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Abstract

Although theoretical studies on Anesthesia Information Management Systems (AIMS) have proved their benefits, much less
attention has been paid to researching the actual adoption of AIMS. Only a few studies from the USA and Western Europe have
been published up to now. The purpose of this article is to assess the adoption, motivation for, and barriers to, usage of AIMS
from the perspective of early Czech adopters of these systems. A questionnaire was used to gather adopters’ views on motivating
factors, benefits encountered after introduction and obstacles perceived to adopting AIMS. Data about usage, costs and func-
tionalities of each of the AIMS was obtained using semi-structured telephone interviews prior to sending out the questionnaire.
Five AIMS from three different vendors in four academic hospitals (20% of Czech hospitals of this type) were identified.
Improved clinical documentation and convenience for anesthesiologists was reported from every site. Lack of funds, however,
was identified as the primary barrier to further adoption. The cost of introduction of AIMS per operating room varied between
1000 and 40,000 US dollars. Although the number of AIMS in the Czech Republic is limited, findings suggest that benefits have
been experienced on every site. Findings corroborate previous studies from the USA and Western Europe.
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Abbreviations understood and new monitoring methods introduced. Fifty

AARKS Automated Anesthesia Record Keeping System years ago, the first attempts emerged at using automatic elec-
HIS Hospital Information System tronic devices instead of pen and paper to record the anesthe-
AIMS Anesthesia Information Management System sia data [2].

OR Operating room A quantity of studies has already proved that the
Automated Anesthesia Record Keeping System (AARKS)
decreases the workload of the anesthesiologist [3] and the

Introduction resulting data is more accurate [4] and much more frequently

recorded [5]. Typical concerns were also rebutted since the
AARKS does not diminish the anesthesiologist’s attention
[6] and even improves his/her position in case of a lawsuit [7].

Using more functions and integration with other compo-
nents of the hospital information system (HIS), a complex

In no medical fields other than anesthesia are the vital func-
tions of a patient recorded so frequently and thoroughly. The
principles were introduced more than a hundred and twenty
years ago by Cushing and Codman [1]. The number of values

recorded has risen as physiological principles were
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system was born — it is usually known as the Anesthesia
Information Management System (AIMS), although the term
Perioperative Information Management System is on occa-
sions also used [8]. AIMS facilitates continuity of care from
the preoperative to the postoperative phase and clinical deci-
sion systems have a measurable effect on the quality of care
during anesthesia [9, 10].

However, much fewer studies are available on particular
existing AIMS [11]. Also, studies on the actual usage of
AIMS are limited to the USA and in part to Western Europe.
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In the USA at least 44% of American academic hospitals used
or were considering using AIMS in 2008 [12], 75% used
AIMS in 2014 with 84% adoption expected in 2020 [13].
The only existing European study claims that in 2010 15%
of university-affiliated hospitals from twenty-two EU states
used or were adopting AIMS [14].

As there is no existing study about AIMS in other
European countries, the purpose of this article is to assess
the adoption, motivation for, and barriers to, usage of AIMS
from the perspective of early Czech adopters of these systems.

Methods

Initially, the main Czech suppliers of anesthesia monitors and
ventilators were questioned about the AIMS they have pro-
vided or met in a Czech hospital when supplying equipment.
Known Czech suppliers of medical information systems were
approached with the same queries.

For every identified AIMS installation, a head of the cor-
responding site was contacted via telephone to provide the
name of the physician with the most knowledge of that system
or one responsible for running it.

Using a semi-structured telephone interview, firstly the ap-
propriateness of the person questioned was established and
then basic information about the AIMS installation was gath-
ered using questions as set out in Table 1.

In the last phase, each physician from the previous phase
received a more detailed questionnaire via email. The first part
of the questionnaire covered the motivation to introduce
AIMS in that hospital and the benefits encountered after-
wards. The second part assessed perceived barriers to further
adoption of AIMS in the respondent’s hospital and obstacles

Table 1  List of questions for semi-structured interview

- Name of your AIMS

- Vendor of your AIMS

- Number of OR the AIMS is installed on
- Year of introduction of AIMS

- Approximate cost of AIMS per OR

- What was the approximate percentage of use of AIMS on the OR that is
equipped with it?

- What was the course of evolution of your AIMS? (e.g. did you initiate
the development, did you acquire it alongside other equipment, etc.?)

- What types of anesthesiologic workstations, monitors and infusion
pumps do you have connected to your AIMS?

- Is your AIMS integrated with main hospital information system?
- What other integrated functions do you have with your AIMS?

- Does your AIMS have integrated clinical decision support?

- Is it possible to edit the stored data from your AIMS afterwards?

(AIMS) — Anesthesia Information Management System
(OR) — Operating Room

@ Springer

anticipated in non-adopter hospitals. Both parts took the form
of a multiple-choice list, the possible answers being selected
in accordance with previous studies [12, 14]. The opportunity
to enter one’s own answers was also provided in both parts of
the questionnaire. An open question asking, “Why do you
think the AIMS development in the Czech Republic is much
lower than in other modules of hospital information system?”
formed the third part of the questionnaire. Further contact was
maintained using e-mail to clarify potential ambiguities and/or
problems of interpretation.
The whole process of acquiring data is depicted in Fig. 1.

Results

Initial response from Czech suppliers was obtained in all
cases, and in every identified AIMS installation the responsi-
ble physician was identified and reached and his view (via
phone and email in the second part) was obtained. Thus, it
was possible to achieve a 100% response rate.

As a result of the initial enquiry a total of five installations
of three different AIMS products were identified in four dif-
ferent Czech hospitals. Each of the hospitals can be defined as
an academic hospital. One of the hospitals uses two different
AIMS, one in general anesthesia, the other in cardiac anesthe-
sia (it is not unusual that in some academic hospitals in the
Czech Republic specialized anesthesia care is not part of the

Suppliers of anesthesia equipment
and
Suppliers of medical information systems
questioned about
EXISTING AIMS

Sites with AIMS identified

Head of site asked to provide
PHYSICIAN WITH KNOWLEDGE
of AIMS

Power user of AIMS identified

Via semi-structured interview
Basic information about AIMS
gathered

\L Further communication
with Power User

Via questionnaire more detailed information
about encountered benefits of AIMS
and perceived barriers to introduce AIMS
gathered

Fig. 1 Process of acquiring data for the study
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general anesthesia department). Each of the hospitals with
AIMS has a full spectrum of HIS modules (e.g. clinical, radi-
ology, laboratory, etc.)

Three installations of Centricity Anesthesia (GE), one of
Metavision (IMDSoft) and one of FONS Enterprise (Stapro
Pardubice — a local Czech supplier of medical information
systems) were identified. More detailed information on each
of the AIMS is set out in Table 2 — the different hospitals are
described as Sites 1 to 4 (with denominations “Site 2A” and
“Site 2B describing the hospital with two different AIMS
installed.

There are some 130 acute-care hospitals in the
Czech Republic. About twenty of these can be seen as aca-
demic hospitals, since they are either an integral part of a
medical faculty or have at least close ties to one. Only four
of these hospitals have AIMS installed, and therefore only
20% of Czech academic hospitals have already adopted
AIMS already.

When evaluating the actual usage from Table 2, four of the
five sites use AIMS regularly with 90% or more physicians
using AIMS when the Operating room (OR) is equipped.
Only at Site 2B is the usage just limited (in fact, the only
person using it is the responder, whilst other physicians have
remained with the paper version).

The estimated cost varies from 1000 US dollars per OR at
Site 2A (where Metavision software was installed in intensive

Table2  AIMS in the Czech Republic

care unit and for extension to OR the procurement of an all-in-
one PC was all that was needed) to 40,000 US dollars in the
case of GE Centricity Anesthesia in Sites 2B and 3 (where the
system was acquired alongside other equipment).

Connected equipment varies from site to site. None of the
systems are much integrated into HIS structures. Also, none of
the AIMS have clinical decision support installed. AIMS at
Sites 2B and 3 do not have an option to edit the stored data.

Motivating factors for introducing AIMS and actual bene-
fits observed by the responders after introduction are set out in
Table 3, with site descriptions corresponding to Table 2. The
respondent from Site 1 added the benefit, “We encountered
the possibility of further using acquired data and the anesthe-
siologist now has more time for the patient”. The respondent
from Site 2B added the comment, “We acquired the system in
a package alongside the anesthesia equipment, we did not
have any say in its purchase”.

Perceived barriers to the further adoption of AIMS in the
respondent’s hospital and the obstacles he/she anticipates in
the non-adopter hospitals are set out in Table 4, with site
descriptions again corresponding to Table 2. The respondent
from Site 2A added the claim, “Established suppliers of IT are
hindering the introduction of new and more functional solu-
tions” and “Heads of anesthesia departments have no under-
standing of new technologies due to their age”. The respon-
dent from Site 2B added the claim, “Anesthesiologists are not

Site 1 Site 2A Site 2B Site 3 Site 4
AIMS Fons Enterprise Metavision Centricity Centricity Centricity
Anesthesia Anesthesia Anesthesia
Producer Stapro Pardubice IMDSoft General General General
Electric Electric Electric
Nr. of OR installed 3 4 2 4 2
Year of introduction 2017 2012 2012 2007 2011
Cost per OR (approx. in US 12,000 1000 40,000 40,000 20,000
dollars)
Use in 2018 100% 90% 7% 100% 100%
Course of evolution Asked the provider to Extended existing system from ICU Acquired the AIMS alongside the anesthesia
deliver AIMS to OR equipment under EU grant
Connected anesthesiologic Drager Zeus Drager Primus GE Dréger Zeus, GE
workstations Datex-Ohm- Primus Datex-Ohm-
eda S/5 eda S/5
Connected monitors Phillips Spacelabs GE 850 GE 850 GE 850
Connected infusion pumps Fresenius Braun - - -
Integration with main hospital Import of structured data Export and import of Export of PDF  Export of PDF  Export of PDF
information system only non-structured data only only only
Further integration functions Laboratory results (only Postoperative care (only on ICU), - - -
some) laboratory results
Clinical decision support - - - - -
Editing of the stored data YES YES NO NO YES
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Table 3 Motivating factors for

introducing AIMS in adopter’s Site 1 Site 2A Site 2B Site 3 Site 4
hospital / actual benefits observed
after introduction in adopter’s Improved clinical documentation X/X X/X -/ X X/X X/X
hospital Improved patient care X/X X/X -/X

Convenience for anesthesiologists X/X X/X -/X X/X X/X

Improved OR efficiency X/X

Increase of patient throughput in OR -/ X

Cost savings -/X

Cost benefits -/X

Keeping up with trends X/- X/- X/-

Legend: X — factor/benefit observed by responder - - factor/benefit not mentioned by responder

willing to learn the system and do not comprehend that it will
save them time once they are proficient with it”.

The respondents give reasons for thinking that AIMS
adoption in the Czech Republic is on a much lower scale than
thatof other HIS modules. These can be rephrased as follows:

* AIMSis perceived as less important than other modules of
HIS (Site 1, Site 4)

* There are no financial incentives from payers of the health
care system to introduce and use AIMS (Site 2A, Site 3)

*  Voluntary use of AIMS is not an option, only its compul-
sory use (enforcement by the authorities or the law) would
make a difference (Site 2B, Site 3)

Discussion

Established 20% adoption of AIMS in Czech academic
hospitals roughly corresponds to the known data from
other EU countries from 2010 (15%) [14] — sadly no
newer data is available. Nevertheless one can expect
further development, as in the USA with expected adop-
tion of 84% in 2020 [13].

Figures obtained in this study (from 1000 USD to 40,000
USD per OR) differ significantly from commonly reported
sums of 4000 to 10,000 US dollars per OR [15]. The higher
costs observed might be explained by low implementation in a

multi-OR environment, since only in Site 1 is AIMS imple-
mented in all existing OR.

There are not many integrated functions between AIMS
and other HIS structures in the Czech Republic. Therefore,
all these AIMS can be perceived to be more like AARKS,
since none of the systems can facilitate the continuity of care.
Also, AIMS in the Czech Republic lacks the clinical decision
support already present in other systems [16]. Nevertheless,
the huge usage in most of the sites shows the staff benefits
from existing AIMS.

Two of the five existing AIMS in the Czech Republic do
not have an option to edit the stored data — some AIMS in
other states also lack this function [17]. This might be seen as
anegative factor by users and decrease their willingness to use
the system. Indeed, this could be one of the reasons why
AIMS is not widely used in Site 2B.

Apart from the respondent from Site 2B all the others were
motivated by envisaged improved clinical documentation and
convenience for anesthesiologists. These factors materialized
into observed benefits at all sites including Site 2B, and im-
proved patient care was observed at three sites after AIMS
adoption. This is in accordance with general findings in the
literature [3, 6, 18, 19].

The responder at Site 2A also observed cost savings, cost
benefits and increased patient throughput. Such findings have
already been reported [20, 21].

At least some benefits, then, have evidently been ob-
served at every site. The motivations to introduce, and

Table 4 Barriers to further

adoption of AIMS in adopter’s Site 1 Site 2A Site 2B Site 3 Site 4
hospital / to adoption of AIMS in
non-adopter hospital Lack of funds for IT as whole -/ X
Lack of funds for introduction of AIMS X/X -/X X /X X/- -/X
Lack of funds for keeping the AIMS -/X -/X -/X
Anesthesiologists do not understand benefits of AIMS -/X X/-
Anesthesiologists do not want to use AIMS -/X X/- -/X

Legend: X — barrier in adopter’s hospital / in non-adopter hospital observed by responder - - barrier in adopter’s
hospital / in non-adopter hospital not mentioned by responder
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benefits from introducing AIMS do not differ signifi-
cantly from previous studies [12, 22].

As to the barriers, most responders feel the lack of funds to
be the primary problem, but the anesthesiologists’ reluctance
to use new technologies and their lack of understanding of
possible benefits is also mentioned. Such observations are also
further corroborated in answers to the final question.
Ironically, this reluctance might best be affected by actually
using the system, since according to the literature anesthesiol-
ogists’ opinions change when they actually have the opportu-
nity to use such a system [23].

The suggestion of mandatory usage of AIMS might be a
novelty, since as far as I know no such measure has been
employed in any other country. However, proposing incen-
tives to introduce AIMS might be a possibility, as in the
USA under the Health Information Technology for
Economic and Clinical Health Act [24].

It is highly probable that it was possible to identify all
facilities using AIMS in the Czech Republic. However, since
there are only five AIMS, this factor poses the greatest limi-
tation of the study and results of this survey should be viewed
accordingly. Also, at every site only a single physician (albeit
the most skilled one) was questioned. Even so, this is one of
the few studies on AIMS in Europe ever to take place and
might well up to now be the only study carried out outside
Western Europe. Hopefully it might prompt more research in
this area and facilitate wider introduction of AIMS farther
afield than just in the Czech Republic.

Conclusion

This study identified adoption of five different AIMS from
three different vendors in four different academic hospitals
in the Czech Republic, i.e. circa 20% of this type of facility
in the Czech Republic. AIMS vary according to their func-
tions, the equipment connected, and the price paid. Advanced
functions of AIMS are limited, and no clinical support deci-
sion functions are implemented in any of the AIMS which
have been adopted.

As seen from the adopters’ perspective, the motivations for
introduction, the obstacles perceived to adoption, and the ac-
tual benefits observed afterwards do not differ significantly
from previous findings in the literature. Some of the re-
sponders feel that incentives should be introduced to facilitate
wider introduction of AIMS.
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