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Abstract 

Background: Physicians order laboratory tests for various reasons during diagnoses and 

treatments. However, laboratory tests affect health-care costs and unnesseary test 

requests can thus be a concern. The objective in this study is to examine whether it is 

possible to influence physician laboratory-test requests using four different 

interventions; follow-up of clinical guidelines, education, feedback and reminder letters 

that have occurred at different times at Landspitali University Hospital compared to 

Akureyri Hospital, which is used as a control as no formal interventions were 

implemented there. Material and Methods: Six types of laboratory tests for which 

clinical guidelines have been made were analysed. The average number of tests per 

month before and after implementation of the guidelines was compared. The relative 

risk of a laboratory test being conducted at Landspitali University Hospital compared to 

Akureyri Hospital was calculated for various points in time, as well as the associated 

95% confidence intervals. The primary estimates compare the pre and post intervention 

periods (2007-2009 vs. 2010-2013), but also on a monthly basis in order to observe the 

trend over the whole period from January 2007 to July 2013 in greater detail. Results: 

The multifaceted interventions at Landspitali University Hospital led to a significant 

reduction in the average number of laboratory tests (12-52%, p<0.001) compared with 

Akureyri Hospital. When the relative risk coefficients of laboratory tests at Landspitali 

University Hospital compared to Akureyri Hospital were calculated pre and post 

guidelines, the relative risk for ASAT, CRP and GGT fell markedly, while ALAT and ALP 

tests did not show a significant decrease. Relative risk for a blood culture test in the 

period after the guidelines was statistically significantly increased. Conclusion: It is 

possible to influence physician laboratory-test requests using multifaceted interventions 

that include continuous monitoring and follow-up. Compared to Akureyri Hospital, 

laboratory tests were statistically significantly reduced using interventions at Landspitali 

University Hospital and led to cost savings, under the assumption that the decrease did 

not cause increased costs elsewhere in the system. Hospitals can use multifaceted 

interventions to steer physician behavior, with continuous follow-up so as not to lose 

the effect. 
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1  Introduction  

Attention was drawn to inappropriate laboratory utilization as early as 1975 (Lundberg, 

1975) and subsequent estimate showed that up to 30% of laboratory tests were 

unnecessary (Rinsler, 1984). Unnecessary laboratory tests can cause the patient 

unnecessary concerns, phlebotomy and inconvenience, besides the cost for laboratory 

supplies, additional physician time, treatments and tests. Laboratory tests can also be 

underutilized, i.e. not used as they should be (Ming Zhi, 2013). Laboratory tests are 

necessary for optimal patient care as an essential part of diagnosis and management of 

a patient’s condition (Houben et al., 2010; Whiting et al., 2007). 

The purpose of this study is to look at the effect of interventions on laboratory tests. 

In the autumn of 2009, the executive management at Landspitali University Hospital 

(LUH) set the goal of a 15% reduction in laboratory tests in 2010, and a physician was 

appointed as the supervisor for the intervention project. This was partly triggered by 

known patterns of requests for many common laboratory tests. For example the total 

cost for Landspitali University Hospital and the Icelandic Health Insurance for four liver-

function laboratory tests in 2009 was ISK 125 million. The requests were almost 

identical between these four laboratory tests, indicating that all four of them were 

being requested together, but most specialists would agree that for most purposes the 

use of two of the four tests should suffice.  

Hospitals in Iceland had also been under pressure to become more cost effective 

after the economic crisis in autumn 2008. The Icelandic state government pays for the 

majority of hospital costs. Expenditures on hospital care have fallen from 5.17% of GDP 

in 2006 to 4.84% of GDP in 2012 (Statistics Iceland, e.d.). The share of hospital budgets 

spent on laboratory services varies across countries and accounts for 4% in the United 

Kingdom (UK), 20% in the United States (US) and 7-10% in Canada. The nature of health-

care systems has been one hypothesized determinant of those expenditures: the UK 

and Canadian systems are funded by the government while the US system relies on 

private insurance to a greater extent (McQueen, 2000). 
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   At LUH the share of the total hospital budget spent on laboratory services has been 

6% since 2008 (5% in 2007). The patient share of the laboratory service budget at LUH 

was 2% in 2009 but 3% from 2010-2012 (Soley S. Stefansdottir, personal 

communication, 2013, July 1st). Information from LUH for the previous years was not 

available because of a change in computer systems, and the information was not 

available from Akureyri Hospital (AH).  

The hospital laboratories are financed by the government through the treasury, 

transactions with other health-care centres, contractual company services or specialist 

services, the patient’s copayments, and grants. Laboratory tests for inpatients are paid 

by the hospital while tests for outpatients are a mixture of official health insurance and 

out-of-pocket payment (Icelandic Health Insurance, 2013). Laboratory tests are done in 

connection with treatment of inpatients and hospital outpatients or requested by 

general practioners and private specialists, but in this study the focus is only on 

inpatients and outpatients at LUH and AH.  

The increased use of laboratory tests may be partly due to increased demands for 

efficiency in hospitals. Also, increased attention to health may result in increased 

demand for laboratory tests from patients. Between 2006 and 2012, life expectancy in 

Iceland has increased by 1 year and 4 months for women and by 9 months for men 

(Statistics Iceland, e.d.a.). Medical technology innovations are growing and the ageing 

population has increased the workload with corresponding increases in costs.  

The testing process consists of five phases (pre-pre-analytical, pre-analytical, 

analytical, post-analytical and post-post-analytical. The phases in the testing process 

that are most likely to be error-prone are the pre-pre-analytical (outside the laboratory) 

phase which consists of the laboratory request, sample collection, container, handling, 

storage and transportation and the post-post-analytical phase, which consists of the 

physician’s reaction to the laboratory results, interpretation and follow-up, possibly 

because these phases are not evaluated and monitored as well as the other phases 

(Plebani, 2009). The pre-pre-analytical phase which contains inappropriate laboratory-

test requests is the phase that includes the most common cause of errors, or up to 

68.2% in the total testing process (Plebani, 2009). A study on diagnostic errors in the 
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emergency department found that 58% of them occurred because of inappropriate 

laboratory-test requests (Kachalia et al., 2007).  

The overuse of laboratory tests can be harmful for the quality of care in several ways. 

Physicians could receive too much information which can increase the risk of important 

results not being noticed (Bartlett, 1982). Increased use of laboratory tests can increase 

the laboratory turnaround time, which can have a negative effect on those patients who 

really need acute efficiency (Salinas, Lopez-Garrigos, & Uris, 2013), while increased 

sample volume can lead to false positive and false negative results which may lead to 

further treatment with associated increased costs. This problem can possibly be 

countered by the introduction of clinical guidelines for proper test use and proper 

interpretation of test data (Oosterhuis, Bruns, Watine, Sandberg, & Horvath, 2004).  

The purpose of this study is to look at the effect of interventions on laboratory-test 

requests. Two hospitals are compared: LUH where interventions were made to reduce 

unnecessary laboratory tests and thereby costs, and AH where formal interventions 

were not made, with the exception of one educational intervention at the beginning of 

2009 which aimed at decreasing the CRP tests. AH can therefore be used as a control 

hospital. 

LUH covers a population of 205,675 in the greater capital area but also serves the 

whole country (pop. 325,010) as a tertiary referral hospital, while AH serves 36,297 

people (Statistics Iceland, e.d.b.). Both hospitals are training and teaching hospitals. 

About 473 full-time and part-time physicians work at LUH (Landspitali University 

Hospital, e.d.), while 53 work at AH (Akureyri Hospital). Junior physicians and interns 

work at both hospitals under the supervision of medical specialists.  
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The four interventions at LUH occurred at different times, as seen in Figure 1, and 

the effects of all four will be examined. The interventions were:  

1. Follow-up of clinical guidelines which were published at different times, sent to 

physicians at LUH and published on the LUH website. 

2. Education, the supervising physician for the proper laboratory-utilization 

project gave lectures on the use of laboratory tests, both at management 

meetings and medical meetings, as well as for medical students and junior 

physicians.  

3. Feedback on laboratory-test use after the supervising physician had monitored 

their number and distribution amongst individual physicians from the 

Laboratory Portal.  

4. Reminders, a letter was sent from the supervising physician to chief physicians, 

with instructions for the use of the Laboratory Portal and encouragement to 

take action.  

The Directorate of Health publishes clinical guidelines on its website which are 

supposed to apply to all physicians in the country, but it is the responsibility of the 

health care institutions and individual physicians to follow them. Many clinical 

guidelines have been introduced, but they are not always followed as they should: 30-

40% of patients do not get care based on evidence-based medicine and up to 25% of 

provided care is unnecessary (Grol & Grimshaw, 2003). One of the interventions 

examined at LUH was follow-up of clinical guidelines that are issued nationally; here, 

the focus will be on three different guidelines for laboratory tests that were published 

at different time points (Figure 1). The number of laboratory tests performed at LUH for 

those tests for which the follow-up of guidelines were tracked will be examined as to 

whether intervention by means of follow-up led to a reduction of laboratory tests 

compared with the situation at AH.  
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The three guidelines are for:  

1. Liver function tests (ASAT, ALAT, GGT, ALP), published February 15, 2010. 

2.  C-reactive protein (CRP), published March 1, 2010. 

3. Blood culture, published February 1, 2011.  

Information about the laboratory tests may be found in Appendix 1 and the three 

guidelines in Appendix 2, 3 and 4. 

 

Figure 1: Timeline of interventions at Landspitali University Hospital (LUH) 

 

A computerized laboratory management system, the Laboratory Portal, was 

launched in 2009 at LUH. The system contains information about the number of 

laboratory tests, the cost per month and year, the name of the physician requesting and 

his/her department. The supervisor has unlimited access and chief physicians have 

limited access to the system. The supervisor monitors laboratory use and contacts chief 

physicians as needed when use of laboratory requests in their department has 

increased or when an individual physician under their supervison differs substantially 

from others in terms of laboratory requests. Chief physicians are encouraged to monitor 

their physicians’ laboratory habits and give them feedback if they seem to be requesting 

too many tests. The system thus requires the supervising and chief physicians to 

monitor and give feedback, since there are no automatic functions regarding feedback 
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or messages built into the system. It is relevant for medical students and interns to 

receive feedback as they seem to follow what specialists do rather than what they were 

taught at university (Grivell, Forgie, Fraser, & Berry, 1981).  

In March 2010 all chief physicians were sent a reminder, which consisted of a letter 

with instructions for use of the Laboratory Portal. They were encouraged to take 

advantage of this in order to improve usage of laboratory tests in their department. The 

reminder letter was updated and reiterated in November 2010 and December 2012 

(Appendix 5). An electronic or paper-based laboratory request form must be filled out 

and sent to the laboratory. Different electronic laboratory-test systems are in use by the 

two hospitals and the tests are documented in different systems, see Appendix 6.  

Besides the scientific value, the result of this study can help predict which 

interventions are likely to affect physician behaviour. One of the first things to do 

towards a cost-effective health-care system is to reduce waste (Berwick & Hackbarth, 

2012). This is not a field of study in which final answers will be provided in a single 

study. The interventions currently being used for influencing test requests are multiple 

and happen within varying contexts. Examination of each of them provides additional 

information until a pointallistic picture of results generates a valuable knowledge base 

for what works under which circumstances. We provide one such study, taking 

advantage of interventions that took place in Iceland. The results of the proposed 

analysis will not show whether the tests are misutilized, underutilized or overutilized. 

Instead, the study is meant to shed light on the determinants of physician behaviour 

and to shed light on whether their use of laboratory tests can be influenced by the 

interventions under examination.  
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2 Literature Review 

Laboratory results have been shown to be the basis for 60-70% of medical decisions 

(like admittance, diagnosis, discharge, and use of medication) in a hospital and 

therefore have a big impact on costs (Forsman, 1996). However, a study from Australia 

found that up to 68% of laboratory-test requests for inpatients are avoidable without 

affecting the patients (Miyakis, Karamanof, Liontos, & Mountokalakis, 2006). Another 

study from the UK found that up to 25-40% of all hospital-based laboratory tests are 

unnecessary (Rao, Crook, & Tillyer, 2003). Increased testing can lead to false positive 

results which again can lead to more testing and discomfort for the patient (van 

Walraven & Naylor, 1998). Tests can also be repeated too frequently, as in one hospital 

where repeated blood culture tests were responsible for one-third of the blood culture 

tests. A repeated culture which was negative in the beginning was very unlikely to be 

positive when repeated (Tabriz, Riederer, Baran, & Khatib, 2004). A 15-year meta-

analysis which looked at inappropriate laboratory testing has concluded that focusing 

on the correct test request in the beginning may have a bigger impact on improving care 

and errors than repeated laboratory tests (Ming Zhi, 2013). While low-volume 

laboratory tests can undoubtedly be improved upon, it is natural to concentrate on the 

high-volume, better-known laboratory tests as these have a greater total impact (Ming 

Zhi, 2013). 

The reasons for inappropriate laboratory testing can for example be lack of 

experience, lack of knowledge (Cabana & et al., 1999), fear of uncertainty (Miyakis et 

al., 2006) and pressure from patients (Brett & McCullough, 2012). For overloaded 

doctors it can be more timesaving to order a laboratory test than speculating if the test 

might be unnecessary, and it can also be difficult for physicians to keep up with all the 

new tests available (Baron & Dighe, 2011). Physicians often do not know about the cost 

of laboratory tests (Allan & Lexchin, 2008). It can also be too easy to request laboratory 

tests, which could be changed by removing tests from standard forms and letting 

physicians justify the request instead. This can lead to a 20% reduction of laboratory 

tests (Zaat, van Eijk, & Bonte, 1992). The ageing of the population can affect the 

increased test volume.  
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2.1 Interventions to reduce laboratory tests 

Several studies have been published about different interventions for improving 

laboratory-test requests (Bareford & Hayling, 1990; Cabana & et al., 1999; Fryer & 

Smellie, 2013; Grivell et al., 1981; Hutton, Drummond, & Fryer, 2009; Janssens, 2010; 

Kim, Dzik, Dighe, & Lewandrowski, 2011; W. S. A. Smellie, Lowrie, & Wilkinson, 2001; 

Solomon, 1998). However, little has been written about laboratory-test requests and 

costs in Iceland, except for one intervention study that was done in a Health Care 

Institution of South Iceland. In this study, the interventions were education, feedback 

about laboratory-request habits and change of the laboratory-request scheme. 

Laboratory tests removed from the request scheme decreased by 49% in one year and 

those that were not removed decreased by 23%. The study showed that the 

intervention was effective and cost saving (Reykdalsson, 2010).  

The main interventions that have been used to influence laboratory tests are clinical 

guidelines (Driskell et al., 2012), changes in the laboratory request forms (Bailey, 

Jennings, & Parapia, 2005), education (Fryer & Smellie, 2013; Janssens, 2010), feedback 

(Jamtvedt, Young, Kristoffersen, O'Brien, & Oxman, 2006) and an electronic laboratory 

request system (Baron & Dighe, 2011). It has been shown that the design of the 

laboratory request and limiting the tests on the forms can influence physician test 

request habits and reduce inappropriate requests (Bailey et al., 2005; Kim et al., 2011).  

2.1.1 Effect of clinical guidelines for laboratory tests   

Clinical guidelines are a possible method for influencing physicians, but published 

guidelines have been shown to have a limited effect if not followed-up with other 

interventions (Lundberg, 1998). Many guidelines are published in journals or on 

websites and are not implemented with further interventions like education, feedback, 

detailing and workgroups (Gagliardi, 2012). Guidelines that are built on evidence and 

are straightforward, clear and uncontroversial may increase the probability of use (Grol 

et al., 1998). According to a study from 2001, to maintain up-to-date knowledge a 

general internist would need to read 20 articles a day the whole year (Shaneyfelt, 2001). 

Thus, physicians could save time by following guidelines, since they are supposed to be 

based on the best knowledge at the time and are presented in order to provide the best 

treatment with the least risk without excessive costs (Guyatt et al., 2000).  
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Adherence to clinical guidelines has been suggested to be only one-third in a study 

that looked at 11 studies with the Pathman awareness-to-adherence model (Mickan, 

Burls, & Glasziou, 2011). The study showed that strategies need to be in place to 

improve adherence and make physicians aware of the guidelines. Another systematic 

review of 76 studies showed that lack of awareness, knowledge, behaviour and attitude 

are some of the important factors regarding why physicians do not follow guidelines 

(Cabana & et al., 1999). 

If the guidelines are complex, it is less likely that they will be followed compared to 

easily understood guidelines (Davis & Taylor-Vaisey, 1997; Francke, Smit, de Veer, & 

Mistiaen, 2008). An observational study including ten guidelines, where the aim was to 

determine which attributes of clinical guidelines influenced their use in clinical practice, 

showed that on average 61% of the general practioners  followed the guidelines.  

Multifaceted interventions have been shown to be more effective when 

implementing guidelines rather than single interventions (Francke et al., 2008) and 

education about clinical guidelines is more likely to succeed if it involves active 

participation of physicians, takes local circumstances into account, and includes 

reminders about specific patient cases (Davies, 1994). A multifaceted intervention, 

which included clinical guidelines at the bedside in the intensive care unit for 

laboratory-test requests as one of the interventions, decreased laboratory tests by 50% 

and led to substantial cost savings (Prat et al., 2009). 

A UK study looked at the impact of clinical guidelines that were not followed up with 

any intervention after they had been published, regarding requests for the diabetes 

marker, glycated haemoglobin (HbA1c). The study showed that only 49% of requests 

were based on clinical guidelines, 51.2% of the repeated tests were inappropriate and 

under-requesting was more prevalent for the test, especially among general 

practitioners (Driskell et al., 2012).  

Guidelines for prostate cancer routine screening in the US say that men 75 years and 

older should not undergo prostate-specific antigen testing. A national health survey 

published data that showed that guidelines for prostate cancer screening are not 

followed. The recommendations were published in 2008 but the screening rates were 
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unchanged from 2005 to 2010 in all groups, indicating that both patients and physicians 

had totally ignored the recommendations (Prasad, Drazer, Huo, Hu, & Eggener, 2012).  

Tests were reduced by 85% in one acute and emergency unit after production of a 

memorandum about appropriate use of CRP tests, a protocol about when CRP could be 

requested, and a rule in the electronic system that identified unnecessary repeated 

tests within 24 hours (Hutton et al., 2009). Guidelines that restrict routine use have 

been shown to decrease cost (Kim et al., 2011), while tests on inpatients were reduced 

by 19% in one study that, together with education, restricted duplicate orders of several 

tests to a special department or required special approval for them (Calderon-Margalit, 

Mor-Yosef, Mayer, Adler, & Shapira, 2005).  

2.1.2 Effect of education to reduce laboratory-test requests 

Education has been used as an intervention to promote the correct utilization of 

laboratory tests and can, for example, improve clinical knowledge through lectures, 

educational material, guideline education, newsletters and reminders (Axt-Adam, van 

der Wouden, & van der Does, 1993; W. S. Smellie, 2012; Solomon, 1998). The effect of 

education on laboratory-test behaviour has varied (Fryer & Smellie, 2013; Janssens, 

2010) and must be ongoing to increase effectiveness and to ensure the effects duration. 

It has been shown that the benefits are lost when the education stops (W. S. A. Smellie 

et al., 2001; Solomon, 1998; Zaat et al., 1992), which suggests the need for continuous 

follow-up. 

Education as a single intervention has shown a limited effect, but it can be effective 

as a part of a multifaceted intervention (Fryer & Smellie, 2013; Grimshaw et al., 2004). 

One study examined the long-term effect of a two-day educational session for primary-

care physicians, laboratory personnel and all new staff, during which they were shown, 

through scientific material, the benefits of changing their laboratory-test request habits. 

The study showed that the intervention managed to reduce the number of tests, save 

money and its effect was sustained after eight years (Larsson, Biom, Wernroth, Hulten, 

& Tryding, 1999; Mindemark & Larsson, 2009).  

A study from Iceland (Reykdalsson, 2010) at the Health Care Institution of South 

Iceland had the same aim as LUH: to improve the quality of health care by reducing 

unnecessary laboratory tests, using two main interventions. The first intervention was 
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education for physicians about laboratory tests, which included the purpose, cost and 

nature of laboratory tests and also information about the use of laboratory tests by 

each physician compared to others at HCISI. The second intervention was a change in 

the electronic laboratory-test request forms, where fewer laboratory-test options were 

available. A change in laboratory request forms has been shown to reduce laboratory 

tests (Bailey et al., 2005). The first intervention, education, differs slightly from the 

education at LUH where the supervising physician gave lectures on the use of laboratory 

tests in general, although individual tests were mentioned to stress specific points, 

whereas at HCISI, a much smaller instituition, the education was about which test 

should be ordered for certain diseases and feedback was given about their laboratory 

request habits compared to others. A questionnaire was sent to the physicians at HCISI 

in which they were asked whether they thought the education had affected their 

laboratory-test request behaviour. All physicians participated; 91% thought it had a 

great effect and 86% thought they had decreased laboratory-test requests by 10-30% 

(Reykdalsson, 2010).  

In the US, a campaign called Choosing Wisely from the American Board of Internal 

Medicine Foundation started in 2012 to educate both physicians and patients about 

unnecessary tests and treatments (Cassel & Guest, 2012). Studies have shown that 23 to 

50% of interns are not confident in interpreting results from laboratory tests (Khromova 

& Gray, 2008; Stanfliet, Macauley, & Pillay, 2009). A study in an emergency department 

at a university hospital wanted to find out whether education about the correct use of 

CRP in the department could reduce the number of CRP tests. The medical staff worked 

as communicators to change the behaviour of interns and new students and managed 

to show a 48% decrease in CRP tests (Santos, Bensenor, Machado, Fedeli, & Lotufo, 

2012).  

Education about the price of CRP tests was given at a UK hospital to see whether it 

was possible to reduce the number of CRP test requests. The education resulted in a 

significant reduction of 32% and was greater for inpatients than outpatients. One 

possible reason suggested by the author was that junior physicians requested most of 

the inpatient tests and were possibly more open for feedback about costs (Fogarty, 

Sturrock, Premji, & Prinsloo, 2013).  
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These educational interventions show that it is possible to affect physician test 

request behaviour and reduce laboratory tests using inexpensive methods. Even printed 

educational material, which is relatively cheap, may be effective as part of multifaceted 

intervention (Grimshaw et al., 2004). A laboratory handbook which contains general 

information about each test, including which bottle should be used for blood samples, 

timing, fasting or not, reference values, retesting intervals and transporting conditions, 

should be easily accessible at both hospitals but is only accessible on the LUH website 

and not at AH. A laboratory handbook has been shown to change physician laboratory-

test ordering routines by 36%, while 89% found it helpful in their daily work (Stakkestad, 

Sandberg, Bjerve, Runde, & Asberg, 1997).   

2.1.3 Effect of feedback to reduce laboratory tests 

Feedback about previous test behaviour and comparisons to others has been used as a 

method for changing physician laboratory-test behaviour. Audit and feedback are 

important factors for identifying problems and performance (Jamtvedt et al., 2006). The 

information can be obtained from a computer system like the Laboratory Portal at LUH 

or from medical records. The effect of feedback to reduce laboratory tests has shown 

mixed results (Ivers et al., 2012; Winkens et al., 1995).  

   To increase the effectiveness and permanence of feedback it should be ongoing (Beck, 

1993; Miyakis et al., 2006; Tierney, Miller, & McDonald, 1990; Winkens, Pop, Grol, 

Kester, & Knottnerus, 1992), while feedback is also more likely to have an effect when 

physician behaviour is far from the optimal, in which case the feedback is given with 

high intensity (Jamtvedt et al., 2006).  

   A combination of feedback and education has been shown to be effective in changing 

physician behaviour only during the intervention (Miyakis et al., 2006; Tierney et al., 

1990). One study has, though, managed to show a long-term effect after nine years, 

with feedback about laboratory-test behaviour to general practitioners which led to a 

permanent reduction (Winkens et al., 1996).  

Some studies have shown that it can be more effective to use multifaceted 

interventions for behavioural change (Grimshaw et al., 2001; Solomon, 1998), as was 

done at LUH. A multifaceted intervention to improve test ordering in an emergency 

department, consisting of a protocol for laboratory-test requests, education of medical 
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staff and audit/feedback, showed a 40% decrease in all laboratory-test requests after 18 

months (Stuart, Crooks, & Porton, 2002). Other studies have shown that this is not 

necessarily better (Grimshaw et al., 2004; Thomas, Croal, Ramsay, Eccles, & Grimshaw, 

2006) and that a single intervention can decrease laboratory tests (Stuebing & Miner, 

2011; Winkens et al., 1992).  

   A prospective observational study determined whether it was possible to make 

physicians aware of the phlebotomy cost every week for the patient and to reduce 

laboratory tests in a non-intensive care unit. This was shown to be an effective way for 

reducing tests and saved money after 11 weeks (Stuebing & Miner, 2011).  

Another single interventional study on the effect of continuous feedback to general 

practitioners, based on the analysis of laboratory-test behaviour, reduced tests by 40% 

compared with no feedback (Winkens et al., 1992). Unnecessary repeated laboratory 

tests can be avoided by using monthly feedback of individual test use data in 

conjunction with physician data (Bareford & Hayling, 1990).  

Multifaceted interventions using feedback on laboratory-test requests, in 

combination with education and educational reminder messages, were effective and 

did not differ among general practitioners compared with either of those parameters 

alone (Thomas et al., 2006). Interaction and social influence can be motivators for 

change: compared with classic feedback, a multifaceted intervention among general 

practitioners showed more success than a single intervention. The classic feedback was 

compared with group meetings where specific conditions and laboratory-test education 

was discussed instead of specific tests, since that was more likely to increase the 

interest. The number of laboratory-test requests decreased by 12% in the interactive 

group when compared with the group that received feedback only (Verstappen et al., 

2004).  

   When testing is made more accessible, test requests are likely to increase. For 

instance, a UK hospital experienced an increase in test ordering after transferring 

measurements of CRP an acute phase reactant, from a specialist laboratory to a routine 

laboratory. Interventions to reduce the inappropriate tests included discussions with 

physicians and a disease-related protocol which led to an 85% overall reduction of test 

requests and cost savings (Hutton et al., 2009).  
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Feedback can aslo be electronic or automated. Electronic laboratory request systems 

or CPOE can contain templates that can make it easier for doctors to know what should 

be done and which tests to order for patients. Templates in an electronic system can 

contain clinical guidelines and are easy to update (Baron & Dighe, 2011; Wang et al., 

2002). Incorporation of guidelines into computer admission templates and regular 

education for staff has been shown to reduce tests (Kim et al., 2011; Wang Tj & et al., 

2002). It is also useful when more than two tests are available and physicians can be 

confused about which test to use (Kim et al., 2011).  

When a doctor orders a special laboratory test, clinical guidelines for that test can be 

posted automatically as a reminder on the computer screen so the doctor can be aware 

of the advice. This has been shown to decrease tests by up to 71% (Kim et al., 2011). 

The computer flags tests that do not meet the criteria in the guidelines and sends an e-

mail to the director and the physician who ordered the test, with links to the key data 

on its use. Also, laboratory tests ordered beyond three days require an explanation (Kim 

et al., 2011).  

This automatic function and incorporation of guidelines as a reminder is not in place 

within the laboratory systems in Iceland. Reminders have been shown to be more 

effective in changing physician behaviour when they are incorporated into clinical 

settings for different types of disease (Cheung et al., 2012). Reminders with information 

about the cost and total charge for laboratory tests resulted in a 27% reduction in costs 

in a paediatric department compared with the control period (Hampers, Cha, Gutglass, 

Krug, & Binns, 1999). Another system is the Laboratory Information System (LIS), which 

contains all information from the laboratory and is most effective when two systems 

(LIS and CPOE) are linked together (Baron & Dighe, 2011).  This is like the Health Portal 

system at LUH and AH, where it is possible to both order tests and view results. The 

hospital structure is important for successful implementation of a CPOE and should 

include a group with key physicians and a respected clinical pathologist. The group 

should be responsible for monitoring, review and approval (Kim et al., 2011). The CPOE 

system has not yet been implemented in all hospitals in Europe and the US because of 

cost (Baron & Dighe, 2011).  
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Computerised Laboratory Management System is a reimbursement system based on 

the diagnosis-treatment combination and allocates budget to those who request it. Like 

the Laboratory Portal at LUH, the system can monitor a doctor´s laboratory habits but 

can also give automatic feedback when a test has already been done or give a message 

about a certain test that can automatically appear on the screen (Janssens, 2010). It has 

been shown that the design of the laboratory request and a limit to the number or type 

of tests on the forms can influence physician test request habits and reduce 

inappropriate requests (Bailey et al., 2005; Reykdalsson, 2010). Laboratory tests that 

were removed from the request scheme decreased in frequency by 49% in one year 

while those that were not removed decreased by 23% (Reykdalsson, 2010). Limiting 

orders to a fixed period and unbundling tests from a pre-specified panel so that 

physicians need to request individual tests has been shown to reduce the number of 

laboratory tests that were previous bundled by 51% (Neilson et al., 2004). Other studies 

have shown that as soon as doctors can choose to use the old request forms again, the 

benefits are lost (Zaat et al., 1992) 

2.1.4 Effect of letters as a reminder to reduce laboratory tests 

Reminders (paper-based or computerized) about clinical guidelines have been shown to 

be effective and lead to moderate improvements (Grimshaw et al., 2004).  

In an intervention study, a paper-based letter was sent to physicians who ordered 

tests above a certain cost. The physicians were then asked for an explanation of the test 

within ten days; if no answer was provided, the test was cancelled. This was shown to 

be an easy and effective intervention which resulted in a 53% decrease in test requests 

and a 50% cost decrease in one year. This study did not discuss whether too many tests 

might have been cancelled, and it is possible that doctors thought it was time-

consuming and extra work to give an explanation for tests (Liu et al., 2012). A controlled 

before-and-after study consisting of a mailing activity intervention (clinical guidelines, 

booklets, brochures, laboratory utilization report for each doctor and audit package), 

which was sent to general practitioners to increase awareness of guidelines, was shown 

to increase the quality of the requests according to guidelines and reduce cost by 23.5% 

(Tomlin, Dovey, Gauld, & Tilyard, 2011). 
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A systematic review with the aim of evaluating the effectiveness of reminders to 

change physician behaviour showed that reminders are more effective when they are 

incorporated into clinical settings for different types of disease (Cheung et al., 2012). A 

prospective, controlled and nonblinded study in a paediatric emergency department 

found that reminders with information about prices for requested laboratory tests 

reduced costs by 27% compared with the control period (Hampers et al., 1999). 
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3 Materials and Methods 

A retrospective study was conducted using laboratory-test volume data from LUH and 

AH from January 1st, 2007 to July 1st, 2013 (6 years and 6 months). This period included 

a total of 1,366,275 hospital days at discharge and 2,596,672 ambulatory visits at LUH 

compared with 191,275 hospital days at discharge and 318,533 ambulatory visits at AH. 

From January 1st, 2007 to July 1st, 2013, LUH analysed 1,147,638 samples of the six 

laboratory tests under examination in this study (ASAT, ALAT, ALP, GGT, CRP and blood 

culture) while AH analysed 123,759 samples of the same tests.  

From January 1st, 2007 to February 1st, 2010, LUH analysed 4,169,693 samples in 

haematological and clinical biochemistry and from January 1st, 2007 to January 1st, 

2011, 242,877 microbiology samples. In the period after the guidelines from March 1st, 

2010 to June 1st, 2013, LUH analysed 3,810,721 samples in haematological and clinical 

biochemistry and from February 1st, 2011 to June 1st, 2013, 117,561 microbiology 

samples. That amounts to a 9% decrease in haematological and clinical biochemistry 

samples and a 52% decrease in microbiology samples. The same data was not available 

from AH. 

The frequency of the six laboratory tests focused on in this study from 2007 to 2013 

at LUH and AH may be seen in Table 1. Seven other laboratory tests with no hospital 

specific guidelines at LUH were also studied to see whether the interventions had 

indirect effects on other tests (ESR, CBC, creatinine, sodium, potassium, glucose and 

HbA1c). For example, to identify and monitor inflammation, C-reactive protein (CRP), 

which is an acute phase protein, can be measured along with Erythrocyte 

Sedimentation Rate (ESR) to show acute phase response. CRP has been shown to rise 

and peak earlier in the inflammatory process and also returns faster to the normal level, 

while for ESR this takes longer and can be affected by several factors, for example age 

and pregnancy (Colombet et al., 2010). The number of tests, how they have evolved and 

the possible substitution effect of ESR instead of CRP when the guidelines were 

published will be presented graphically. 

https://mail.google.com/mail/u/0/?shva=1#_ENREF_18
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Data on operational figures (number of discharges per month, total hospital days at 

discharge per month and number of ambulant visits per month) was obtained from the 

finance departments at the hospitals. Data processing and statistical calculations were 

carried out in Microsoft Excel. 

Table 1: Operational data and total number of tests per year at Landspitali University Hospital and 
Akureyri Hospital  

LUH 2007 2008 2009 2010 2011 2012 2013* 

Total hospital days at 
discharge 192,411 231,887 228,308 201,845 197,890 206,541 107,393 

Ambulant visits 397,501 412,420 407,242 397,225 393,942 387,181 201,161 

Tests with guidelines               

ALAT 34,199 36,183 33,985 28,000 30,502 31,556 16,666 

ALP 33,863 35,220 32,296 26,434 29,006 30,054 15,342 

ASAT 33,360 35,318 32,805 17,430 15,489 15,369 8,433 

GGT 34,192 35,588 32,851 18,476 17,691 16,997 8,039 

CRP 70,469 69,045 63,022 41,638 41,233 44,567 25,849 

Blood culture 10,006 9,547 9,863 8,737 7,400 7,187 3,731 

Total tests 216,089 220,901 204,822 140,715 141,321 145,730 78,060 

Tests with no 
guidelines               

ESR 19,469 20,059 17,303 11,454 11,016 11,165 6,319 

CBC 147108 150906 139493 127176 131704 130454 67112 

Creatinine  109532 107798 108277 99691 107042 107957 56492 

Sodium 104863 106752 103632 92269 99547 100772 53551 

Potassium 105983 107849 104718 94185 101600 102203 53984 

HbA1c 3685 4099 5189 6331 6543 7315 4052 

Glucose 47407 48139 45108 42669 45735 46570 24660 

Total tests 538,047 545,602 523,720 473,775 503,187 506,436 266,170 

AH 2007 2008 2009 2010 2011 2012 2013* 

Total hospital days at 
discharge 30,674 30,651 28,288 30,921 29,746 27,528 13,467 

Ambulant visits 40,426 44,570 45,462 51,117 52,957 54,953 29,048 

ALAT 3,641 3,945 3,319 3,452 3,564 3,917 1,891 

ALP 3,126 3,352 2,711 2,951 3,017 3,399 1,784 

ASAT 3,820 4,103 3,406 3,401 3,506 3,867 1,829 

GGT 3,072 3,426 2,647 2,533 2,712 3,064 1,517 

CRP 5,532 5,727 3,932 4,551 5,682 5,971 3.030 

Blood culture 422 407 391 393 325 285 139 

Total tests 19,613 20,960 16,406 17,281 18,806 20,503 10,190 
*2013 data from the first six months 
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To measure the impact of the interventions on laboratory-test usage, the six 

laboratory tests in which clinical guidelines have been introduced were analysed 

graphically. The average number of laboratory tests was divided into periods, and 

differences in laboratory-test requests before (2007-2009) and after (2010-2013) the 

intervention were compared and tested for significance with a t-test. The year 2009 was 

chosen as the cut-off point since the Laboratory Portal was implemented in December 

2009 and the interventions started after that. For blood cultures, the period before the 

guidelines (2007-2010) was compared with the period after they had been instigated 

(2011-2013).  

The goal at LUH to reduce laboratory tests by 15% in 2010 is likely to have had an 

effect not only on specific laboratory tests where guidelines had been made but also a 

possible indirect (hereafter called spill-over) effect on several other laboratory tests 

(CBC, creatinine, potassium, sodium, glucose and Hba1c), for which no clinical guidelines 

were introduced but which were studied for the same periods. 

To account for trends unrelated to the interventions at LUH, the relative risk (RR) of a 

laboratory test being conducted at LUH compared to AH was calculated for various 

points in time, along with the associated 95% confidence intervals (CI). Specifically, this 

was done for the pre and post intervention periods separately (2007-2009 vs 2010-

2013), but was also done on a monthly basis in order to observe the development of the 

effect over the whole period from January 2007 to July 2013 in greater detail.  

One educational intervention took place at AH in February 2009 and was specifically 

designed to decrease CRP laboratory-test requests. This was before the CRP guidelines 

were published on March 1, 2010. AH thus serves as a control hospital to rule out the 

possibility that the observed changes over time are due to underlying trends in practice, 

disease prevalence or other confounders. It would have been possible to take an 

alternative strategy and calculate the RR of laboratory testing after the intervention 

compared to before the intervention at each hospital separately. However, 

measurement precision would have varied vastly between the two hospitals as they are 

very different in size. Using the RR as a measure across hospitals and subsequently 

evaluating those RRs over time provides consistent measures of precision throughout 

the calculations. 
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The RR of testing was calculated as risk per patient days at discharge and ambulant 

visits. An alternative strategy would have been to use the population living in the 

service area of each particular hospital. However, besides being theoretically more 

questionable, the uptake areas for each hospital are not well defined. The total hospital 

days at discharge and the number of ambulant visits at LUH and AH from 2007 to 2013 

are listed in Table 1. 
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4 Results 

An examination of a graphical representation of the unadjusted data reveals a clear 

decline in CRP, GGT and ASAT tests and a lesser decline in ALAT and ALP tests at LUH in 

mid-2010, as can be seen in Figure 2. The four liver function tests seem to have been 

ordered simultaniously pre guidelines, but post guidelines ALAT and ALP appear to be 

ordered together while ASAT and GGT are ordered together, but much less frequently. 

This is in line with the published guidelines. Blood-culture tests began to decrease 

slowly in 2010, before the clinical guidelines were published on February 1st, 2011, and 

continued to decrease post guidelines. 
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Figure 2: The time trend of laboratory-test frequencies at Landspitali University Hospital. 
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Examination of raw time lines from AH for comparison show that the development of 

laboratory tests at AH is noticeably different from the one at LUH, as can be seen in 

Figure 3. In early 2009, there is a clear decrease in CRP tests due to an educational 

intervention that AH arranged for doctors in February 2009, specifically to decrease CRP 

laboratory-test requests. This was before the CRP guidelines were published on March 

1st, 2010 and appears to have produced only a temporary effect. At AH, ALP and GGT 

seem to be ordered together and ALAT and ASAT together. Blood-culture tests 

decreased slowly at AH from 2010-2013. 
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Figure 3: The time trend of laboratory-test frequencies at Akureyri Hospital. 
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 When the time trend for the number of ESR and CRP tests at LUH is compared, a 

substitution towards ESR tests is not apparent, as can be seen in Figure 4.  
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Figure 4: The time trend of Erythrocyte Sedimentation Rate (ESR) and C-Reactive Protein (CRP) test 
frequencies at Landspitali University Hospital. 

   

 When the pre and post intervention periods are examined and the average number of 

laboratory tests per month in the period before the guidelines is compared with the 

average number of laboratory tests per month after the guidelines, a substantial (12-

52%) and statistically significant (p<0.001) reduction is observed for all tests at LUH, as 

can be seen in Table 2. The biggest reduction from before the guidelines to afterwards 

was a 52% reduction for ASAT, while GGT decreased by 49%, CRP by 35%, blood culture 

by 23%, ALP by 15% and ALAT by 12%. 

The same period was used for AH for comparison. Two tests showed a statistically 

significant decrease: blood culture tests by 26% (P<0.001) and GGT tests by 8% 

(p=0.038), while the average number of CRP tests increased by 9% (p=0.049), as can be 

seen in Table 2. 
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Table 2: Average number of laboratory tests per month pre and post guidelines at Landspitali 
University Hospital (LUH) and Akureyri Hospital (AH) 

 

 Before guidelines  After guidelines p-value 

 m(sd) m(sd) from a t-test 

Landspitali University Hospital 

ALAT 2899(211) 2541(247) <0.001 

ALP 2816(234) 2401(242) <0.001 

ASAT 2819(219) 1351(267) <0.001 

CRP 5626(418) 3650(501) <0.001 

GGT 2851(241) 1457(242) <0.001 

Blood culture* 795(69) 611(57) <0.001 

CBC 12153(815) 10868(828) <0.001 

S-Creatinine 9045(852) 8838(741) 0.255 

S-Potassium 8849(510) 8380(693) 0.001 

S-Sodium 8757(496) 8241(701) <0.001 

S-Glucose 3907(283) 3801(293) <0.109 

B-HbA1c 360(100) 577(120) <0.001 

Akureyri Hospital 

ALAT  303(39) 305(39) 0,787 

ALP 255(36) 266(37) 0,221 

ASAT 315(44) 300(40) 0,13 

CRP 422(88) 458(71) 0,049 

GGT 254(41) 234(42) 0,038 

Blood culture* 34(10) 25(8) <0.001 

* for blood culture the period is 2007-2010 and 2011-2013 

 

   To estimate possible indirect (spill-over) effects on other laboratory tests for which no 

hospital oriented clinical guidelines were introduced, several laboratory tests were 

studied at LUH and a less pronounced decrease was found. An 11% (p<0.001) decrease 

was found for complete blood count (CBC), which is the most common laboratory test 

requested at LUH, a 5% (p<0.001) decrease for potassium and a 6% (p<0.001) decrease 

for sodium. The number of glycated haemoglobin tests (Hba1c) increased by 60% 

(p<0.001). 
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When the relative risk coefficients of laboratory tests at LUH compared to AH were 

calculated pre and post guidelines, the RR for ALAT and ALP did not statistically 

significantly decrease in the period after the guidelines, but decreased statistically 

significantly for ASAT, CRP and GGT. The RR for a blood culture test in the period after 

the guidelines was statistically significantly increased, as can be seen in Table 3. 

Table 3: Relative risk of laboratory tests at Landspitali University Hospital compared to Akureyri 
Hospital before the guidelines 2007-2009 and after the guidelines 2010-2013. 

 Before guidelines After guidelines 

 RR CI RR CI 

ALAT 1.126 (1.105 – 1.148) 1.152 (1.132 – 1.173) 

ALP 1.299 (1.272 – 1.326) 1.252 (1.228 – 1.276) 

ASAT 1.054 (1.035 – 1.074) 0.623 (0.611 – 0.635) 

CRP 1.569 (1.545 – 1.594) 1.103 (1.087 – 1.119) 

GGT 1.321 (1.294 – 1.349) 0.862 (0.844 – 0.880) 

Blood culture* 2.894 (2.754 – 3.042) 3.400 (3.161 – 3.657) 

* for blood culture the period is 2007-2010 and 2011-2013 
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The relative risk of a laboratory-test request at LUH compared with AH on a monthly 

basis can be seen in Figure 5. Before 2010 the RR for a laboratory-test request was 

always higher at LUH, but in early 2010 the GGT and ASAT tests fell below 1 while ALP, 

ALAT and CRP are closer to 1 than before the interventions. Blood cultures are much 

more common at LUH than at AH, possibly because LUH has sicker patients and the 

difference increased in the post guideline period due to a slightly more pronounced 

decrease in blood cultures at AH. 
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Figure 5: Relative risk of a laboratory-test request at Landspitali University Hospital compared to Akureyri 
Hospital.  
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5 Discussion 

The study showed a positive and prolonged effect of the multifaceted interventions, 

follow-up of three guidelines, education, feedback and reminder letters at LUH 

compared to AH. It is possible to have an effect with only a modest increase in 

manpower and without much extra cost. The effect seems nevertheless to be slowly 

fading away for the CRP test, possibly because education and feedback have occurred 

less frequently recently.  

One weakness in this study may be whether AH was a good control hospital since it is 

a much smaller institution and the case mix at the two hospitals is probably different. 

Akureyri Hospital did arrange a targeted intervention in February 2009, which was 

shown to have a great effect, but that effect was lost one year after the intervention 

and before the interventions began at LUH. This is in accordance with previous results 

showing that the benefits of an intervention are lost when it is stopped (Zaat et al., 

1992). A further caveat is that the study lacks data, which was not accessible from AH, 

on the total number of laboratory tests to be taken into account along with the number 

of individual tests.  

The data used in the study comes from the Laboratory Portal system at LUH and 

Technidata and ProClarity at AH and should be reliable since they are obtained directly 

from the hospital database. This study evaluated only the number of tests and not 

patient data. The saving through fewer laboratory tests was studied by using the unit 

price per test under the assumption that the price would remain unchanged. Also, it 

would have been interesting to view laboratory test orders from interns and junior 

doctors compared to specialists, as they have been shown to follow what specialists do 

rather than what they were taught in medical school (Grivell et al., 1981) and studies 

have shown that 23-50% of interns are not confident in interpreting laboratory tests 

(Khromova & Gray, 2008; Stanfliet et al., 2009). Unfortunately it was not possible to 

look at repeated tests, which probably represent a large part of the inappropriate tests 

(Driskell et al., 2012).  
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When the pre and post intervention periods were examined and the average number 

of laboratory tests per month in the period before the guidelines was compared with 

the average number of laboratory tests after the guidelines, a statistically significant 12-

52% (p<0,001) reduction was observed for all six tests at LUH. Avoidable laboratory 

tests have been shown to account for up to 25-40% of all tests (Rao et al., 2003). It has 

also been shown that focus on high-volume tests can have a greater impact than tests 

that are rarely carried out (Ming Zhi, 2013) as could have been the case with CRP and 

CBC, which are among the most frequently requested tests at LUH and which were both 

reduced substantially after the interventions albeit much less so for CBC. 

   When the same period was used for the control AH, two tests showed a statistically 

significant decrease: blood-culture tests by 26% (P<0.001) and GGT tests by 8% 

(p=0.038). A possible reason for the decrease of blood-culture tests in Akureyri is that 

the guidelines for blood culture were made available on the meeting table in the 

physicians meeting room, and junior doctors were reminded about them in meetings 

(Nick Cariglia, personal communication, 2013, Nov 22nd). 

In combination with education and feedback, the effect of the clinical guidelines for 

liver-function tests (ASAT, ALAT, GGT and ALP) and CRP in early 2010 was substantial. 

The four liver-function tests seemed to be unnecessarily ordered together before, but 

after the intervention ALAT and ALP were ordered together and ASAT and GGT 

together, but much less frequently as suggested by the clinical guidelines. A possible 

substitution effect at LUH of ESR instead of CRP was looked into graphically and ESR did 

not appear to be requested instead of CRP. This can indicate that interventions for 

certain tests can encourage physicians to change their behaviour and be more careful 

when ordering other tests as well.  

A possible indirect (spill-over) effect from the interventions at LUH showed a less 

pronounced decrease in other laboratory tests which had no clinical guidelines, while 

tests for glycated haemoglobin (Hba1c) had even increased by 60% (p<0.001). This 

increase of the HbA1c test could possibly be linked to the rising prevalence of diabetes, 

which has coincided with a 50% increase of obesity in Iceland in the years 2000 to 2011 

(OECD, e.d.a.). Another possible reason could be that the test was underutilized before. 
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The relative risk coefficients of laboratory tests at LUH compared to AH pre and post 

guidelines showed that the RR for ALAT and ALP tests was not statistically significantly 

decreased in the period after the guidelines, but was statistically significantly decreased 

for ASAT, CRP and GGT. These tests were almost certainly overused: for example, the 

ASAT test should only be requested when there is clinical suspicion of liver disease or 

alcoholic liver disease (Appendix 3). The RR for a blood culture test in the period after 

the guidelines was statistically significantly increased due to a more pronounced 

decrease in blood cultures at AH. 

For each blood test, there may be multiple analysis possibilities, for example to test 

whether a certain blood sample contains a particular substance (e.g. bacteria in blood 

culture) or to find the concentration of a substance (e.g. for CRP). Each of those 

analytical methods or laboratory tests has a given unit and a given unit price. It was not 

possible to see in the Laboratory Portal when the tests were performed and therefore it 

was impossible to get the exact cost information from LUH. The reason for this is that 

the price for each test depends on when the test is requested. If laboratory tests are 

requested outside the usual working hours at LUH, an additional 70% is charged for the 

tests and a three-unit administrative fee is levied on each request, independent of how 

many analyses are requested on each order; this is not the case at AH. In Appendix 7 the 

price for the six tests is summarized and information is given about the number of units 

per test and the unit price from 2007 to 2013. This cost is according to a price list for 

services that have been contracted out to the hospitals (for example by healthcare 

centres) but departments asking for laboratory tests are not charged and do not receive 

special funding for tests. 

The cost saving was calculated based on the reduction of laboratory tests and prices 

of tests in 2013. When the unit price per test was used and the period pre and post 

guidelines was compared for the six tests under study, the cost saving was ISK 

67,400,021 per year at LUH while for the control, Akureyri hospital, the saving was ISK 

343,627 based on the prices in 2013.  Indirect costs must also be calculated, as although 

extra funds are not allocated for these interventions, laboratory staff cannot be 

performing other duties in the meantime.   
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It was assumed that all the tests were taken during normal working hours and 

therefore the cost-savings estimate is conservative. Unlike LUH, the laboratory at AH is 

not allowed to charge extra for tests ordered outside normal working hours.  

Low-cost laboratory tests that are used often can account for the highest share of 

laboratory costs and are therefore a good target for improvement, compared to low-

volume tests. The most common laboratory tests are relatively cheap, but the high 

volume of these makes the total cost high, even though low-volume tests are more 

frequently misutilzed (Ming Zhi, 2013). 

It was not possible to estimate the effect of fewer laboratory tests on patient 

outcomes, but increased awareness of proper utilization of laboratory tests will 

hopefully lead to improved patient care. However, previous findings have shown that it 

is possible to decrease unnecessary laboratory tests without affecting the diagnosis or 

treatment of patients (Attali et al., 2006; Wang et al., 2002). In one emergency 

department, feedback on physician laboratory-test behaviour, cost awareness of 

overuse of tests, and test request behaviour before and after led to a 68% reduction in 

laboratory tests without affecting the patient (Miyakis et al., 2006). As has been 

mentioned, the goal at LUH was to reduce laboratory tests by 15% in 2010. The 

question is whether it was appropriate to reduce the number of blood-culture tests 

further in 2011 since they were already decreasing and, according to the European 

Antimicrobial Resistance Surveillance System Annual Report in 2008 (EARSS, 2008), the 

use in Iceland was fairly low compared to other countries in Europe in 2008, and was 

substantially lower than the other Nordic countries (Norway, Finland and Sweden), as 

can be seen in Figure 6. 
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Figure 6: Number of blood culture sets per 1000 patient days. Data from the EARSS Annual Report 2008. 

 

This study can contribute to our knowledge on to what extent interventions and 

clinical guidelines affect the number and cost of laboratory tests. It shows that it is 

possible to affect physician behaviour through the measures examined. Previous studies 

have shown reductions in laboratory tests of similar magnitude to those seen in this 

study. Stuart et al. found that with guidelines, feedback and education it was possible to 

reduce tests by 40% (Stuart et al., 2002) and Miyakis et al found that 68% of tests were 

avoidable with feedback and educational intervention (Miyakis et al., 2006). 

The effect of interventions seems to be fragile and the request habits return to their 

previous level when the intervention is stopped (W. S. A. Smellie et al., 2001; Solomon, 

1998; Tierney et al., 1990; Zaat et al., 1992). Therefore it is important to continuously 

monitor the use of laboratory tests and take action using interventions when needed, as 

can be done with the Laboratory Portal.  

Landspitali University Hospital saw a significant decrease in all six laboratory tests for 

which clinical guidelines had been made as a part of a multifaceted intervention, and 

the interventions at LUH had a milder but noticeable spill-over effect on other tests at 

the hospital that did not have guidelines. Five of the laboratory tests (ASAT, ALAT, GGT, 

ALP and CRP) are still statistically significantly reduced, three and a half years after the 

intervention started, and the blood-culture test frequency is still statistically 

significantly decreased two years after the intervention started. A passive approach is 
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unlikely to be successful when introducing clinical guidelines, as may be seen in Akureyri 

hospital.  

As noted in this study, only one other Icelandic study has been done on the effect of 

interventions on the use of laboratory tests (Reykdalsson, 2010). However, the present 

study has more data, looks at the effect over a longer period of time (2007-2013), and 

looks at different interventions. This study reaffirms the results of the other study, 

which shows the importance of continuous monitoring and follow-up that is needed for 

sustained effect. Further research is needed to answer whether the interventions on 

the use of laboratory tests have led to increased admissions and hospital stays. 

   Laboratory test improvements can contribute to better laboratory test utilization and 

have a positive impact on the budget which is under constant pressure, as well as 

providing better quality of care for the patient. Better utilization of laboratory tests will 

have both direct and indirect effects: direct effects on cost saving and indirect through 

fewer tests ordered that will minimize the risk for false-positive results, which will in 

turn reduce test frequency. 
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6 Conclusion 

It is possible to influence physician laboratory-test requests using multifaceted 

interventions that include continuous monitoring and follow-up. The involvement of 

senior physicians and continuous monitoring and feedback will increase the likelihood 

of success. Compared to Akureyri Hospital, laboratory tests were statistically 

significantly reduced using interventions at Landspitali University Hospital and led to 

cost savings, under the assumption that the decrease did not cause increased costs 

elsewhere in the system. Laboratory tests account for a relatively small part of the 

health-care cost, but the results lead to further medical decisions that can have a big 

impact on patient care and how the money is spent. Hospitals can use multifaceted 

interventions to steer physician behavior, with continuous follow-up so as not to lose 

the effect. A passive approach when introducing clinical guidelines is less effective, as 

may be seen in the case of Akureyri Hospital. 
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Appendix 1 - Information about the six laboratory tests in the 
three guidelines focused on in this study 

The three clinical guidelines for laboratory tests focused on in this study were for:  

1) Liver function tests (ASAT, ALAT, GGT, ALP) 

2) C-reactive protein (CRP)  

3) Blood cultures  

Information about the tests was obtained from the Clinical Biochemistry Laboratory 

Handbook (Landspitali University Hospital, e.d.a.) and for bloodculture from the 

Microbiology Quality Manual (Landspitali University Hospital, e.d.b.).  

 

Aspartate aminotransferase (ASAT) is an enzyme which catalyzes the transfer of amino 

groups and is found in high levels in heart, liver and muscle cells. Elevated levels are an 

indicator of tissue damage with increased permeability of the cell membrane and/ or 

cell death. With infarction the levels increase up to 20-fold the upper limit of normal. 

The greater the cell damage, the greater the increase. Increased levels are found in 

various liver diseases, particularly hepatitis caused by infection and liver damage caused 

by medications. Muscle diseases also cause an increase in ASAT. 

 

Alanine aminotransferase (ALAT) is an enzyme in the cytoplasm and catalyzes the 

transfer of amino groups. ALAT is found in large quantities in hepatocytes but also in 

substantial quantities in the kidney, heart and muscle cells. Elevated levels are an 

indicator of tissue damage with increased permeability of cell membranes and/ or cell 

death. A sharp rise is seen in acute hepatitis (10-100 x threshold), and even higher levels 

can be seen with toxic damage to the liver (x > 100 limit). Cholestatic jaundice and other 

liver disorders also cause an increase (1-10 x values). Various drugs can cause increases 

in ALAT. ALAT is a more specialized liver test than ASAT. Muscle disorders, muscle injury 

and infarction cause elevated ALAT. ALAT levels may rise on exertion. 
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 ɣ-Glutamyltransferase (GGT) function is unknown but it is found mainly in the liver, 

kidney, prostate and pancreas, though GGT levels come largely from the liver. Elevation 

occurs mainly in liver disease, when it increases together with alkaline phosphatase 

(ALP). GGT is not found in bones. If the level of alkaline phosphatase (ALP) is elevated 

due to bone disease, there will be no change in GGT. GGT increases significantly with 

gallstones (>1000) and toxic damage to the liver, and is commonly used to screen for 

alcoholism. A smaller increase in GGT is seen in hepatitis, pancreatitis and kidney 

disease. 

 

Alkaline phosphatase (ALP) is an enzyme which is found in most cells of the body. Most 

ALP is found in serum liver and bones, and levels are much higher in children and 

adolescents than in adults. High values are seen during periods of rapid growth, and ALP 

levels also increase somewhat in those aged >70 years. ALP can increase significantly 

after a high-fat meal. During the third trimester of pregnancy, ALP increases because 

the placenta contributes much of the enzyme which enters maternal blood. ALP levels 

are higher in those with liver disease with cholestatis and liver metastasis, and in bone 

disease with increased bone synthesis. 

 

C-reactive protein (CRP) is a plasma protein produced by the liver. It is an acute-phase 

protein that increases rapidly with inflammatory processes and is increased in bacterial 

infections, aseptic necrosis and malignant tumors, as well as after major surgery.  

 

Blood culture is a test to detect for bacteria (sepsis or endocarditis), fungi (often done 

in patients with impaired defenses, such as immune suppression caused by 

chemotherapy) or mycobacteria in the blood. It is also used to monitor resonse to 

treatment.  
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Appendix 2 - Clinical guidelines for the use of CRP 

 

Tilmæli um verklag við notkun greiningarrannsókna á LSH 
Umfang: Mæling á CRP (C-Reactive Protein) í sermi við skimun, greiningu og eftirlit hjá 
fullorðnum 
Markhópur: Læknar LSH sem annast greiningu, meðferð og eftirlit fullorðinna einstaklinga 
Höfundar: Bryndís Sigurðardóttir læknir, Kristín Huld Haraldsdóttir læknir, Steingerður 
Gunnarsdóttir læknir 
Eigandi: Ari Jóhannesson læknir fyrir hönd framkvæmdastjóra lækninga 
Dagsetning: Mars 2010 
Kveikja: Árið 2009 var samanlagður kostnaður við mælingar á CRP á LSH 73 milljónir kr. og 
fjöldi beiðna var 63.000. Telja má víst að draga megi verulega úr mælingum á CRP án þess 
að sjúkdómsgreiningu eða meðferð sjúklinga sé teflt í tvísýnu. 
Tilmæli 
Mælst er til þess að eftirfarandi verklag verði viðhaft við mælingar á CRP en klínískt mat skal 
þó ávallt vera í fyrirrúmi. 
CRP sem rútínupróf. 
CRP er ekki rútínupróf við komu á bráðamóttöku eða við innlögn. Undantekning frá þessari 
reglu eru kviðverkir. Við mat á óljósu sjúkdómsástandi þar sem sýking eða bólgusjúkdómur 
koma til greina kemur til álita að mæla CRP en þar skal klínískt mat þó ætíð ráða. 
CRP við greiningu og eftirlit í sýkingum. 
Þegar sterkur grunur er um sýkingu eða sýking staðfest er í mörgum tilfellum óþarft að 
mæla CRP. Á það sérstaklega við þegar ólíklegt er að niðurstöður mælingarinnar muni hafa 
áhrif á klíníska ákvarðanatöku. 
Í alvarlegum sýkingum þar sem CRP er mælt í upphafi skal hafa í huga að daglegar CRP 
mælingar í eftirlitsskyni eru ekki viðeigandi. 
Við óljósan grun um sýkingu, getur lágt eða eðlilegt CRP stutt við ákvarðanatöku, en alltaf 
þarf að hafa klínískt ástand sjúklings í huga. 
Við langvinnar sýkingar sem þurfa lengri sýklayfjagjafir, svo sem liðsýkingar, beinsýkingar 
eða hjartaþelsbólga, er CRP mælt u.þ.b.. vikulega til að fylgjast með sjúkdómsgangi. 

Fylgst verður reglulega með mælingum á CRP á sjúkrahúsinu og ef breytingar verða ekki í 

takt við framangreind tilmæli, kemur til greina að framkvæmdastjóri lækninga gefi út 

takmarkandi fyrirmæli um notkun þeirra í samráði við höfunda. 
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Appendix 3 - Clinical guidelines for the use of liver function 
tests 
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Appendix 4 - Clinical guidelines for blood cultures 
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Appendix 5 - Letter to physicians at LUH 

 

The following is a paragraph from the letters to physicians sent in March 2010, 

November 2010 and December 2012: 

 

“Using the Laboratory Portal is necessary, but of course is not a sufficient prerequisite to 

make the use of laboratory requests more effective and thereby increase their value. In 

the Laboratory Portal the following points need to be kept in mind: 

- Review regularly laboratory-test routines, some of which have remained unchanged for 

years, even though the original indications are no longer available. 

- Stop using laboratory tests in situations where a test is unlikely to change the results of 

the diagnosis, treatment and prediction of prognosis. 

- Have a consistent approach to the diagnosis and treatment of diseases common in 

your specialty, in collaboration with others as appropriate. The same shall apply to those 

rare diseases for which laboratory tests are very expensive. 

Finally, it is worth pointing out various clinical guidelines that can be found on the LUH 

website of clinical guidelines under the heading ‘Investigations’.” 
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Appendix 6 - Electronic laboratory-test systems 

Electronic laboratory-test systems in use by the two hospitals: 

Electronic laboratory-test systems at Landspitali University Hospital and Akureyri Hospital  

System 

Biochemistry tests 

(ASAT, ALAT, GGT, ALP, CRP) 

LUH and AH 

Microbiology tests 

(Blood culture) 

LUH 

Microbiology tests 

(Blood culture) 

AH 

 

Laboratory Information 
System (LIS) 

FlexLab Glims Technidata  

 

Request and answer 
system (RaA) 

 

RaA 
Cyberlab 

 

Technidata web 

 

Request and answer 
system + Electronic Health 

Record  

 

Health Portal 

Saga 

 

Health Portal 

Saga 

 

Health Portal 

Saga 

 

Statistical system 

 

ProClarity for FlexLab 
  

 

   The name of the laboratory information system in use for biochemistry tests at LUH is 

the FlexLab system, which was set up in 2007 and implemented at AH in May 2010, but 

for microbiology Glims is used at LUH and Technidata at AH. Before the Flexlab system 

was implemented at AH, the Technidata system, which is still used today for 

microbiology tests, was used to document all tests. The reason for the different systems 

is that one laboratory information system suits one type of laboratory and a specific 

request system from each manufacturer fits that system.  

The electronic laboratory request system is a computer system whereby physicians 

can order laboratory tests and view information about previous tests and results. The 

electronic laboratory request system in use for biochemistry tests at both LUH and AH is 

the Request and Answer system (RaA) and is used in combination with the Flexlab to 

order laboratory tests and view results. When a biochemistry test is ordered, a 

physician can either order a test by opening the RaA system or open RaA through the 

Saga system.  
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Different systems are in use at LUH and AH for the microbiology tests: the Request 

and Answer system in use at LUH is Cyberlab while Technidata web is used at AH. When 

a microbiology test is ordered, the physician can either choose to open Cyberlab at LUH 

(Technidata web at AH) or open Cyberlab through Saga.  

A replacement called Health Portal RaA (HRaA) is being developed for the RaA 

system and is part of the Health Portal system. Health Portal and Saga are in use at both 

hospitals and gather all information about a patient in one place, from where it is 

possible to open the HRaA to order a laboratory test and view all results. The system is 

supposed to be more user-friendly and contain fewer request steps. When the system 

has been fully implemented by the end of 2013, the old RaA system will be replaced. 

Physicians today order half of the laboratory tests from RaA and half from HRaA. CPOE 

has been shown to improve laboratory utilization, save time, avoid errors and lead to 

better staff utilization (since there are fewer manual steps) and to decreased costs 

(Baron & Dighe, 2011). At LUH and AH the Saga system has a link to clinical guidelines, 

which can be useful for physicians when ordering tests.  
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Appendix 7 - Cost of laboratory tests 

Price (ISK) per test at LUH and AH from 2007-2013. 

Landspitali University Hospital (LUH) CRP ASAT ALAT ALP GGT Bloodculture 

Jan 2007 – Feb 28 2007 870 435 435 435 435 4,785 

March 1 2007- Jan 31 2008 870 435 435 435 435 4,785 

Feb 1 2008 – Jan 31 2009 906 453 453 453 453 4,983 

Feb 1 2009- Dec 31 2010 1,006 503 503 503 503 5,531 

Jan 1 2011- Dec 31 2012 1,051 525 525 525 525 5,780 

Jan 1 2012- Dec 31 2013 1,107 553 553 553 553 6,088 

Jan 1 2013- 1,169 584 584 584 584 6,428 
LUH with extra 70% charge plus 3 

units              

Jan 2007 – Feb 28 2007 4,089 2,045 2,045 2,045 2,045 22,490 

March 1 2007- Jan 31 2008 4,089 2,045 2,045 2,045 2,045 22,490 

Feb 1 2008 – Jan 31 2009 4,258 2,129 2,129 2,129 2,129 23,420 

Feb 1 2009- Dec 31 2010 4,727 2,363 2,363 2,363 2,363 25,996 

Jan 1 2011- Dec 31 2012 4,939 2,470 2,470 2,470 2,470 27,166 

Jan 1 2012- Dec 31 2013 5,202 2,601 2,601 2,601 2,601 28,611 

Jan 1 2013- 5,493 2,747 2,747 2,747 2,747 30,213 

Akureyri Hospital (AH)             

Jan 2007 – Feb 28 2007 840 420 420 420 420 4,622 

March 1 2007- Jan 31 2008 855 428 428 428 428 4,703 

Feb 1 2008 – Jan 31 2009 883 442 442 442 442 4,858 

Feb 1 2009- Dec 31 2010 1,006 503 503 503 503 5,531 

Jan 1 2011- Dec 31 2012 1,053 527 527 527 527 5,792 

Jan 1 2012- Dec 31 2013 1,109 554 554 554 554 6,098 

Jan 1st 2013- 1,169 584 584 584 584 6,428 

 

Laboratory test Number of units 

CRP 6 

ASAT 3 

ALAT 3 

ALP 3 

GGT 3 

Bloodculture 33 

 

 

 

 

Period LUH unit cost AH unit cost 

Jan 2007 – Feb 28 2007 145.00 140.05 

March 1 2007- Jan 31 2008 145,00 142.50 

Feb 1 2008 – Jan 31 2009 151.00 147.20 

Feb 1 2009- Dec 31 2010 167.61 167.60 

Jan 1 2011- Dec 31 2012 175.15 175.50 

Jan 1 2012- Dec 31 2013 184.47 184.80 

Jan 1 2013- 194.80 194.80 
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Appendix 8 - Approval from the National Bioethics 
Committee 
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Appendix 9 - Approval from Managing Medical Director at 
LUH 
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Appendix 10 - Approval from Managing Medical Director at 
AH 
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