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Abstract. The use of performance measures and how they effect in practice for 

accident and emergency department has been studied in a Danish hospital case. 

The main findings are that having unified performance targets has consequenc-

es for the actual flow of various incoming patients, organization structure, and 

workflow. Moreover, this study suggests that measuring process lead time and 

length of stay differentiated by sites and various patient flows will provide a 

clearer overview of the actual operational performance.  
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1 Introduction and background 
 

Health care systems worldwide face the challenges in improving clinical quality, en-

hancing service levels, and expanding the access while at the same time being pressed 

to reduce costs [1]. In line with this, the Accident and Emergency departments (A&E) 

in Denmark have been merged into fewer larger units in order to formalize the organ-

ization structure and for patients with multiple diseases to be able to meet with the 

necessary health professional competencies and specialized equipment as early as 

possible [2]. Because of these public reforms, and that the A&E is the entering point 

of incoming patients when arriving to hospital for acute care, there is a growing atten-

tion from the public, politicians, regions and hospitals to measure and improve the 

A&E. More specifically, the National Board of Heath has set three performance 

measures and the Regions, responsible for hospital sector, have set respective targets. 

Two out of three performance measures are focusing on the waiting times in the ini-

tial phases of the diagnostic treatment while the last performance measure is related to 

the service of informing the patient about length of waiting time [3]. It is important to 

investigate the effect of setting the measures and targets towards the overall A&E 

goal of becoming more patient oriented and efficient.    

 When setting metrics, it should be linked to how the operation delivers value to its 

targeted customers [4]. Welch et al. (2011) [5] define such time intervals and show 
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more ideal ones covering the main processes as well as subcycle processes and inter-

vals respectively. Sørup et al. (2013) [2] conclude from their study that A&E time 

intervals such were the most recommended performance measures followed by pa-

tient centeredness and safety performance measures.  

A stream in the literature addresses  how the performance measures are used in 

A&E practice, what results they stimulate and under which conditions, and the chal-

lenges they entail [ 6, 7, 8, 9]. Most of these studies are evaluating specific country-

based A&E performance measures, taking a longitudinal perspective over several 

years, and considering several hospitals. For example, a number of papers focus on 

investigating the effects of setting a 4-hour target for length of stay in emergency 

departments by the English National Health service. Kelman and Friedman (2009)[6], 

focusing on the 4-hour rule, investigate two types of hypothesized dysfunctional con-

sequences when setting targets (effort substitution and gaming). Their findings 

showed insufficient evidence of those dysfunctional effects. On the contrary, they 

identify dramatic wait-time performance improvements. Continuing the studies on the 

English NHS 4-hour rule, Mason et al. (2012) [7] focused on investigating the time 

distribution of patients within the target, and found out that establishing a target re-

duced the proportion of patients staying longer than 4 hours, there were increasing 

number of patients departing within the last 20 minutes of the target interval, notably, 

the elderly. In addition, Weber et al. (2011) [8] identify organizational aspects (such 

as hospital-wide support and ownership) and the lack of that may have negative ef-

fects on staff, risks to patients, and may explain why targets fail to be achieved. Inves-

tigating in the Australian A&E target, inspired by the English 4-hour rule, Jones and 

Schimanski (2010) [10] find that the impact of the introduction of an A&E time target 

and the associated massive investments have not resulted in a consistent improvement 

across the hospitals.  

To summarize, the existing literature on A&E performance measures is country 

specific and focusing more on the impacts of the targets on the overall A&E perfor-

mance. Studies focusing on the Danish A&E performance measures are scarce. Jensen 

et al. (2007) [11] investigate the effect of optimized patient reception procedure for 

patients with broken hip. Therefore, there is a need to investigate the effects of the 

targets set by the Danish Regions for the operational performance of the A&Es. The 

purpose of this paper is to study the use of performance measures and address the 

challenges performance measures entail in practice based on a case study of a Danish 

A&E in Region North Jutland.  

 

2 Research design 

This research is explorative and applying case study as the methodological approach.  

In the Danish context, this case, A&E in Region North Jutland, represents an extreme 

case because it was one of the first in Denmark to start implementing the reforms and  

it featured one of the most advanced implementation and improvements [12]. Since, 

the context and the experiences in the case are  critical, applying in-depth case study 

will enable us to study the issue in its edge, and allow us to gain rich and valid in-

sights knowledge [13]. 



 For this study, data regarding understanding the actual flow of patients was gath-

ered through semi-structured interviews with nurses and doctors as well as observa-

tions of the various patient flows. The main analysis was based on documents and 

data sets derived from A&E hospital event-log system during the period of August 

2014 to Marts 2015. Data has been gathered consisting of 17,470 unique entities (pa-

tients) from three datasets including patient arrival and departure timestamp, patient 

activity timestamps, and triage and specialty categorization data, respectively. The 

data has been cleaned in order to remove cases that were not recorded in all three 

datasets, cases treated at other departments than A&E, as well as cases with empty 

fields (we could differentiate between cases where we can see that a timestamp has 

not been recorded and cases with empty fields, probably as a result of system error. 

The second ones were removed from the data set). We ended with a data set of 16,229 

unique entities. The data was analyzed inductively in order to investigate different 

issues related to timestamps affecting the performance measurement of the targets set. 

The analyses were focusing on the following issues: 

 Quality of data registration – Analyzing the frequency of different timestamps 

registered such as “arrival”, “triage begins”, “triage ends” etc. This analysis was 

also done by separating the accident and emergency patients in order to see the dif-

ferences in these two sites. 

 Order of timestamps – The intention of this investigation is to see if the timestamps 

registered are reflecting the actual or designed patient flow. The analysis included 

identifying the most frequent ordering of the timestamps registered. 

 Fulfilment of performance measures – the dataset including “arrival”,“triage be-

gins”, “nurse begins”, and “doctor begins”  has been composed in order to evalu-

ate to what extent the performance targets are fulfilled. In the data set, 4,039 

unique entities have the necessary timestamps mentioned above for this analysis. In 

addition, the performance fulfillment was identified at the accident and at the 

emergency unit respectively. A Mann-Whitney U test (non-parametric statistic test) 

was used to identify if there are significant differences in the performances at the 

two sites.    

 Process lead time – a Mann-Whitney U test (non-parametric statistic test) has been 

used in order to compare the significant differences of process lead time of triage, 

nurse and doctor including length of stay for the accident and emergency units re-

spectively. Significant results were considered those with a p value of less than .05 

for all analyses. 

For the analyses, a hybrid model has been used to identify and remove outliers. Data 

points are identified as outliers, if they are larger or smaller than q3 ± w(q3 – q1),  

where w= 1.5. Q1 and q3 are the 25th and 75th percentiles, respectively. 

 

3 Case description 

The A&E North is a part of a Region North Jutland in Denmark, which has set the 

following three performance measures and their targets for all region’s A&Es [14]:  



1. The start of triage has to be within 15 minutes from the arrival. The target is 

reached in 95% of the cases.  

2. The diagnosing and treatment has to be initiated within an hour from arrival. The 

target is 85% of the cases.  

3. The patient has to be informed about the expected waiting time. The target is 90% 

of the cases. 

This second performance measure has been also defined as “all the patients should be 

seen by an appropriate health professional within an hour”, where doctors and nurses 

are defined as health professional [3]. In this case, the nurses are primarily the first 

contact that patients meet with health professionals. Thus, this study uses the 

timestamp “arrival” and” nurse begins” for the second performance measure. 

 

In order to accommodate the variety of incoming patients the A&E North is divided 

into two sites each with own team of doctors and nurses but is managed by the same 

executive consultant (chief of doctor): accident site and emergency site. The emer-

gency site is treating patients with medical related ill-condition and with high poten-

tial to be admitted. The accident site is treating patients with orthopedic injuries and 

with less complex symptoms of illness. The patient at the arrival will be met by the 

visitation nurse informing him/her about the expected waiting time. Based on given 

information, the visitation nurse refers to the site, which is most suitable for treating 

the patient based on the character of illness and symptoms. Following this, a triage 

nurse will examine the patient based on the triage procedure in order to categorize the 

patient into a triage code and a medical specialty. Patients with extremely critical 

health conditions are treated separately in trauma rooms by specialists from different 

specialties. After triage, the triage nurse, in most of the cases, also the responsible for 

the care of the patient during the stay at A&E. Bloodtests are conducted on all pa-

tients at emergency site. Patients, who need a radiology imaging such as X-ray to 

determine a diagnosis will need to be transferred to radiology imaging service units. 

When a doctor is available, he sees the patient. The A&E North has a bed ward facili-

ty of 32 beds for further observation of patients if needed. The total length of stay at 

the A&E is maximum 48 hours, after which other departments in the hospital need to 

take the patient into care. 

 



Fig. 1. Timeline of ED timestamps and time intervals for performance measures 

A&E North has an event-log system where different timestamps of activities are reg-

istered and it provides an overview of all current patients flow and status. In addition, 

it provides data for monitoring and analysis of the different performance measures. 

The staff has to register a timestamp from the work-station at the start and end of 

seeing a patient. Figure 1 presents the different timestamps and time intervals as they 

typically occur in A&E for each patient. The timestamps and time intervals above the 

timeline are for monitoring the three performance measures, whereas those beneath 

the timeline present the performance targets and other time intervals relevant for the 

analysis.    

 

4 Analysis 

4.1 Lack of registration  & order of timestamps 

The analysis highlighted an inconsistency in timestamp registration in the event-log 

system. In general, timestamps of finishing an activity occur more frequently than 

timestamps connected to start of an activity. Absence of commencing timestamps for 

the triage activity are the most extreme case; the “triage ends” is the second most 

frequently used timestamp in the system with 88% while the “triage begins” 

timestamp is registered in only 31 % of these cases.  

 

The timestamps necessary for evaluating the second and third performance targets 

have been registered for 78 % and 88 % of all patients, respectively. In total 

timestamps for all three performance measures were available for only 25 % of all 

patients. Looking at the accident site and emergency site separately, the frequency of 

registering timestamps for monitoring the three performance measures is different. 

The emergency site has higher registration frequency for “triage begins”, “nurse 

begins”, and “informing patients about expected waiting time”, which are 41 %, 84 

%, and 95 %, respectively. For accident site, the registration frequencies are 13 %, 66 

%, and 75 %, respectively.  

 

Investigating the order of the timestamps indicates that some timestamps are regis-

tered right after each other (within 1 minute time period). The timestamps for “in-

forming about expected time” and “triage begins" are in 84% of the time registered 

within the same minute. The “nurse begins” is in 82 % of the cases registered at the 

same time as “triage begins”, whereas they finish in 67% of the cases at the same 

time. Looking at the flow of accident site and emergency site separately, the tenden-

cies of timestamp order are corresponding to the overall view of A&E.    

 

4.2 Fulfillment of performance target  

Looking at the timestamp data, A&E North fulfills two performance targets out of 

three. The second performance target - first contact with health professional staff to 

be within an hour from arrival, is achieved in 92% of the cases. The third performance 

target - the patients should be informed of the expected waiting time, is achieved in 



93% of the cases. However, the first performance measure is not fulfilled as the target 

of 95 % of the cases is within 56 minutes. Hence, 69 % of the cases are within 15 

minutes.  Figure 2 shows the boxplots for the first and second performance measures 

and targets. 

 
Fig. 2. Boxplots of the time interval from arrival to triage begins and to first contact with health 

professional begins, respectively.  

 

4.3 Comparing performance measures at the accident and the emergency sites 

Looking at the time intervals reflecting the performance measures, Table 1, where it 

can be observed that based on Mann-Whitney test each of them is significantly differ-

ent between the accident and emergency site. In addition, both times at the accident 

site are greater than the times at the emergency site. AS and ES are abbreviation for 

accident site and emergency site, respectively.    

 
Table 1. Time intervals reflecting performance measures 

  
n Mean ± SD Median IQR Z Sig 

Arrival -

triage begins 

AS 324 25.7 ± 21.2 19 8 - 40 
-11.5 p<0.001 

ES 3496 13.7 ± 16.6 7 3 - 18 

Arrival - 

nurse begins 

AS 325 32.5 ± 28.0 24 9.8 – 50 
-11.8 p<0.001 

ES 3510 16.4 ± 20.9 8 3 - 21 

 

Table 2 summarizes the results of the Mann-Whitney tests conducted to compare 

separately the process lead times of triage, nurse, and doctor, as well as length of stay 

between accident site and emergency sites. The triage and nurse process times are 

significantly longer at the accident site. On the contrary, the doctor time and the 

length of stay at A&E are significantly longer at the emergency site. 

 

Table 2. Time intervals for triage, nurse and doctor processes, and time of stay 

  
n    Mean ± SD Median IQR Z Sig 

Triage begins-

triage ends 

AS 662 51.0 ± 45.7 38.5 13 - 81 
-7.3 p<0.001 

ES 3871 33.4 ± 30.6 24 14- 42 

Nurse begins- 

 nurse ends 

AS 3681 74.4 ± 62.7 56 26 – 108 
-21.6 p<0.001 

ES 7834 51.6 ± 53.0 31 17 - 65 



Doctor begins-

doctor ends 

AS 3866 52.0 ± 59.1 29 14- 69 
44.7 p<0.001 

ES 7420 101.9 ± 77.4 82 53 - 127 

Arrival-departs 
AS 5841 124.7 ± 80.5 109 63 - 166 

37.0 p<0.001 
ES 5278 188.3 ± 98.9 171 116 - 244 

 

5 Discussion and Conclusion 

This section discusses the challenges that happen in practice when setting joint targets 

as well as performance measure that focus only on part of a patient flow. One of the 

challenges relates to inconsistent registration of the timestamps. This inconsistency is 

especially large at the triage process, and when looking at the accident site. It is im-

portant to investigate what are the causes of these differences in registration as well as 

their effect on the statistical significance of the conclusions.  

The setup of performance measures and the targets does not take into account the 

actual process setup. In the case, the performance measures “arrival to triage begins” 

and “arrival to the first contact with health professional staff” indicate that there are 

two different processes to be measured. However, looking at the actual patient flow, 

the triage and the initial contact at A&E North are provided by the same nurse, which 

will be responsible for the care of this particular patient during the stay at A&E. 

Looking at the order of timestamps, it appears that in 84% of the cases, the 

timestamps for triage begins and nurse begins are registered at the same point of time. 

This may indicate that the process of triage and start of treatment are overlapping. In 

the case that they do not overlap, and could be seen as separate processes, it may indi-

cate that the nurse might not be the same providing the triage. From A&E perspective, 

these performance measures do not contribute to getting an insight of how well they 

perform as they measure the same activity. From a Region perspective, they do not 

provide a reliable overview of the actual performance. The “arrival to first contact 

with a health professional staff” measure has a longer target (1 hour) but it actually 

measures same as the other performance measure which has a target of 15 minutes. It 

can be questioned whether the intention of the modified performance target is to show 

a better target result rather than providing relevant information about the performance 

minutes. Thus, there is a need for a clear guideline of the data collection methods and 

the purpose of each performance target. 

The findings regarding the length of time intervals corresponding to the perfor-

mance measures in Table 1 suggest that performance targets should be differentiated 

between accident site and emergency site. Looking at the lead times for triage and 

nurse processes in Table 2 we could see that the process times of these activities may 

affect the waiting times prior to those processes. For example, the process time of 

triage at accident site being longer than the process time of triage at emergency site 

(Table 2) may indicate why the patients at accident site wait longer for triage start 

than the patients at emergency site (Table 1). Thus, it is suggested to also measure 

process lead time of triage, nurse and doctor as well as the total length of stay. In 

addition, the targets of performance measure should be differentiated between the two 

sites. This will provide valuable insight from A&E perspective of the performance 

and create a foundation for examining possible trigger for any changes in perfor-



mance systematically. Another challenge in the registration of timestamps is that 

some activities are not covered in the registrations such as bloodtests, radiology imag-

ing diagnostic etc. These registrations of the treatment process are important in the 

patient flow, even though they are not provided by the A&E staff, as these affect the 

performance of the department. 

Looking at a health care quality in total, performance measures of how fast A&E 

can provide a treatment is not enough. The quality of service and treatment need to be 

considered when evaluating the performance and improvement. Thus, it is necessary 

that the further studies focus on how to design a performance measurement system 

that balances different performance measures and create the right environment and 

behavior that will help the A&E to fulfill performance target. These studies need to 

take into consideration the context and the organization structure. 
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