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Background
Innovations in health technology are necessary to achieve medical

progress and to safeguard the prosperity of health technology man-

ufacturers as a large, global operating economic branch. Successfully

launching of innovations is time sensitive and requests strategic and

future-oriented thinking. Often manufacturers fail at this task and

loose millions of euros or dollars as existing methods of early

detection and evaluation of all the aspects of a new technology fall

too short. New methodological approaches are therefore necessary to

estimate unmet needs within global health care systems and to assess

the market potential of uprising health technologies.

Objectives
The primary goal of ProHTA is the evaluation of medical technolo-

gies in an early phase of the development process from the

perspective of both the health system and the manufacturer and the

identification of efficiency potentials and pitfalls in the health system.

Methods
These goals are supposed to be achieved by a combination of inter-

disciplinary expertise (health technology assessment and public

health, health economics, informatics, knowledge management,

medical informatics,) from University of Erlangen-Nuremberg and

two manufacturers (sepp.med GmbH and Siemens Healthcare) within

a project supported by the German Federal Ministry of Education and

Research (BMBF). Specific organisational levels of health care are

implemented into a multi-modular, hierarchical conceptual model,

building the basis for ‘hybrid simulation’ consisting of system

dynamics models for macro-simulation and agent-based models for

micro-simulation. The simulation is validated via different use case

scenarios focusing acute cerebro-vascular disease as well as the

concept of personalised medicine in oncology.

Results
In line with the project schedule the conceptual model will be finalized

until the end of 2011. The simulation follows until the end of 2012.

Conclusion
In times of financial crisis and severe budget constraints ProHTA

offers an interesting approach with emphasis on strategic planning

and development of health innovations and improving efficiency of

health care delivery in different care settings.
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I. Research and development
General anaesthesia results from the administration of drugs whose

combined effects produce unconsciousness, analgesia and myorelax-

ation in order to make painful surgical procedures possible. Neuro-

muscular blocking agents have long been monitored, and monitoring

the effects of hypnotic drugs thanks to EEG monitors has been largely

validated in the last decade, leading to lower cumulative doses and

lesser undesirable effects. Monitoring analgesia however is not yet

common practice, and its beneficial impact on patients still needs to

be demonstrated. Heart rate variability (HRV) analysis has long been

shown to provide an insight into the autonomous nervous system

(ANS), in particular in the sympathetic and parasympathetic (pS)

tones [1]. We made the hypothesis that hemodynamic reactivity

during general anaesthesia could be predicted by measuring the

reactions of the ANS to nociception with the help of HRV analysis.
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While classically HRV has been measured by the Fourier transform,

some authors showed that wavelet transform was a better tool for non

stationary signal analysis and provided simultaneously information

about any spectral alteration and the precise time when it occurred

[2]. Using normalised and high frequency filtered RR series, we

developed an original graphical measurement (AUCmin and AUCtot)

of the respiratory influence on the RR series: this provided the basis

for reactivity prediction because the respiratory influence on the RR

series tends to diminish when pS tone decreases (Fig. 1).

I.2 Mock up and preliminary clinical trial?
We recorded ECG during general anaesthesia in 49 patients under-

going surgery, 19 of them presented with hemodynamic reactivity

defined by a 20 % increase in heart rate or systolic blood pressure.

Post hoc analysis of the RR series showed that the normalised high

frequency spectral content decreased significantly up to 10 min before

reactivity [3]. There was a good correlation with AUCmin and

AUCtot, which provided the basis for the Analgesia Nociception

Index (ANI) computation [4].

Two patent deposits were decided: one for an online RR series

filtering, one for ANI’s computation.

II. Prototype and bio-incubation
Using the preliminary clinical results, a prototype of a bedside

monitor was built at the Cic-It 807 of the University Hospital of Lille.

After safety checks, it showed that online RR series computation and

ANI measurements were possible, and made sense with the way

anaesthesia and surgery were conducted.

The project came then to the Bio-incubator Eurasanté, on the same

campus as the University Hospital. Its aim is to make technology

transfer possible and to help the founders of a start-up company to

raise funds. The project won a national contest which brought 32 k€
to help launch the start-up. A first market survey was completed, and

the future CEO started working on the project. Competitors were

identified, and a first business model was discussed.

III. Start-up creation
Reliability in the intellectual property is key to finding funds for an

innovative company. An anteriority research was conducted by an

independent consultant, as well as a second market survey.

The first market survey showed that there was a potential market

of 80 M€ in Europe. The second survey aimed more specifically at

other European countries, showed an even bigger potential market

with 32 000 monitors, and potentially 7.2 M patients/year benefiting

from the monitor.

Negotiations with the University Hospital lasted almost 2 years for

the licensing of the two patents, which was exclusive and worldwide

and included internal future R&D. MetroDolorisTM was born in June

2010. The company soon won several awards and credits. Fund

raising from the founders, business angels and venture capital totalled

1.1 M€.

A first batch of monitors was CE marked in order to enable clinical

studies to start in several university hospitals. This V1 monitor has to

be plugged on the analog ECG output of a classical (or multipa-

rameter) anaesthesia monitor in order to get the signal. Marketing

included the creation of a website, scientific communications, radio

and TV communications. France is covered by two sales reps, while

business agreements have been signed with several other European

countries. The feedback from users and key opinion leaders has led to

the development of a V2 monitor, working on a battery and able to get

the ECG signal directly on the patient. Future developments include

ambulatory monitoring of chronic pain patients, a specific monitor for

detecting pain in neonates and foetal monitoring during labour.
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3 A new induction mask for infants and small children

OR Columbus’s egg in a new shape

Gabriel M. Gurman, M.D.
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Introduction
Anesthetizing a frightened, screaming child is in many cases a diffi-

cult task. Children are afraid of the unknown environment and are

unprepared to encounter foreign and strange people, dressed in unu-

sual cloths, who try to separate him/her from his/her own parents. At

the same time parents of a screaming child might be as stressed as, if

not more, than their own child. A parent is unprepared, too, to face the

odd environment of the operating room and rather than helping the

little patient, the mother or the father could make the situation even

worse. Small children fear the separation from parents, older ones are

afraid of not waking up after anesthesia.

Many children become agitated, increase their muscle tone and

struggle to escape form anesthesia and nursing personnel.The phe-

nomenon of pre-operative anxiety is very frequent and represents a

serious problem for the pediatric anesthesiologist and the operating

room (OR) team.

The stress produced by struggling with the patient in the operating

room, and forcing him to accept one or another method of anesthesia

induction could lead to a post-traumatic stress syndrome (PTSS),

sometime very difficult to treat. Some 60 % of the small children may

develop in the postoperative period symptoms which witness negative

behavioral changes, very similar to those of PTSS: nightmares,

development regression, fear from further medical procedures, etc.

A large series of proposals to deal with this serious situation

proved to be, at best, partially successful such as use of sedatives,

parent presence in the OR, pre-anesthesia hospital tours, offering

narcotic lollipops to the child just before surgery, etc.

Neither of them solves the problem and some of them could be

accompanied by untoward side effects.

Fig. 1 Normalized and filtered RR series during general anaesthesia.

A1, A2, A3 and A4 are the areas measuring the respiratory influence

in the RR series; upper panel: adequate analgesia; lower panel: light

analgesia leading to reactivity
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For instance, bringing the patient with one of the parents to the

operating room might produce an effect completely different from the

desired one. Parents do not know how to behave in the operating

room and their own anxiety could aggravate the child psychological

condition.

Premedicating the patient, either orally or intra-muscular or intra-

rectal, each has its own drawbacks and does not solve the problem in

the majority of cases. Pre-operative narcotics could produce chest

rigidity and delay emergence from anesthesia.

A new approach
Previous experience accumulated on children who needed ion therapy

for respiratory conditions showed that the incorporation of a pacifier

into an inhalatory mask creates a device which is easier accepted by

the little patient, who sees it as part of his daily equipment.

One cannot forget that the modern trend is to offer each child a

pacifier for replacing the bad habit of finger sucking. This means that

for a vast majority of small children a pacifier is not a foreign, but

rather a familiar object.

The proposed inhalatory mask is very light, it is brought in various

colors and can be easily used by the child in connection with a

pacifier. Actually it becomes a toy to play with during the day and to

go to sleep with at night.

The main idea of using this combination is to give the child the

chance to get accustomed to the device few days before the planned

anesthesia and surgery. The child is supposed to gradually consider

this device as something to which he/she is already accustomed. He is

to be encouraged to breath through the mask and have in the same

time the pacifier in the mouth. Thus, connecting the mask to an

anesthesia circuit, not necessarily in the operating room but also (or

mainly) in the pre-anesthetic room, while the child is kept in the

hands of one of the parents and still having the mask on his/her face,

proves to be an easy and efficient way to induce inhalatory anesthesia.

Using a very powerful inhalatory drug, such as sevoflurane, which

is also lacks pungency, could produce a satisfactory anesthesia

induction in less than one minute.

The above method could also be tried when the patient is planned

for emergent or semi-emergent surgery. Even a short time, an hour or

two, of getting accustomed with the device could significantly alle-

viate the child stress and prevent the need for using force in order to

anesthetize him.

The results of a pilot study
During three consecutive months we conducted a pilot trial in two

Romanian clinical hospitals, in which 111 children have been anes-

thetized for various surgical procedures and for whom induction to

anesthesia was performed by using the special mask to which the

child’s pacifier was attached.

All of them received the mask, some of them a few hours but most

of them at least 48 h before anesthesia, and they used the pacifier

together with the mask during the period preceding surgery.

Parents and the anesthesiologist in charge with the patient filled up

a five-part questionnaire which included questions pertinent to the

preoperative period as well as to the induction process.

Five patients refused to use the pacifier adapted to the mask.

All the remaining 106 children were admitted to the hospital in the

morning of surgery while they used the pacifier attached to the

induction mask. The anesthesia circuit was connected to the induction

port of the mask and sevoflurane was used in all cases for induction.

The average time for induction was 33 s.

The parents opinion about the use of the mask for induction.

80 % reported that it was very easy to put the child to sleep in his/

her bed with the pacifier connected to the mask and that the child

accepted the mask without any difficulty. They considered, in 95 % of

cases, that the use of the special mask reduced the child’s anxiety.

90 % considered the mask use very important or important for the

induction process and 80 % found the induction of anesthesia by

using the mask a very simple procedure.

The anesthesiologists opinion about the use of the mask for

induction

In 90 % of cases they defined the mask as very easy or easy to use.

In the same percentage they thought that the use of the mask had a

positive influence on the induction procedure, by preventing the

child’s agitation. Finally, 85 % of them considered the use of the

special mask for induction as important or very important for pre-

venting child struggle against the procedure.

Conclusions
It becomes obvious that this special mask abolishes the use of the so-

called ‘‘gorilla technique’’ of anesthesia induction, during which three

or four adults force the child to lay still down and accept the anes-

thetic mask.

The proposed device is friendly, easy to use and presents a solid

solution for preventing the pre- and post-operative stress in pediatric

anesthesia and surgery.

In our pilot study both parents and anesthesiologists’ opinion

about the mask was that this device has a definite place in the anes-

thesia equipment for small children, those who still use the pacifier on

a everyday basis.

A further study would look for the impact of the EASYHALE

mask use on the percentage of symptoms related to negative post-

operative behavior, described in the literature for small children.

4 Tactile displays for patient monitoring in anesthesia

S. Pfeffer1, A. Petrov1, T. Maier1, E. Stricker2, M. Rall2

Institute of Engineering Design and Industrial Design Engineering,

University of Stuttgart, Germany; 2 Center for Patient Safety

and Simulation TüPASS, University Hospital Tuebingen, Germany

Introduction
The anesthesia workplace can be regarded as a complex man–

machine-system. The multidimensional control- and monitoring actions

of anesthetists are comparable with those of pilots. Many visual

information and auditory signals have to be handled. In some stressful

and complex situations, a perceptual and cognitive overloading of the

anesthetist could occur and inhibit an efficient and save interaction. In

that case, the human operator is no longer able to process all the

incoming information. That means, that on the one hand not the whole

information can be used for decision making in the action-control

loop and on the other hand new information can’t be detected and

recognized quickly and safely.

The idea of the Research and Teaching Department Industrial

Design Engineering is to preserve the anesthetist from such an

overload. For example by presenting information also by the tactile

perception of the skin and human body to the anesthetist. This can be

in a redundant, substitute or complementary way to the main channel

of vision [1].

Methods
As mentioned above, the anesthetist is often compared with airplane

pilots. In this area, the diversification of information and the concrete

inclusion of tactile perception to the man–machine-interaction came

up at first and is now already implemented. So there are a couple of

research results which analyzed the basics of tactile event perception

and its parameters [2]. There are many ways to present the tactile

information to the user. In the case of aviation, the tactile actuators

are fixed in a belt, the pilot has to wear [3]. With this adjustment he is

able to perceive additional directive information of the environment.

The object that an anesthetist has to monitor is a human being too,

like himself. This special issue is the central point of the idea of the

Research and Teaching Department Industrial Design Engineering: a

location-compatible information presentation to the anesthetist

(s. Fig. 1). The source of information (e.g. the ECG recording) is
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equally displayed to the anesthetist (e.g. by actuators on the thorax).

With this assistance the situation awareness of the anesthetist could be

enhanced, which could be obvious through less reactiontime on

events (Hypothesis 1). In addition to that, the perceptual and cognitive

overloading of the anesthetist in situations of multitasking and stress

is lowered (Hypothesis 2). Another important factor of tactile pre-

sented information is the permanent availability (especially in cases

of alarms) and the directed adressing of the information acceptor, so

that no one else in the operation theatre is influenced or disturbed by it

(as it is by auditory alarms for example).

Results
To evaluate the location-compatible event perception and to test the

multimodal effects in a first step, the Research and Teaching

Department Industrial Design Engineering built up a tactile system

with actuators arranged in a 2 9 2 matrix equally to four visual cues

presented over a monitor each in one corner. The results of these

experiments will show, if there is a significant enhancement of situ-

ation awareness and workload of the bimodal perception (vision ?

tactile) in comparison to the unimodal (visual) one. First research

results are to be shown. Then the next step will be to find a suitable

tactile coding form for the different vital signs on the patient monitor

system and to test different adjustments of the actuators. And after,

the tactile display system is to be tested in different critical care

scenarios at the Center for Patient Safety and Simulation TüPASS [4].

Discussion
The submission puts the application of tactile displays in anesthesia

up for discussion. Both open questions like the acceptance of the

system or possible cognitive distraction and chances and limitations

are to be demonstrated and discussed. The visual input and associated

cognitive mechanisms for the anesthetist in the anesthesia-cockpit are

often over the limit of the working memory (7 ± 2 chunks). But if

these informations could be presented across different sensory sys-

tems, like it is postulated by WICKENS in his multiple resource

theory [5], there won’t be interferences between the different simul-

taneous tasks and thus an optimized interaction.
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Abstract
Nowadays, clinical decision making is increasingly based on a large

amount of patient medical data, on continuously growing medical

knowledge, and on extended best clinical practice guidelines. There is

evidence that clinical decision support systems can significantly

improve quality of care in, eventually, all areas of clinical medicine

[1]. Technically, suitable means to formally represent clinical

knowledge and to connect decision support algorithms with patient

data sources in a seamless way are prerequisites for successful clinical

decision support applications. Arden Syntax, as an internationally

standardized formal language for medical knowledge representation

and processing [2,3], was implemented as a clinical decision support

server and equipped with service-oriented interoperability [4]. It has

already proven useful in a number of clinical areas [5]. An example

for extended clinical decision support in infection control is given by

Moni/Surveillance-ICU, a system for the early recognition and the

automated monitoring of hospital-acquired infections in intensive

care units with adult patients [6–8]. This knowledge-based system

includes concepts of fuzziness to formally represent medical lin-

guistic terms. The European HELICS criteria for hospital-acquired

infections [9] form the basis of its knowledge base; results are given

in form of degrees indicating to which extent the HELICS definitions

are fulfilled by the patient data taken into account. Arden Syntax, or

its extended form Fuzzy Arden Syntax [10, 11], seems highly suitable

for developing clinically useful decision support systems.
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PDMS: achievements, obstacles and limitations

Stefan Kraus, Ixchel Castellanos, Hans-Ulrich Prokosch,
Thomas Bürkle

University of Erlangen, Erlangen, Germany

Introduction
Erlangen University Hospital is a tertiary care university hospital with

1,400 beds. A hospital information system with clinical workstations

has been in use for several years (1). Since 2006, a commercial patient

data management system (PDMS) has been rolled out successively to

include 8 intensive care units of the hospital, covering about 100 beds

of surgical, neurosurgical, medical and paediatric intensive care (2).

At the time of introduction, the selected PDMS covered neither

knowledge based functions (KBF) nor advanced calculations e.g. for

paediatric scores. Clinicians asked for system enhancement, thus

promoting the formation of a funded development cooperation with

the PDMS vendor to integrate the PDMS with a rules engine. The

Arden Syntax standard (3) was selected to develop such KBF and

more advanced calculation schemes.

The goals of the development project described here were

• To find out if a commercial PDMS acting mostly as a black box

system with a set of import and export mechanisms could be fitted

with a rules engine

• To define a compact and easy to maintain interface between the

PDMS and the rules engine

• To describe the architecture and the limitations such a solution

would have

Background
The Arden syntax and its Medical Logic Modules (MLMs) have been

extensively described as a potential mechanism for standardized

knowledge representation and knowledge transfer between institu-

tions (4–6). The requirements for integrating Arden rules into clinical

information systems have been repeatedly discussed (7, 8), especially

the required Arden compiler (9, 10) and inference engine with trigger

mechanisms for evoking MLMs (11). Some commercial clinical

information systems such as Agfa Orbis or Siemens Soarian incor-

porate an Arden compiler and an inference engine. Integration with a

more or less black box type commercial clinical information system

has rarely been described (12, 13).

Methods
• A stepwise engineering approach was used to start the integration

efforts. Five steps were necessary to perform the integration.

• The first step comprised analysis of the interfaces of the PDMS and

the Arden engine. After gaining an understanding of the existing

interfaces they were examined for possible ways of linking them.

• The second step covered the implementation of a connection

between the components. This required two major workarounds

on the PDMS side. The main task was to provide the simplest

method for mapping patient data onto Arden Syntax data types.

• The third step comprised the development of a user interface to

display the results of the rules engine. Therefore a simple HTML

viewer was connected to the PDMS and different communication

endpoints were implemented in the host interface of the rules

engine.

• The fourth step involved the creation of effective mechanisms for

refining the generated information. Physicians have been inter-

viewed about the most essential features. These were implemented

successively within Arden Syntax submodules.

• The fifth step concerned the suitability for more than one ICU

with different setups in a multi client capability environment,

which required additional measures to filter events and rules for

each client.

Results
It proved possible to connect the PDMS and the Arden rules engine

and make KBF and advanced score calculations available for day-to-

day work. Today a total of 22 MLMs covering the fields calculation

formulae (e.g. calculation of anion gap), margin checking (e.g.

checking sodium and potassium values), data-triggered monitoring

(e.g. low glucose warning), complex score calculation (e.g. PRISM III

scoring) and timeline profiles (e.g. Murray score profile over time)

have been implemented for use in routine work.

Analysis results did not show major obstacles regarding the rules

engine. It has a generic interface that allows easy mapping of patient

data to Arden syntax data types. Furthermore, it supports arbitrary

events which can be transmitted to the rules engine and is able to

send different types of messages to various endpoints. The interface

of the PDMS, however, was not immediately suitable for a simple

connection. Being a black box, the PDMS offered an interface to

periodically export patient data into text files. Originally designed

for printing textual reports and doctor’s letters, the interface was

later enhanced e.g. to support the creation of user defined html

reports in a web interface. The export interface could be invoked

user-driven by button or alternatively time-driven with a cron

job. There was neither information about data types nor mechanisms

for a data-driven export. Invoking the export from outside the

PDMS to access patient data by an external component did not

prove possible.

The rules engine was provided by the vendor as a pure library, an

interface for reading and writing data was implemented by ourselves.

We integrated the engine into a standalone java application server and

developed a web service interface that provides only one method

(‘‘report_event’’) in production mode. This method requires at least

the name of the event and the patient’s PDMS-internal case number.

The rules engine was enabled to access SQL databases and web

services and send emails as well as SMS messages to DECT phones.

As there is no external access to PDMS patient data available,

required patient data are periodically exported into text files. The text

files are then parsed and the patient data are written into an external

database. This database named ‘‘proxyDB’’ is a proxy for the PDMS

internal database. To enable the mapping of patient data to the

proxyDB, a simple, easy-to -parse tagged data format comprising lists

of value/timestamp pairs was created.

Because no trigger mechanism was originally provided with the

PDMS, a rather basic mechanism was developed to continuously

compare each export with previously exported values. If a value is

exported for the first time, a data-driven event is reported to the

inference engine. In addition, a fixed set of common required vari-

ables such as patient name and date of birth is supplied with every

event message.

An in-house developed plain HTML-viewer was connected to the

PDMS to display the results of user-driven MLMs, which generate
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HTML and JavaScript output. To avoid the extra effort for manual

generation of HTML-code, a set of easy-to-use sub-MLMs was

implemented to provide text formatting and table representation,

allow displaying and hiding text blocks and tables and create scalable

line plots.

The architecture became more complex when the system was

expanded to further ICUs. The PDMS maintains all patient data

centrally with attributes determining which client ICU the patient

belongs to. A PDMS client of any one ICU, however, cannot export

data for patients of another ‘‘foreign’’ ICU. Therefore it was necessary

to implement separate export functions for each ICU. This had the

positive side effect of a scalable distributed architecture with the

ability to maintain load balancing and adequate performance even for

complex KBF.

Discussion
Although integration was successful, it is based to a certain extent on

workarounds and some drawbacks remain. Central problems during

the process of integration were the lack of essential interfaces for data

access and data-driven triggering on the PDMS side. The existing

PDMS export mechanism presents a defined interface which did not

necessitate any PDMS reprogramming. We found it sufficiently fast

and able to retrieve all required patient data items. Surprisingly, it was

possible to develop a copying process into the proxyDB and a data

comparison technology which was still fast enough for many of the

implemented KBF in use. Nevertheless, the time delay in event

detection and the additional workload when constantly exporting

large amounts of replicate data to the proxyDB is a disadvantage of

our solution and the existing PDMS export mechanism has somewhat

limited capabilities for this use case. For a multi-client environment,

one PDMS client per ICU is required solely for the task of data

export, replication and event detection. Potentially, the temporal

delay could be minimized by separating the exports for data repli-

cation from the exports for detecting events. In this case, however,

there is a risk of temporarily inconsistent data in the proxyDB.

A better alternative would be event notification on the side of the

PDMS e.g. via HL7-outbound interface, potentially combined with

patient data access on service level or API basis. The need for data

replication would then be avoided. One technique that is widely used

when providing KBF functionality for clinical information systems is

to duplicate the stream of HL7 messages at the communication

engine. We did this in the case of microbiology data, which could not

be retrieved in sufficient granularity for KBF from the PDMS itself.

Potentially, this could reduce the delay in event detection for those

events triggered by data flowing through the communication engine,

but it does not ensure that data from other sources is replicated in time

into the proxyDB. Thus, it would still be a workaround, because

different data sources are not synchronized, i.e. some data, although

already contained in the PDMS database, may not be accessed by

MLMs at trigger time.

The lack of suitable interfaces on the PDMS’ side is clearly the

main obstacle to progressing beyond the state of an advanced pro-

totype. The general need for suitable and well defined interfaces to

enable easy integration of a rules engine or other external components

in clinical information systems such as PDMS becomes obvious

again. This is also a legal issue in Europe, because enabling KBF may

change the status of a PDMS from a documentation system into a

medical device. Many vendors want to avoid this because of the

certification requirement.

Future Prospects

Our project is still at the prototype stage and some optimization

must be carried out to bring it to an advanced level. This includes a

secure messaging mechanism, i.e. acknowledgement of SMS mes-

sages sent to DECT phones as well as a PDMS internal warning

mechanism, setting icons and displaying messages on the GUI of

the PDMS and re-importing generated results into the PDMS.

Another important task is to further simplify the communication and

presentation mechanisms in order to encourage physicians and care-

takers to contribute as knowledge engineers, specifying their require-

ments to KBF.
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Introduction
Traditionally, acute care patient monitoring equipment has consisted

of one integrated device that performs the three key steps of data
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acquisition through signal conditioning and analog-to-digital con-

version (A), biosignal processing and analysis (P) such as heart rate

detection and ST segment analysis from electrocardiograms, and

visualization/display (V) of the measured and derived data. In recent

years, a number of so-called functional monitoring parameters that

are computed from standard physiological measurements have

shown clinical value and predictive power superior to most previously

available parameters. A prime example is the pulse pressure vari-

ability (PPV), which predicts fluid responsiveness in patients on

positive pressure ventilation1. More complex approaches to exploit-

ing unused information in currently available physiological

measurements are currently under development (e.g., 2). However,

the evaluation and clinical application of even the simplest of these

approaches is hindered by the fact that in standard clinical settings,

replacement of the entire monitoring equipment is required for a new

parameter to permeate into clinical practice. Although, in theory,

firmware upgrades of monitoring hardware could provide such

enhanced features, manufacturers are, in practice, reluctant to

implement such alterations due to regulatory issues. As a conse-

quence, PPV has only become available in recent patient monitors,

more than a decade after the clinical usefulness of this parameter was

recognized, indicating that the current setup of our monitoring

infrastructure may hinder innovation. In contrast, a modular frame-

work that transparently decouples A, P, and V steps would remove a

major obstacle preventing the rapid evaluation and early, broad

adoption of novel derived monitoring parameters and visualization

techniques that may help to optimize treatment. Here, we describe a

technical framework that may make such decoupling practical, and

describe first steps towards implementation in a research setting.

Methods
A modular software architecture was designed that decouples the A,

P, and V steps outlined above. First, server side data storage and

processing (A and P steps) is separated from client side visualization

(V step) in a client–server model. On the server side, an abstract

model of server side data acquisition and processing was developed

and implemented that allows for the deployment of arbitrary data

sourcing and processing graph topologies, where nodes are elemen-

tary modules consisting of data source access code (either online or

offline/database based) and processing code (such as signal process-

ing modules implementing, e.g., filters, and physiological analysis

modules that generate derived parameter timeseries from existing

parameters, such as PPV computation), and edges are signals of

various dimensionality and data type. Preliminary testing of the

prototype was performed to prepare for first bedside evaluations. For

implementation of the server-side software infrastructure, JavaTM

was used to allow for clean interface/implementation separation and

facilitate maintenance and future development. On the client side, a

dynamic JavaScriptTM implementation of timeseries visualization

running in standard browsers supporting HTML5 (canvas tag) was

chosen. For client–server communication, JSON encoded data is

transmitted via HTTP.

Results
The described architecture proved to provide sufficient performance

for interactive visualization and manipulation of physiological data

streams in the test environment. The abstract, modular design of the

server-side data access and processing infrastructure facilitates code

reuse since modules for filtering, peak detection, etc., can be reused

for arbitrary raw or derived signals, and simplifies development,

testing, and roll-out of new analysis and data processing modules. The

browser-based client visualization implementation minimizes support

efforts required on the client side, with the potential of delivering a

state-of-the art look and feel on both mobile and stationary devices.

Since novel derived parameters are, from the perspective of the client-

side visualization module, indistinguishable from other physiological

timeseries, a seamless user experience is achieved.

Discussion
The described framework provides an infrastructure that has the

potential to, once established in a specific clinical environment, sig-

nificantly lower the threshold that has to be overcome before a novel

derived monitoring parameter can be evaluated and, eventually, clini-

cally applied. The seamless integration of novel analysis results into a

familiar visualization environment should serve to lower the acceptance

threshold of new parameters or visualization approaches among clini-

cians, while simultaneously minimizing non-specific effects of an

altered clinical environment on study endpoints in prospective valida-

tion studies of novel parameters or visualization techniques. The

modular design and standardized interfaces facilitate well-structured

development and validation procedures in a research setting, while

reducing errors through structured code reuse. Since development and

live deployment can be performed within the same framework by

exchanging offline for online data source nodes, significant sources of

error and delay are eliminated. While the current prototype shows

promise in greatly facilitating the development, evaluation, and

deployment of novel derived monitoring parameters and visualization

techniques in an academic environment, and may help to smooth the

path to a more widespread implementation, translation of this approach

to a commercial setting will require careful attention to regulatory

issues. However, the combination of open interface standards and

modern cryptographic techniques with a structured certification process

should allow for regulatory decoupling and separate certification of A,

P, and V components that would result in a plug-and-play architecture

for acute care monitoring similar in flexibility to what is already com-

mon in the audio signal processing market, where signal acquisition,

analysis, synthesis, output, and editing seamlessly interoperate through

the use of open standards. Since there is little commercial incentive to

create such an open environment, with vendors often keen on marketing

any minimal advance as a unique feature of their entire integrated

monitoring package, widespread implementation of such a concept,

while of potentially large value for both clinicians and patients, will

likely require a coordinated push by users and regulatory authorities.
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8 Implementation of a computer-based decision

support system for outcomes prediciton and clinical

triage: initial results of two pilot studies

Hisham M. F. Sherif
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Objective
To develop a custom-built, computer-based clinical decision-support

tool to help determine the underlying cause of the patient’s clinical

presentation, its severity level and predicted outcome.

Materials and Methods
A novel, customized, computer-based decision-support tool, rooted in

the Bayesian Network technology was constructed. Based on docu-

mented data from patients’ medical records, the probabilistic

predictive model was utilized to validate patients’ triage in two dif-

ferent clinical scenarios:
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1. Prediction of neurologic deficits in patients resuscitated from

cardiac arrest following a ACS/STEMI, and thus likelihood of

benefit (futility of) from emergent coronary revascularization.

Study group consisted of 99 patients resuscitated from NSTEMI.

For this particular study, the endpoints were in-hospital death,

neurologic recovery and the accurate prediction of outcomes by

the program.

2. Prediction of the likelihood of presence of and readmission for

Acute Decompensated Heart Failure syndrome. Study groups

consisted of 20 randomly generated patient clinical profiles

(Phase I) and 100 cases from our emergency room electronic

medical records: 55 cases of acute heart failure, 14 cases of

pneumonia, 7 cases of COPD exacerbation and 11 cases of

‘‘other’’ conditions. End points were the accurate prediction

of the underlying diagnosis and the correct disposition.

In both studies, observed data from our institutional electronic

medical records registry was utilized to populate the computer pro-

gram and to validate its initial results. Subsequently, multiple, random

clinical case scenarios were used to validate the predictive properties

of the computer tool (Phase I) Finally (Phase II), the program was

tested using real-world data from our institutional emergency room

electronic medical records.

Results
First study: Overall, 64 (65 %) patients survived, while 35 (35 %)

died. On initial examination, 25 % of patients were alert, 14 % were

minimally responsive and 60 % were unresponsive. Diagnostic

accuracy rate of 85 %

Second study

Phase I: Diagnostic accuracy rate of 85 %, Disposition accuracy

rate of 80 %

Phase II: Diagnostic and Disposition accuracy rate of 92 %

Conclusions
A custom-built, computer based predictive model, utilizing a proba-

bility engine software and based on population-wide real-life clinical

data, can be a useful adjunct in clinical decision making and medical

triage. This takes special significance in such high-risk, fast-paced

environments such as the emergency department and the intensive

care unit.

9 Teletherapeutic drug administration: closed-loop

control of propofol as an example

Harald Ihmsen

Anästhesiologische Klinik, Universitätsklinikum Erlangen, Erlangen,

Germany

With the rapid development of telecommunication in the last years,

telemedicine has become more interesting with the perspective of

medical support even over long distances and/or in case of restricted

access. Telemedicine can be broken into three main categories: store-

and-forward, remote monitoring and (real-time) interactive services.

Telediagnostics is a typical example for asynchronous telemedicine

by acquiring medical data (like medical images, biosignals etc.) and

then transmitting this data to a doctor or medical specialist at a

convenient time for assessment offline. It does not require the pres-

ence of both parties at the same time. Remote monitoring enables

medical professionals to monitor a patient remotely using various

technological devices. This method is primarily used for managing

chronic diseases or specific conditions. Interactive telemedicine is the

most challenging type as it is characterized by real-time interactions

between patient and provider. Remote control of robot-assisted sur-

gery (telesurgery) has been successfully realized in recent years, but

teletherapeutic drug administration in anesthesia (teleanaesthesia) has

been performed only in experimental setup.

In this lecture, I’ll present, as an example for teletherapeutic drug

administration in anesthesia, a pilot study [1] which was conducted

some years ago in the University Hospitals in Erlangen and Munich,

with a distance of about 200 km. The control of drug administration

and the monitoring of the electroencephalogram (EEG), are two

components of anaesthesia that are well suited to test the concept of

teletherapy in anaesthesia. These two components were combined to a

closed-loop system where the administration of the intravenous

anesthetic propofol was automatically controlled to maintain a

defined set point of the EEG effect as therapeutic target. The tele-

therapeutic system consisted of a computer at the patient site in

Munich and a computer at the control site in Erlangen, which were

connected via the internet. The patient’s EEG signal was sent to the

control site computer, where the median frequency (MEF) of the EEG

power spectrum was calculated. The propofol infusion, determined by

a model-based adaptive feedback algorithm to maintain a MEF of 1.5

to 2 Hz, was sent to the patient site computer connected to the

infusion pump. The quality of the control was assessed by the per-

formance error defined as the percentage deviation of the measured

MEF from the setpoint and the necessity of interventions by the

anaesthetist at the patient site. The study was performed in 11 patients

undergoing general surgery. The closed-loop administration of pro-

pofol lasted 83 ± 52 min. The median performance error (MDPE)

was 4.6 ± 4.4 % and the median absolute performance error

(MDAPE) was 18.8 ± 5.7 %. From a total number of 10905 trans-

mitted EEG epochs there were 5 epochs with transmission errors,

without further consequences for drug control. In one case, telether-

apy was stopped because the internet connection was interrupted.

Thus, teletherapeutic drug administration could be realized over a

longer distance, but further studies would have to investigate the

practicability and safety of teletherapeutic drug control in anaesthesia.

Considering the miniaturization which increases the computational

power of local devices, and the regulatory and legal issues of auto-

mated drug delivery, it may, however, be questionable whether

teletherapeutic closed-loop control will become clinical routine in the

foreseeable future.
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Kochs E: Teletherapeutic drug administration by long distance

closed-loop control of propofol. Br J Anaesth 2007; 98(2):

189–95

10 Computation and monitoring of CO2 elimination

for ‘open lung’ recruitment
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Introduction
Patients with Acute Respiratory Distress Syndrome (ARDS) present a

shortness of breath and typically experience a partial lung collapse

(atelectasis) caused by inflammation of lung parenchyma leading to

an impaired gas exchange: lower oxygenation and lower CO2 elimi-

nation, which can cause hypoxemia, hypercapnia and eventually other

organ failures. One of the therapeutic options is to introduce artificial
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ventilation based on an ‘‘Open Lung’’ strategy. Its principle is to open

the lung and keep it open [1]. However, the assessment of the lung

state (still closed or already open) is necessary during the recruitment

maneuvers. Basically, the technique for evaluation is based on oxy-

genation, either arterial oxygen tension (PaO2) [2] or arterial oxygen

saturation (SaO2) [3]. However, in this article, CO2 elimination is

computed in every breath and observed during ‘Open Lung’ recruit-

ment maneuvers as an alternative for assessing the state of the lung,

which is a noninvasive approach.

Methods
The system is composed of a Panel PC Control Unit (PPC-154T), an

artificial ventilator (EVITA XL, Dräger), and some other measuring

devices like spectrophotometry (CeVOX, Pulse Medical System) for

measuring SaO2 and a special sensor called Capno Plus (Option for

EVITA XL, Dräger), which is used to measure exhaled carbon

dioxide. The data of airway flow and carbon dioxide are transferred to

the Panel PC by a serial Medibus connection. The intensive compu-

tation is carried out in every 8 ms in order to display CO2 elimination

for every breath provided in the following equation, which simply

means the content of CO2 in ml pro minute computing in every single

cycle of exhalation.

_VCO2 ¼ RR �
Ztexp

tinsp

_VðtÞ � CO2ðtÞdt ð1Þ

where _VCO2: CO2 elimination; RR: Respiratory Rate; _VðtÞ: Airway

Flow; CO2ðtÞ: Measured Carbon Dioxide in percent

An animal study was implemented at Charité Hospital in Berlin,

which was approved by the local animal ethics committee. A female

domestic pig with 35 kgs received pre-medication and proper anes-

thesia before the experiment. The pig was induced by lavage with

isotonic saline solution for an acute lung failure. Subsequently, an

‘Open Lung’ recruitment maneuver was applied in order to improve

the gas exchange by monitoring CO2 elimination and SaO2 as a ref-

erence for oxygenation. All necessary parameters including the

computing CO2 elimination were recorded in the panel PC for further

analysis.

Results
Peak Inspiratory Pressure (PIP) and Positive End-Expiratory Pres-

sure (PEEP) were set at 20 and 10 mbar before the recruitment. To

perform ‘Open Lung’ recruitment, higher PIP at 45 mbar was

applied for 3–5 breaths to open the atelectatic areas of the lung and

PIP was reset to its previous value at 20 mbar after that excitation,

while PEEP was kept at the same proper value 10 mbar to keep the

lung open. The overall settings with FiO2 = 0.21 and the responses

of SaO2, CO2 and CO2 elimination during ‘Open Lung’ recruitment

are shown in Fig. 1.

Discussion
With the advance in computer technology and Medibus protocol, it

is possible to compute CO2 elimination in every 8 ms leading to

the monitoring of this vital parameter in every single breath.

According to the results, it is clearly to observe that CO2 elimi-

nation improves suddenly after the first pulse of higher PIP

excitation and, after recruitment, CO2 elimination increases more

than double, which is a good sign for better gas exchange in the

lung. If we consider the oxygenation parameter SaO2, SaO2

increases dramatically from 89 % to 99 % after the recruitment

under the same ventilator settings, which confirms the recruitment

of the atelectatic areas of the lung. With this experiment, CO2

elimination at 183 ml/min or CO2 elimination per unit weight at

5.2 ml/min/kg shows the state of opening lung. Therefore, the

computation and monitoring of CO2 elimination would be a

promising parameter to observe a condition of gas exchange in the

lung of patients with ARDS, which gives us an insight for the state

of collapsed lung in a noninvasive way.
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Introduction
Patients with Acute Respiratory Distress Syndrome (ARDS) face a

partial lung collapse caused by inflammation of lung parenchyma

leading to an impaired gas exchange and may subsequently experi-

ence multiple organ failure. It is a life-threatening syndrome with a

mortality rate between 15 and 72 % [1]. The syndrome can be treated

by using an artificial ventilator with proper strategies, for example,

Open Lung Concept (OLC) or ARDSnet protocol with the goal to

improve gas exchange for optimal oxygenation and better carbon

dioxide elimination. Providing a knowledge base of medical experts,

the realization of automated artificial ventilation system is achievable

using a fuzzy based expert system for treatment of patients with

ARDS. Based on Open Lung Concept or ARDSnet under pressure

control mode, a low tidal volume e.g. 6 ml/kg needs to be regulated

and applied to the patients after the recruitment maneuvers in order to

Fig. 1 Measured parameters from EVITA XL with Capno Plus for

further computation of CO2 elimination
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avoid hyperventilation, to minimize the mortality rate and to prevent

ventilator associated injuries of the lung.

Methods
The closed-loop medical expert system named VENTILAB [2], which

has been developed at RWTH Aachen University, consists of 3 main

subsystems: Panel PC Control Unit (PPC-154T), mechanical venti-

lator (Servo 300, Siemens Elema) and measuring devices, for

example, capnograph (CO2SMO?, Respironics, Inc.), Patient Mon-

itor (Sirecust 960, Siemens) or spectrophotometry (CeVOX, Pulsion

Medical System) (Fig. 1).

The physiological parameters are measured from the measuring

devices and sent to the panel PC for further analysis and making a

decision for the automatic adjustment of the ventilation settings. After

an ‘Open Lung’ recruitment maneuvers [3], a low tidal volume is

introduced to the patient and only Peak Inspiratory Pressure (PIP) and

Positive End-Expiratory Pressure (PEEP) would have an impact to the

control of tidal volume because other parameters are kept constant.

Therefore, this system can be simplified as Single-Input and Single-

Output by a consideration of the driving pressure (DP = PIP-PEEP),

as a control signal for achieving the determined tidal volume.

The inputs of fuzzy controller are tidal volume error (eðiÞ ¼
VTsetðiÞ � VTmeasuredðiÞ) and the difference of tidal volume error

(De ¼ eðiÞ � eði� 1Þ) between breaths. The linguistic labels are

Negative Large (NL), Negative Medium (NM), Negative Small (NS),

Zero (Z), Positive Small (PS), Positive Medium (PM) and Positive

Large (PL). A rule base is a set of IF-THEN rules, which are con-

solidated in Table 1.

Result
Some experiments are carried out using a mechanical lung simulator

with a fixed PEEP at 10 cmH2O and its result of automatic adjustment

of PIP is shown in Fig. 2, which also demonstrates the performance of

fuzzy controller in regulating the tidal volume. The measured tidal

volume can be regulated to the requested tidal volume with accept-

able range of error (within 5 ml) that may be caused by the

disturbance, measurement uncertainty and time-varying property of

lung mechanics.

Discussion
The fuzzy control algorithm is capable of automatically regulating the

tidal volume of the patients after an ‘Open Lung’ recruitment

maneuvers or an ARDSnet strategy under pressure control mode. As a

result, it can be integrated into the software as an algorithm for tidal

volume control for better protective ventilation to the patients with

ARDS.
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Fig. 1 System configuration of fuzzy based medical expert system in

closed-loop ventilation

Table 1 Rule basis for fuzzy controller

De NB NM NS Z PS PM PB

e

NB NB NB NB NB NM NS Z

NM NB NB NB NM NS Z PS

NS NB NB NM NS Z PS PM

Z NB NM NS Z PS PM PB

PS NM NS Z PS PM PB PB

PM NS Z PS PM PB PB PB

PB Z PS PM PB PB PB PB

Fig. 2 Tidal volume control based on a fuzzy controller with

PEEP = 10 cmH20, RR = 30 bpm and I:E = 1:1
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Introduction
Approximately 50 closed-loop controlled mechanical ventilators were

described in the literature so far but only six of them (Adaptive

Support Ventilation, Automode, Mandatory minute ventilation,

Neurally adjusted ventilatory assist, Proportional Assist Ventilation,

SmartCare�/PS) are commercially available so far. SmartCare�/PS

was evaluated in a multi-center randomized controlled trial including

patients ventilated for longer than 24 h [1]. In this study, total ven-

tilation time was significantly shorter in patients weaned with

SmartCare�/PS (7.5 days) compared to 12 days in the control group

(p = 0.003).

From the technical point of view, different basic technologies like

feedback controllers, servo-systems, knowledge based systems

(KBS), lung models, belief networks and fuzzy logic were used.

However, the overall performance of the previously published sys-

tems is limited because no commercially available system is able to

entirely control the respirator. Furthermore, no system is known that

incorporates the current scientific evidence regarding mechanical

ventilation. Therefore, we decided to develop a hybrid system for

automatic ventilation and weaning providing full automatic control of

all ventilator settings and respecting the current expert knowledge of

ventilator induced lung injury and weaning strategies. The basic idea

for the design of our system was to electronically map our daily

clinical situation at the bedside. To transfer this clinical context into a

closed-loop controlled system for mechanical ventilation such a

system needs mainly two components. (1) a knowledge based system

representing the medical expertise on mechanical ventilation therapy

[2] and (2) a lung model representing the knowledge on the actual

pulmonary function status of the patients. The aim of this abstract is

to give a technical description of the system.

Methods
An academic prototype operates with a modified version of a com-

mercially available intensive care respirator (Evita 4, Dräger, Lübeck,

Germany) with optional modules for measuring peripheral oxygen

saturation (SpO2), the end-tidal partial pressure of carbon dioxide

(PetCO2) and a serial communication port enabling remote control of

the respirator via an external computer. This computer is equipped

with several software components: (1) a control program to establish

a safe communication between the ventilator and computer, (2) a

graphical user interface, (3) a knowledge based system (D3, iisy AG,

Würzburg, Germany) and a programmed and installed knowledge

base, (4) a physiologic lung model integrated into the system. The

KBS collects data on a breath-by-breath basis and performs an

evaluation of the patient every 10 breaths. Thereby it obtains addi-

tional information from the model and determines new ventilator

settings. The prototype could be used in open- and closed-loop mode.

The system is designed to operate only in the mode of biphasic

positive airway pressure/assisted spontaneous breathing mode. The

primary aim of this system is to decrease the respiratory load of

mechanical ventilation. The minimum of respiratory load is achieved

when a patient is breathing spontaneously on a pressure support level

of 8 cm H2O, a positive end-expiratory pressure (PEEP) of 3 cm H2O

and a fraction of inspired oxygen of less than 0.3. Respiratory load is

assessed every 10 breaths using a newly developed scoring system.

This scoring system takes into account the inspired fraction of oxy-

gen, the used PEEP, the pressure amplitude and the spontaneous

breathing activity. Basically, we implemented the following thera-

peutic strategy: Avoid the generation of intrinsic PEEP; adapt the

inspiration to expiration ratio according to the measured lung

mechanics; use the lowest possible inspiratory pressures; as soon as

spontaneous breathing activity occurs, decrease mechanical breathing

frequency; use lowest possible inspired fraction of oxygen; use the

lowest possible level of PEEP and increase PEEP only to improve

oxygenation.

The KBS requires the input of gas exchange parameters which

cannot be continuously measured: arterial partial pressure of oxygen

(PaO2), arterial partial pressure of carbon dioxide (PaCO2) and pH.

These are provided by a physiologic lung model. The model is

designed as a classical three-compartment model comprising the

alveolar dead space, shunt and ideally ventilated and perfused com-

partments [3]. For adapting the model to the patient’s lung, size and

mechanical properties (compliance, resistance) of the compartments

are varied until the simulated and measured inspiratory and expiratory

volumes as well as arterial blood gases are aligned with the measured

ones of the patient. After this calibration process, the targeted minute

ventilation resulting in a PaCO2 of 40 mmHg is determined by

invoking the model with different minute ventilations. During oper-

ation, the lung model simulates arterial blood gases online and

provides these values to the KBS on demand. Furthermore, the

functionality of the lung model is supervised by comparing the

measured SpO2 and simulated PaO2 values as well as the measured

PetCO2 and simulated PaCO2 values. Furthermore, the breathing

mechanics and tidal volumes are also monitored. When significant

differences between the model and patient are detected (e.g., when the

patient’s tidal volume changes) the calibration process is re-initiated.

This guarantees that the model always reflects the current patient

status.

Results
We designed and implemented a closed-loop controlled mechanical

ventilator prototype which was able to operate in realtime. Basic

safety checks of the prototype were successfully performed on a

human patient simulator (HPS, METI, Sarasota, United States).

Discussion
With the combination of knowledge- and model-based technologies

the complete process of ventilation therapy could be effectively

automated. However, the clinical guideline incorporated into the

knowledge base and the accuracy of the lung model need to be further

evaluated in patients with and without pulmonary disorders.
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Introduction
Mechanical ventilation is a live-saving therapy by securing gas

exchange and airway especially in critical clinical situations. How-

ever, it has also been recognized that mechanical ventilation comes

along with serious side effects: It can damage the lung tissue

(ventilator-induced lung injury) [1], it can harm the diaphragm
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(ventilator-associated diaphragmatic dysfunction) [2] and the duration

of artificial ventilation correlates with the occurrence of pneumonia

(ventilator-associated pneumonia) [3]. Moreover, mechanical venti-

lation can lead to multi-system organ failure and death [4]. Therefore,

every effort has to be undertaken to decrease the time a patient spends

on the ventilator and to minimize the risk of lung injury. Ventilation

time can easily be decreased by using weaning protocols [5].

Regarding the risk of lung injury the ventilatory situation has to be

evaluated several times a day and the ventilator settings have to be

carefully adapted.

An efficient transfer of new therapeutic insights from research into

the daily clinical routine is hard to perform [6]. Because complex

therapeutic protocols are hard to introduce, several single aspects of a

protocol were picked out and transferred in so called care bundles.

Another solution may be to implement a therapeutic protocol into a

closed-loop controlled ventilator. Therefore, we developed a knowl-

edge- and model-based system (KMBS) for automatic ventilation and

weaning. Technical details of the system are presented in another

abstract. This abstract focuses on the description of the first clinical

application of the system in patients. We hypothesized that the KMBS

was able to transfer every patient from controlled mechanical venti-

lation to assisted spontaneous breathing and that the system decreased

the respiratory load of the patients.

Methods
This selected case study was approved by the local ethics committee.

The following inclusion criteria were used: written informed consent

given by the patient or the next of kin, biphasic positive airway

pressure/assisted spontaneous breathing ventilator mode via an arti-

ficial airway with no spontaneous breathing activity, reduction of the

respiratory load considered possible by the physician in charge,

patient monitoring established (electrocardiogram, peripheral satura-

tion of oxygen (SpO2), arterial line). Exclusion criteria were: high-

dose catecholamines, anticipated surgical complication, systemic

infection, pregnancy. Propofol and sufentanile were continuously

infused to sustain analgesia and sedation. All patients were connected

to the study ventilator and the ventilator settings set by the physician

in ward were maintained. After verifying a stable status of the patient,

the KMBS was started (start of the study period) and began to adjust

the ventilator settings automatically. A planned weaning period was

initiated by decreasing the level of the propofol infusion (2 ml h-1

every 10 min) until the patient recovered to a Ramsay Score of two to

three. KMBS was stopped either when the patients were ready for

extubation or when no significant changes of the automatic ventilator

therapy were suggested. To assure patient safety, all changes of the

ventilator settings were supervised by an experienced physician who

was able to stop the closed-loop system at any time. All ventilator

parameters and settings, the results of the KMBS evaluations and the

model simulations were automatically acquired and saved in a data-

base. Possible rejections of the KMBS settings by an experienced

physician were documented separately. For safety analysis, all

recorded ventilator settings and measurements with defined alarm

limits were checked. The KMBS performance was assessed by

comparing ventilator parameters, measured end-expiratory carbon

dioxide concentration (PetCO2), PF-ratio (arterial partial pressure of

oxygen (PaO2) dived by fraction of inspired oxygen (FIO2) whereby

PaO2 was estimated from SpO2) and the respiratory load score

acquired (1) at the onset of the KMBS operation (original physician’s

settings), (2) 10 min after the admission phase (initial KMBS set-

tings) and (3) by the end of the study period (final KMBS settings). To

determine the time required for achieving sufficient assisted sponta-

neous breathing, the time interval between the first spontaneous

breath and the permanent reduction of mechanical ventilation (\3

mechanical breaths per minute) was measured. ANOVA for repeated

measurements and Bonferroni post-test for multiple comparisons

were used for statistical analysis. Statistical significance was accepted

at p values \0.05.

Results
19 post-surgical patients were included into the study and ventilated

for 173 ± 53 min (mean ± standard deviation). Safe ventilator set-

tings were achieved in 97.2 % of the total automated ventilation time.

The changes of ventilator settings accomplished by KMBS after

10 min of operation resulted only in a significant reduction of FIO2

when compared with the initial settings ordered by the responsible

physician. However, at the end of the study period, a significant

decrease in FIO2, inspiratory pressure, pressure support, mean airway

pressure and tidal volume as well as a significant increase in PetCO2

were noted. All patients could be transferred from controlled venti-

lation to assisted spontaneous breathing. The corresponding median

time interval was 35 ± 17 min. The median score of respiratory load

fell significantly from 3.9 ± 0.3 and 3.8 ± 0.5 to 3.0 ± 0.8

(p \ 0.001) at the three measurement phases followed.

Discussion
A knowledge- and model-based system providing automated venti-

lation and weaning was developed. In a selected case study, the

system determined safe ventilation settings for a heterogeneous group

of patients, provided a smooth and automatic transfer from controlled

to assisted ventilation and succeeded in decreasing the respirator’s

load of mechanical ventilation. Further studies will have to evaluate

the performance of the physiologic lung model, the scoring system

and the influence of the ventilation strategy on minimization of the

ventilatory invasiveness.
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14 Predictive modeling and simulation for quality

improvement in critical care
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Over the last two decades there has been increasing interest in

measuring the quality of medical care and comparing performance
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between healthcare institutions. Public health authorities, doctors

and patients also encourage healthcare institutions to continuously

monitor and improve the quality of their care processes. In Critical

Care, quality measurements are typically based on patient outcomes

such as mortality and length-of-stay. Judicious use of outcome

summaries can help to identify the processes of care that result in

better or worse outcomes. There exists also a trend toward pub-

lishing performance data and performance-based league tables (i.e.,

rank-order listings). Such publications can lead to disciplinary

measures against hospital organizations and to changes in the

behaviour of patients and providers. Therefore, the reliability of

procedures for performance assessment and performance comparison

is increasingly relevant.

Because medical characteristics of admitted patients may differ

between institutions and can vary over time, it is important to adjust

for these characteristics before drawing conclusions from outcome

summaries. To this end, prognostic models are used that provide

patient-specific outcome predictions. By summarizing such predic-

tions for groups of patients we obtain a yardstick against which to

measure care performance. For instance, well-known prognostic

models in the field of Intensive Care are the Simplified Acute

Physiology Score (SAPS), the Acute Physiology and Chronic Health

Evaluation (APACHE) and the Mortality Probability Model (MPM).

These are all logistic regression models which predict the proba-

bility of in-hospital death for patients that are admitted to the

ICU. They use slightly different sets of covariates describing the

demography (e.g., age), admission type (e.g., medical, urgent sur-

gical), co-morbidity (e.g., chronic dialysis, respiratory insufficiency),

and worst physiological status of the patient in the first 24 h of IC

admission (e.g., highest body temperature, lowest blood pressure). In

many countries, regional or national registries have been established

that use one or more of these prognostic models to audit the quality

of intensive care. However, the use of prognostic models to obtain

case-mix adjusted performance estimates have been the subject of

discussion in many studies.

Healthcare institutions also increasingly apply statistical quality

control procedures. Most of these procedures were originally developed

in industrial settings where quick detection of problems is essential for

efficiency. The most commonly used methods of statistical process

control are the Shewhart chart, the sequential probability ratio test

(SPRT), the exponentially weighted moving average (EWMA), and the

cumulative sum (CUSUM). These methods monitor the occurrence rate

of an event (such as death or ICU readmission) over time and generate a

warning signal when there is sufficient evidence for a persistent change.

Among all, the CUSUM has attracted more attention and disseminated

in the medical literature due to its simple formulation and an intuitive

representation, and to its capability of detecting small changes. Also

methods for statistical process control have been subject to debate in the

methodological literature.

In my talk, I will discuss different methods for quality comparison

and quality monitoring in Intensive Care medicine, including con-

struction and validation of prognostic models and quality control

charts. Attention will be given to common methodological pitfalls, the

lack of reference standards, and the use of simulation methods to

compare methods.
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Introduction
Adequate supply of oxygen to tissues and the subsequent use of

oxygen by the mitochondria are paramount for sustaining cellular

integrity. Monitoring of these parameters on the cellular level in vivo

has not been possible till to date. The PpIX triplet state lifetime

measurement (PpIX-TSLM) technique for measurement of mito-

chondrial oxygen tension (mitoPO2) in vivo provides a potential

means to do so [1–2]. In this pilot study we describe the use of this

technique for measuring mitoPO2 and oxygen consumption in skin.

Methods
Animals
A total of 4 male anesthetized and mechanically ventilated male

Wistar rats (Charles River, Wilmington, MA, USA,) body weight

281 ± 6.3 g) were used in this pilot study.

Measurements
The background of the PpIX-TSLM is described in more detail by

Mik et al. [1–2] Briefly, PpIX is induced in the mitochondria by

administration of 5-aminolevulinic acid (ALA) (Fig. 1a). PpIX pos-

sesses a triplet state (T1) of which the lifetime is oxygen-dependent

(Fig. 1b). Population of T1 occurs upon photo-excitation with a pulse

of light, and bidirectional intersystem crossing causes the emission of

oxygen-dependent red delayed fluorescence. This lifetime is related to

mitoPO2 according to the Stern- Volmer equation, in which kq is the

quenching constant and s0 is the lifetime at zero oxygen (Fig. 1c).

To induce PpIX, 2.5 % ALA cream was applied to the abdominal

skin of rats. Oxygen consumption was determined by repeated

mitoPO2 measurements (one flash every 3 s) during blockage of the

oxygen supply by applying local pressure with the measurement

probe. This pressure temporally occludes the microvessels and

gradually prolongs the delayed fluorescence lifetime due to oxygen

consumption. The oxygen consumption was calculated from the slope

of the decrease in mitoPO2 (Fig. 2).

Results
Oxygen disappearance curves were acquired at de abdominal skin of

4 rats. One of the PO2 time courses recorded before, during, and after

a 1.5-min compression period is show in Fig. 3. The results of the all

measurements are shown in Table 1.

Fig. 1 Principle of mitoPO2 measurement by oxygen-dependent

quenching of ALA enhanced PpIX. a Principle by which ALA

administration enhances mitochondrial PpIX levels. b Jablonski

diagram of states and state transitions of PpIX and its interaction with

oxygen. c PpIX emits delayed fluorescence after excitation by a pulse

of green (510 nm) light. The delayed fluorescence lifetime is oxygen-

dependent according to the Stern–Volmer equation, in which kq is the

quenching constant and s0 is the lifetime at zero oxygen
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Conclusion
This pilot study shows that PpIX-TSLM is an optical spectroscopic

method that allows assessment of mitochondrial oxygenation and

oxygen consumption, based on measurement of the oxygen-dependent

triplet state lifetime of endogenous protoporphyrin IX (PpIX). We

aim at further developments of this technique to ultimately enable

measurements in humans. This will provide clinicians with novel

technology that allows for the first time assessment of oxygen tension

and oxygen consumption at the subcellular level, and permits a look

at oxygen supply and demand at the place where it matters most, the

mitochondria.
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the use of PpIX for monitoring cellular metabolism

in different types of tissue for clinical applications
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Introduction
Measurement of mitochondrial oxygen tension (MitoPO2) could be a

powerful tool for monitoring metabolism; oxygen supply and con-

sumption provide insight into cellular function. In clinical syndromes

such as sepsis but also in isolated organ dysfunction, transplantation

procedures and hypoxic environments, such as tumorous tissue,

oxygen supply is limited (1, 2). Insight can reveal much about the

clinical consequences and mechanisms; such as tumours’ resistance to

hypoxia (2). In this study we explore oxygen dependent phospho-

rescent lifetime measurements through protoporphyrine IX for

determining MitoPO2 in several tissues to further develop this tech-

nique for clinical use.

Methods
Animal experiments conducted in accordance to institutional

guidelines were performed on 18 anesthetized (ketamine 90 mg/kg,

medetomidine 0.5 mg/kg, atropine 0.05 mg/kg) male Wistar rats

(284gr ± 17grams, Harlan, Horst, The Netherlands). A tracheostomy

was placed for mechanical ventilation and arterial Carotid and venous

Jugular line were installed for monitoring of arterial blood pressure

and heart rate, blood samples (metabolic and respiratory monitoring)

and continuous NaCl infusion (15 ml/kg/h). MitoPO2 measurements

by delayed fluorescence lifetime technique utilizing endogenous

mitochondrial protoporphyrine IX (PpIX) which was ALA enhanced

(5-aminoleulinic acid, Sigma-Aldrich) (1, 3, 4). Oxygen dependent

quenching of fluorescence emission was recorded (3, 5). Surgical

midline laparotomy provided peritoneal access.

Results
MitoPO2 measurements during normoxia, hyper- and hypoxia are

shown for kidney, liver and intestinal tissue (Fig. 1). Control sample

times (t1–t3) are corresponding to those applied in the FiO2 steps.

Arterial blood gases are taken to compare and confirm proper FiO2

ventilation (normoxia 182 mmHg ± 17, hyperoxia 486 mmHg ± 49,

and hypoxia 87 mmHg ± 4). Stabile normoxic PO2 values are shown

Fig. 2 Principle of mitochondrial respiration by mitoPO2 kinetics

Fig. 3 A typical time course of mitochondrial PO2 during the

microcirculation compression experiment in de skin of a rat. The

pressure was introduced at 50 s after the beginning of the PO2 record

and released at 140 s. The baseline mitochondrial PO2 (PO2 during

the first 50 s) in this example was 46 ± 6.9 mmHg, the slope -

2.15 mmHg/s

Table 1 Parameters of mitochondrial cutaneous oxygen consumption

Rat number Baseline MitoPO2 (mmHg) Slope (mmHg/s)

Rat 1 46 ± 6.9 -2.15

Rat 2 58 ± 10 -3.25

Rat 3 47 ± 2.1 -2.32

Rat 4 30 ± 8.2 -2.38
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in during normoxia. Hyper- and hypoxic FiO2 ventilation shows clear

deviation from controls.

Discussion
Hyper- and hypoxic FiO2 PO2 clearly deviate from control and FiO2

readings meaning oxygen dependency of the delayed fluorescence

signal. Our findings of tissue MitoPO2 match those found in other

literature (1, 4, 6). Delayed fluorescence lifetime measurements for

determining MitoPO2 seems to be a promising technique to gain

insight into cellular metabolism. Further research and adjustments to

enhance the technique
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Cerebrovascular diseases are one of the three major mortalities, such

as the rupture of cerebral aneurysm. The formation and growth

mechanism of the cerebral aneurysm has not been clearly understood.

Treatment decision of incidental intracranial aneurysms is complex.

Currently, however, there is no certain quantitative method to eval-

uate risk of rupture. We utilized Computational fluid dynamic (CFD)

technology to understand difference of hemodynamic condition

between stable unruptured aneurysms and those that ruptured during

the observation that followed. The hemodynamic characteristics;

energy losses (EL), were calculated under 100 aneurysms and the

results indicated that there are more than five times difference from

ruptured and unruptured aneurysms. According to flow visualization,

the flow inside ruptured aneurysms appeared stronger impact on the

aneurysm wall. On the contrary, the flow inside unruptured aneurysms

passed smoothly and quickly through the aneurysms. The mean

average recirculation time of ruptured aneurysm was two times higher

than that of the unruptured ones. These results indicate that EL and

recirculation time may be an useful parameter to quantitatively esti-

mate the risks of ruptured of cerebral aneurysm.

Introduction
Cerebral aneurysms are pathological dilations of the arterial wall that

frequently occur near arterial bifurcations. The most serious conse-

quence is their rupture and intracranial bleeding into the subarachnoid

space, with an associate high mortality and morbidity rate(1). Cere-

brovascular diseases are one of the three major high mortalities.

However, currently the prognosis methods for subarachnoid hemor-

rhages (SAHs) are still not developed enough. The mechanism of

cerebral aneurysm’s genesis, growing, and rupture are not competi-

tively understood. Although the evolution of cerebral aneurysms are

affected by variety reasons; such as pathological, hemodynamic and

other factors, a better understanding of the blood patterns pass

through the aneurysm and physically analysis the progression of

aneurysms vessel wall will provide to aneurysm surgery a lot of

valuable references to understand relationship between the patho-

physiological aspects and aneurysms progression depending on its

geometry and local hemodynamics. It will be critically support

aneurysm surgery to understanding aneurysm growth, preparing

treatment, and predicting the risk of its regrowth after treatment.

The hemodynamic anaysis of cerebral aneurysms have been

developed using numerical and experimental methods(2). The rela-

tionship between flow patterns and diseases development, particularly

the WSS, have been motivated in several of the researches in recent

years. However, most of the studies have focused on particularly wall

shear stress (WSS), has been proposed for flow characterization of

cerebral aneurysms. All these findings as an addition have no quan-

titative expression and are difficult for use in predicting rupture.

Therefore, the challenge for aneurysm’s hemodynamic analysis using

the computational numerical methods are; validation with large

numbers and specific geometries of aneurysms from clinical records,

specification the blood flow boundary conditions at performing vessel

domain, and availability to create a predicting criterion to recognize

the risk of cerebral aneurysm before rupture.

Our studies are to develop an efficient transfer system to convent

the clinical image data into computational available vessel shape

geometries, to computationally validate blood flow patterns, and as

well to analyse flow characteristics (see Fig. 1).

Fig. 1 MitoPO2 during normoxia versus varied FiO2 (40, 100 and 21

oxygen %) in kidney, liver and intestine (ileum). Results show FiO2

dependent MitoPO2 values during hyper- and hypoxia. Normoxia

sample times (t1–t3) are conform FiO2 steps

Fig. 1 A data transfer system for aneurysm geometry generation
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Methods
Patient specific image data was segmented by using image DICOM

format clinical image into three dimensional vessel surface format

data. Image segmentation software was developed based on Insight

Toolkit (ITK) and open source software 3DSlicer. The segmentation

process was validated by using our in vitro mock circulation system.

The STL format geometry was transferred into mesh generation

software ICEM (ANSYS�) to generate volume mesh for fluid simu-

lation. The flows in this study was assumed as an incompressibility,

Newtonian and laminar flows. Navier-Stocks governing equations

solved basing on Finite Volume Method (FVM), was introduced as a

main solver. All simulations were performed under a personal com-

puter. The silumated results were validated by PIV measurements.

The energy (E) was calculated follow equation. The simulations of

the non-aneurysm cases were carried out with the same flow condi-

tions as that of the with-aneurysm cases.

E ¼ Pi þ q
1

2
v2

i qghi

� �
Qi � Po þ q

1

2
v2

oqgho

� �
Qo

where, using Bernoulli’s equation, E [W] is energy calculated from

total pressure in the artery domain inlet and outlet at the average of

heart pulse. The EL was calculated by difference between with and
non-aneurysm.
Results
In Fig. 2. A high speed recirculation and flow attachment on the bleb

can be observed around the bleb edge. In generally, the bleb on

aneurysm is judged as one of highest risk at cerebral aneurysm

clinical diagnose. From observations of the flows within aneurysms,

the flow pattern appeared very complex, with the occurrence of jet

flows, swirling and separating flows, and flow attachment. This

hemodynamic energy transfer is assumed to be one of the major

factors in the development, growth and final rupture of aneurysms.

The EL for ruptured aneurysms was around 5 times (p \ 0.001,

N = 100) higher than for unruptured (Fig. 3). The energy loss might

be transferred into physical stimulus, force and stress, to load on the

pathological aneurysm surfaces.

Conclusions
A new approach using EL to estimate the risk of aneurysm rupture

was performed by hemodynamic simulation. Flow energy loss in

aneurysms was significantly different between ruptured aneurysm and

unruptured aneurysm.
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18 Session: pharmacokinetics and -dynamics

in anaesthesia PKPD modelling with Monolix

Marc Lavielle

Université Paris-Sud, Bâtiment 425, 91405 Orsay Cedex, France

Monolix is an easy, fast and powerful tool for parameter estimation

and model building in non-linear mixed effect models. Several sto-

chastic algorithms are used in MONOLIX: stochastic approximation

of EM (SAEM), Importance Sampling, MCMC, Simulated Anneal-

ing. Theoretical and practical properties of the proposed algo-

rithms were published and demonstrated on real complex PK/PD

applications.

Monolix is associated with MLXTRAN, a programming language

dedicated to PK/PD modelling & simulation.

An application to PKPD modelling of BIS during propofol anes-

thesia in volunteers will be presented. The PK data and the PD data

are fitted simultaneously. Diagnostic plots produced by MONOLIX

allow to compare several immediate and non immediate response

models.

19 Population pharmacokinetics in anesthesia

Teijo Saari MD, Ph.D

Anästhesiologische Klinik, Friedrich-Alexander-Universität

Erlangen-Nürnberg, Erlangen, Germany

Predicting the course of drug concentration and drug effect in an

individual patient is the major goal of clinical pharmacology. To

provide a description of the time course of the concentration and

effect after drug administration, pharmacokinetic (PK) and pharma-

codynamic (PD) modelling are used. Intravenous anaesthesia is

particularly concerned with an understanding of the time course of the

concentration and drug effect. Although physiology-based pharma-

cokinetic modelling is currently widely used in drug development,

mammillary models are more suitable and still widely employed in

anesthesiologic research. However, these methods give only a general

approximation of the PK and PD of a drug without exploring the

factors influencing inter-patient variability and dose–response

relationship.

In the late 1970s, Lewis Sheiner and co-workers described a new

approach to pharmacokinetic data analyses, which was later called

‘population pharmacokinetics’. Population PK or PD is the study of

the variability in drug concentration or pharmacological effect

between individuals after standard dosing regimens are applied.

Variability between patients can be described and the sources of this

variability can be identified. Unexplained inter- and intra-individual

variability can be modelled, even when the design of data collectionFig. 2 Blood flows aneurysm (ruptured right, unruptured left)

Fig. 3 Energy loss
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varies considerably between individuals. It also enables parameter

estimates to be obtained even for those individuals for whom there are

too few observations to allow parameter estimation by alternative

standard methods. The latter is important when concerning the lack of

study of medications in paediatric patients. The use of population PK

analysis and accompanied simulation is essential for applying phar-

macokinetics in newborns and small children. In conclusion,

population modelling provides a powerful tool to explore factors that

influence inter-patient variability in the dose–response relationship

and can be applied to develop optimal dosing strategies and a more

efficient drug development programme.

Population based PK/PD analysis has greatly improved the effi-

ciency of PK/PD analysis. Various techniques are available to

perform population pharmacokinetic-pharmacodynamic data analy-

ses. These techniques call for complex, computer intensive calcu-

lation and statistical methods and its use increased exponentially

recently after the development of powerful microprocessors. The

statistical technique used in population pharmacokinetics is called

nonlinear mixed effects modelling. The word ‘mixed’ refers to fixed

and random effects. An example of a fixed effect is an increased

sensitivity to the effect of drug in the elderly. Random effects refer to

the inter-individual and residual sources of variation. The parameter

values for an individual patient will differ from the expected values

because of inter-individual variability. Residual variation includes

intra-individual and inter-occasion variability, measurement error and

model misspecification errors. Residual error arises because of the

model estimated values are oversimplifications of reality.

Population PK/PD modelling has contributed substantially to the

practise of intravenous anaesthesia and first population PK articles in

anaesthesiology emerged more than 20 years ago. Several studies

have been published and typical anaesthesiological endpoints, such as

level of consciousness and analgesia have been modelled. During the

last 10 years several aspects of the PK and PD of anesthetics has been

revealed with population approach.

20 Estimating plasma albumin concentration

from the buffering properties of blood

S. E. Rees1, T. Diemer2, S. R. Kristensen2.

Center for model-based medical decision support, Aalborg

University, Denmark, and 2- Department of Clinical Biochemistry;

Aalborg Hospital, Denmark.

Introduction
Hypoalbumania is common in acutely ill patients and is associated

with an increased risk of mortality [1]. Plasma albumin concentration

is usually measured at the central laboratory, but information exists as

to the concentration from the buffering properties of blood. Albumin

is the major non-bicarbonate buffer in plasma. The other buffers in

blood, haemoglobin and bicarbonate, are easily measured or calcu-

lated. This means that the effects of albumin on blood buffering can

be isolated and albumin concentrations estimated using standard

blood gas analysis.

Method
An algorithm was developed to calculate plasma albumin concen-

tration from venous blood measured for acid–base and oxygenation

status before and after its exposure to air. This algorithm is based

upon the mathematical model of blood acid–base and oxygenation

status of Rees et al. [2].

To evaluate the method, venous blood was taken in 19 normal

subjects and diluted, such that for each of the 19 samples, three

different subsamples were obtained with different albumin concen-

trations, spanning the range 10–50 g/l. These samples were then

analysed before and after exposure to air and calculated values of

albumin compared with values measured using rate nephelometry.

Results and conclusion
Calculated values of albumin compared well with measured, with a

correlation coefficient r2 = 0.9. Little bias existed between measured

and calculated values (bias = 0.7 g/l) and the standard deviation of

the difference between measured and calculated values is 4.7 g/l.

Application of this method may mean that an estimation of values of

plasma albumin concentration can be obtained from a blood-gas

analyser, enabling identification and monitoring of hypoalbumina-

emia as a routine part of critical care.
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21 Simulated critical incidents: anaesthetists’

experience, workload and visual attention

Schulz CM, Schneider E, Hapfelmeier A, Kochs EF, Schneider G

Institution: Department of Anaesthesiology, Klinikum rechts der

Isar, Technische Universität München, Germany

Introduction
In a pilot study, eye tracking-based assessment of anaesthetists’ visual

attention and workload was investigated during simulated critical inci-

dents1, 2. Pupil size reflected workload fluctuations within simulator

sessions but did not allow workload comparisons between sessions or

individuals1. Some evidence was found that work experience influences

visual attention2. In the same trial, the unexperienced anaesthetists (group

A) tended to rate workload higher than the experienced (group B) on

Borg’s Rating of Perceived Exertion Scale3. Because of different work-

load ratings between unexperienced and experienced subjects, we

hypothesized that the relative changes of the physiological workload

indicators pupil diameter and heart rate from the beginning of the sce-

nario to the peak of the critical incident were lower in the more

experienced subjects. Moreover, the impact of the relative increase of the

physiological workload indicators on visual attention was calculated.

Methods
Fifteen anaesthetists wore a mobile head-mounted eye tracker (Eye-

SeeCam) during induction of anaesthesia with and without critical

incident (anaphylaxis) in a full-scale simulator. The eye tracker

consisted of cameras for measuring binocular eye positions and a

gaze-driven camera. It recorded anaesthetists pupil diameter, heart

rate and distribution of visual attention. The spatial resolution of this

system is below 0.1�, and total accuracy is in the order of 0.5�. For the

critical incidents, the relative increase of mean pupil size and heart

rate between the beginning of the scenario and during severe ana-

phylaxis was calculated. Post hoc video analysis revealed information

about the anaesthetists distribution of visual attention between manual

tasks, monitoring tasks and other. T-tests and multivariate tests were

used for statistical analysis.

Results
Pupil size of twelve subjects (4 of group A, 8 of group B) and heart

rate of ten subjects (3 group A, 7 group B) was analysed. Mean pupil

diameter increase was 8.1 % (±2.2) in group A and 15.8 % (± 3.7) in

group B (p = 0.191). Mean heart rate increase was 10.1 % (±3.1)) in
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group A and 10.5 % (±3.1) in group B (p = 0.956). The impact of

physiological workload indicators on visual attention was analysed for 7

subjects (3 of group A, 4 of group B). An increase of both pupil diameter

and heart rate altered the temporal distribution of visual attention in the

same way but none of these effects were significant (Table 1).

Discussion
The increase of pupil diameter tended to be more pronounced in the

experienced subjects whereas no difference in heart rate increase could

be detected. This was in contradiction to our assumption that increase of

workload indicators is higher in unexperienced subjects. Interestingly,

an increase of the workload indicators pupil diameter or heart rate

coincided with an increase of the time dedicated to manual tasks and a

decrease of the time dedicated to monitoring tasks. However, the

sample size was very low and none of the effects was statistically sig-

nificant. Nevertheless, the eye tracking-based combined assessment of

anaesthetists’ workload and visual attention in standardized simulator

settings is a tool for the objective investigation of human factors in

anaesthesia and can be used to investigate the effect of different

anaesthesia machines and monitoring systems on workload and visual

attention. Though, larger sample sizes are needed.
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22 Optimization of emergency management in patients

with acute coronary syndromes in big urban district

through generalized nets model

Mikhail Matveev1, Maria Milanova2, Krasimir Atanassov1,
Vassia Atanassova3

Institute of Biophysics and Biomedical Engineering, BAS, Sofia,

Bulgaria; 2 University Emergency Medicine Hospital ‘‘N. Pirogov’’,
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Introduction
According to the World Health Organization, in the period

2004–2030 year cardio-vascular diseases will remain a leading cause

of human deaths on global scale. Among these, the major cause of

mortality are the acute coronary syndromes (ACS). Key aspects of

controlling the ACS are the early diagnostics and the early

reperfusion therapy—primary percutaneous coronary intervention

(PPCI) or fibrinolysis. However, PPCI exhibits some essential

advantages by better dilatation and preserving the integrity of the

infarct-related artery (IRA). The goal of the present research is to

optimize the emergency management in patients with ACS in big

urban districts through simulation model based on generalized nets

(GN) [1].

Methods
The model evaluates how prehospital diagnosis (PHD) affects the

time span from contacting an emergency medicine/paramedicine team

(ET) to performing PPCI with 3 groups of STEMI patients, inhabiting

a big urban district. The first group consists of patients without PHD

who have not been directed to a medical center for PPCI. The second

group consists of patients with PHD, who have not been directed for

PPCI. The patients in the third group are given PHD and directed for

PPCI. The data, registered for the three groups, correspond to the

performed activities. Within Group 1: Subgroup 1—transportation

from the patient’s address to a healthcare unit with the possibility of

diagnosing and without a possibility of PPCI; transportation from the

healthcare unit to a PPCI centre. The average distances and times for

both transportation courses are determined, as well as the average

time spent in the first unit (for diagnosing) and the average time until

PPCI in the second one; Subgroup 2—transportation to a healthcare

centre for both diagnosing and PPCI. The average distance, average

time for transportation and average time for diagnosing and PPCI are

determined. Within the Group 2, the same parameters are determined

as in Subgroup 1, and further is estimated the difference between the

average times spent in the healthcare unit without PPCI possibility in

both cases. Within Group 3, the same parameters are determined as in

Subgroup 2, and further is estimated the difference in the average

times from reception in the healthcare centre to performing PPCI in

both cases.

GNs are extensions of the Petri nets and their other modifications.

They, similarly to the other Petri nets, have static structure and

dynamical elements (tokens), but they have some specific compo-

nents: (1) Matrices, associated to the separate transitions, with

elements—predicates that determine the directions of tokens’ transfer

and representing the logical conditions that determine the develop-

ment of the modelled process. (2) GN-tokens obtain initial, current

and final characteristics that contain the analytical description of the

information for the real processes. (3) Different time-components,

representing initial and final moments of the GN-functioning, ele-

mentary time-step of the used time-scale; initial moment of the

modelled events’ realization and duration. During last 20 years, the

GNs obtained application in the areas of artificial intelligence, med-

icine, chemistry, telecommunications, transport and other. Especially

in medicine, the GN-applications are related to modelling of diagnosis

processes, of processes in a human body and especially of processes

in managing hospital units [2, 3].

Table1

Regression coefficient B for relative increase of

Pupil diameter Heart rate

Manual

tasks

0.48 ± 1.06 (p = 0.668) 0.77 ± 0.81 (p = 0.385)

Monitoring

tasks

-0.50 ± 0.98 (p = 0.632) -0.34 ± 0.81 (p = 0.687)

Other 0.02 ± 0.39 (p = 0.963) -0.43 ± 0.26 (p = 0.155)
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Results
The particular generalized net model is presented in the figure

below. The model consists of 5 transitions and 11 places. In place

P1, tokens corresponding to patients enter. They have as an initial

characteristic information about the patient’s health status, infor-

mation whether the patient has PHD, information about the

patient’s PPCI (if any). Place P5 and P8 respectively correspond to

the primary healthcare unit and the specialized healthcare centre

where PPCI can be performed. By keeping track of these charac-

teristics, there can be accounted the possibility of accepting new

patients and the necessary time for the procedures over them.

The token, corresponding to the current patient, enters either

place P2 (if the patient has not been assigned a PHD and has not

been directed to a PPCI centre), or place P3 (if the patient has been

assigned a PHD, but has not been directed to a PPCI centre) or

place P4 (if the patient has a PHD assigned and is directed to a PPCI

center). The tokens obtain the characteristic ‘‘duration of trans-

porting the patient to the hospital unit’’ in places P6 and P7, and the

characteristic ‘‘duration of examining the patient in the PPCI cen-

tre’’ in place P9. The tokens do not obtain any characteristic in place

P10, because there enter the patients from Group 3. Finally, the

tokens obtain in place P11 the characteristic ‘‘total time span for the

current patient from contacting the ET to performing PPCI’’. The so

constructed GN model gives possibility to simulate different situa-

tions with respect to the workload of the healthcare units and the

patients’ health status.

In 70 % of the patients from Group 2 and Group 3, the clinical

recommendations for the time span from contacting the ET to per-

forming PPCI have been kept under 120 min (the average time is

respectively 50 and 76 min), while in Group 1 this condition has been

kept in only 30 % of the cases (the average time being 145 min). On

the basis of a generalized net model, a simulation has been performed

on the assumption that patients without a diagnosis are assigned ECG

PHD in the ambulance (including a telemetric consultation of the

ECG with a cardiologist) and the patients are transported to a

healthcare centre for PPCI. In the simulation, the average distances

and times, obtained from the PHD patients, have been used. The

results exhibit reduction of the average time span from contacting an

ET to PPCI down to 84 min.
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23 Mass casualties tend to overrun any hospital

is a common error!

Roland Inglis, Ingo Marzi

Frankfurt am Main University Hospital, Dtp. Trauma Surgery,

Theodor Stern Kai 7, 60590 Frankfurt am Main

Introduction
In fact it is not the total amount of persons injured that brings a

hospital down but it is the bottlenecks of a hospital usually unknown

to the staff, and it is the lack of staff-members especially, when the

scenario begins.

The major bottleneck of a hospital is the diagnostic’s department,

this as well is the ‘‘timer’’ that influences the diagnostic speed as well

as the flow of injured towards the operation theatre and the ICU.

That is why it is necessary to build up intermediate ICU’s from

draft, when the scenario begins, the speed of the operating theatres

impossible to raise.

Methods
From our experiences during the last world soccer championship in

Germany and drills following we found nonlinear correlations in the

need of staff-members necessary during the time the scenario lasts.

That is why we employed Gantt-Charts to calculate the amount of

staff-members necessary and found that it is the number of staff

members and not the number of specialist that directly influences the

hospital’s capability, the staff members then logically distributed in

‘‘bucket-chains’’as ‘‘persons able to work’’ rather than specialists to

be called.

Results
Following this procedure we present a means to be applicable to any

hospital in mass-casualty-situations and even pandemic scenarios, no

matter how large, how specialized or where the hospital’s location

might be.

24 Teaching the teacher-why is so important?

Gabriel M. Gurman, M.D.

Professor Emeritus, Ben Gurion University of the Negev, Israel;

Chairman, Faculty of the International School of Instructors

in Anesthesiology (ISIA)

Introduction
In spite of the fact that each physician, all over the world, graduated a

6 or 7- year medical school, there is a permanent need for continuous

learning, since medicine is a profession in permanent progress and

each of us must assure adequate quality of patient care and also public

accountability.

In a bilingual book (English and Hebrew) published in 1992

(‘‘Education and teaching in Anesthesiology in Israel) I wrote that ‘‘

society expects to see a specialist operating in the framework of

modern, up to date medicine, and who is aware of the many inno-

vations in every field’’.

Self learning or participation to scientific conventions and

refresher courses proved to be valuable tools, but neither one can offer

a real method for creating real up to date knowledge and skills.

Recertification, as it is practiced nowadays in the USA, seems to

be the closest framework to what the medical system is supposed to

offer regarding the patient safety and modern care. But the question is

how could we keep ourselves in good shape between two recertifi-

cation examinations, which is held once every 10 years?

Teaching means not only hard working gifted students but also, or

mainly, good teachers, coaches and guides, who would be able to

teach, to inspire and (why not?) to serve as role-models for their

younger colleagues.

These were the thoughts on which the 15-year Beer Sheva edu-

cational project was started in the early 1990s. It was created to help

closing the gap between the modern medicine practiced in the western

hemisphere of the world and that part of Europe which was for almost

half a century under the communist regime. The Beer Sheva project,

entirely financed by the WFSA, exposed young Eastern Europe

anesthesiologists to the modern aspect of our profession, by offering a

direct view to daily activities of a busy up to date Israeli hospital.

More than 150 young physicians, from ten countries, took part to the

project.

The project did not include a follow up system in order to know

what happened to each of those anesthesiologists who spent between
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1 month and 1 year at Soroka Medical Center in Beer Sheva, but we

do know that some of them became directors of anesthesia depart-

ments, chiefs of professional units, organizers of congresses and

conventions. We also know that some 20–25 % of them found the

way to Western Europe and they are currently employed by a foreign

department.

We soon realized that in spite of the efforts and financial resources

we could not completely close the gap between the two kinds of

medicine practiced on both sides of the former Iron Curtain. Beside,

things changed a lot in the last 10 years and the professional contacts

between the two parts of the continent became routine in both ways.

The idea was to find a new way to implement modern medicine,

techniques, organization and also mentality among the new genera-

tion of anesthesiologists in Europe, not only in former communist

countries but also in some other regions of the continent.

The permanent contact with our profession all over Europe

showed very clearly that one of the feeble points of educating the new

generation of specialists was the use of old methods to teach new

things. Once the needs for basic equipment and drugs have been

solved and the access to up to date information ceased to be a

problem, we felt that one has to take care of the system of teaching,

the way the practical information is transferred and skills are taught.

The International School for Instructors in Anesthesiology (ISIA)
These thoughts led to the creation of a new project, of ‘‘teaching the

teacher’’, an international institution (The International School for

Instructors in Anesthesiology-ISIA) with the aim of preparing in a

restricted number of countries, a group of instructors, who would be

exposed to the modern ways of teaching theoretic and practical

subjects, as well as main aspects of organizing our profession.

The core of the established curriculum was to teach the new way

of lecturing clinical subjects, based on description of real cases, but

also including the evidence base data and basic sciences knowledge.

Soon the curriculum was enriched by adding a long series of subjects

related to educational skills and anesthesia organization items.

The first ISIA course took place during the years of 2006–2007, in

Bratislava and Belgrade, three classes, each of one full week of

presentations, skills teaching and discussions regarding various

aspects of our profession. It was sponsored by the World Federation

of Societies of Anesthesiologists (WFSA) which covered all the

expenses except the students traveling.

The ‘‘students’’ of ISIA 1 were all young anesthesia specialists

from five countries (Moldova, Serbia, Slovakia, Poland and Bulgaria),

four from each country, selected by their national societies of

anesthesiologists.

The admittance criteria were: full training in anesthesia, good

commend in English and the obligation to attend all three classes

(organized at intervals of 6 months each). But the most important point

was each candidate commitment that after graduating the ISIA classes,

similar national courses would be organized in their own countries.

The ISIA faculty included experts in the art of teaching as well as

some well recognized European anesthesiologists in various fields of

anesthesia and its domains of interest.

The timetable included case presentations and discussions (pre-

pared in concordance with the modern demands of clinical teaching),

special sessions of teaching educational skills and also frontal lectures

on topics related to the organization of our profession.

The ISIA 2 took place between the years 2009–2010. It included

five more countries: Romania (the host country), Slovenia, Macedo-

nia, Greece and Hungary. The European Society of Anesthesiologists

(ESA) decided to join the project and co-sponsored it together with

WFSA.

Nineteen more specialists attended the three classes and graduated

the course and they all became experts in teaching.

ISIA nr 3 is on its way, just after the Erlangen convention. The

first class (out of three) will take place in the island of Crete and it

will be attended by 24 ‘‘students’’ (coming from Croatia, Malta,

Lithuania, Latvia, Georgia, Turkey and two more Greek physicians)

actually all of them specialists in Anesthesiology in their own

countries.

One of the most important aspects of the ISIA current activities is

the fact that by today, except the Faculty chairman, all the teachers

are alumni of ISIA 1 and 2 and they perform on a high level, being

able to transmit to the students the skills learned in the past in the

ISIA framework.

Can we measure the results?
All 38 students graduated the three classes of the 1st and 2nd ISIA

course and got a final diploma. At the end of the 3rd class all of them

proved to be dedicated teachers, able to bring the knowledge obtained

at ISIA to younger colleagues in their own countries.

As a result, during the following 2 years similar courses have been

organized in each of the participant countries and some 150–170

young specialists, all together, took part to these national courses

organized by the ISIA 1 and 2 alumni.

This might be called ‘‘the snowball effect’’, since every year more

and more European young anesthesiologists benefit from the knowl-

edge and skills obtained at ISIA by training system initiated and

promoted by ISIA.

In order to quantify the results of our teaching system, a ques-

tionnaire was sent last January to all 38 alumni of ISIA 1 and 2. They

have been asked to describe their feelings towards the teaching pro-

gram at ISIA, and also to define the kind of teaching they performed

after graduating the three classes.

Thirty two out of 38 graduates filled up the questionnaire.

When they have been asked to define their abilities to teach

before the ISIA classes 41 % witnessed that they have never been

taught or instructed how to teach before the ISIA first class and

47 % feared of teaching because of lack of skills and lack of

communication with the audience. Eighty percent used to present

and discuss clinical cases in the ‘‘classical’’ way, with no real case

presentation, but rather copying the textbooks and transferring the

abstract notions on the slides.

The results speak about a tremendous improvement in the alum-

ni’s ability to teach after the three classes. Absolutely all of them felt

that they significantly improved

the quality of teaching and most of them increased their activity as

teachers in their own departments, hospitals, National Societies and

even on a continental level.

Conclusions
We have been born without any skill in teaching.

Teaching, like driving, is to be taught and ISIA seems to be the

first and by now the only educational project regarding the training of

the teacher in all the medical world.

The idea was recognized by the international organizations as a

valuable one and the trend is to extend its activities all over the old

continent.

A South American initiative to implement the ISIA project on that

continent is to be discussed next March in Buenos Aires, with the

occasion of the next World Congress of WFSA.

The ISIA goal is NOT to create an elite of young specialists who

would keep their skills for special occasions, but rather to implement

the ‘‘snowball effect’’ in the sense that each group, in its own coun-

tries, would create the necessary framework for perpetuating the ISIA

principles and extend the art of teaching to as many as possible young

colleagues.

A British philosopher once wrote that the real difficulty in

changing the course of any enterprise lies NOT in developing new

ideas, BUT escaping from the old ones.

The tremendous progress initiated on the European continent in

the last years regarding teaching anesthesia seems to respond to this

clever saying.
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25 Teaching anesthesia: make it attractive!
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There are great varieties of different experiences in teaching anaes-

thesia in clinical practice in different countries. It depends on

educational level of the teachers themselves, as well as organizational

differences in everyday clinical practice, which usually includes

teaching junior doctors.

There is a tradition for doctors to teach their junior colleagues and

students. Obviously being a doctor usually does not equal being a

good teacher as well. There are a lot of potential problems in

teaching, such as lacking of time, knowledge, as well as specific

training in teaching the others, hostile environment, lack of new ideas

etc.

However, good teaching results in good clinical practice.

Importance of this cannot be overemphasized. Not everyone is born

as a good teacher, but that is a skill that can be improved and

developed. Clinical doctors, anaesthetists, have a role to make the

most of daily experiences and used them in the best way to pass the

knowledge on.

Traditional learning is based on teacher as the central figure, and

usually teachers are only active persons in the process of learning.

Students are usually only passive recipients of delivered information.

According to modern theories of learning, adults are independent and

self-directing in learning which they tend to base on accumulated

experience. They value learning that integrates demands of their

everyday life, and are more interested in immediate, problem-

centered approaches. Junior doctors are adults who want to learn. If

we feel that they are not progressing in their knowledge, as they

should, we should consider weather the style in which the teaching is

organized matches the style of their learning.

This brings us to a different teacher‘s role. The ‘instructor’ fre-

quently becomes a coach, which implies that lecture content should

be modified to allow more active role of the learner and implemen-

tation of new techniques.

One of the good options is interactive lecturing, with more active

involvement and participation by the audience so that learners are no

longer passive in the learning process. The value of interactive lec-

turing rests on the premise that active participation and involvement is

a prerequisite for learning beyond the recall of facts, and that students

must be attentive and motivated in order for learning to occur.

Interactive lecturing can facilitate problem solving and decision-

making, as well as communication skills. This is particularly impor-

tant in medical education.

Clinical cases can also be used in different ways in teaching. The use

of cases heightens interest and promotes problem solving in an effective

manner. It also encourages clinical reasoning and makes the learning of

medicine realistic. This can be important for junior students with lim-

ited clinical experience, but also for more experienced practitioners

who can easily see application to their own clinical practices.

New ideas are very important in making teaching in clinical

practice effective. Good teachers are creative teachers. And usually,

the best ideas are the result of not so bright teaching experiences,

when person that did the teaching is forced to reflect on what went

wrong and what can be done better.

But the most important thing is to remember that teacher-learner

relationship has an enormous impact on the quality of teaching and

learning. A good teacher is interested not only in good teaching but

in the people who are learning. Central figure is no longer the

highest authority of the teacher but the student with specific needs

and the aim to reach the best possible result during the process of

learning.

Suggested reading:

1) Dobson S, Bromley L and Dobson M. How to teach: A

Handbook for Clinicians. Oxford University Press, Oxford, 2011.
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In recent years, teaching and learning changed, and moved from

traditional lecture-based to more student centred manners. Case—

based teaching is a popular form and has an important role in moti-

vating the students to be active, to use already acquired great medical

knowledge and a number of practical skills, to be able to educate

other colleagues later, and to contribute to patient safety improvement

in its own environment. Case learning sharpens student’s communi-

cation and critical thinking skills. Case discussions teach them to

listen carefully to each other, to respect others opinion and to work

together to solve the problem.

Some of the authors compares case teacher with the orchestra conductor.

A case teacher generates learning by eliciting individual observations and

analysis, asking key questions, and knowing what learning outcomes he

wants students to achieve. As composer need orchestra to produce music

successfully, case teacher need to facilitate students with a large number of

different ideas, experiences and opinions, and finally get nearer to conclusion

and to comprehend the larger goals of the lecture.

Our aim is to underline identification of good teaching practice, to

offer some improvement in planning and preparation, to discuss

interaction, visual aids and eventually to do public scientific evalua-

tion, and to discuss our experience as students and later on as teachers

in International School of Instructors in Anaesthesiology (ISIA). We

will analyse adoption and implementation of case-based teaching as a

type of learning activity in the framework of great differences

between anaesthesia practices in different societies. Also to enhance

transition from traditional teaching and learning model, where pro-

fessor is in the central stage, to modern one differ in the lecture plan,

material and activity of the students. The difference is that active

learning promotes deeper understanding and improved retention. The

ISIA role in that process is of great importance.

Explaining foundation and arguing development and structure, we all

will be encouraged to think about our own teaching methods, regarding

different educational, cultural and linguistic backgrounds. Moreover, we

hope to find out whether this approach or aspects are appropriate, and has

been conducted in the context of current trends of medical science edu-

cation in general and anaesthesia education in particular.
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Introduction
Philips patient monitoring systems are commonly accepted in ICU

medical circles. The typical configuration of Philips IntelliVue system

includes several bedside patient monitors and information centre

organized together in a closed Philips LAN. VueLink extension

provides interface means for integration monitoring data from other

vendor’s devices into a inform data monitoring stream. In spite of

generally powerful and flexible features of Phylips IntelliVue the

system has some limitations. The Information centre in a standard

modification is unable to keep the monitoring history longer than for

several days. Moreover the Information centre software does not

provide necessary features for adequate and user friendly displaying

the monitoring trends.

Goal
The goal of this work was to create a database for storing historical

ICU patient monitoring data derived from Philips IntelliVue System

using HL7 standard 1 for medical software communication and

workout client software for visualization and measuring the moni-

toring data.

System architecture
The architecture of the system is presented in Fig. 1. Patient monitors

PM60 together with VueLink modules, Maquet ventilators, B Braun

infusion pumps, ICP monitors and other monitoring equipment form

the pool of source monitoring data (about 180 parameters, events and

alarm messages). Each monitor is connected to the Information

Centre via Philips Ethernet network. The HL7 option is installed and

activated in the Information Centre and the monitoring data is sent to

the external hospital LAN. Special software parser analyzes the HL7

messages and the monitoring data is stored in the monitoring data-

base. It is possible to change the time interval of sampling: by default

it is set to 5 s. The database engine has a link to Hospital Information

System (HIS) via another HL7 software driver and it is possible to

access the monitoring database directly from HIS.

Client software
Special software was developed to provide graphical interface to the

monitoring database for visualization and measurement the monitor-

ing data. The program allows data scrolling back and forward in time,

display values against time marker, change time scale. The trend

graphs and values can be organized in groups, up to 8 graphs can be

simultaneously shown. Colors and appearance schemes and user

preferences are stored in user profile. The software also provides

required data protection features.

Patients with severe brain injury often need monitoring of intra-

cranial pressure (ICP). It is known that the ICP rise is very much

dangerous and adequate therapy and even surgery must be carried out

in time. For express estimation of brain autoregulation state so called

Pressure Reactivity Index (PRx) 2 is used. Patient 9 15, years with

heavy combined head injury.

The effect of medicament therapy against the rise of ICP is shown

in Fig. 2. PRx changes from positive to negative values which dem-

onstrates the restoration of cerebral autoregulation on the background

and ICP decrease.

Conclusion
The developed monitoring data archive system provides reach and

flexible means for storing, visualization and measurement of patient

monitoring data. The monitoring database and client software are

integrated into HIS using of HL7 standard. This work is a first step to

creation an integrated multimedia ICU record.
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Abstract—Differences between spectral estimation techniques using

fast Fourier transform (FFT), autoregressive modelling (AR) and

Lomp-Scargle periodogram (LSP) with respect to the impact of

Fig. 1

Fig. 2
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metronomic breathing on sympathovagal balance were investigated

by calculating heart rate variability frequency domain LF/HF ratio for

25 subjects under paced respiration. All techniques showed a signif-

icant increase in LF/HF ratio with rising breathing frequency.

Differences in calculated LF/HF at higher breathing frequencies ratio

between LSP and FFT as well as LSP and AR may be caused by low-

pass effect of resampling used for FFT and AR.

Keywords: heart rate variability, paced respiration, power spectral
densiy, sympathovagal balance

I Introduction
The human cardiorespiratory system continuously adapts its regula-

tion parameters to variations of physiological demand which in turn

originate from changes of e.g. posture, state of exercise, environ-

mental conditions, or psychological stress in order to maintain a

sufficient oxygen supply to the tissue. These mechanisms are reflected

by heart rate variability (HRV) and power spectral analysis of HRV

can be used to quantify the function and activity of both branches of

ANS noninvasively [1].

For traditional short-term HRV measurements, three main spectral

components are distinguished [2]: A very low frequency component

(VLF: 0–0.04 Hz) associated with slow regulatory mechanisms (e.g.

thermoregulation and humoral control), a low frequency component

(LF: 0.04–0.15 Hz) reflecting sympathetic and vagal activity and a high

frequency component (HF: 0.15–0.4 Hz) reflecting vagal activity. The

ratio between LF and HF component of HRV power spectral density

(LF/HF) is considered to be a measure of sympathovagal balance.

Paced respiration is a well established method for determining the

influence of respiration on cardiovascular system but it is still under

debate whether or not autonomic regulation of cardiovascular system

is altered by this method.

Various methods are used for determining power spectral density of

RR-interval time series (RR-tachogram), whereby the most common

are spectral estimation techniques by means of Fourier transformation

(FFT), autoregressive modelling (AR) and the Lomb-Scargle period-

ogram (LSP) [3,4].

Therefore we investigated the differences between FFT, AR and

LSP spectral estimation techniques on calculating the most common

HRV frequency domain parameters (LF, HF and LF/HF ratio) as well

as the impact of metronomic breathing to sympathovagal balance

under paced respiration.

II Methods
A. Subjects and measurement protocol
25 young, non-smoking healthy volunteers (7 female, age: 25.8 ±

3.3 years, BMI: 23.9 ± 3.7) without any history of cardiovascular or

cardiopulmonary disease were studied during a dedicated breathing

protocol. The study was approved by the local Ethics Committee and

all participants gave their written informed consent.

All subjects underwent 6 different breathing conditions in supine

position (head up tilt: 30�), each lasting 3 min with breathing rates

between 10 and 25 breaths per minute (i.e., 0.167 to 0.417 Hz). After

3 min of rest, where no breathing frequency was prescribed, BF was

set to 10 BPM (breaths per minute) and then consecutively increased

to 25 BPM with steps of 3 BPM. A computer program, which was

shown through a projector, with a rising (falling) progress bar was

used to visualize inhaling (exhaling).

B. Data acquisition and processing
Electrocardiogram (ECG) and respiratory flow were obtained using a

Draeger Infinity Delta multiparameter monitor. From raw ECG

(sample rate 200 Hz) and respiratory flow (sample rate 50 Hz) signal

parts with a length of 120 s with least irregular breaths were selected

and R-wave times automatically extracted. RR-intervals were linear

detrended, visually inspected and supraventricular ectopic beats were

manually corrected by linear interpolated data. For traditional spectral

analysis regularly sampled RR-intervals are needed. Therefore, cubic

spline interpolation with a resampling frequency of 4 Hz was used to

obtain even sampled RR-time series.

C. Spectral estimation of HRV parameters
As a measure of sympathovagal balance, LF/HF ratio was calculated

using three different spectral estimation methods: non-parametric Fast

Fourier transform (FFT) using Welchs modified periodogram, para-

metric PSD estimation using Yule-Walker autoregressive analysis

(AR) and Lomb-Scargle periodogram (LSP). For FFT using Welchs

method, data was splitted into eight segments with equal length and

an overlap of 50 %. Each segment was windowed with a Hamming

window and modified periodogram was calculated for each segment.

PSD was finally estimated by averaging over all resulting periodo-

grams. AR power spectral density was estimated by fitting a 16th-

order [5] autoregressive model to RR-interval data by minimizing the

forward prediction error using least squares method and solving

resulting Yule-Walker equations. Contrary to traditional spectral

estimation techniques, LSP method estimates PSD directly from

unevenly spaced data and data is evaluated only at times that are

actually measured and therefore no resampling is required. Lomb

normalized periodogram is defined by [3, 4]:

PN xð Þ ¼ 1

2r2

PN
i¼1 xi � xð Þcosðx ti � sð ÞÞ

� �2
PN

i¼1 cos2 x ti � sð Þð Þ

(

þ
PN

i¼1 xi � xð Þsin x ti � sð Þð Þ
� �2

PN
i¼1 sin2 x ti � sð Þð Þ

)

where �x and r2 are the mean and variance of the data and s is defined

by the relation:

tan 2xsð Þ ¼
PN

i¼1 sinð2xtiÞPN
i¼1 cosð2xtiÞ

LF and HF were calculated by integrating over low-frequency

(0.04–0.15 Hz) and high-frequency (0.15–0.5 Hz) bands. Against

traditional HRV analysis, upper limit of HF component was set to

0.5 Hz to include highest respiration frequency. For comparable measures,

each PSD was normalized to total power (0–0.5 Hz) of the periodogram.

The impact of breathing frequency on LF/HF ratio was assessed by

repeated measures ANOVA. Paired t tests were used to identify dif-

ferences between PSD estimation techniques at different breathing

frequencies.

III Results
Results of LF/HF ratio calculated using FFT, AR and LSP spectrum

estimation at 6 different breathing frequencies is show in Fig. 1. Obvi-

ously, LF/HF ratio increases with rising breathing frequency (p \0.001).

Significant differences between LSP and FFT as well as LSP and AR

were observed at 10, 22 and 25 breaths per minute (p \ 0.005).

IV Conclusion
FFT, AR and LSP spectral estimation techniques showed a significant

increase in LF/HF ratio with rising breathing frequency. LF/HF ratio

was lower at breathing frequencies of 10, 22 and 25 BPM with LSP

than FFT and AR. For 10 BPM this finding is mainly due to broader

peaks of FFT and AR than LSP. The lower LF/HF ratio calculated

using LSP at higher breathing frequencies may be caused by the low-

pass effect of resampling used for PSD estimation with FFT and AR

rather than physiological phenomena [6].
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Abstract—The phase relationship between respiration and cardio-

vascular system is investigated under the influence of paced

respiration with respiratory rates from 4 to 25 breaths per minute.

Particularly, the phase shift dependency on breathing rate as well as

the correlation between respiratory sinus arrhythmia (RSA) and

breathing frequency is examined. It can be shown that there is an

increasing phase relationship between RSA and breathing frequency

and that RSA diminishes with rising breathing frequency.

Keywords: respiratory sinus arrhythmia, paced respiration,
cardiorespiratory system.

I Introduction
Respiratory sinus arrhythmia (RSA) is a common phenomenon of the

interaction between respiratory and cardiovascular system. RSA is the

breath-synchronous variation of the heartbeat and is defined as the

difference between the maximum and minimum RR interval within

one breath. Although this phenomenon is known for several years, the

causes and underlying physiological processes are still not completely

understood.

There are two possible explanations for the origin of RSA: central

oscillator theory and baroreflex theory [1]. According to the central

oscillator theory, RSA and respiratory frequency have the same car-

diopulmonary oscillator which is influenced by brainstem structures

and innervated by efferent and afferent nerves fibres [2, 3]. The other

theory is that baroreflex mechanism officiates as opponent to intra-

thoracic pressure fluctuations which are caused by respiration [4, 5].

Furthermore, cardiopulmonary receptors or lung stretch receptors

may influence RSA.

In this work paced respiration is used to investigate the phase

relationship between respiration and respiratory sinus arrhythmia.

II Methods
A. Data acquisition
25 (6 female) healthy volunteers (age: 25.9 ± 3.2, BMI: 24.0 ± 3.7,

mean ± SD) were studied during paced respiration with breathing

rates from 4 to 25 breaths per minute. The recorded biosignals were

ECG, SpO2, etCO2, respiratory mechanics and CNAP (continuous

non-invasive blood pressure).

B. Data analysis
R peak times were automatically detected from raw ECG recordings

and manually corrected if necessary. Expiratory and inspiratory

onsets of each breath were extracted from respiratory flow signals and

mean lengths of inspiration and expiration periods were calculated by

averaging over all breaths within one record.

Frequency of respiration was estimated using Fourier transform

with weighted mean [6].

f ¼
P1

i¼�1 Xfkþi
� fkP1

i¼�1 Xfkþi

¼ fk þ
Xfkþ1

� Xfk�1P1
i¼�1 Xfkþi

where Xfk is the Fourier transform of respiratory flow and fk is the

frequency belonging to the k-th peak of the power spectra.

Since it is assumed that the frequency of respiration f equals the

frequency of RSA, a sinusoidal fit to respiration and RR intervals was

used to calculate the phase shift between the time series. The fit function

is composed of a sine wave with frequency f and phase shift u

x tð Þ ¼ A � sin 2pft þ uð Þ þ c

x(t) was calculated using least squares approximation. Then, the phase

shift was defined as difference between phase of respiration and phase

of RR intervals Du ¼ uresp � urr .

To obtain the RSA dependency on breathing frequency, the maximum

and minimum RR intervals within one breath were calculated. The

difference between these two values was computed to estimate a

quantitative value of RSA for this breath. The overall RSA was

determined by averaging RSA values for all breaths in one record.

III Results
A. Variation of RR intervals within one breath
The duration of RR intervals decrease during inspiration and increase

during expiration. This phenomenon can be seen in breathing frequencies

from 0.06 to 0.26 Hz. At higher breathing frequencies (0.32–0.42 Hz),

this aspect cannot be displayed in a proper way because of the small

number of RR intervals within on short breath.

B. Phase shift dependency on breathing frequency
The phase shift u ¼ uresp � urr rose continuously with increasing

breathing frequency in all 25 volunteers, see Fig. 1. The solid line

displays the mean behavior for all volunteers. A polynomial of second

order was fitted to the mean phase values for each breathing frequency.

C. RSA dependency on breathing frequency
RSA declines with rising breathing frequency, see Fig. 2. The indi-

vidual RSA of a certain breathing frequency was averaged and a

10 13 16 19 22 25
0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

Prescribed breaths per Minute (BPM)

LF
/H

F
 R

at
io

LF/HF in dependence of spectral estimation method

Fig. 1 LF/HF ratio calculated using FFT(x), AR(o) and LSP(*)

(mean ± SEM) spectral estimation techniques under paced respira-

tion with breathing frequencies from 10 to 25 breaths per minute
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polynomial of second order was applied. This polynomial is illustrated

in the solid line together with the standard deviation as error bars.

IV Conclusion
The frequency of respiration influences the phase shift between the

respiratory and cardiovascular system. The phase shift rises and

reaches a plateau at about 22 breaths per minute. This can be ascribed

to a physiological state. Further investigation is needed to determine

the causes of this behavior.
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30 Anesthesia information management systems:

comparison of functionality, operability

and economic efficiency

Andreas Eisenried, Jürgen Schüttler, Christian Jeleazcov

Since the nineties more and more electronical documentation systems

are used to replace the handwritten anesthesia record. Such anesthesia

information management systems (AIMS) offer beside the clinical

record a lot of useful features to support the anaesthesiologist. But the

available solutions differ a lot in scope of functions and in usability.

The same applies to the technical requirements like operating or

database systems and the integration in existing IT structures. This

study offers a survey of available AIMS in the German-speaking

park and illuminates the differences between the particular software

packages.

First of all the approach for automatic data acquisition from

clinical monitoring devices are evaluated. As well as the possibilities

for graphical data presentation, data entry and final report build.

Another feature should be the implementation of a pre- and post-

surgery documentation system and the use of digital signatures like-

wise the statistic analysis of the captured data. Some solutions also

offer a decision support system and a control system for medical

devices like an electronic infusion device.

The second part of this survey regards the technical implementa-

tion of the particular systems. On the one hand there are single-vendor

solutions with full integration in a monolithic hospital information

system and on the other side there are interface-based ‘‘best of breed’’

approaches which use the common HL7-Interface or other standards

to get clinical patient information like blood tests.

Lastly, the usability of the AIMS was also studied. The human–

computer interaction plays an important role due to the lack of

available space at an anesthesia working place. Particularly touch

screens and multi-touch screens have been approved and are sup-

ported by several vendors. Also the fast entry of drugs and transfusion

products with bar code labels and scanner or RFIDs (Radio Frequency

Identification) are helpful in an anesthesia environment.

With respect to economical aspects, there are significant differ-

ences in the costs of AIMS. Several licence models, which are hardly

to match, make an economic choice very difficult. Especially func-

tional add-ons and technical interfaces complicate the cost estimation.

In conclusion this study shows that none of the available AIMS in

the German-speaking park include all features of a modern AIMS.

The choice is also affected by the existing IT infrastructure and the

hospital information system and its interfaces.

31 Theoretical and experimental analysis methods

applied to hand-arm system subjected to mechanical

vibrations

Aurora-Felicia Pop

Technical University of Cluj-Napoca, Romania

Introduction
Mechanical vibrations from the medical point of view [BOVE98],

[PEL99] body had sent a complex physiological effect such,

Fig. 1 Phase shift dependency on breathing frequency

Fig. 2 RSA dependency on breathing frequency
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mechanical and thermal energy, leading to functional and physio-

logical changes in the body.

Mechanical modelling
Theoretical method

The human hand—with one arm is a highly complex, heteroge-

neous, continuously properties visco-elastic muscles, bones and skin.

The dynamic characteristics in terms of biomechanical analysis model

[CHE95] require the identification of mechanical properties, visco-

elastic and model inertia, typical operating conditions. The human

arm movement there are many factors that relate to their behaviour,

these factors are classified as static factors behave and dynamic

behaviour factors (e.g. passive moments of the joints (the joints),

depending only on the angles of these joints).

Differential equations of motion corresponding mechanical model

(Fig. 1) is integrated twice, resulting the solutions of the system of

equations, respective velocities and displacements for the masses m1,

m2 and m3. Harmonic solutions are solutions millimetres and are

therefore reliable in terms of reality.

Experimental method _ hand—arm vibration measurement
system
To achieve the measurement system of mechanical vibrations trans-

mitted from the machine—tool (lathe) human operator hand choose a

piezo-electric transducer. This type of transducer is commonly used in

such applications. Measurements of mechanical vibrations to the

hand—arm were performed with noise and vibration meter and 958

SVAN have made measurements vibration (Fig. 2) on your wrist,

elbow and shoulder.

Figure 2a–c show only mechanical vibration measurements

(accelerations Peak, Peak to Peak, Max, and R.M.S—Root Mean

Square) carried on your wrist studied for frequencies of the lathe,

where the directions Ox (2a), Oy (2b) and Oz (2c). These measure-

ments were carried out vibration and elbow and wrist to shoulder.

Conclusions
Throughout the boom, high acceleration values are obtained in trans-

mission axis wrist Ozh for lathe frequency of 4.16 Hz (250 rpm =

rotation per minute) and measurements showed that the frequency of

shoulder 16.66 Hz (1,000 rpm).

Analysis of acceleration spectra (axis Ox) for anatomical locations

wrist, elbow (above and below the joint) and shoulder indicated that

they generally have higher values of the frequency of lathe 16.66 Hz

(1,000 rpm) compared to those obtained in 4.16 Hz (250 rpm), were

compared with.

We studied mainly the transmission of mechanical vibrations from

the excitation source (machine-tool) human operator’s hand, along the

hand-arm system (Oz axis, according to the ISO 5349/2003) and not

by the Ox axis that is perpendicular to the hand.

Discussions
Results obtained from measurements of mechanical vibrations, vibra-

tion from the machine—tool to hand-arm system, are consistent with

previous theoretical research results and the literature data. It namely

those that vibrations along the arm (Ozh) is transmitted more strongly

to low frequencies (\20 Hz), and transmission of vibration at fre-

quencies above 20 Hz are felt especially, after Oxh axis anatomical

coordinate system.
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modeling and simulation
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1. Introduction
Is there more data that shows the effect of vibration on humans

depending on the size of one frequency and a characteristic kinematic

[DAR68], [DAR88], [HAR69], [HAR02]. Such data introduced by

Dieckmann and collecting a coefficient denoted K, taken as unit the

effect of vibration on humans. The effects of vibration on man, often

producing damage to health by hand-arm system (in time). These

effects are affected the dexterity of Vibration White Finger disease—

(VWF).

Fig. 1 A simplified linear mechanical system of hand-arm assembly

with three degrees of freedom

Fig. 2 Peak acceleration, Peak to Peak, Max, and R.M.S. [m/s2]

frequencies obtained for machine—tools: 4.16 (1), 5.25 (2), 6.66 (3),

8.33 (4), 10.50 (5), 13.33 (6) and 16.66 (7) Hz, corresponding

vibration measurements at the wrist axes: a Ox, b Oy, c Oz
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2. Mechanical modelling
2.1 Linear mechanical model of hand-arm vibration attenuator
mounted on the forearm
Consider a linear mechanical model with four degrees of freedom,

representing the hand-arm system and having no cylindrical hinge to

wrist, elbow and shoulder. The four degrees of freedom are given by

z1—m1 mass displacement (hand), z2—m2 mass displacement

(forearm), z3—m3 mass displacement (arm) and z4—m4 mass dis-

placement (vibration damper device).

Oz direction of transmission of vibrations is taken according to the

anatomical coordinate system given by the literature and ISO 5349.

The system is powered by a disruptive force shaped harmonic signal

given by z and it is retrieved from the machine-tool.

The equations that characterize the mechanical model shown in

Fig. 1 will be double integrated with Runge–Kutta method of order 4,

for 5 s and the results respective velocities and the mass displace-

ments of the system are obtained.

2.1.2 Stability of linear system with hand-arm vibration attenu-
ator mounted on the forearm
To determine the stability of the system is replaced by the generalized

coordinates z1, z2, z3 and z4 of the system of equations character-

izing the model aert, bert, cert, dert. Solving the characteristic

determinant of the system of equations, it resulted from the roots

notated r. The system has eight roots, but all real or complex con-

jugate with negative real part, their frequencies are represented by the

imaginary part, and values are: 363.968, 527.056 and 692.855. This

demonstrates that the system is stable and/or the range of stability.

2.2 Simulation of mechanical vibration transmitted from hand-
arm system
To simulate the movement and determination of kinematic parameters

of simplified model hand—arm has developed a model using software

Simulink—SimMechanics of Matlab [MAT08], whose results are

shown in Fig. 2. This scheme has restored the Matlab mathematical

model in the preceding paragraph and has the same parameters (mass,

length, stiffness, damping and initial conditions) with it.

Simulated results were obtained for system integration using the

Runge—Kutta of order 4 (ODE45) and integration was performed to

5 s. All movements have been reported to the centre of mass for the

element of the whole hand-arm study.

Harmonic results were obtained, proving that the system retains

the stability that the scale values in millimetres, which is comparable

to results obtained by theoretical methods.

3. Conclusions
The results obtained by both methods (theoretical and simulation) have

shown that value, they are comparative, and regardless of the method

are harmonic and whatever method you choose, if the initial conditions,

visco-elastic parameters are the same, the results may vary.

It is important to remember that when installing a vibration

damper on the forearm, the vibrations transmitted along the arm

decreased significantly by about approximately 70 % compared to the

case when not using such a vibration damper (mass m4).
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România;
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33 Integrated pharmacometrics

from pharmacodynamic data
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The relationship between the time course of drug dosing and time

course of drug effect is a complex non-linear functional. The concept

of pharmacokinetics and pharmacodynamics has imposed a useful

structure on this relationship.

This presentation reviews some of the assumptions made in the

mathematical modelling of this relationship and how a clinical view

onto this relationship might modify the classical way of parameter

estimation.

For nearly all anesthetic drugs the concept of pharmacokinetics

and pharmacodynamics decomposes the nonlinear functional into a

pharmacokinetic functional which can be considered as linear and

Fig. 1 Linear mechanical hand-arm assembly with four degrees of

freedom and vibration attenuator mounted on the forearm (between

wrist and elbow imaginary joints)

Fig. 2 Displacements z1, z2, z3,z4 corresponding to n = 1,000 rpm,

which is moving the hand (m1), forearm (m2), arm (m3) and vibration

damper (m4)
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which incorporates the entire time dependence of the functional and

into a pharmacodynamic functional which incoporates the entire non-

linearity of the system but which reduces to a mere function between

concentration and effect. Traditionally both parts are determined from

the simultaneous measurement of dose, concentration and effect.

Given the model structure as identified from the classical phar-

macokinetic-pharmacodynamic model identification and parameter

estimation procedure one can show that the measurement of

concentrations is not necessary for parameter estimation but

that in essence the simultaneous measurement of dose and effect is

sufficient.

The future development of model based adaptive dosing strategies

could be entirely based on pharmacodynamic measurement, which

eventually could lead to a new interpretation of the acronym TCI,

whereby the ‘Target’ is not the target concentration but the target

effect.
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