pulmonary embolisms, pressure ulcers, or 
falls) [7]. The general use of ePrescription 
within EHR/CPOE facilitates profession-
al adherence with rules of good medical 
practice (i.e., clinical alignment) and has 
been associated with a reduction of drug or 
diagnostic test-related iatrogenesis [40-41]. 
Inpatient mortality is the most commonly 
used outcome indicator: a negative correla-
tion was observed by Beard et al. in a set of 
more than 2,000 US hospitals [28]. 

Development of clinical data warehouses 
(CDWs) fed from the running CIS can fos-
ter the production of such quality indicators. 
CDWs appear within the HIMSS EMRAM 
maturity level 7 [3, 42]. Directly querying 
the operational CIS database is considered 
to generate a risk to the smooth functioning 
of the CIS [43]. Querying a mirrored data-
base is less prone to side effects but requires 

an in-depth knowledge of the complexity 
of the production model. Most CDWs can 
be easily queried to provide the required 
quality indicators.

In addition, the CDW can serve clinical 
and translational research when pheno-
type and “omics” data are integrated 
(e.g. patient selection in the context of a 
more personalized practice of medicine) 
[44-46]. In the pharmaceutical domain 
at HEGP, the EHR/CDW integration was 
found invaluable in the evaluation of the 
frequency of both drug prescription and 
drug dispensing errors [47-48], the impact 
of alerts on drug dosage adjustment [49], 
the role of pharmacy drug order valida-
tion [50], but also to automatically detect 
drug-drug interactions [51] or to perform 
in-silico evaluations of decision rules for 
further integration into the operational 
environment of the CPOE [52].

Despite some indications of IT-related 
improved quality indicators, true outcome 
quality benefits that would bring evidence 
to the use-quality virtual cycle are unlikely 
to be obtained in a near future in the hospital 
context. Here are some explanatory reasons.

As stated by Riskin et al. “while there is 
a broad agreement that quality is import-
ant, national discussions seldom focus on 

what is actually measured and how those 
measurements are used” [25]. Most efforts 
have concentrated on processes (e.g., he-
moglobin A1 measurements for diabetic 
patients) instead of outcome measures (e.g., 
the reduction of diabetes-associated com-
plications) which should constitute the real 
target of health IT systems and of any quality 
improvement effort. Quality measures used 
by Welch et al., Zhou et al., and Acker et al. 
are process-based measures and improving 
processes does not guarantee outcomes are 
improved [54-56]. An appropriate strategy 
to validate the use-quality virtuous loop 
needs to be found to quantify the possible 
bidirectional relationship between processes 
and outcomes. IT can then be reintroduced 
as a moderating factor of this relationship 
in a more comprehensive model like the one 
proposed in figure 6.

Most results of IT-quality studies mainly 
derive from outpatient environments and not 
from hospital environments [54-56]. Within 
hospital environments, results can be biased 
by the over-representation of a few academic 
centers [7], the partial selection of clinical 
units or pieces of the entire information 
system such as CDSS or CPOE components 
instead of the entire information system 
[40-41, 57-58].

Fig. 4   Cost efficiency score evolution for 20 APHP acute care hospitals during the period 2009-2013.
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Fig. 5   Clinical Data Warehouse (CDW) at HEGP integrating i2b2 for phenotype data and transSMART for “omics” data.

Fig. 6   A multi-step approach to the evaluation of the impact of information systems on targeted outputs or outcomes. The right column 
represents additional virtuous circles within the targeted objectives.

Reduction of medical iatrogenesis is 
a major quality objective. Many compli-
cations (e.g., per-operative mortality) may 
have a iatrogenic determinant but they may 
also correspond to the natural evolution of a 
disease given a current quality of care. Tem-
poral series, adjusted to the severity of cases 
and performed in multi-center environments 
are more adapted to answer the question of 
the IT use - quality virtuous circle than just 
pre/post studies. Complications observed 
just after patient discharge (i.e., mortality, 
morbidity) are likely to be linked to the 
inpatient condition. In a broader view, when 
dealing with chronic conditions, answers to 
the outcome quality question fall clearly 
outside the brief periods of inpatient care. 
Examples are the control of hypertension 
or diabetes and the prevention of secondary 
complications, the long term evolution of 
cancers, and all the factors associated with 
the quality of life [53]. Answering quality 
questions requires the integration of hos-
pital- produced data with data from disease 
registries or population-based databases.
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Discussion and Conclusion
International and national incentives have 
had a strong effect on the adoption and use 
of EHRs and associated CPOE and CDSS 
components both within and outside the 
hospital environment [3, 60]. In place IT 
systems can automatically provide data that 
were only obtained through time-consuming 
manual chart reviews in the pre-IT era [60-
61]. Time has come where the virtuous loops 
that supported IT solution development and 
marketing can be tested against evidence 
from the real life. Examples given in this 
paper from the HEGP and AP-HP contexts 
and a necessary biased literature support the 
idea that the three virtuous loops examined 
here are part of our current utopia vision. 
The first one (satisfaction-use) will belong 
to history when all hospitals will have reach 
a MU IT level because bilateral relationships 
were only observed during the initial phase 
of IT development. The second loop (CIS 
use-financial efficiency) might melt in the 
historical context of drastic measures to 
reduce the cost of care because there is only 
partial evidence of an IT use - financial effi-
ciency loop. The third one (CIS use-quality 
of care) is hard to demonstrate because the 
interesting results on care outcome are likely 
to be found outside the highly restricted 
context of hospital care

Methods for measuring system use are 
crucial and need to be standardized to 
facilitate multi-institutional benchmarking. 
Methods should address the granularity of the 
covered functions, the scales for self-reported 
system use as well as direct measurements 
from information systems, and finally the 
way to combine them into more general CIS 
use and maturity indicators.

Financial indicators should be clearly 
separated from quality indicators, as in figure 
6, to facilitate the interpretation of results, 
and when necessary they may be recombined 
in a secondary step into more complex ex-
planatory models. In the financial domain, 
standardized metrics to measure the different 
input and output variables including the IT 
dependent ones are necessary.

In the quality domain, outcome measures 
should not only rely on process measures, 
such as the adherence with guidelines, which 
does not represent the final target of care and 

has the two major drawbacks of changing 
quickly with medical knowledge and be-
ing highly context-dependent. Interactions 
with emerging regional and national data 
warehouses should allow to fill the gap 
between intra and extra hospital data and 
pave the way to the larger utopian virtuous 
loops of global health information systems 
and better quality of life.
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