Health informatics

Lecture 3: Clinical decision making and clinical decision support

A number of major challenges to delivering high quality healthcare in the UK National Health Service are now widely recognised:

1. unknowing variation in clinical practice and service delivery;

2. errors of commission and omission;

3. failure to implement new knowledge and technology systematically and appropriately;

4. over-use and under-use of services – inappropriate care;

5. unsatisfactory patient experience;

6. poor quality clinical practice;

7. waste.

There is a serious gap between the medical care patients should receive and that which they actually receive, leading to the observation that the “application of what is known already will have a greater impact on health and disease than any single drug or technology likely to be introduced in the next decade”
. The scale and complexity of modern healthcare systems is increasing relentlessly. The sheer quantity of medical information, even within a single clinical specialty, is frequently beyond the power of one person to comprehend.  Evidence is accumulating that failing to provide appropriate treatment is a problem of epidemic proportions.  Over 10% of patients admitted to NHS hospitals experienced an “adverse event” (something that actually or potentially causes significant patient harm); around half of these events were judged preventable with “ordinary standards of care”. 
 

This is not just a UK problem but a global issue. A report To err is human from the US Institute of Medicine says “at least 44,000 and perhaps as many as 98,000 Americans die in hospitals each year as a result of medical errors. … Deaths due to preventable adverse events exceed the deaths attributable to motor vehicle accidents (43,458), breast cancer (42,297) or AIDS (16,516)." 

A later IoM report
 in 2001 stated that “Between the health care we have and the care we could have lies not just a gap, but a chasm.”  It identifies six performance characteristics that, if improved, would reduce the chasm between the quality of healthcare actually received and the quality of healthcare that it should be possible to achieve given the current state of medical knowledge: “…   

1. Safety —avoiding injuries to patients from the care that is intended to help them. 

2. Effectiveness —providing services based on scientific knowledge to all who could benefit and refraining from providing services to those not likely to benefit (avoiding under use and overuse). 

3. Patient-centred—providing care that is respectful of and responsive to individual patient preferences, needs, and values and ensuring that patient values guide all clinical decisions. 

4. Timeliness —reducing waits and sometimes harmful delays for both those who receive and those who give care. 

5. Efficiency —avoiding waste, in particular waste of equipment, supplies, ideas, and energy. 

6. Equitability—providing care that does not vary in quality because of personal characteristics such as gender, ethnicity, geographic location, and socio-economic status." 

Medical errors and other causes of departures from “best clinical practice” are known to have a major impact on the quality and safety of patient care. Improving the effectiveness of clinical services and increasing safety while also reducing costs is a massive challenge facing all healthcare services. It cannot be achieved by insisting that healthcare professionals work better or harder, threatening them with litigation, or providing more resources because everywhere clinical practice depends on human skills and organizations, and these are subject to human error and system failures. However informatics systems can significantly reduce, and in some cases eradicate, many errors and service delivery problems. 

The need for clinical decision support

Medical error

Evidence for unacceptable frequency of avoidable mistakes in NHS hospitals has been referred to. Similar studies in the USA found that 3.7% of hospital admissions led to adverse events, and that in 7% of these patients the disabilities were permanent and in 14% they contributed to death
; an Australian study found that 16% of patient admissions involved adverse events, half of which were considered preventable
. 

Service failures

McGlynn et al show just how far routine clinical practice can deviate from the best quality standards. They telephoned a random sample of adults living in 12 metropolitan areas in the United States and asked them about their experiences in being treated for a wide range of conditions for which a “quality standard” could be identified. With the patients’ consent they also reviewed the patients’ medical records for the most recent two-year period and used this information to evaluate performance on 439 indicators of quality of care for 30 acute and chronic conditions as well as preventive care. McGlynn et al found that overall the patients only received 54.9 percent of recommended care, with a consistent pattern across preventive care (54.9 percent), acute care services provided (53.5 percent) and management of chronic conditions (56.1 percent). Quality varied substantially according to the particular medical condition, ranging from 78.7 percent of recommended care for senile cataract to 10.5 percent of recommended care (95 percent confidence interval, 6.8 to 14.6) for alcohol dependence.  The table below summarises the main findings from the McGlynn et al study.
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The knowledge crisis

Medical knowledge is expanding at an unprecedented rate, while the resources available to achieve proper dissemination and use remain comparatively static. Similarly, medical technologies and capabilities have progressed substantially over the last few decades, whilst the practices and skills within the medical profession have struggled to keep up.  The disparity between human capabilities and the results that it should, given our knowledge, be possible to achieve has led to the undesirable situation in which patients receive varying levels of care, with the likelihood of recovery often dependent on which medical centre the patient visits. The challenge is to integrate the vast pool of existing knowledge relevant to the care of any specific patient and deliver it in an effective and patient-specific manner at the point of care.

How can informatics help?

The medical informatics community has therefore sought new ways of supporting clinicians in their clinical work and decision-making, and bringing up-to-date scientific and clinical knowledge to the point of care in a more flexible and usable form than human-readable documents. “Computer-Interpretable Guidelines” (CIGs) are formal representations of clinical practice guidelines that can be used to provide active support for improved effectiveness and safety of clinical practice. CIGs can provide reminders and alerts, assess individual risks, recommend possible treatments and give other patient-specific advice, often providing direct links to the supporting research and evidence as part of the advice.
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The creation and use of CIGs have many potential and demonstrated benefits, including:

· offering better description and recording of patient states; 

· providing selective access to background knowledge which is relevant to the specific circumstances;

· automatically proposing timely reminders and making patient-specific recommendations for clinical decisions;

· providing the rationale for recommendations, e.g. decision criteria and justifying evidence, and facilitating use of formal verification and other quality management techniques (e.g. http://www.protocure.org/)

A key function of computerized clinical guidelines is to support decision making. 

Clinical decision support systems

Sittig et al define a Clinical Decision Support (CDS) system as “providing clinicians or patients with computer-generated clinical knowledge and patient-related information, intelligently filtered or presented at appropriate times to enhance patient care”. In a recent systematic review of clinical decision support applications Garg et al reviewed 100 published trials. A classification of these systems is given in this table (acknowledgement: V Patkar).

	Capabilities
	Example techniques
	Instances     Successful

	Monitoring, alerts and reminders
	Algorithmic and rule based methods
	41
	30

	Modelling and prediction
	Calculators, Statistical modelling
	35
	24

	Focusing and information retrieval
	Search engines, navigation, InfoButtons
	11
	6

	Framing and making decisions
	Decision analysis, logical decision models 
	7
	2


The creation and use of CDSs have many potential and demonstrated benefits, including:

· better description and recording of patient states; 

· more selective access to background knowledge which is relevant to the specific circumstances;

· automatically proposing timely reminders for actions;

· making patient-specific recommendations for clinical decisions;

· providing the rationale for recommendations, e.g. decision criteria and supporting evidence, and

Some prominent approaches to Clinical Decision Support

Decision analysis for supporting clinical decision-making

Making decisions in clinical practice involves a careful analysis of harms and benefits associated with different treatment options. These decisions, often associated with high stakes and important long-term consequences, are frequently made in the face of competing priorities, limited resources and information and an incomplete clinical picture. Decision analysis is a tool that allows users to apply evidence-based medicine to make informed and objective clinical decisions when faced with complex situations. For example we can construct a decision tree (see below) which given a set of probabilities and defined outcome values, can model a given decision problem and help determine the best course of action. 
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Decision tree

Once we have constructed such a model we can use appropriate software to calculate the likelihood of every possible outcome of every decision option (essentially the product of the probabilities of each source of uncertainty or “chance node” on the path) then weight each outcome with its utility (essentially the value we assign to that outcome) and select the decision option with the highest aggregate expected value. 

A user can 

· model the relative benefits of a range of alternative treatment strategies.  

· explore the relative importance of different assumptions on expected clinical outcomes

· consider multiple attributes of health outcomes, such as the patient's subjective preferences for different states of health and treatment interventions (e.g. surgery versus drug treatment) 

Decision trees and other expected utility models have been widely studied but more sophisticated models which allow for complex dependencies between variables are increasingly influential. A “Bayesian network” consists of a graph or network in which the nodes represent random variables and the connections describe dependencies between them. In this example the network not only shows observable variables like smoking, recent foreign travel etc and other patient variables, it also shows how probabilities “propagate” through the network to disease hypotheses and from these hypotheses to other dependent states (e.g. likelihood of an abnormal chest x-ray). As the example shows, the calculated likelihoods can also feed into action decisions, about whether to carry out a chest x-ray for example by combining the calculated probabilities with utilities as in the simpler decision tree.

[image: image5.png]Visit To Asia

smoker
non smoker

50.0
50.0

Take X-ray? Tuberculosis Lung Cancer Bronchitis Hospitalize?
yes 384369 present 104 present 450 yes
no 474473 absent 990 absent 550 no

|

Utiity of taking X-Ray

Chest Clinic Decision
Copyright 1995 Goutis, C.

XRay Result

abnormal 305
normal 695

present 436
absent 564





Although decision analysis and related quantitative methods are well established and powerful tools for clinical decision-making they have significant limitations. First, they demand a huge amount of data (to arrive at reliable estimates of prior and conditional probabilities for example), so much so that it may simply be too costly or too time-consuming to build a clinically useful model. Second, it is often difficult to justify a particular utility model, since values and preferences are inherently subjective and vary across individuals (e.g. a clinician’s preferences may be based on different criteria from those of the patient). Third, these systems are “black boxes” which patients and clinicians find difficult to understand or explain – a recommendation is made purely on a mathematical calculation; its justification is just the function that is used to calculate expected value and is difficult to relate to human ways of thinking about decisions.

Decision engineering

While quantitative decision models continue to be influential clinical informaticians are developing a range of techniques for helping to improve clinical decision-making and overcome the problems of quality and safety in clinical practice. In some cases the approaches are quite ad hoc  while in others a principled approach drawing on ideas from other fields, such as cognitive science and software engineering, is adopted.

Just three examples are described here but more information about these and other approaches to supporting clinical decision-making can be found at the www.openclinical.org web site.

Rule-based decision support – Arden Syntax

Arden Syntax encodes medical knowledge as "if-then" rules. Each rule is invoked in response to a particular clinical situation (e.g. a pattern or trend in clinical data stored in the electronic patient record). The “then” part of the rule is typically a sequence of instructions, including queries, calculations, logic statements and write statements. Here is an example of the logical segment of an Arden rule:

logic:

if last_creat is not present then

alert_text := "No recent creatinine available. Consider

ordering creatinine before giving IV contrast.";

conclude true;

elseif last_creat > 1.5 then

alert_text := ”This patient has an elevated creatinine.

Giving IV contrast may worsen renal function." ;

conclude true;

else conclude false;

endif;

Arden rules have been used to generate clinical alerts and reminders, interpretations, diagnoses, screening for clinical research studies, and administrative support.  Arden Syntax has been adopted as a standard for computerising some kinds of clinical guidelines because

· It is a simple mechanism, easy to implement

· It is a practical technique for enhancing EHRs with alerts, reminders and other services

However it lacks the ability to model the complexity of many clinical decisions  

· Only addresses a single hypothesis/action

· Does not model uncertainty  

· Cannot capture clinical “intentions”

· Does not allow for dependencies between decisions …

It is also ad hoc: it is useful in some applications but it has no clear mathematical foundations or other rational principles to validate or constrain its use. This is not acceptable in a field like medicine where correct operation is a safety-critical requirement.

Naturalistic decision models

Naturalistic decision models are models that are intended to be able to capture the complexity of real-world decision making, in a form that clinicians and other users find intelligible and appropriate, yet have sound theoretical and mathematical foundations. One naturalistic framework is the “domino” model and the associated logic-based decision modeling language PROforma. 

The domino model identifies 6 key types of information that need to be formalized for modeling clinical decisions and plans (represented by the nodes in the diagram below) and 7 kinds of reasoning (the arrows) which are modeled by specialized logical systems. 


Making decisions



Implementing decisions
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A simple example of a naturalistic decision model is shown in this (artificially small) model of a diagnosis decision.

decision  :: ‘Dyspepsia DX' ;

     description ::"Diagnosis of patients presenting with chronic indigestion";

     goal :: diagnosis(dyspepsia)


candidate :: 'peptic ulcer' ;

          argument :: for, age < 35 OR weight = normal

          commitment :: support(‘Dyspepsia DX', 'peptic ulcer') >= 3;

     candidate :: 'cancer' ;

         
argument :: for, biopsy  = abnormal attributes


     
argument :: for, age  >= 50  AND Weight  = down


     commitment :: support(‘Dyspepsia DX' , 'cancer') >= 1;

end decision.

Naturalistic decision models are increasingly used within other systems. For example in systems for modelling care plans.

Task network models for implementing clinical plans

Peleg et al (J Am Medical Informatics, 2001) identify a key requirement for supporting clinical decision making as “the ability to develop decision models that unfold over time”. A general approach to this is to model a clinical process as a “plan” which is a network of tasks which describes the sequence of activities required to achieve a clinical objectives. Task network models provide formalisms for specifying hierarchical plans which contain decisions and other component tasks,  and in which sequencing and scheduling and other constraints can be defined. Some of the approaches also provide software tools for designing, visualizing and checking such plans; see example below of a PROforma plan for making a sequence of decisions within the process for assessing women with possible breast cancer (there are four decisions: risk assessment, choice of imaging, choice of biopsy and the treatment or “management” decision).
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PROforma and other languages take an object-oriented approach to modelling decisions, plans and actions, and for populating the models with the details required for capturing and interpreting clinical data, and for making and implementing clinical decisions.  

Peleg et al reviewed six task network models which have been developed to support the use of clinical guidelines and evidence-based practice (Asbru, EON, GLIF, GUIDE, PRODIGY, and PROforma) in order to compare similarities and differences and establish a consensus on a set of common components. The task network approach to decision support is very different from that of rule-based systems like Arden Syntax, where flow of control is not explicitly modelled.  Task network models can support alerts and reminders like those in Arden Syntax, but they can also implement much more complex decision-making and other functions required for delivering clinical services. Some of the models include a computer-executable plan specification language which can be interpreted to support clinical processes in real time (e.g. Asbru, GLIF, and PROforma). This topic is discussed in more detail in lecture 4.

More information about many of these approaches can be found on the www.openclinical.org web site.

Conclusions

After more than 20 years of research decision support technologies which provide patient-specific advice are now considered an important field in medical informatics. Several systematic reviews of published research show that simple aids such as alerts and reminders measurably improve outcome in about 70 % of studies (Garg et al, J Amer Medical Assoc, 2005; Kawamoto et al British Medical Journal, 2005) and if key principles are followed benefits are found in 90+ % of studies. A significant element of these benefits is the timely delivery of patient information and up-to-date medical knowledge at the point of need, the clinical decision, reducing medical errors and ensuring compliance with best clinical practice. 
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