
A new clinical laboratory information system architecture from the OpenLabs 

project offering advanced services for laboratory staff and users  

 

Gerard Boran [a], Rory O'Moore [b], William Grimson [c], Margaret Peters [d], Arie Hasman 

[e], Torgny Groth [f], Frits Van Merode [g] 

 

[a] Department of chemical pathology, Royal Hull Hospitals NHS Trust, Hull, Yorkshire, UK 

[b] Department of Clinical Biochemistry, St. James's Hospital, Dublin, Ireland 

[c] Department of Systems Science and Engineering, Dublin Institute of Technology, Dublin, Ireland 

[d] Wolfson Computer Laboratory, Queen Elizabeth Medical Centre, Birmingham, UK 

[e] Department of Medical Informatics and [g] Department of Health Policy and Administration, 

University of Limburg, Maastricht, Netherlands 

[f] Unit for Biomedical Systems Analysis, Uppsala University, Uppsala, Sweden 



2 

 

 

Abstract 

 

The OpenLabs project aims to improve the efficiency and effectiveness of clinical 

laboratory services by integrating decision support systems with laboratory information 

systems and equipment. Standards for electronic data interchange between laboratories 

and other medical systems using the OpenLabs coding system, and an open architecture 

for clinical laboratory information systems are being specified. This article gives an 

account of the proposed architecture and describes new software applications being 

developed which can take advantage of the architecture. These provide advanced services 

for ordering and reporting of laboratory tests, advanced instrument workstation and 

laboratory management services, and an application known as the OpenLabs Service 

Manager which controls and co-ordinates the available services. 
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1. Introduction 

 

The OpenLabs consortium was formed in 1991 as part of the European Community's Advanced 

Informatics in Medicine Programme and includes partners from industry, academic institutions 

and hospital laboratory services. In 1992, the OpenLabs project began work with the following 

major objectives: to improve the efficiency and effectiveness of clinical laboratory services by 

integrating knowledge based systems with laboratory information systems and equipment; to 

provide and implement standard solutions for electronic data interchange between laboratories 

and other medical systems; to specify an open architecture for an integrated clinical laboratory 

information system and demonstrate the integration of various knowledge-based system modules 

on the open architecture platform; and to demonstrate the integration of OpenLabs modules 

with existing laboratory information systems. 

 

1.1 Background and motivation for OpenLabs 

The previous 20 years have brought major advances in processing power and software 

engineering, many of which have had direct impact in clinical laboratories. Just as in the 

industrial sector, for example, microprocessor-controlled instruments have improved cost 

effectiveness in clinical laboratories by automating repetitive analytical tasks. Likewise, 

laboratory information systems have revolutionised the storage and retrieval of information. 

 

This has led to rapid technological progress in clinical laboratories during the past 2 decades, 

and physicians have come to rely on an ever widening range of diagnostic services with an ever 

reducing turnaround time. Not surprisingly perhaps, clinical laboratories have experienced a 

large growth in activity over the past two decades. Costs have also grown, and in 1987 for 

example over US$ 27 billion was spent on laboratory tests in the United States [1]. Knowledge 

based systems enforcing locally agreed investigation strategies have been shown to be effective 

in reducing laboratory usage [2]. Such systems are being developed in OpenLabs to aid in the 

selection of tests and to provide feed-back on the appropriateness of tests requested. 
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Highly specialised laboratory tests are now available not only in central laboratories but also at 

the bedside in large hospitals and in small remote laboratories. The interpretation of laboratory 

test results is becoming increasingly complex to the point that it is now difficult for any one 

person to remain abreast of current developments in the whole of laboratory medicine. Factors 

such as age, sex, sampling procedure, concurrent drug therapy, biological variation and so forth 

have varying effects depending on clinical circumstances and test technology but must be taken 

into account for correct interpretation.  

 

Faced with this continuously changing repertoire of tests, physicians whose main commitment is 

to primary care or highly specialised practice may become frustrated by the lack of timely 

accurate information on test interpretation. General practitioners are increasingly using 

laboratories as delivery of health services moves from hospitals to ambulatory and primary care, 

thus exposing themselves to the syndrome of information overload seen among clinicians who 

are provided with masses of data rather than information. A growing number of studies have 

shown that knowledge based system technology is effective in improving laboratory efficiency 

and the delivery of laboratory medicine services [3-6]. OpenLabs provides solutions by 

developing and refining decision support systems to deliver state-of-the-art interpretations based 

on local laboratory expertise, clinical opinion and standards of practice.  

 

Transmission of laboratory test results from the hospital via telecommunications systems is now 

in wide demand by remote users (including general practitioners, health centres, and smaller 

satellite hospitals). This trend has contributed to the proliferation of proprietary test result 

message formats and inefficient use of telecommunications systems currently available in 

Europe. The suppliers of general practice systems and laboratory information systems do not 

have the resources to support such a variety of solutions. A standard for electronic data 

interchange of laboratory information is required. Test codes and the semantics (i.e. meaning) 

and syntax (i.e. structure) of messages for the exchange of laboratory information are being 

developed by standards groups within the European Committee for Standardisation and the 

American National Standards Institute. The major benefits of a standard solution are the 

provision of more efficient secure telematics services with less maintenance at lower costs. 
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At present most laboratory computer systems are dedicated laboratory databases which present 

considerable problems when new interfaces, intelligent behaviour, telematics or other advanced 

features are required. These are the precise areas where major benefits of an open laboratory 

information system are anticipated. 

 

1.2 The OpenLabs architecture 

OpenLabs is developing the specification for a clinical laboratory information system with an 

open architecture suitable for use in clinical laboratories throughout the world. Open systems 

standards, particularly those for communication with external systems appropriate to laboratory 

medicine, are being incorporated. Emphasis is being placed on integration with existing systems. 

Although OpenLabs focuses on the development of decision support systems to improve 

laboratory services rather than the development of basic laboratory information system features 

such as databases, the objective is to achieve the basis for implementation of a modular, 

scalable, portable and cost effective laboratory information system with minimal 

dependence on individual manufacturers or hardware platforms.  
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Fig. 1. The total testing cycle. 

 

The process of using laboratory services for patient diagnosis and treatment can be represented 

as shown in Fig. 1. This includes test requesting, sample collection (and transport), preparation, 

analysis (including quality control and result validation), reporting and interpretation of the test. 

Successful knowledge based systems exist for many of these stages. In OpenLabs, such existing 

systems and other clinical information systems are being developed or refined towards more 

generic products which are compatible with the OpenLabs architecture. Each module is being 

developed and evaluated iteratively with the users. The three user groups primarily targeted by 

OpenLabs are laboratory staff, general practitioners and staff in intensive care or high 

dependency units. 

 

1.3 The OpenLabs Coding System 

OpenLabs has made a substantial contribution to standardisation activities within the European 

Committee for Standardization (CEN, Comité Européen de Normalisation) whose guidelines [7] 

were utilized at the outset. The OpenLabs multiaxial coding system was adopted by the 
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committee in July 1993 and OpenLabs concepts, models and messages were crucial inputs to 

this process.  

 

2. The OpenLabs Architecture and Service Manager 

 

OpenLabs whilst addressing a number of issues in the clinical laboratory has taken as its core 

problem the definition of a computing infrastructure in which existing laboratory information 

systems (LIS) are accommodated and in which new functions or modules can be added easily. 

At an early stage in the project it was agreed that an open systems approach was needed using 

existing standards where they exist and proposing new standards where they are missing. The 

elements in the OpenLabs solution comprise (1) a set of advanced laboratory services, (2) a 

communication architecture including a coding system, (3) generic interfaces to existing legacy 

systems, and (4) a service manager to co-ordinate the overall computing environment. These 

elements are discussed briefly in the following sections. 

 

2.1 OpenLabs Services 

In principle any number of services providing support to the different aspects of a Clinical 

Laboratory could be incorporated into the OpenLabs computing environment. To demonstrate 

the OpenLabs approach, a number of prototype modules addressing some of the main 

requirements in the laboratory were selected. The advanced modules or services developed in 

OpenLabs provide support for:  

• requesting  laboratory investigations 

• automatic re-scheduling of additional investigations 

• performing laboratory investigations (advanced instrument workstation) 

• interpreting laboratory investigations 

• telematics for remote requesting and reporting 

• managing the laboratory's use of resources by simulation (advanced facilities management) 

The component parts of the total testing cycle (see Fig. 1) are supported by these services.  

 

2.2 OpenLabs Communication Architecture 
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The OpenLabs communication architecture [8] had to achieve two important goals, firstly the 

provision of an environment for facilitating the integration of modules implementing the 

advanced OpenLabs services, and secondly the provision of an open solution by which these 

modules could be developed in a vendor-independent way  (i.e. provide portability and 

interoperability in a heterogeneous distributed computing environment). Furthermore, there was 

the need for the system to be configurable by which some or all of the advanced OpenLabs 

services could be integrated whilst having the facility to customise their use to suit a particular 

laboratory. Extensibility was also a desired feature whereby new modules, as yet not developed, 

could be incorporated in the future into the OpenLabs laboratory. A standard client/server 

approach [9] with an OpenLabs Application Programming Interface (API) was adopted, and a 

simplified view of the architecture is illustrated in Fig. 2. 
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Fig. 2.  The OpenLabs Communications Architecture 

 

The architecture permits access to local and remote clients and servers via a product-

independent generic communications interface (GCI).  For the Local Area Networks (LANs), 

TCP/IP (transmission control protocol/internet protocol) was chosen as the protocol for 

network access, with X400 across Wide Area Networks (WAN).  NFS (Network File System) 

was used to provide the sharing of file systems across the LAN with FTP (File Transfer 

Protocol) to transmit files across the network. Host operating systems on which OpenLabs 

servers and clients were developed included UNIX and PC/DOS. Rather than develop a private 

OpenLabs communication handler, several appropriate products were considered for the 

prototype and TUXEDO [10] was chosen. However, to ensure portability, a generic 
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communication interface (GCI) was developed to insulate OpenLabs servers and clients and the 

APIs from the actual TUXEDO software running below it. The OpenLabs server and client 

applications and their APIs were developed as layered products above the GCI. In order to 

evaluate different graphical user interfaces (GUIs) and determine which products best suited the 

need for the project, OpenLabs clients employed a number of different tools in designing their 

user interfaces, namely Microsoft Visual Basic, Microsoft Visual C++ (Microsoft Corporation) 

and Ingres/Windows 4GL (Ask Technology Ltd.). 

  

2.3 Coding system 

An open systems approach demands the adoption of a standard coding system to ensure 

semantic unambiguity and to facilitate transferability. All OpenLabs modules providing a service 

as well as the interfaces to existing LISs and instruments use such a standard. It is primarily the 

decision to adopt a standard rather than the particular choice of standard that is crucial in 

reducing difficulties when building a distributed system. The particular choice in OpenLabs was 

a multiaxial coding system, based on the earlier EUCLIDES system [7] and now known as the 

OpenLabs Coding System. Software is available to facilitate the mapping of existing ad-hoc 

laboratory codes in use to the OpenLabs coding system. Messages will be implementable in 

other syntaxes. 

 

2.4 Existing  legacy systems 

The existing or legacy systems to be integrated within the OpenLabs computing environment 

include clinical analysers and laboratory information systems. In advance of guidance anticipated 

from the report "Standardisation of Data Interchange between Clinical Analysers and 

Laboratory Information Systems" being produced by CEN and also from a similar initiative by 

ASTM (American Society for Testing Materials), the project had to address the technical issues 

of providing interfaces in the laboratory.  The aim therefore was to provide generic interfaces 

capable of being configured to connect to a wide range of existing instruments and LISs and 

supporting OpenLabs conformant APIs.  

 

2.5 OpenLabs Advanced Instrument Interface 
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The advanced instrument interface (AII)  is generic in that it is designed to cater for a number of 

variables encountered in interfacing to existing instruments.  In particular the AII caters for the 

following: 

• a number of standards for the physical connection to existing instruments 

• a number of standards for the interchange of information between systems in general (in 

advance of a particular standard being proposed and adopted by industry)  

• a range of message syntaxes 

• different coding systems (semantics) 

Overlaying the interface processes is an editor that provides an intuitive interface to non-

programming specialists working in the laboratory. This allows them to easily assemble libraries 

of configurations and data formats for a range of instruments, draw the structure of the data 

stream entering and leaving the instrument using a graphical tool and in a form based on that in 

most of the instrument manuals, and create a set of conversion tables based on any given coding 

scheme. The files constructed through the use of the editor are invoked when the AII is 

configured for connection to a specific instrument.  

 

2.6 Interfacing to LIS legacy systems 

A wide range of LIS is available today, running on a variety of hardware and software platforms, 

built on diverse data models and with widely varying information content. Hence there will 

inevitably be a mismatch between the OpenLabs view of the LIS (the “OpenLIS”) and the existing 

LIS in a given laboratory. However, an individual laboratory will probably only require a subset of 

this OpenLIS since it will only install a subset of all the OpenLabs modules. Moreover, of the subset 

it requires, some of those entities and attributes will already be stored in its existing LIS. Hence 

OpenLabs has developed a mechanism which allows the construction of an auxiliary LIS for the 

entities and attributes required which are not in the current LIS. The OpenLabs subset of the 

existing LIS and the auxiliary LIS together comprise the OpenLIS. Requests for data from 

OpenLabs clients to the OpenLIS server, via the standard API, will be in the form of SQL queries, 

which will be decomposed into individual queries against the existing LIS via a gateway and the 

auxiliary LIS, as appropriate. 
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2.7 The OpenLabs Service Manager  

Each OpenLabs module providing a service is connected to the OpenLabs Service Manager 

(OLSM). One such service is shown connected in Fig. 3.  The OLSM organises the work-flow 

along the following lines. Originating laboratory requests, (referred to as Lab ServiceOrder in 

the Figure), are first checked against a Catalogue of Laboratory Investigations (process P1). The 

Catalogue holds information on what laboratory investigations are normally available and the 

quality of the service offered. This Catalogue holds information not only about facilities offered 

by the particular Laboratory, but also by other associated Laboratories. Advisory information on 

where investigations can be performed is also available in the Catalogue. LabServiceOrders 

accepted are then decomposed into a sequence of OpenLabs ServiceOrders. This sequence or 

worklist is generated on the basis of information held in databases (labelled D) under four 

headings: 

 

• Directory of services 

• Service status 

• Task construction rules 

• Laboratory protocols 
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Fig. 3. OpenLabs Service Manager (OLSM) 

 

The Directory of Services is static and contains all the OpenLabs Services that are available in 

principal. The ServiceStatus is dynamic and contains not only service fault/error information, but 

also production status e.g. number of samples awaiting processing on a particular instrument. 

The Task Construction Rules contain a generic set of worklist rules conforming to the OpenLabs 

environment and general laboratory practice. Specific Laboratory Protocols are also used to 

meet the requirements of a particular laboratory. The work-list thus generated is worked through 

using a ServiceOrder Dispatcher. Each ServiceOrder and corresponding ServiceReport are 

logged. Data in these ServiceReports is used to form part of the information necessary to 

dispatch subsequent ServiceOrders. The execution of the last item on the worklist terminates the 

process.  The worklist once generated is not necessarily static; to accommodate a changing 

ServiceStatus, a mechanism is provided by which the Dispatcher can request a revised worklist. 

The Report dispatcher builds a Report which is issued to the requester in one of many formats 

and according to a complex set of protocols. 

 

2.8 OpenLabs networked  

The OpenLabs computing environment has now been defined and is shown in Fig. 4 as a set of 

interconnected modules on a LAN with interfaces to both instruments and LIS and with the 

OpenLabs Service Manager to orchestrate the use of the complete system under the control of 

the Laboratory System Manager. 
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 Fig. 4. Interconnection of OpenLabs modules and existing systems over a LAN. 

 

Preliminary versions of the open architecture have now been specified and implemented for testing 

in a demonstrator. A number of OpenLabs modules, developed at different sites, were integrated for 

evaluation purposes with a Telepath laboratory information system (Telepath Systems Ltd, UK) via 

an OpenLabs Application Programming Interface (API) in a major University Teaching Hospital 

laboratory.  

 

3. Ordering of Laboratory Services 

 

These services use the potential of knowledge-based systems to influence clinician use of 

laboratories [2].The first set of services relate to the automatic reinforcement of locally agreed 

guidelines for the laboratory investigation of patients in specialist units. This work is undertaken 

by the Wolfson Computer Laboratory, University of Birmingham, UK, under the direction of 

Mrs M Peters. The second set of services described concentrate on improving the 

appropriateness of tests selected by general practitioners using techniques developed and 

evaluated by Professor A Hasman’s group at the University of Limburg.  

 

3.1 Services for specialist units 
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Development of these services at the Wolfson Computer Laboratory stems from a challenge by a 

senior physician to provide for each of the patients in the Liver Unit at the Queen Elizabeth 

Hospital Birmingham a daily schedule of investigations appropriate to the patient's clinical 

condition and recent pathology. The system that was developed is known as LUMPS - Liver 

Unit Management Protocol System. It is written in MUMPS, runs on a 486 IBM compatible PC 

and is linked to a local LIS. LUMPS [11] automatically proposes, at terminals in ward areas, 

laboratory investigations appropriate to individual patients' clinical condition and recent 

pathology. The doctors review proposed tests and add to, delete from or simply accept the tests 

proposed for their patients as required. The system produces request documentation, provides a 

convenient way of reviewing test results  and warns of critical results. Importantly the system 

provides feedback of laboratory usage facilitating refinement of guidelines.  

 

Test proposals are based on locally agreed investigation guidelines and relate to defined clinical 

classifications which may be symptom, disease or sub-disease based. Laboratory data is acquired 

automatically from the LIS via the hospital's information technology infrastructure and test 

results are available both to the system's rulebase and in the Liver Unit as soon as results are 

authorised by the laboratory.  

 

Investigation guidelines can be supported in either one or both of the following ways: proactive 

support proposes appropriate investigation i.e. at ward level, patient specific investigation 

schedules, reflecting current pathology and clinical condition and based on locally agreed 

guidelines; reactive support denies inappropriate investigation by pointing out deviations or 

possible deviations from locally agreed practice. These techniques can be used together or 

separately, the net effect being that only those tests which the clinician and the laboratory agree 

are necessary for the management of the patient are requested routinely. 

 

Routine operation of this service at the Queen Elizabeth Hospital in Birmingham has resulted in: 

a significant reduction in the number of Clinical Chemistry tests requested (audit data is not 

available for Haematology); a significant saving in medical staff time; and improved 

appropriateness and continuity of management notwithstanding frequent changes in junior 
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medical staff [12]. These effects have been maintained for almost 3 years [13]. The system is 

now running in other specialist units and there seems little doubt that it can provide a successful 

strategy for improving the appropriateness of testing in such units.    

 

3.2 Multilingual version for evaluation within continental Europe 

In order for this approach to be evaluated within the context of continental Europe it was 

necessary to provide a multilingual version to operate in one or more European languages. The 

system, given sufficient processor power, can support simultaneously any number of languages 

the only constraints being: left to right sequencing of discrete alphanumeric characters; overall 

text layout of screens based on the English language version with limited allowance for differing 

lengths of prompts; computer literate person with reasonable knowledge of system needed to 

set-up and or modify a new language version; and where more than one language used one must 

be designated as the  primary language for codes and expansions. The functionality of the 

multilingual system is identical to the original and implementation in a new language can be 

accomplished without further programming. 

 

Evaluation within Europe is in collaboration with Prof JM Ketelslegers and Dr L Boon-Falleur 

of the Department of Clinical Biology and Prof JB Otte and Dr E Sokal of the Department of 

Transplantation, Université Catholique de Louvain (UCL), Brussels. System implementation 

started in late 1993 with routine use introduced in March 1994. The flexibility afforded by the 

high degree of parameterisation has allowed the system to be adapted to local working practices. 

The system has been introduced without any change or compromise to laboratory practice and 

even the request documentation produced faithfully replicates that which was in use prior to the 

system's introduction. 

 

Not unreasonably, the users would prefer the same user interface as their established hospital 

information system. However, the purpose both at UCL and in the several other sites where the 

system is running is to develop and evaluate the concept of automatic reinforcement of 

laboratory investigation guidelines. Ultimately order communication and/or clinical management 

systems will provide comprehensive knowledge-based functionality including guidelines for 
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many other aspects of clinical management. Static rules for laboratory investigation have been 

easy to define and validate. However dynamic rules have presented more difficulties and UCL 

believe the formulation of an improved set of guidelines will be an important consequence of the 

project. The realisation that dynamic rules defined at the outset do not completely reflect actual 

requirements is not uncommon in our experience. Few clinicians have actually achieved that 

which the system allows them to do: to effect reliably a strategy for laboratory investigation. 

Although the system has been running for a comparatively short time the users' involvement and 

enthusiasm is encouraging as is the interest from other disciplines and specialties. There is an 

overall impression, as yet unsubstantiated by data,  that the system provides benefit both to the 

clinical staff and to the patients.  

 

3.3 Services for general practitioners 

At the Diagnostic Co-ordinating Centre (DCC) based at the Academic Hospital in Maastricht, 

Netherlands, all test requests from general practitioners during randomly selected months are 

screened [14]. Feedback about the appropriateness of test requests is provided half-yearly to 

each practitioner. The appropriateness of the tests is judged by the specialist co-ordinator of the 

DCC on the basis of existing working agreements, guidelines and relevant clinical patient data 

provided by the general practitioner. The co-ordinator evaluates individual requests but also 

judges the totality of requests for the selected month.  Since providing manual feedback about 

each request is too time consuming it was decided to develop a decision support system that 

could evaluate each individual request and provide the necessary feedback.  Even though a 

request might be considered inappropriate the test is nevertheless performed. The feedback is 

provided with the intention of reducing similar test requests in the future. 

 

A rule-based decision support system [14] was developed with which the test request data 

(including patient data) can be evaluated. The data entry program developed was implemented at 

five practices.  This program guides the GPs in selecting relevant patient data that justify the 

decision to request certain tests.  These patient data are either coded in ICPC (International 

Classification for Primary Care) or with in-house codes. Coding is necessary because the system 

is unable to handle all synonyms for a certain term. The GPs enter their test requests and patient 
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data and then send them electronically to the DCC.  In our case dial-up telephone lines are used.  

Before being sent, data are compressed and encrypted using Euclides software. The data are 

decoded at the DCC and stored in a database.  It appears that the system works well and the 

general practitioners can work easily with the system. 

 

The decision support system retrieves newly entered request data from the database and then 

analyses them to provide feedback. For the time being the data is being monitored at the DCC to 

ensure that feedback is of acceptable quality. Serum thyrotropin (TSH) is one of the tests under 

evaluation at the moment. We included a modification of the Wayne index as part of the 

assessment of TSH requests.  In this scheme, each symptom is given a score to indicate their 

importance for both hypothyroidism and hyperthyroidism. A total score for both diseases is then 

determined on the basis of patient complaints. When the total score is above a certain threshold 

the disease is probably present.  Of course, scoring systems usually take complete data as a 

starting point and as this is rarely provided in laboratory requests another approach was 

required. Instead, complete patient data was collected for about 1000 cases seen by general 

practitioners where TSH was requested because of suspicion of thyroid disease. Patients directly 

referred to a specialist were excluded. Since the number of hypothyroid and hyperthyroid 

patients in this group was small, we focused on the euthyroid group. Scores of biochemically-

proven euthyroid patients were determined using both the hypothyroidism and hyperthyroidism 

scores.  The difference of both scores is used to obtain threshold values by which normal could 

be discriminated to a certain extent from abnormal. On the limited test set that we have it 

appears that hyperthyroid patients can be easier identified than hypothyroid patients, where a 

larger overlap between hypothyroid and euthyroid patients occurs. However, the number of 

hypothyroid patients observed is as yet low. 

 

4. Advanced Instrument Workstation Services 

 

The advanced instrument workstations services were defined and developed on the basis of user 

requirements assembled from 13 partners with a range of complementary laboratory expertise 

within the OpenLabs project and stemmed from discussions, local questionnaires, interviews, 
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experiences and market analyses by industrial partners. Guidelines for "Good laboratory 

practice" [15, 16] and for development of "Quality manuals and quality systems" [17, 18] were 

also carefully considered. 

 

It was considered that a workstation which could interface with most clinical laboratory 

instruments would be of great benefit in co-ordinating and controlling the work flow through the 

laboratory, but would also be required to manage the increasing number of decentralised 

instruments operated by non-laboratory personnel. The acceptance of such workstations would 

depend on the usefulness to all grades of staff in both the laboratory and in clinical settings. In 

the first place the workstation was designed to provide add-on "advanced instrument services" 

as a complement / improvement to the more basic features already  provided by modern 

instruments. The following section describe the various OpenLabs advanced instrument 

workstation services. 

 

4.1 Interfacing of new laboratory instruments 

At an early stage of the project it was realised that a generic solution would be required to deal 

with this common problem in the clinical laboratory environment. Using a graphical editor, users 

describe the syntaxes of an instrument and the target laboratory information system. This 

information is then used by run-time modules which decode received data, and recode it to suit 

the target devices. New instruments may be added at any time and a wide range of physical 

interface types may be catered for without need for new program routines, and thus providing 

configurability and extensibility. 

 

4.2 Generic operator interface  

This provides a consistent view of laboratory instruments. The user interface was designed in 

conjunction with laboratory professionals and instrument vendors and took cognisance of 

Common User Access (CUA) and colour usage guidelines. The interface provides the 

instrument operator with information related to the various basic and advanced instrument 

services described below. 
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4.3 System editors 

A Set of System Editors is also included in the user interface, enabling laboratory professionals 

to configure the system for a range of instruments and various laboratory procedures 

(calibration, measurement, quality control, fault diagnosis and maintenance). 

 

4.4 Calibration verification 

Calibration verification provides the basis for technical validation of patient results and indicates 

analytical problems. 

 

4.5 Real-time quality control  

This services assures a specified analytical quality and indicates critically-sized analytical 

disturbances. The system was designed to facilitate implementation of optimized quality control 

systems by providing capabilities to individualize the designs. It uses multi-rule and multi-stage 

procedures, can perform statistical and graphical analysis, and documents control activities in a 

record system. The user may choose and define combinations of control rules, and can specify 

the actual number of control observations required to meet the analytical quality specifications. 

Quality control alarms are automatically displayed in the message window. The current control 

status of all various analytical procedures of the instruments connected to the instrument 

workstation may be reviewed in summary in colour coded form to indicate the presence or 

absence of critically-sized analytical disturbances, in graphical and colour coded form to allow 

for review of the various control levels, and in tabular form when a closer look at individual 

measurement results on selected control material is asked for. The control data and their control 

status are automatically stored in the database, together with actions taken by the operator in 

case of quality control alarms. 

 

4.6 Patient results validation 

This is based on various biological criteria, which are used in combination with the technical 

quality control status and calibration status indicators for the final authorisation of patients 

results before reporting. The automated biological validation service consists of a customisable 

decision support system which can carry out delta checks, internal consistency and range checks 
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on the results. A novel co-operative knowledge-based technique, refined from an earlier 

prototype version [19], has been used. The service will identify, among other things, sample 

mix-ups, EDTA artefacts and old samples. It has access to demographic and clinical data stored 

on the LIS, as well as the measurement results coming from the instruments. The service 

automatically validates the results using this information together with any previous relevant 

results and the rules in the knowledge base. Invalid results are retained in a local database, while 

valid results are passed to the LIS. The user may view the invalid results along with the reasons 

for failure. 

 

4.7 Long-term assessment of quality control data  

This service is used to alert the user of progressive faults that do not affect the reporting of 

results, but have evolved over a longer period of time. Such an early-warning system is used to 

initiate non-routine preventive maintenance before critically-sized disturbances occur. The 

design, implementation and presentation of the results of these procedures are performed in the 

same way as for real time quality control. The user has simultaneous alternative access to 

reviewing of the results of both short-term and long-term quality control procedures. 

 

4.8 Local fault diagnosis 

Interactive trouble-shooting is provided using instrument specific data and knowledge bases to 

support operators in local fault diagnosis. Most modern analytical instruments provide alarms, 

and corresponding instructions for corrective maintenance are usually listed in the technical 

manual of the instrument. The service for interactive trouble-shooting was developed to 

accelerate the process of fault diagnosis, thereby minimising downtime. This is expected to 

enable less experienced staff to operate the instruments and would also be an aid to more 

experienced operators when rare faults occur. 

 

4.9 Management of local routine preventive maintenance 

Instructions for periodic routine maintenance are stored in a special knowledge base and 

provided by this service on request. The maintenance procedures are password dependent in 

order to allow protection of sensitive instrument system processes, and adjustment to the 
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responsibilities of the various operators of the instrument. The performance or bypassing of 

instructions for preventive maintenance, including changes in reagents and other reference 

materials for calibration and quality control, are recorded in the database, and a special 

watchdog checks that scheduled maintenance is actually performed in due time, and will remind 

the operator. An early warning system is also used to initiate non-routine preventive 

maintenance before critically-sized analytical disturbances could occur. 

 

4.10 Remote fault diagnosis and maintenance services 

In cases of difficult maintenance and fault diagnosis problems beyond the capabilities of the 

laboratory technical staff, the laboratory would benefit from a link to a remote maintenance 

centre, i.e. an instrument manufacturer's centre located in the same country or even further 

afield. This type of telematic instrument service has been defined in the project and piloted by 

some of the industrial partners. The central laboratory in the hospital may also have a 

supervisory role in the maintenance of the increasing number of decentralized instruments, e.g. 

blood gas and electrolyte analysers located in intensive care units and other clinical settings. An 

instrument workstation supporting the operation of decentralized instruments by nursing and 

medical staff, and connected to a Local Maintenance Centre in the hospital for remote 

monitoring by technical staff was considered to be of great benefit to the staff in these clinical 

environments. 

 

Management of external communication with the laboratory information system and with local 

and remote maintenance centres is based on standardized AIW Application Programming 

Interfaces. The major requirement of AIW on the OpenLabs architecture is to provide the 

communication architecture for exchange of messages between Advanced Instrument 

Workstations and other OpenLabs services via the OpenLabs Service Manager. Statistical 

analysis and presentation of various summaries that are useful for the quality management in the 

laboratory are also performed, e.g. print out of control results with statistics on means, standard 

deviations, components of analytical variation, frequencies of documented errors, measures of 

quality related to both internal and external quality assessment etc. The services outlined above 
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have been applied to a range of instruments (Hitachi 717, Radiometer ABL 505, Kone Dynamic, 

Technicon H*3) and implemented by various partners in the project. 

 

5. Services for interpretive reporting 

 

A range of services for supporting the post-analytical analysis and interpretation of laboratory 

medicine data are being developed in the OpenLabs Project and have been described previously 

[20]. A structured evaluation methodology [21] has been used for assessing the services 

developed. These services are targeted at users working in two distinct environments: in high 

dependency units, and primary care units. Both of these are high volume users of laboratory 

medicine services with different requirements for decision support. As high dependency units 

request very large amounts of laboratory medicine data on a small number of patients, they tend 

to assign a high priority to orderly presentation of data and to the generation of alarms and alerts 

which draw the attention of staff to potentially dangerous results. Primary care units on the 

other hand investigate much larger numbers of patients but generate small amounts of data per 

patient. In addition to alarms and alerts, a need for interpretive reports with advice on follow-up, 

interferences and the need for additional tests has been identified. High dependency units usually 

have access to on-site comprehensive laboratory facilities and may be connected to the 

laboratory by means of a hospital-wide network. Primary care units, being remotely located, are 

increasingly specifying that telematic links are a prerequisite to effective communication of 

laboratory data and decision support.  

 

OpenLabs services for alarm/alert generation based on laboratory data have been developed for 

use in high dependency units [20]. These services are closely integrated with the clinical 

information system in use and obtain access to laboratory data via the hospital information 

network. Graphical displays of trends in data can be produced and alarms based on various 

statistical and knowledge-based techniques can be set according to local requirements. The 

sensitivity of alarms generated can be interactively modulated by the users. A facility is available 

to incorporate protocols in use for fluid, electrolyte and haemodynamic management if required. 

An alarm system providing advice on acid-base abnormalities, including multiple disorders, with 
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graphical monitoring of the data has been implemented. A service to highlight drug interferences 

in laboratory tests is also undergoing evaluation in a Finnish hospital. 

 

For the primary care environment, a range of services for provision of decision support have 

been developed. Interpretive reporting services for thyroid function tests and hyperlipidaemia 

management [22] can be integrated with a LIS using an OpenLabs application programming 

interface with reporting of results and interpretations done using existing mail systems or by 

telematic transfer. These services can also be used directly in the primary care unit with telematic 

transfer of laboratory results and local generation of advice on management in the practice. 

6. Advanced management facilities 

 

A prototype decision support system (DSS) for capacity planning in clinical laboratories has 

been developed. This service provides support to laboratory managers in determining rules for 

scheduling samples and assigning staff to work stations (short assignment rules). These rules 

are used together with laboratory protocols to regulate laboratory work flow and the 

management of capacity, both staff and equipment. The Advanced Management Facilities DSS 

determines optimal assignment rules given the maximum available staff and equipment and the 

laboratory protocols in place. It is also possible to study the effect of a change in capacity 

(equipment and/or staff) or a change of laboratory protocols on the performance of the 

laboratory. The DSS can also determine how the performance of existing assignment rules 

changes if laboratory quality control procedures are altered. For example, the number of patient 

samples rejected will vary depending on the quality criteria set. 

 

The DSS can be applied to individual sections of a laboratory as well as to the entire laboratory. 

At the laboratory level, advice is given on the number of technicians needed and the division of 

the laboratory into departments. At the department level, the DSS advises on the effectiveness 

of staff assignment and sample scheduling rules. It is also possible at this level to experiment 

with different department configurations, different demand patterns and available technicians.  
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The module developed for the whole department level may suggest rules which can be used by 

the OpenLabs Service Manager to regulate the work flow. Discrete event simulation is used to 

determine optimal planning rules. This technique permits the modelling of a system as it evolves 

over time by a representation in which the state variables change instantaneously at separate 

points in time [23]. Other groups have also examined this technique [24-26] and although they 

differ in the ease to which the programs are configurable by users, all consider the effect of 

changing the available capacity and/or demand. None however take into account the effect of 

assignment rules. According to Van Merode [27] the effectiveness of assignment rules is very 

much dependent on the demand pattern and the capacity available. This means that if a change in 

the demand pattern or the available capacity occurs, it may be advisable to change the 

assignment rules. Similar studies have been conducted for industrial situations, but there are 

important differences between industry and clinical laboratory departments. For example, 

caution is required when applying assignment rules recommended for industrial situations to 

clinical laboratories. A typical example is the Shortest Processing Time rule. This is a rule which 

would give priority to samples with the shortest processing time. In most industrial job shop 

situations this rule is the most efficient but its performance in clinical laboratories can be poor 

and thus should not be used unconditionally.  

 

Performance measures used to determine the optimal assignment rules include the number of 

samples the department is able to process (output), the chance that the result is not available 

within due-time (lateness), labour transfer (transfer) and utilization degrees of technicians and 

workstations. The output measures the maximum number of samples a department is able to 

process on a daily basis. Lateness measures the number of samples which are not processed in 

time. The time that samples are late is not used because we assume that the indicated priority 

rate of the requester is strictly given and that the relation between the value of a test and the 

time it is too late is difficult to estimate. Many clinical laboratories only make a distinction 

between rush (Stat) and routine samples, although some make further refinements. When a 

sample tracking system is used for instance, it is worthwhile to differentiate between several 

priority levels. Five priority levels can in fact be distinguished by the advanced facilities 

management DSS. The performance variable transfer relates to the number of times laboratory 
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staff switch between workstations. A workstation is defined in this context as a place where a 

technician can work. As the number of available staff may be less than the number of 

workstations, a method is required to assign technicians to workstations and to reassign 

(transfer) them during the shift.  

 

Not all technicians of course may be able to work at all workstations and the time lost during 

transfer is dependent both on the technician and the type of workstation. If transfer times are 

long one should be reluctant to transfer technicians. If however compared to the number of 

workstations only few technicians are available transfer will be necessary. Utilization degrees of 

technicians and workstations are important indicators of the efficiency at which the workload is 

delivered and technician capacity may be a bottleneck in processing samples. Even when the 

degree of utilization of technicians is low in a given department of the laboratory, it may not be 

possible to increase the production. In such a situation it would be appropriate to change the 

configuration of the department (in terms of workstations) and the type of tests that are 

processed by the department. An example of a study to change configurations to increase the 

utilization of technicians is given by Van Merode and Goldschmidt [28]. Many clinical 

laboratories have special sections for rush orders (STAT labs). The DSS can advise on whether 

a laboratory should have these special sections. Often it is not recommended to have special 

sections for rush orders as this may lead to low utilization of technicians. Experiments with the 

DSS in two clinical laboratories demonstrated the functionality and led to the conclusion that the 

DSS functions well. Further development of the DSS is being conducted to reduce run times and 

to connect the DSS with the Laboratory Information System according to the OpenLabs 

architecture concepts which will be useful to provide the OpenLabs Service Manager with 

appropriate rules for capacity management and sample assignment and to download data to feed 

the DSS with appropriate data.  

 

7. Conclusion 

 

OpenLabs has been focused on improving the efficiency and effectiveness of clinical laboratory 

services by integrating decision support systems with laboratory information systems and 
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equipment. The specification for a new open architecture clinical laboratory information system 

architecture will be made available in 1995 and it has been demonstrated in a major University 

teaching hospital laboratory using a market-leading laboratory information system. A range of 

services for ordering of laboratory tests, advanced instrument workstation services, and services 

for reporting of laboratory data, dynamic test scheduling [29], and advanced facilities 

management have been developed and are undergoing continued refinement and evaluation at 

various partner sites. Following the successful demonstration of the architecture concepts, an 

increasing number of these add-on services are now compliant with the OpenLabs architecture 

specification and concepts, and it is planned to extend the range of supported laboratory 

information systems in various European countries with which the services will have plug-in 

plug-out compatibility. A significant contribution has also been made towards the development 

of a European standard for electronic data interchange between laboratories and other medical 

systems using the OpenLabs coding system.  
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