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ABSTRACT 

The purpose of acuity assessment, or triage, in the emergency 
department (ED) is to recognize critically ill patients and to allocate 
resources according to need. Evidence of validity regarding currently 
used triage instruments is limited, especially regarding older adults. 
Many triage methods utilize vital signs as part of the triage process. As 
age related changes alter the body’s ability to respond to stress, vital 
signs alone are not always reliable in older ED patients. Other risk 
factors for older ED patients include geriatric syndromes such as frailty 
and presenting with a nonspecific complaint (NSC). With a rapidly 
ageing population and crowded ED’s, more precise acuity assessment 
instruments for older ED patients are needed. 

The main objective of this thesis was to assess the accuracy of the 
Emergency Severity Index (ESI) for older adults and to see if it can be 
improved by age adjustment. The secondary objectives were to explore 
the associations of an early warning score and local three level triage 
instrument with outcomes for older ED patients and to summarize and 
review current knowledge regarding patients presenting to the ED with 
nonspecific complaints. 

Study I compares the accuracy of the ESI for adults under 65 and 65 
years or over in a Finnish ED.   Results of study I suggest that the ESI 
is associated with high dependency unit/intensive care unit 
(HDU/ICU) admission and 3-day mortality for older ED patients. 
Accuracy of the ESI is low in predicting 30-day mortality and hospital 
admission in both age groups.  

Study II explores the effect of age adjustment on two triage methods 
for patients presenting in three Finnish ED’s. Both the ESI and the 
local three-level method predict 3-day mortality adequately and 30-day 
mortality and hospital admission poorly. The ESI also predicts 
HDU/ICU admission. Age adjustment improves accuracy in predicting 
30-day mortality and hospital admission.  
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Study III assesses the accuracy of an early warning score (NEWS2) and 
a local three-level triage methods for frail older ED patients. The 
NEWS2 and local three-level triage score predict 30-day mortality 
moderately and poorly, respectively. Both methods predict hospital 
admission poorly and HDU admission moderately. Neither the NEWS2 
nor the local triage method predict ED length of stay (ED LOS) or ED 
revisits.  

Study IV is a systematic review and meta-analysis of patients presenting 
to the ED with nonspecific complaints. The findings show that patients 
presenting with an NSC were mostly older adults. These patients have 
a higher in-hospital mortality rate, and their care require more time and 
resources than patients presenting with a specific complaint (SC). 
Hospital and ED LOS as well as hospital admission rates are increased 
compared to SC patients. NSC patients are triaged less often as urgent 
than SC patients and they seem to require more resources 

In conclusion, the ESI seems to be sufficiently accurate in our 
population in all age groups. Its predictive performance was superior to 
our local three-level method. Age adjustment improved the 
performance of both tools without excessive overtriage. These findings 
indicate that the ESI can be used in our population, including for older 
adults, to improve standards of acuity assessment.  The NEWS2 is not 
sufficient to predict ED outcomes for frail older adults. Patients 
presenting to the ED with an NSC have a higher risk of mortality and 
their care requires more time and resources than patients presenting 
with an SC. The certainty of evidence for the outcomes was moderate 
to high. Increasing awareness and knowledge about this common 
syndrome can be utilized when creating treatment protocols and patient 
pathways for these patients.   

 

 

  



3 
 

TABLE OF CONTENTS  

Abstract ........................................................................................................... 1 

Table of contents ........................................................................................... 3 

List of original publications.......................................................................... 5 

Abbreviations ................................................................................................. 6 

1. Introduction .......................................................................................... 8 

2. Review of the literature ..................................................................... 10 

2.1. Acuity assessment at the emergency department .................. 10 

2.1.1. Historical perspective to triage ........................................ 10 

2.1.2. Appraisal of triage methods ............................................. 10 

2.1.3. Modern triage ..................................................................... 12 

2.1.4. Triage in the Nordic countries ......................................... 19 

2.1.5. Vital signs and early warning scores in the ED ............. 20 

2.2. Older adults in the Emergency department ........................... 22 

2.2.1. Epidemiology for older adults in the emergency 
department .......................................................................................... 22 

2.2.2. Geriatric syndromes in the emergency department ...... 22 

2.2.3. Effect of age on the vital signs ........................................ 25 

2.2.4. Emergency triage for older adults ................................... 26 

2.2.5. Geriatric screening in the emergency department ........ 28 

2.2.6. Access block for older emergency department patients
 31 

3. Aim of the study ................................................................................ 33 

4. Study design........................................................................................ 34 

4.1. Setting .......................................................................................... 34 



4 
 

4.2. Study populations ....................................................................... 34 

4.3. Outcome variables ..................................................................... 35 

4.4. Data collection ............................................................................ 36 

4.4.1. Register studies (I-II) ......................................................... 36 

4.4.2. The frailty trial (III)............................................................ 36 

4.4.3. Systematic review (IV) ....................................................... 37 

4.5. Data analyses ............................................................................... 39 

4.6. Ethical considerations ................................................................ 40 

5. Results .................................................................................................. 41 

5.1. Accuracy of Emergency severity index in older adults (I) .... 41 

5.2. Effect of age adjustment on two triage methoDS (II) .......... 44 

5.3. National Early Warning Score 2 (NEWS2) and 3-level triage 
scale as risk predictors in frail older adults in the emergency 
department (III) ...................................................................................... 48 

5.4. Nonspecific complaints in the emergency department – a 
systematic review (IV) ............................................................................ 51 

6. Discussion ........................................................................................... 56 

6.1. Accuracy of ESI and HUH triage methods (I, II) ................. 56 

6.2. Acuity assessment methods for older adults (I-III) .............. 57 

6.3. Summary of nonspecific complaints (IV) ............................... 58 

6.4. Strengths and limitations ........................................................... 59 

6.4.1. Register studies (I-II) ......................................................... 59 

6.4.2. The Frailty trial (III) .......................................................... 60 

6.4.3. Systematic review (IV) ....................................................... 60 

6.5. Future considerations ................................................................ 61 

7. Conclusions......................................................................................... 62 

Acknowledgements ..................................................................................... 63 

References .................................................................................................... 64 



5 
 

LIST OF ORIGINAL PUBLICATIONS 

This thesis is based on the following original articles, which are referred 
to in the text by their roman numerals. 

 
I. Kemp, K., Alakare, J., Kätkä, M., Lääperi, M., Lehtonen, L., 

Castrén, M. Accuracy of Emergency severity index in older 
adults. Eur J Emerg Med, online ahead of print, December 22nd, 
2021.  
 

II. Kemp, K., Alakare, J., Kätkä, M., Lääperi, M., Lehtonen, L., 
Castrén, M. Effect of age adjustment on two triage methods. 
BMC Emerg Med 22, 52 (2022). 
 

III. Kemp, K.1, Alakare, J.¹, Harjola, VP., Strandberg T., Tolonen 
J., Lehtonen L., Castrén M. National Early Warning Score 2 
(NEWS2) and 3-level triage scale as risk predictors in frail older 
adults in the emergency department. BMC Emerg Med 20, 83 
(2020). 
 

IV. Kemp, K., Mertanen, R., Lääperi, M., Niemi-Murola, L., 
Lehtonen L., Castrén M. Nonspecific complaints in the 
emergency department – a systematic review. Scand J Trauma 
Resusc Emerg Med 28, 6 (2020). 

 
The original papers and figures in this thesis have been reproduced with 
the permission of their copyright holders  

 

 
1  These authors contributed equally 



6 
 

ABBREVIATIONS 

ANOVA Analysis of variance 

ATS Australasian triage scale 

AUC Area under the curve 

AUROC Area under receiver operating characteristic 

BANC Basel nonspecific complaint study 

CI Confidence interval 

CFS Clinical frailty scale 

DGC Decreased general condition 

ED Emergency department 

ED LOS Emergency department length of stay 

EM Emergency medicine 

EMS Emergency medical services 

EHR Electronic health record 

ESI Emergency severity index 

EWS Early warning score 

FI-ED Emergency department frailty index 

GED Geriatric emergency department 

GDPR General data protection regulation 

GRADE      Grading of recommendations assessment, development 

and evaluation 

HDU  High-dependency unit 

HUH Helsinki University Hospital 

ICD-10 International classification of diseases, 10th edition 

ICU Intensive care unit 

IQR Interquartile range 



7 
 

ISAR  Identification of seniors at risk 

LOS Length of stay 

MEWS  Modified early warning score 

METTS Medical emergency triage and treatment system 

NEWS2  National early warning score 2 

NHAMCS National hospital ambulatory medical care survey 

NRI Net reclassification improvement 

NPV Negative predictive value 

NSC Nonspecific complaint 

OR  Odds ratio 

PPV Positive predictive value 

PRISMA  Preferred reporting items for systematic reviews and 

meta-analyses 

PROSPERO International prospective register of systematic reviews 

qSOFA Quick sequential organ failure assessment  

RCP  Royal College of Physicians 

RCT Randomized controlled trial 

RETTS Rapid emergency triage and treatment system 

ROC Receiver operating characteristic 

SC Specific complaint 

SIGN Scottish intercollegiate guidelines network 

SPSS  Statistical product and service solutions 

STROBE Strengthening the reporting of observational studies in 

epidemiology 

TRIPOD   Transparent reporting of a multivariable prediction 

model for individual prognosis or diagnosis 

TRST  Triage risk stratification tool 



8 
 

1. INTRODUCTION  

The primary aim of emergency triage is to recognize critically ill patients 
who require immediate physician assessment and care from  less urgent 
ones who are able to wait (1). The secondary purpose of triage is to 
allocate emergency department (ED) resources, such as beds, staff, 
imaging and laboratory testing, according to need.  

Most modern triage methods are based on vital signs, such as heart rate, 
respiratory rate and body temperature. They are usually presented as 
ordinal scales of three to five levels. Five-level methods are widespread 
throughout the world and there is more research covering their validity 
and reliability than three level scales. These methods are not perfect - 
however, better tools have not yet been developed. (2,3) 

Acuity assessment can be applied to many settings, including the ED. 
The field of emergency medicine in Finland is young and it was 
recognized as a specialty first in 2013. The same applies to other Nordic 
countries. There is a general lack of national guidelines, including 
recommendations for triage. Different methods are applied regionally, 
with many ED’s utilizing local informal triage tools. 

The European population is aging rapidly and with it, the number of 
geriatric patients in the EDs is increasing (4). Current triage methods 
seem to work less accurately on older adults (2). The physiological 
changes that occur with age alter the capacity of the body to respond to 
stresses such as acute illness or injury. Older adults also commonly take 
several medications. Both of these factors affect the vital signs, that are 
considered as part of many triage methods (5,6). In addition, the ability 
of the body and mind to locate pain and discomfort diminishes with 
age. Thus, an older person with an acute myocardial infarction or a hip 
fracture might not present with chest or hip pain but with a nonspecific 
symptom, generalized weakness or fatigue (7). It is therefore not 
surprising, that older adults frequently get undertriaged – they are 
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allocated to a less urgent triage class than their true need (8). This in 
turn increases the rate of adverse outcomes, mortality, hospital 
admission and length of stay, for older adults. Adjustments and 
additions to triage tools have been suggested an the attempt to improve 
triage accuracy for older adults, but the level of evidence has so far been 
insufficient (9).  

The purpose of this dissertation is to study different triage and acuity 
assessment methods for older adults in the ED. This study reviews the 
literature on existing triage and acuity assessment methods for the 
general adult population as well as for older adults. The main objective 
is to assess the accuracy of three methods currently used in Finland, 
especially regarding the older adult population. This study presents a 
prognostic review and meta-analysis of the outcomes for older ED 
patients presenting with nonspecific complaints.  
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2. REVIEW OF THE LITERATURE 

2.1. ACUITY ASSESSMENT IN THE 
EMERGENCY DEPARTMENT 

2.1.1. Historical perspective on triage 

Triage is, in short, a method of sorting (fr. “Trier”). It was first 
introduced by Baron Dominique Jean Larre (1766-1842), a surgeon in 
the Napoleonic Army, who developed a system where soldiers were 
attended to in order of urgency, regardless of rank. Following his 
method, treatment was initiated for the badly wounded prior to their 
transport to camp hospitals, even during battle (10). Triage techniques 
were then developed over the next two centuries especially during war-
time, approaching modern methods during the Vietnam War (11). In 
addition to military use, triage was later applied to mass disasters and 
prehospital situations (12–17). Triage, which was initially designed for 
mass casualties in the field, is today also used for acuity assessment of 
individual patients in EDs (18). Thus, the term “triage” has two distinct 
definitions and uses.  

The first versions of modern ED triage instruments were published at 
the end of the 20th century: the Emergency Severity Index (ESI) in the 
United States (19), the Manchester Triage System (MTS) in the United 
Kingdom (20), the Canadian Triage and Acuity Scale  (CTAS) in Canada 
(21) and the National Triage Scale in Australia (later the Australasian 
Triage Scale, ATS) (22), among others. These five-level triage tools are 
the most widely used instruments in EDs today.  

2.1.2. Appraisal of triage methods 

The original purpose of triage was to recognize and prioritize critically 
ill patients in mass casualty situations. In the ED, triage aims to 
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recognize patients who need urgent treatment. In addition, many 
modern triage instruments have been designed to improve resource 
allocation.  

There is no golden standard for validating triage instruments. Validation 
has most commonly been based on the ability of a triage instrument to 
predict negative outcomes such as mortality, hospital admission, and 
high dependency and intensive care unit (HDU/ICU) admission 
(2,3,23). There is variation between studies as to which survival times 
are explored, from ED mortality to 1-year mortality; larger studies seem 
to favour ED or in-hospital mortality (2).   Choosing short-term 
mortality as the outcome might better reflect the capacity of the triage 
tools, considering their main purpose: that is, to decide which patients 
have life-threatening conditions needing immediate attention. The 
assumption in validity studies is that patients who are allocated to the 
more urgent triage categories are at higher risk of negative outcomes 
and, thus, need to be assessed and treated by a physician faster. (23,24) 

Some studies have also explored triage tool efficiency. Efficiency is 
assessed based on resource allocation. The expectation is that patients 
in more urgent triage categories require more resources. Types of 
resources that might be required include, for example, imaging, blood 
and urine samples, need for intravenous fluid or drug administration, 
bedside procedures and consultations.  Revisitation rate is another 
variable regularly evaluated in triage efficiency studies. Patients whose 
concerns are not resolved in the first visit might return to the ED, where 
they again require resources. In some cases, they might only require the 
attention of the triage nurse, if the reattendance is deemed redundant 
and the patient is redirected for example to primary healthcare. In the 
worst case, returning patients might have a serious condition that has 
meanwhile worsened having been missed during the first visit. 
Regardless of the case, fewer reattendances indicate increased ED 
efficiency, in addition to the obvious benefits for the individual patient.   

Some studies have evaluated efficiency in terms of emergency 
department length of stay (ED LOS). However, it is not obvious what 
the ideal result for an efficient triage tool would look like. Patients in 
the most urgent categories are seen faster, so the waiting time from door 
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to doctor is short; simultaneously their care might be complicated, 
resource-heavy and require time. Patients with simple, non-life-
threatening presentations in the least urgent categories can wait longer 
for treatment, yet their complaints are typically minor and require little 
time and few resources. Many EDs have indeed created fast tracks, 
where ambulatory patients with minor complaints are allocated to a 
separate queue with separate resources (mainly staff). Fast-tracking 
seems to reduce the ED LOS for these patients, without a significant 
increase in negative outcomes for high acuity patients (25,26). Simply 
finding differences in ED LOS between triage categories might not 
indicate actual efficiency of the tool.  (23)  

Many studies have also explored the reliability of triage instruments; the 
instrument is reliable if a repeated triage assessment of the same patient 
would give the same result. Reliability can be measured as inter-rater or 
intra-rater reliability. Inter-rater reliability indicates how likely it is that 
two triage nurses would allocate the same triage category to a patient, 
whereas intra-rater reliability indicates how likely it is that single triage 
nurse would allocate the same triage category to a patient twice. (23,24) 

2.1.3. Modern triage  

The most widely used and studied triage instruments in the world are 
the ESI, the Manchester triage system (MTS), the Canadian triage and 
acuity scale (CTAS) and the Australasian triage scale (ATS). Each of 
these tools consist of five levels of urgency. A description of each tool 
is presented below.  

The Emergency Severity Index was developed in the USA and first 
published in 1999 (18). It is the most common triage method in use 
there (27), as well as in many other countries (28–30). ESI is fairly 
simple and can be implemented with little training. It utilizes vital signs 
to distinguish between mid- and high-acuity categories (31).  Unlike 
other five-level triage scales, it does not specify the expected time to 
physician assessment.  The ESI is based on four decision points) (Fig 
1): 
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A. Does this patient require immediate life-saving 
intervention? Examples of interventions include airway 
management, emergency medications and other 
haemodynamic interventions. The patient is also 
considered as emergent given any of the following 
conditions: intubated, apnoeic or pulseless patient, patient 
in severe respiratory distress, patient has pulse oximetry 
less than 90%, patient has an acute mental status change 
(the patient is nonverbal and does not follow commands 
or the patient responds to painful stimulus only).  

B. Is this a patient who should not wait? The patient is 
triaged as very urgent if their mental state is altered 
(confusion, lethargy, disorientation), they have severe 
pain (in subjective assessment), or the patient rates pain 7 
out of 10 or higher.  

C. How many resources will this patient need? The sum of 
different types of resources is calculated. Examples of 
resources include blood or urine testing, 
electrocardiograms, radiography (each modality is 
counted separately), intravenous access, administration of 
parenteral medication or fluids, specialty consultation or 
procedures.  

D. What are the patient’s vital signs? The ESI triage 
algorithm requires the measurement of heart rate, 
respiratory rate and oxygen saturation. For children under 
the age of three, temperature is also measured. If any vital 
signs are above or below the set limits, the triage nurse 
should consider moving the patient into category 2.  
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Fig 1 The emergency severity index triage algorithm. Triage 
category (1 to 5) is allocated based on the four decision points (31).

Based on the answers to the four decision point questions, the patient 
will be allocated to one of five categories. Category 1 is the most urgent, 
where the patient requires an immediate life-saving intervention such as 
airway opening, or the patient is in extremis. Examples of conditions in 
category one include, for example, the following: cardiac arrest, 
respiratory arrest, severe respiratory distress, pulse oximetry less than 
90%, critical injury, unresponsive trauma patients or trauma patients 
requiring immediate fluid resuscitation, overdosed patients with a 
respiratory rate less than 6 breaths/minute, severe arrythmias with signs 
of hypoperfusion, anaphylactic shock and a flaccid infant. 

Patients allocated to category two are at high risk of sudden 
deterioration, or in severe pain, based on the triage nurse’s subjective 
assessment. Examples of high-risk situations include chest pain with 
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suspicion of acute coronary syndrome, a needlestick injury in a health 
care worker, signs of stroke, suspicion of ectopic pregnancy, fever in an 
immunocompromised patient, suicidal or homicidal patients, smoke 
inhalation or chemical exposure, severe burns, suspicion of sepsis or 
diabetic ketoacidosis, trauma or chemical injury to the eye, extremity 
injuries with neurovascular compromise, victims of domestic violence 
or child abuse. 

Patients in categories three to five are stable, and the category is 
assigned according to anticipated resource consumption. The triage 
nurse must be familiar with general ED procedures and standards of 
care to correctly identify the resources needed. (31) 

The Manchester Triage System is used in many European countries 
(32–36). It consists of 52 flowcharts and the presenting complaint of 
the patients determines which one is used. Each flowchart then uses key 
identifiers to determine the 
patient’s triage category:  

1. Emergent 
2. Very urgent 
3. Urgent 
4. Less urgent 
5. Non-urgent 

The MTS also specifies the time for required medical attention: 
immediate, 10 minutes, 60minutes, 120minutes or 240 minutes, 
respectively. Vital signs are not included in the risk assessment, but 
measured after the triage decision. (32) The MTS is a licensed product 
with a fee and included in it is an electronic tool to aid in the triage 
process. The flowcharts are protected by copyright  (37–39). 

The Canadian Triage Acuity Scale is a less structured tool and relies 
more on subjective nurse assessment than other triage scales. In 
addition to the manual, there is also a computerized version of the 
CTAS (40). The CTAS consists of five categories: 
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I. Resuscitation: “Conditions that are threats to life or 
limb (or imminent risk of deterioration) requiring 
immediate aggressive interventions.”  

II. Emergent: “Conditions that are a potential threat to life, 
limb or function, requiring rapid medical intervention or 
delegated acts.” 

III. Urgent: “Conditions that could potentially progress to a 
serious problem requiring emergency intervention. May 
be associated with significant discomfort or affecting 
ability to function at work or activities of daily living.” 

IV. Less urgent: “Conditions that related to patient age, 
distress, or potential for deterioration or complications 
would benefit from intervention or reassurance within 
1-2 hours.” 

V. Non-urgent: “Conditions that may be acute but non-
urgent as well as conditions which may be part of a 
chronic problem with or without evidence of 
deterioration. The investigation or interventions for 
some of these illnesses or injuries could be delayed or 
even referred to other areas of the hospital or health 
care system.” 

The required options regarding time to physician assessment according 
to CTAS are immediate, ≤15 minutes, ≤30 minutes, ≤1 hour and ≤2 
hours.  The triage nurse assessment consists of recording and assessing 
the chief complaint, recording the vital signs, and a pain scale. The 
CTAS handbook gives examples of usual presentations for each triage 
category. (21)  

The Australasian Triage Scale is used in Australia and elsewhere 
Oceania.  It does not have a rigid preset algorithm, but is descriptive in 
nature (41). In an initial primary survey, the triage nurse assesses the 
condition of the patient and allocates the triage category for the unstable 
patients accordingly. If the patient is stable, the nurse identifies any 
predictors for poor outcome and makes the triage category decision. 
The ATS triage categories are: 
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1. Immediately life-threatening e.g., cardiac or 
respiratory arrest, severe shock, unconscious. Vital 
signs: RR <10, BP <80, GCS <9. Immediate 
response. 

2. Imminently life-threatening, or important time-
critical treatment, or very severe pain e.g., severe 
respiratory distress, stroke, major trauma. Vital signs: 
HR <50 or >150, GCS <13. Response within 10 
minutes. 

3. Potentially life-threatening or situational urgency or 
mandated by humane practice e.g., moderate blood 
loss or shortness of breath, psychotic behaviour. 
Response within 30 minutes. 

4. Potentially serious or situational urgency, or 
significant complexity or severity, or mandated by 
humane practice e.g., minor head injury, minor 
trauma, mild haemorrhage. Response within 60 
minutes. 

5. Less urgent or clinic administrative problems e.g., 
minor symptoms of existing stable illness, scheduler 
revisit, social crisis. Response within 120 minutes. 

 

The validity and reliability of these most widely used triage instruments 
have recently been assessed in two systematic reviews by Zachariasse et 
al. and Hinson et al. in 2019. The reviews covered 1,5 million 
participants in 17 countries located in Europe, North America, Asia and 
Australia (2,3). In both reviews, CTAS, ESI and MTS all demonstrated 
similar performance.  

In their review, Hinson et al. reported high sensitivity for ED mortality 
and low sensitivity for in-hospital mortality for high acuity (categories 
1-2) patients. Considering the short-term purpose of ED triage, ED 
mortality can be regarded as the principal outcome.  As the length of 
hospital stay can often be days or weeks, inspecting in-hospital mortality 
gives perhaps less meaningful information regarding the validity of 
triage tools. In other words, patients in the higher triage categories were 
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more likely to die in the ED than patients in the less urgent categories. 
This is an indication of the validity of the triage tools: they were able to 
differentiate between critical and non-critical patients in the ED. 
Zachariasse et al. did not calculate sensitivity due to the low number of 
studies that reported mortality rates.  

Sensitivity for ICU admission for the high acuity patients was moderate 
to good in both reviews. Patients in the more urgent triage categories 
were shown to require ICU admission more often than patients in low-
acuity categories. This indicates that the currently used five-level triage 
tools are able to differentiate critically unwell patients from non-critical 
patients. 

In their review, Hinson et al. reported that sensitivity for hospital 
admission for the mid- to high acuity patients (categories 1 to 3) was 
high in most studies. Zachariasse et al. reported moderate to high 
specificity for home discharge for low- to mid-acuity patients 
(categories 3 to 5). In summary, patients in the more urgent categories 
were more likely to be admitted to hospital and patients in the less 
urgent categories were more likely to be discharged home from the ED. 
This again indicates the validity of the currently used triage tools. 

Hinson et al. also summarized reliability of triage studies in their review. 
Out of 42 studies, 11 reported perfect and 21 studies reported 
substantial inter-rater reliability. Moderate and fair reliability was 
reported in 11 and two studies, respectively. In other words, the triage 
tools seem not to depend on the user: another triage nurse would have 
been likely to allocate a patient to the same triage category as the first 
nurse.  Zachariasse et al. did not report reliability in their review.  

In addition to the previously described major triage tools, many other 
five-level adult triage scales have been described in literature. Examples 
include tools such as  the Taiwan Triage and Acuity Scale (42), the South 
African Triage Scale and the Medical Emergency Triage and Treatment 
System (43) (subsequently known as the Rapid Emergency Triage and 
Treatment System). There are either few or single studies on these triage 
instruments, and they are yet to be validated internationally.  
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Many local and national three- and four-level triage instruments have 
also been described in the literature. The systematic review by 
Zachariasse et al. reported ten studies in which a local three- or four-
level triage instrument was compared to an established five-level triage 
system. The review found that in seven out of ten comparisons, the 
established five-level triage system showed superior performance. Thus, 
it seems that the currently used five-level tools are more accurate than 
three-level tools; however, each three-level tool has been assessed in 
only a few studies. (2) 

There is a lack of evidence regarding the efficiency of triage instruments 
e.g., ED length of stay, revisitation and the use of resources. Variability 
in the methods for exploring resource consumption leads to difficulties 
in making comparisons and drawing conclusions.  Many studies have 
reported differences in ED LOS between triage categories, however, as 
discussed earlier, it is not obvious whether this indicates efficiency of 
the tool. These studies have often reported a bell-shaped curve for ED 
LOS, where mid-acuity patients have the longest passage times 
(35,44,45).  

2.1.4. Triage in the Nordic countries 

Emergency medicine (EM) is a new specialty in the Nordic countries. 
Emergency medicine was first recognized as its own specialty in 
Finland, in  2013 (46).  Prior to EM, ED staff in Finland included 
physicians from internal medicine, general surgery, general practice, and 
many other specialties. Many EDs are currently in a transition period as 
the number of ED physicians is nationally increasing.  Other Nordic 
countries followed Finland with EM training: Sweden in 2015 (47), 
Norway in 2017 (48) and Denmark in 2019 (49). Iceland, where EM is 
a two-year subspecialty, is in the process of establishing full specialty 
training (50). 

Triage practice in the Nordic countries is variable. Swedish EDs have 
been developing a national triage scale, RETTS, since the mid-1990s. A 
recent study reported that over 90% of Swedish EDs utilize RETTS, 
and it has been documented in several publications. (51)  
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There is no recent data regarding triage use in the other Nordic 
countries. In 2011, 10% of Danish ED were using an established triage 
system such as the ESI or MTS, 25% utilized a local system - the 
Adaptive Process Triage (52) - and 40% used a non-validated system; 
25% of Danish EDs reported using no triage system at all (53). In 2013 
it was reported that in  Norway, 50% of EDs were using self-composed 
scales and 27% were using an established five-level triage scale (the MTS 
or CTAS) (54).  

There is no reported data on the use of triage scales in secondary care 
ED’s in Finland. A thesis from 2014 reported on the use of an 
unvalidated five-level triage scale in urgent primary care (55). An 
informal survey on social media in 2018 revealed that four out of five 
university hospital ED’s in Finland were utilizing the ESI; the others 
were using an informally structured three-level scale. In addition, at least 
three central hospital ED’s reported using the ESI in the survey. None 
reported using the MTS or CTAS. (56) 

2.1.5. Vital signs and early warning scores in the 
emergency department 

Many triage systems rely on recording vital signs as part of the primary 
survey, but evidence regarding their ability to predict ED outcomes is 
limited (57). In individual studies, abnormal vital signs have been 
associated with mortality (58–63), as well as hospital (64) and ICU 
admissions(63). 

Early warning scores (EWS) are a means to assess vital signs in a 
structured way. A numerical value, e.g., 0 to 3, is assigned to each vital 
sign. A larger value indicates an abnormal vital sign, whereas zero 
indicates that the vital sign is in the normal range. The sum of values 
then determines the level of response (Fig 2). The early warning score 
system was originally developed to improve the detection of and 
response to deteriorating patients in hospital wards.  

The most commonly used early warning score currently is the National 
Early Warning Score 2 (NEWS2). A crucial part of the NEWS2 
protocol is not only to score and record vital signs but also to establish 
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predetermined thresholds that trigger further action (65). Simply 
calculating a NEWS2 is meaningless if the appropriate action is not 
taken for an elevated score. 

Physiological 
parameter 
  

Score 

3 2 1 0 1 2 3 

Respiration rate (per 
minute) ≤8   9–11 12–20   31–24 ≥25 

SpO2 scale 1 (%) ≤91 92–93 94–95 ≥96       

SpO2 scale 2 (%) ≤83 84–85 86–87 
88–92  

93–94 on 
oxygen 

95–96 on 
oxygen 

≥97 on 
oxygen  ≥93 on 

air 

Air or oxygen?   oxygen   air       

Systolic blood 
pressure (mmHg) ≤90 91–100  

101–
110 

111–
219     ≥220 

Pulse (per minute) ≤40   41–50 51–90 91–100 111–130 ≥131 

Consciousness       alert     CVPU 

Temperature (˚C) ≤35.0   35.1–
36.0 

36.1–
38.0 38.1–39.0 39.1   

        

NEW score Clinical risk Response 

Aggregate score 0–4 Low Ward-based response 

Red score  
Score of 3 in any individual 

parameter 
Low-medium Urgent ward-based response 

Aggregate score 5–6 Medium Key threshold for urgent 
response 

Aggregate score 7 or more High Urgent or emergency response 

Fig 2 The national early warning score system. Each vital sign is 
given a score from 0 to 3. The sum represents the level of clinical risk 
(60) 

Since the launch of the NEWS2 for hospital wards, it has been also 
implemented in EDs. High NEWS2 values have been associated with 
increased mortality and cardiac arrest rates, as well as higher ICU 
admission rates in the ED (66–69). Even if the NEWS2 is neither 
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validated nor designed to be used as an acuity assessment tool in the 
ED, it can be used to monitor the deterioration of those patients already 
admitted to the ED (70). 

2.2. OLDER ADULTS IN THE EMERGENCY 
DEPARTMENT 

2.2.1. Epidemiology for older adults in the 
emergency department 

The proportion of older adults in the world population is increasing. In 
2019, there were 703 million people aged 65 or over, and this number 
is predicted to double by 2050 (4). The rate of older adults globally is 
predicted to increase from 9.3 to 16.0%. Finland has one of the oldest 
populations in the world, the estimated increase in the older adult 
population is from 1.2 million (22%) in 2019 to 1.6 million (29%) in 
2050 (71). 

Older adults have high ED visiting rates both globally (72–75) and also 
nationally in Finland (76), and the rates seem to be increasing (77). ED 
resource consumption is higher and ED LOS longer in the older adult 
population. Older adults require hospital admission and emergency 
medical services (EMS) transport more frequently. Results regarding 
ICU admission and triage category allocation have been ambiguous (72–
74,77–88). The European Society of Emergency Medicine, the Royal 
College of Emergency Medicine (UK) and the American College of 
Emergency Physicians have set high priority to research in geriatric 
emergency medicine (89–91). 

2.2.2. Geriatric syndromes in the emergency 
department 

Geriatric syndromes have been described as common, serious health 
conditions in older people. They reduce the functional capacity and 
quality of life of the affected. The pathophysiology of geriatric 
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syndromes is multifactorial and complex. Risk factors include older age, 
and cognitive and functional impairment as well as impaired mobility 
(92). The most commonly described geriatric syndromes are pressure 
ulcers, incontinence, falls, functional decline, delirium and frailty 
(92,93). Prevalence of geriatric syndromes in the ED population is high 
(94–101). 

Many descriptions of frailty have been presented in the literature. A 
common one describes it as a long-term state of vulnerability, where the 
individual is at increased risk of developing dependency or mortality 
when exposed to a physiological or psychological stressor (102). In 
other words, the affected person has limited reserves and the capacity 
to recover from even trivial health issues such as a minor injury or 
infection is diminished. Features of frailty include sarcopenia, weight 
loss and nutritional deficiency (103). In the ED, frailty is commonly 
assessed with the Clinical Frailty Scale (CFS) (Fig 3). The patient’s 
baseline health is recorded as a numerical value from 0 (very fit; active 
people who exercise regularly) to 8 (very severe frailty; completely 
dependent on personal care) and 9 (terminally ill; people with a life 
expectancy of less than 6 months, who are otherwise not frail). (104). 

Frail patients in the ED have increased mortality and hospital admission 
rates as well as longer hospital length of stay (105–113). The association 
between frailty and ED revisitation is uncertain (106–108,110). A few 
studies have reported increased prevalence of delirium and increased 
ICU admission rates for frail ED patients (109,112,114,115). 

Delirium refers to a rapid-onset clinical state with disturbance in 
attention and cognition that is not explained by an another medical 
condition and that fluctuates over time (116). Patients with delirium in 
the ED have increased mortality, and they are more likely to be admitted 
to hospital. If admitted, their stay in the hospital is increased. A few 
studies have reported increased ED LOS, ICU admission and 
revisitations for ED patients with delirium (117–123). 

Nonspecific complaints (NSC) are common in older ED patients; 
prevalence rates as high as 14 to 20% have been suggested (8,124).  
NSCs are usually not included in geriatric syndromes due to their 
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sudden onset and limited duration (125). The mechanisms behind 
NSCs, however, are similar to geriatric syndromes: age-related changes 
that affect the physiological capacity of the patient to respond to acute 
illness or injury (126).

Fig 3 The Clinical Frailty Scale. A numerical value from 0 to 9 is assigned 
according to the patient's baseline health state. (Reproduced with 
permission) (104)

The term nonspecific complaint was first described by the Basel Non-
specific Complaint  (BANC) study group as “all complaints that are not 
part of the set of specific complaints or signs or where an initial working 
diagnosis cannot be definitively established” (7). By their definition, a 
true NSC presentation can only occur in patients allocated to ESI 
categories 2 and 3. This approach might risk excluding patients who 
would benefit from a structured NSC protocol as older adults with 
NSC’s are frequently undertriaged  (8). Another suggested definition for 
NSC is “rapid decline in physical and/or mental condition without signs 
or symptoms from a specific organ and without ongoing fever”(127). 
Other nomenclature, such as “generalized weakness”, “decreased 
general condition”, “home care impossible” and “acopia” among many 
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others have been used. Nonspecific complaint is becoming the 
universal term, however, there is a lack of consensus regarding the 
definition(128,129). 

Many individual studies have reported inferior ED outcomes, including 
increased  mortality and  hospital admission rates  as well as increased 
ED LOS for NSC patients (7,124,127,130–133). Increased rates of 
undertriage for NSC patients have also been reported (8,85,127,133). 
NSC patients have also been associated with lower utilization of ED 
diagnostic resources (134). Different models and diagnostic testing have 
been suggested to improve ED outcomes for NSC patients (125,135–
139). There is, however, a lack of evidence regarding the epidemiology, 
outcomes and treatment pathways for this patient group. 

2.2.3. Effect of age on vital signs 

Many triage tools include vital signs in the primary survey. Vital signs, 
however, are affected by age. The heart workload is increased as the 
arterial walls stiffen, and higher systolic blood pressure is required to 
maintain tissue perfusion. Changes in the autonomous nervous system 
affect the capacity of the heart to increase its rate as a compensatory 
mechanism. Most older adults also take regular medication, such as beta 
blockers, which might affect vital signs. (5,6)  

The respiratory system is affected by age as lung tissue degrades, the 
chest wall loses compliance, and the respiratory muscles weaken. This 
leads to reduced tidal volumes and increased respiratory rate. Molecular 
level changes in the lung tissue cause decreased response to hypoxia and 
hypercapnia.  (6,140,141) 

Compared to other adults, the core temperature of older adults is 
lowered, and thermoregulatory response altered. The exact reason is 
unknown; loss of subcutaneous fat and changes in the cardiovascular 
system have been presented as explanations. Decreased capability to 
mount fever diminishes the response to infection. (6,140)  

Vital sign measurement for older adults in the ED was reported as 
moderately sensitive for negative outcomes in one study; abnormal 
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respiratory rate, blood pressure and heart rate, as well as low oxygen 
saturation and low body temperature, predicted mortality and ICU 
admission (142). Other studies have reported that normal heart rate and 
body temperature in older ED patients with suspected infection are 
predictive of not being admitted to hospital or the ICU (143);  sensitivity 
of vital signs in predicting a cardiac arrest in hospital wards is lower for 
older adults compared to the nonelderly (144), and abnormal vital signs 
in the ED are associated with hospital admission(145). One study found 
that combing the NEWS with age improves the prediction of in-
hospital mortality, but not ICU admission in older ED patients (146). 
In short, vital signs are predictive of negative outcomes in older adults, 
but the evidence is scarce. 

2.2.4. Emergency triage for older adults 

Accuracy of triage instruments for older ED patients has been 
explored in a few studies (2). Two studies reported on the performance 
of the ESI in the older adult population (44,147). In both, the ESI was 
associated with mortality, hospital admission, ED length of stay and 
resource consumption. Neither study reported an association of the ESI 
with life-saving interventions, and a similar finding was reported in a 
third study (148).  One study found that older adults with similar chief 
complaints and ESI levels had higher admission and mortality rates, as 
well as higher resource consumption than younger adults (149). 

One study reported on the performance of the MTS in older ED 
patients. It found that the MTS predicted mortality and hospital 
admission moderately, but inferiorly compared to younger adults (150). 
Two studies reported on the CTAS (151,152). One of these reported 
association of CTAS with mortality, ICU admission and resource 
consumption, and the other reported an association with hospital 
admission but not with hospital LOS. To summarize, triage instruments 
seem to be valid for older ED patients, but their accuracy is lowered in 
comparison to other adults. 

Undertriage is a situation where a patient is allocated to a less urgent 
triage category than their “true need”. It has most often been based on 
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retrospective expert opinion of true acuity. A small number of studies 
has measured undertriage based on outcomes (153).  Several studies 
have reported a significant rate of undertriage for older adults 
(85,86,147,148,154–156). 

Allocation to a less urgent triage category leads, by definition, to a longer 
time for physician assessment. In the case of undertriage this means 
delayed treatment. One study found that older undertriaged trauma 
patients had increased mortality (157), and another reported increased 
hospital admission and revisitation rates for older undertriaged patients 
(156). 

The number of geriatric emergency departments (GED) has been 
on the rise during the past decade, especially in the United States (158). 
GEDs are units with specially trained staff that focus on the acute care 
of older adults, where the ED processes and physical environment are 
modified in consideration of the older patients (159). Physical 
environment modifications might include for example windows that 
allow natural light in order to decrease the risk of delirium, and the use 
of pressure-reducing mattresses, visual aids and cues, non-skid floors or 
support rails on the walls. A few studies have reported on GED triage 
processes. According to an American study, just 43% of GEDs utilized 
a modified triage process for older adults (158). The Geriatric 
Emergency Department Guidelines of the American College of 
Emergency Physicians encourages that a family member or care 
provider should either be present or participate in the triage process. 
The guidelines also recommend screening for delirium at triage (160). 

Attempts to improve triage accuracy for older adults have been made. 
One study suggested modifying the ESI criteria for the older ED 
patients by altering the range for normal vital signs (161). A Delphi 
study recognized 17 trauma care modifiers for older adults, such as 
transferring all older adults with abnormal respiratory rates to a trauma 
centre (162). Other studies have suggested  including age, mobility or a 
physicians first impression in the triage criteria (149,163,164).  The 
combination of triage tools and geriatric screening tools is discussed 
next.  Given the small number of original studies and the lack of 
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confirmatory studies, there is still a demand for evidence on how to 
improve ED triage for older adults.  

2.2.5. Geriatric screening in the emergency 
department 

Numerous geriatric screening tools and combinations of them have 
been described in the literature. In order to improve accuracy, attempts 
to combine screening tools with triage methods have been made. 

Early warning scores (EWS) have been reported to predict ED 
outcomes in older patients, despite the age-associated changes in vital 
signs. High EWSs have been  associated with mortality in several studies 
(165–168). A few studies have reported association between hospital 
admission (168–170) or ICU admission (165,167,169) and EWS in older 
ED patients. Thus, EWSs seem to be an appropriate tool in assessing 
older adults in the ED.  

The quick Sequential Organ Failure Assessment (qSOFA) is a tool 
for screening sepsis in the ED (171). The qSOFA is considered positive, 
if at least two of the following apply: 

 Respiratory rate ≥22 
 Altered mentation 
 Systolic blood pressure ≤100mmHg 

A positive score should also prompt the evaluation of sepsis in patients 
who were not previously recognized as infected. Patients meeting two 
or more qSOFA criteria are more likely to have poor outcomes. 

Two studies have reported on the accuracy of the qSOFA for older 
adults. Both found that the qSOFA had high sensitivity but low 
specificity in predicting in-hospital mortality for older  patients 
(172,173).  

The triage risk screening tool  (TRST) was developed to identify 
older ED patients who are at risk of revisitation, hospitalization and 
nursing home admission (174). The original version included five items: 
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1. History or evidence of cognitive impairment (poor recall or not 
oriented) 

2. Difficulty walking/transferring or recent falls 
3. Five or more medications 
4. ED visit in previous 30 days or hospitalization in previous 90 

days 
5. Nurse recommendation (concern for elder abuse/neglect, 

substance abuse, medication noncompliance, problems meeting 
instrumental activities of daily living, or other). 

The commonly used cut-off value is two or more identified risk factors, 
i.e., patients with two or more of the five items are at risk of revisitation, 
hospitalization or nursing home admission. The prognostic accuracy of 
the TRST has been assessed in numerous reviews. One review reported 
that it had low sensitivity for hospital admission and revisitation (175) 
and another review reported modest sensitivity and poor specificity for 
mortality and hospital admission (176). According to a comprehensive 
review of geriatric screening tools by Carpenter et al., the TRST was not 
sufficiently accurate in predicting ED revisitation, hospital admission or 
any adverse outcome (9). 

Idenfication of seniors at risk (ISAR) is a self-report screening tool, 
which was developed to identify older ED patients who are at increased 
risk of adverse outcomes such as death or hospital admission (177). It 
consists of six questions (1 point per each “yes” answer): 

1. Before the illness or injury that brought you to the emergency, 
department, did you need someone to help you on a regular 
basis? 

2. In the last 24 hours, have you needed more help than usual? 
3. Have you been hospitalized for one or more nights during the 

past six months? 
4. In general, is your sight good? 
5. In general, do you have serious problems with your memory? 
6. Do you take six or more medications every day?  (107) 

The commonly used cut-off value is two points. The ISAR  tool was 
found to have moderate sensitivity for hospital admission and mortality 
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in one review (178) and poor to fair sensitivity for mortality in another 
(179). A systematic  review by Carpenter et al. reported that ISAR is not 
sufficiently accurate in predicting ED revisitation, hospital admission or 
other adverse outcomes (9). However, three studies have recommended 
the use of ISAR at triage in the GED setting (159,180,181). Given the 
ambiguity of results, more evidence on ISAR in the ED is required.  

The Silver Code is a prognostic tool based on administrative data. It 
aims to predict hospital admission, mortality and revisitation for older 
adults. Points are assigned to age, gender, marital status, admission to a 
day hospital, admission to a regular ward and polypharmacy within the 
past 3 to 6 months prior the ED visit (182,183). Only two studies 
assessed the original Silver Code; according to the review by Carpenter 
et al., the Silver Code lacks sufficient accuracy to predict adverse 
outcomes (9). Since then, the Silver Code has been expanded to utilize 
real-time administrative data. The new Dynamic Silver Code has been 
associated with adverse outcomes in two studies (182,184). More 
evidence is required in order to establish the accuracy of the Silver Code. 

The Acutely Presenting Older Patient (APOP) tool is a new addition 
to the pool of geriatric screening tools (185). The screening data is 
similar to the previously introduced tools: age, arrival by ambulance, 
number of medications, help required bathing or showering, hospital 
admission in the past 6 months, help required at home and history of 
dementia. Combined with the MTS, it significantly increased the ability 
of the MTS to predict 30-day mortality in the mid- to high-acuity triage 
categories (186). Many studies have suggested using a combination of 
triage and geriatric screening tools but this is so far the only study to 
have presented combined results (9,152,161,187). Further combination 
studies are necessary for evidence-based recommendations.  

Although several of the described tools are valid for assessing acuity for 
older ED patients, accuracy levels remain lower compared to younger 
adults.  There is still a lack of evidence regarding the optimal way to 
triage and assess older adults in the ED.  (187,188) 
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2.2.6. Access block for older emergency 
department patients 

The ED LOS is defined as the time between arrival to and departure 
from the ED. It is often higher for older adults (72,78,84). Longer ED 
LOS has been shown to increase the risk of adverse events such as 
procedural complications and medication errors during hospital stay 
(189). Increased ED LOS is also associated with higher mortality (190–
193), hospital LOS (194,195) and delirium (196,197). Thus, reducing 
ED LOS might improve patient safety. It is however not an appropriate 
measure to be used alone: concentrating on LOS alone might lead to a 
lack of in diagnostics and care.  

Crowding is a loosely defined term that refers to the state of the input-
output mismatch in an ED: it refers to a situation when there are 
insufficient resources - for example personnel or beds - to meet patient 
demand (198).  Simply put, during crowding, the number of patients is 
larger than the staff can safely and efficiently look after. Not 
surprisingly, ED crowding has been reported to increase ED LOS. 
Crowding is also associated with increased hospital LOS and it might 
increase mortality. 

Increased hospital LOS leads to fewer available hospital for new 
patients. This is called the access block: “ a situation where patients are 
unable to access appropriate hospital beds within a reasonable amount 
of time [8 hours]” (199). In other words, patients who have been 
appropriately assessed and treated by the ED staff and require hospital 
admission stay in the ED, waiting for a place in a hospital ward. Thus, 
increased hospital LOS leads to increased ED LOS via the access block 
(200).  

As stated earlier, ED visits from the older adult population, and geriatric 
syndromes along with it, are increasing. Triage for these patients is less 
accurate, leading to undertriage and therefore by definition, increased 
ED LOS. Thus, a vicious circle of crowding, ED LOS and hospital LOS 
is created (Fig 4).  
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Fig 4 The vicious circle of ED crowding for older adults. Older adults are 
often undertriaged, which leads to longer ED length of stay. This in turn 
leads to increased hospital length of stay and crowding, which further 
increases the waiting times in the ED.
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3. AIM OF THE STUDY  

The aim of this thesis is to understand the use of different triage and 
acuity assessment methods for older adults in the ED. 

The main objective is to assess the accuracy of the ESI for older adults 
and to see if it can be improved by age adjustment. 

The secondary objectives are to explore whether ED outcomes for frail 
older adults can be predicted by an early warning score, and to review 
current knowledge on ED outcomes for older adults presenting with 
nonspecific complaints. 

The study questions are:  

 
I. Is the ESI triage scale accurate in the older adult population in 

Finland?  
 

II. Does age adjustment improve triage accuracy? 
 

III. Do the NEWS2 or a three-level triage scale predict negative 
outcomes for frail older adults in the ED? 
 

IV. Are negative outcomes more common for patients presenting 
with an NSC compared to patients presenting with an SC? 
 

The working hypothesis is that the accuracy of current acuity 
assessment in predicting ED outcomes for older adults is low. 
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4. STUDY DESIGN 

This study consists of two retrospective (I-II) studies, one prospective 
(III) observational cohort study and one systematic review and meta-
analysis (IV). The cohort studies were based at two Helsinki University 
Hospital (HUH) EDs - Jorvi and Peijas - and Tampere University 
Hospital ED. All studies were conducted in accordance with the 
Declaration of Helsinki statement.  

4.1. SETTING 

The cohort studies were conducted at three separate EDs. The Peijas 
ED covers two cities - Vantaa and Kerava – with a total of 250 000 
inhabitants. The Jorvi ED is responsible for 320 000 inhabitants in the 
cities of Espoo, Kauniainen and Kirkkonummi. Both are medium sized 
ED’s with some 60 000 visits per annum. The ED at Tampere 
University Hospital is large, with an annual census of 100 000 patients. 
All three EDs treat pediatric patients in a separate process. 

The Helsinki University Hospital EDs use a local three-level triage 
instrument. In the Tampere University Hospital, the ESI has been in 
use since 2007. 

4.2. STUDY POPULATIONS 

Adult ED patients (I-II). We obtained data on every ED visit by an 
adult in the three ED’s: Jorvi and Peijas hospitals of Helsinki University 
Hospital and Acuta at Tampere University Hospital. The visits were 
recorded between February 1st and 28th 2018. The month of February 
was selected for data collection due to the local high occurrence both 
trauma and infections in our climate. 
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We excluded pediatric patients, patients who were dead on arrival, 
patients who were not seen by a doctor and patients with scheduled 
appointments (e.g., at the fracture clinic). Nurse appointments were 
excluded as these were triaged on a separate track. 

Frailty patients (III). This study took place at Jorvi ED of Helsinki 
University Hospital. The data were collected prospectively in a 6-month 
period between December 2018 and June 2019. Inclusion criteria for 
the patients were as follows: current resident in the hospital district, at 
least 75 years old at the time of visit, and a clinical frailty (CSF) score of 
at least four. 

Nonspecific complaint patients (IV). This review included patient 
populations from eligible studies of acceptable quality. The criteria for 
study inclusion were as follows: published within the past 20 years (as 
of 2019), adult population (minimum age 18), and nonspecific 
complaint presentation to the ED or EMS. 

4.3. OUTCOME VARIABLES 

The primary outcome measure in studies I-II was 3-day mortality. The 
secondary outcomes were 30-day mortality, hospital and HDU/ICU 
admission, and ED LOS. 

For study III, the primary outcome III was 30-day mortality and the 
secondary outcomes were hospital and HDU/ICU admission, revisits 
at 3 and 30 days, and ED LOS. 

For the systematic review (study IV), the primary outcome measure was 
in-hospital mortality. The secondary outcomes were triage category, ED 
LOS, hospital admission, hospital length of stay, ICU admission, 
resource consumption, and re-visitation rates with follow-up time. 
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4.4. DATA COLLECTION 

4.4.1. Register studies (I-II) 

We performed database searches for the electronic health records 
(EHR) of all three included ED’s. The following data were collected: 
date of birth, gender, time and date of arrival, time and date of 
departure, date of death (if within 30 days from visit), triage category, 
hospital, and HDU/ICU admission.  

Death within three and thirty days was recorded as an event if the date 
of death was less than three or thirty days from the date of arrival, 
respectively. Hospital admission was recorded as an event if the patient 
was admitted to any ward.  HDU and ICU admissions were pooled into 
one variable. The patient’s age at the time of the visit was calculated as 
the difference between the date of arrival and the date of birth. ED LOS 
was calculated as the difference between time of departure and time of 
arrival.  

For study I, we analysed the Tampere University data only. The analysis 
was stratified by age group: 18-64 years and ≥ 65 years. 

For study II, we analysed both the Helsinki University Hospital and the 
Tampere University Hospital data. The analysis was run for both the 
standard ESI triage method and our local three-level HUH-method. 
Age was adjusted by moving every patient at or above a predefined cut-
off age into a more urgent triage category. We used cut-off values of 65, 
70, 75 and 80 years.  

4.4.2. The frailty trial (III) 

This study was a secondary analysis using the data originally collected 
for a clinical trial (201). During the study period, the ED secretary 
allocated an individual code to each eligible patient as part of the 
admittance process. For each patient, a study form with the code was 
delivered to the appointed nurse. The nurse then filled in the form as 
follows: first they assessed the patient’s frailty using the clinical frailty 
scale (CFS) of Rockwood et al (104). If the CFS score was less than 
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four, the patient was excluded from the study. If the CFS score was at 
least four, the nurse recorded the patient’s NEWS2 score, co-
morbidities and social background on the study form. 

We then collected additional data from the EHRs regarding the eligible 
patients. For each eligible patient, we recorded date of birth, gender, 
time and date of arrival, time and date of departure, date of death (if 
within 30 days from visit), triage category, hospital admission and 
HDU/ICU admission.  

4.4.3. Systematic review (IV) 

The study protocol was created as follows: we selected a twenty-years 
search period due to rapid development of emergency medicine in the 
recent past decades. We searched for publications, abstracts, and 
conference presentations on the topic, in English. To be included, the 
study population was required to include patients aged at least 18, who 
presented with a nonspecific complaint to the EMS and ED. The study 
protocol was submitted to Prospero, and it was published with the ID  
CRD42019123552 (202).  

The first literature search was conducted on the 29th  January 2019 in 
the following databases: Ovid, Scopus and Web of Science, including 
Web of Science conference proceedings. A librarian from Terkko 
Health Hub collaborated in the literature search (203). Records with 
any of the search terms presented in Table 1 in conjunction with either 
“emergency department” or “emergency medical services”, were saved 
in the search results. 

The first search result provided 2020 records, which were saved to the 
Mendeley reference manager. The records were screened by two 
independent researchers. At this point, further search terms were 
discovered, and two additional searches within the aforementioned 
databases were run on the 13th  February and 7th  July 2019. These two 
additional searches resulted in further 76 and 542 records, respectively. 
Any duplicates were removed, leaving us with 2226 records. Three 
studies without any abstracts or full text were included in the search 
results, and we requested these studies from their authors directly. 



38 
 

Table 1: Database search terms for nonspecific complaint review 

Nonspecific complaint Lethargy 

Weakness Failure to thrive 

Decreased general condition Home care impossible 

General disability Acopia 

Off the legs Anorexia 

Not coping Decreased mobility 

 

Two independent authors screened the 2226 records for eligibility, 
resulting in 100 abstracts. There were 88 abstracts that failed to meet 
the inclusion criteria in the secondary assessment. The researchers 
assessed the twelve remaining studies for bias using the criteria of the 
Scottish Intercollegiate Network for cohort studies (204). A further six 
studies were excluded due to low methodological quality; among these 
there were two studies that the researchers disagreed on. These 
disagreements were resolved by a third assessor, resulting in exclusion. 

The references and citations of the six remaining included studies were 
screened for their eligibility, resulting in 366 further articles. The two 
independent researchers judged three of these cited studies as eligible. 
In total, 2057 records were screened, resulting in nine eligible studies.  

Data from the included studies were extracted and saved to a summary 
table in Excel. The extracted data consisted of study characteristics and 
outcomes. The recorded study characteristics were study setting, study 
location, median age, inclusion criteria, gender distribution, presenting 
complaint, and number of participants presenting with an NSC and an 
SC. 

We used the PRISMA checklist to assess the quality of our methodology 
(205). The certainty of evidence was assessed by three researchers using 
the GRADE (206). 
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4.5. DATA ANALYSES 

Data for the observational studies were analyzed with the Statistical 
Package for the Social Sciences (207) program. Personal identifying 
information was omitted before statistical analysis. A statistician 
participated in the process. 

For study I, we tested binary outcomes with an AUROC analysis for 
both age groups. ED LOS was described using medians and IQRs. Test 
sensitivity was analyzed with Medcalc (208). For the test sensitivity 
analysis, patients were divided into high- (ESI 1-2) and medium-to-low-
(ESI 3-5) acuity for 3-day mortality and HDU/ICU admission. Hospital 
admission and 30-day mortality were analyzed between high-to-medium 
(ESI 1-3) and low (ESI 4-5) acuity groups. Both admitted and 
discharged patients were included in the mortality analysis. Sensitivity, 
specificity, and positive and negative predictive values were calculated 
for the outcomes.  

In study II, we used an AUROC analysis for all our outcomes. The 
analysis was run for both triage methods with and without age 
adjustment. Age adjustment was done by increasing triage category to 
more urgent by one level for all patients above a cut-off age. The cut- 
off values were 65, 70,75 and 80 years. We calculated the net 
reclassification improvement (NRI) values in order to demonstrate the 
effect of age adjustment. P-values were adjusted with Bonferroni 
correction.  

In study III, parametric data was analysed with an AUROC analysis and 
continuous data by using the ANOVA. We tested the data for each 
outcome by both the NEWS2 and triage category. For clearer 
presentation of the data, the NEWS2s were grouped into low (0–4), 
moderate (5-6) and high (≥7) categories, in keeping with the Royal 
College of Physicians guideline (65).  

In the systematic review (study IV), statistical analyses were conducted 
using R version 3.5.2 and the meta-analysis was carried out using the 
metaphor package. We performed meta-analysis using random-effects 
model to calculate pooled odds ratios (OR) and confidence intervals 
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(CI). Where data were insufficient for meta-analysis, we gave a written 
description of the results. 

4.6. ETHICAL CONSIDERATIONS  

Adult ED patients (I-II). We obtained permission from the ethical 
board of the Helsinki University (permission number 
HUS/2678/2017), Helsinki University Hospital (HUS/280/2019) and 
Tampere University Hospital (RI8602).  

Frailty study (III). This study was registered in the context of the 
GAOPS trial (registration NCT03783234 at clinicaltrials.gov(209)). The 
study was granted permission by the ethical board of the Helsinki 
University and Helsinki University Hospital (statement number 
HUS/1171/2018) and Helsinki University Hospital (permission 
number HUS/278/2018).  

NSC systematic review (IV). The review study only utilised 
previously published, de-identified data from peer-reviewed studies. An 
ethical board review was not required. 



41 
 

5. RESULTS  

5.1. ACCURACY OF EMERGENCY 
SEVERITY INDEX IN OLDER ADULTS (I) 

A total of 5901 visits were screened for inclusion to the study. After 
excluding 36 visits of patients who were dead on arrival and 354 visits 
of patients who were not assessed according to the ESI, we included 
5511 visits for analysis.  

The median age was 59 years (ranging from 18 to 104). There were 3141 
visits by younger adults (ages between 18 and 64; median 41 years) and 
2370 by older adults (at least 65 years; median age 78). Of <65-year-old 
patients, 1506 (47.9%) were male and of the patients aged at least 65, 
1052 were male (44.4%). Distribution of patients across triage 
categories is presented in Fig 5.  

 
Fig 5  Number of patients allocated to ESI triage categories in study I. 
More patients are triaged to category 3 than to all other categories 
combined. 
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Mortality. The overall 3-day mortality was 26/5511 (0.5%) and 30-day 
mortality was 150/5511 (2.7%). Six patients died in the ED and were 
omitted from admission analysis. 

In the younger adult group, there were few deaths within three days 
(6/3141; 0.2%), which resulted in a non-meaningful result for 3-day 
mortality (AUC 0.61 [95% CI 0.28-0.94]; p= 0.373) (Fig 6). The 30-day 
mortality for younger adults was 31/3141 (1.0%), and the ESI predicted 
this modestly (AUC 0.69 [95% CI 0.58-0.81]; (p<0.001).

With the cut-off at ESI 2, sensitivity and specificity for 3-day mortality 
were 65.4% (95% CI 44.3-82.8%) and 90.2% (95% CI 89.3-90.9%), 
respectively. For 3-day mortality, NPV and PPV were 99.8% (95% CI 
99.7-99.9%) and 3.1% (95% CI 2.3-4.0%) for all adults, respectively. 

For the older adults, 3- and 30-day mortality rates were 20/2370 (0.8%) 
and 119/2380 (5.0%), respectively. The ESI predicted 3-day mortality 
for the older adults well (AUC 0.82 [95% CI 0.70-0.93]; p<0.001) (Fig 
6). The 30-day mortality prediction for older adults was modest (AUC 
0.65 [95% CI 0.60-0.71]; (p<0.001).

With the cut-off set at ESI3, sensitivity and specificity for 30-day 
mortality for all adult patients were 97.3% [95% CI 93.3-99.3%] and 
17.0% [95% CI 16.0-18.0%], respectively. NPV was 99.6% [95% CI 
98.9-99.8%] and PPV 3.2% [95% CI 3.1-3.3%].

Fig 6 AUC for 3-day mortality for the older adults (left) and for 
HDU/ICU admission prediction (right).
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Hospital admission. Of all patients, 2274/55052 (41.2%) were 
admitted to hospital. Admission rates were 89/3140 (2.8%) and 
1412/2364 (59.6%) for younger and older adults, respectively.  

Hospital admission prediction with the ESI was modest in both age 
groups. AUC for the younger adult group was 0.67 [95% CI 0.65-0.69] 
(p<0.001) and for the older adult group 0.63 [95% CI 0.61-0.65] 
(p<0.001). 

With the cut-off value of ESI3, sensitivity and specificity for hospital 
admission for all adult patients were 95.9% [95% CI 95.1-96.7%] and 
25.4% [95% CI 23.9-26.9%], respectively. NPV was 89.9% [95% CI 
87.9%-91.7%] and PPV 47.5% [95% CI 46.9-48.0%].  

HDU/ICU admission. Admission rate for and HDU or ICU facility 
for all patients was 190/5500 3 (3.4%). HDU/ICU admission rates for 
the younger and older adults were 89/3140 (2.8%) and 101/2360 
(4.3%), respectively. 

ESI predicted HDU/ICU admissions well in both age groups (Fig 6). 
HDU/ICU admission prediction AUC was 0.82 [95% CI 0.77-0.87] 
(p<0.001) for the younger adults and 0.82 [95% CI 0.77-0.87] (p<0.001) 
for the older adults. 

With the cut-off value of ESI2, sensitivity and specificity for HDU/ICU 
admission for all adult patients were 67.9% [95% CI 60.1-74.5%] and 
92.1% [95% CI 91.3-92.8%], respectively. NPV was 98.8% [95% CI 
98.5 - 99.0%] and PPV 23.5% [95% CI 21.2-26.0%].  

 

 
2 Six patients died in the ED and were omitted from admission analysis.  

 
3 HDU/ICU admission data missing for one patient in the younger 
adult group and four patients in the older adult group 
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ED LOS. The median ED LOS for all adults was 240 min (IQR 156-
349). In the younger adult group, the median ED LOS was 208 min 
(IQR 129-308) and in the older adult group, 281 min (IQR 197-395).  

ED LOS varied without linearity in both groups. ED LOS was shortest 
in ESI categories 1 and 5 and longest in category 3 (Fig 7).  

 

 
 

Fig 7 ED length of stay in each ESI category. ED LOS was longest in 
category 3 for both age groups. 
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who had a scheduled appointment for the ED outpatient fracture clinic, 
which left us with 13376 visits for analysis. Slightly over half of the 
patients were female (7120, 53.2%) and the median age was 57. 
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5512 (41.2%). Thus, 41.2% of patients were triaged by the ESI and 
58.8% were triaged by the three-level HUH method. Patient 
distribution across triage categories is presented in Fig 8. 

 

 
Fig 8 Number of patients in each triage category. Most patients were 
triaged to the standard urgency category (ESI 3 or Green). 

Mortality. The overall 3-day mortality was 0.3% (40/13376). Both the 
standard HUH triage and ESI predicted 3-day mortality well (AUC 0.77 
[95%CI 0.65-0.88]; p<0.001, and AUC 0.72 [95%CI0.57-0.87]; 
p<0.001, respectively). Accuracy for neither method was improved by 
age adjustment at any cut-off age in the ROC-curve analysis (Fig 9 and 
Fig 10). 

In the NRI -analysis, age adjustment at the cut-off age of 80 years 
improved the predictive value for ESI; 56% of patients who died and 
19% of survivors were retriaged to a higher category, leading to an NRI 
of 0.37. Adjustment by any other cut-off age did not improve the NRI 
for either triage method (Fig 11 and Fig 12). 

The overall 30-day mortality was 2.2% (300/13376). Both triage 
methods predicted 30-day mortality modestly (AUC 0.64 [95% CI 0.59-
0.69]; p<0.001 for HUH and AUC 0.69 [95%CI 0.64-0.73]; p<0.001 for 
the ESI). Both methods were improved with age adjustment in both 
ROC-curve and NRI -analyses. 
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Fig 9 Effect of age adjustment for HUH triage. Age adjustment 
improved 30-day mortality and hospital admission prediction. 

 

 
Fig 10 Effect of age adjustment on the ESI. Age adjustment 
improved 30-day mortality and hospital admission prediction. 

 

In the NRI analysis, 40 to 68% of patients who died were correctly 
retriaged and 15 to 36% of survivors were incorrectly retriaged to a 
higher triage category. NRI ranged from 0.25 to 0.32 (p<0.001) for 
HUH triage. For the ESI, 49-75% of patients who died were correctly 
retriaged and 18-42% of survivors were incorrectly retriaged into a 
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higher category, leading to an NRI range of 0.31 to 0.33 (p<0.001).  
There was no significant difference between cut-off ages. 

Hospital admission. Overall hospital admission rate was 33.5% 
(4487/13305). HUH triage was poor (AUC 0.60 [95%CI0.68-0.71]; 
p<0.001) and  the ESI modest (AUC 0.66 [95% CI 0.65-0.68]; p<0.001) 
in predicting hospital admission (Fig 9 and Fig 10). Age adjustment 
improved the performance of the ESI to a moderate level and HUH 
triage to a modest level. There was no significant difference between 
cut-off ages in ROC-curve or NRI-analyses. 

Age adjustment improved triage accuracy for both methods in the NRI-
analysis, with all cut-off ages. For the adjusted HUH method, 28 to 56% 
of admitted patients were correctly and 10 to 29% of discharged 
patients were incorrectly retriaged into a higher triage category, leading 
to an NRI of 0.18-0.27 (p<0.001). ESI performed similarly: 31 to 62% 
of admitted patients were correctly and 10 to 29% of discharged 
patients were incorrectly retriaged to a higher triage category (Fig 11 and 
Fig 12). 

 
Fig 11 NRI for the age adjusted HUH triage method. Age adjustment 
improved 30-day mortality and hospital admission prediction. 

 

HDU/ICU admission. The overall HDU/ICU admission rate was 
5.0% (675/13361). HUH triage predicted HDU/ICU admission 

0%

10%

20%

30%

40%

50%

60%

70%

cu
t o

ff 
65

cu
t o

ff 
70

cu
t o

ff 
75

cu
t o

ff 
80

cu
t o

ff 
65

cu
t o

ff 
70

cu
t o

ff 
75

cu
t o

ff 
80

cu
t o

ff 
65

cu
t o

ff 
70

cu
t o

ff 
75

cu
t o

ff 
80

cu
t o

ff 
65

cu
t o

ff 
70

cu
t o

ff 
75

cu
t o

ff 
80

correctly retriaged into a
higher category
incorrectly triaged to a
higher category

3-day 
mortality

30-day 
mortality

Hospital 
admission

HDU/ICU 
admission



48 
 

modestly (AUC 0.67 [95%CI0.64-0.70]; <p.0.001) and the ESI well 
(AUC 0.82 [95% CI 0.79-0.86]; p<0.001) (Fig 9 and Fig 10). In ROC-
curve and NRI analyses age adjustment did not improve the 
performance of both triage methods (Fig 11 and Fig 12). 

 

Fig 12 NRI for the age adjusted ESI. Age adjustment improved 30-
day mortality and hospital admission prediction. 
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Of these eligible patients, the nursing staff filled CFS (clinical frailty 
scale) assessment forms for 2388 (55%), of which nine were excluded 
due to being incorrectly filled. The CFS score was at least four on 
1711/2379 (72%) of the forms. Follow-up data from the EHRs were 
available for all included visits. 
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Of the included patients, 664 (39%) were male. Both the mean and 
median age were 85 years. The median CFS score was six. The median 
NEWS2 was one. Regarding triage categorization, 69 (4.0%) patients 
were triaged as red, 356 (20.8%) as yellow and 1278 (74.7%) as green. 
The data were missing for eight visits. 

Mortality.  30-day mortality was 96 deaths (5.6%).  The NEWS2 
correlated positively with 30-day mortality (AUC 0.70 [95% CI 0.64-
0.76]; p<0.001) in the frail older adult population (Fig 13). There was a 
poor but statistically significant difference in mortality between triage 
groups (AUC 0.62 [95%CI 0.56-0.68]; p<0.001). 30-day mortality was 
23.2% in the red triage group, 7.6% in the yellow group and 4.1% in the 
green group.  

Hospital admission. Hospital admission rate was 64.4% (1103/1711). 
Patients who had a higher NEWS2 were more likely to be admitted 
(AUC 0.62 [95% CI 0.60-0.65]; p<0.001), although the accuracy was 
low. Almost all (97.7%) patients with a NEWS2 of at least eight were 
admitted to hospital. Most (80.4%) patients with a NEWS2 score 
between four and seven were admitted. Over half (58.3%) of patients 
who had a NEWS2 of three or lower were admitted. 

Patients in the more urgent triage categories were more likely to be 
admitted to hospital (AUC 0.55 [95%CI 0.52-0.56]; p<0.001); the 
predictive capacity of triage category was only just significant. 
Admission rates were 94.2%, 68.5% and 61.8% for the red, yellow and 
green triage groups, respectively. 

HDU/ICU admissions. HDU admission rate was 2.8%; there were 
no ICU admissions. Patients with a higher NEWS2 were more likely to 
be admitted to an HDU (AUC 0.72 [95% CI 0.61-0.83]; p<0.001) (Fig 
13). Patients in more urgent triage categories were more likely to be 
admitted to an HDU bed (AUC 0.80 [95% CI 0.70-0.90]; p<0.001). 
HDU admission rates were 28.6%, 2.1% and 1.0% in the red, yellow, 
and green triage groups, respectively. 
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Fig 13 AUC for 30-day mortality prediction (left) and HDU/ICU 
admission (right) for frail older adults. The NEWS2 and HUH triage 
categories were predictors for HDU/ICU admission.

ED LOS.  The mean and median ED LOSs were 8.6 h and 6.2 h, 
respectively. There was a significant difference in ED LOS between the 
red and yellow triage groups (p<0.001) but not between the yellow and 
green groups (p=0.59). Mean ED LOSs were 4.8 h, 8.45 h and 8.8 h for 
the red, yellow and green groups, respectively. 

The grouped NEWS2 was not associated with ED LOS (p=0.095). 
Mean ED LOSs were 7.48 h, 8.61 h and 8.67 h for the high, moderate,
and low groups, respectively.

Revisitation. Revisitation rate was 24%, of which 2.8% of revisits
occurred within three days and 20.5% within 30 days. The NEWS2 was
not associated with revisitation at either thirty or three days (AUC 0.47; 
[95%CI 0.44-0.51]; p=0.13. AUC 0.48 [95% CI 0.40-0.56]; p=0.61, 
respectively). Triage score was not associated with revisitation at thirty 
or three days either (AUC 0.49 [95% CI 0.46–0.52]; p = 0.57 and AUC 
0.48 [95% CI 0.40–0.56]; p = 0.63, respectively).
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5.4. NONSPECIFIC COMPLAINTS IN THE 
EMERGENCY DEPARTMENT – A SYSTEMATIC 
REVIEW (IV) 

Screening resulted in nine eligible studies that were of acceptable quality, 
there were no high-quality studies. All included studies were 
observational: five of them retrospective and four prospective. Each of 
the included studies took place in an ED setting, and no prehospital 
studies were included. The included studies had a very low percentage 
of patients lost to follow-up. Blinding was not possible due to the 
observational nature of the studies. Characteristics of the included 
studies are presented in Table 2 (page 55). 

The study populations were heterogenous; five studies included only 
older adult patients, and four included all adults. Three of the included 
studies included non-surgical patients only, and six included all adult 
patients. All included studies showed that patients presenting with 
nonspecific complaints were mostly older adults. The prevalence of 
nonspecific complaints in the older adult population ranged from 6 to 
14%; in the adult population it ranged from 1 to 2%.   

Mortality. Four studies reported in-hospital mortality, which ranged 
from 7.3 to 15.6% (124,127,210,211). A fifth study with very few 
admissions, reported in-hospital mortality of 36.4% (212). These five 
studies were significantly heterogeneous (p < 0.001), which is most 
likely due to population differences, as well as inconsistent (I² = 91%). 
In-hospital mortality was significantly higher for NSC patients 
compared to SC patients, and the summary odds ratio was 2.50 (95% 
CI 1.40–4.47) (Fig 14). The certainty of evidence for in-hospital 
mortality was high according to GRADE. 

In addition, one study reported increased 30-day mortality for NSC 
patients (20.1%) compared to SC patients (11.0%) (HR 1.7 [95% CI 1.2-
2.4]) (211). Another study reported increased 10-year mortality for NSC 
patients (213).  
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Fig 14 Comparison of in-hospital mortality between patients 
presenting with nonspecific complaints and specific complaints.  

Hospital admission. Five studies reported high admission rates (55-
84%) (124,127,130,211,214) for NSC patients and one study reported a 
low admission rate (2.3%)(212). Four studies included comparison 
groups and were included in the meta-analysis. The studies were 
heterogenous (p<0.0001) and inconsistent (I² = 99%). Hospital 
admission rates were higher for NSC patients in comparison to SC 
patients (summary OR 3.86 [95% CI 1.76-8.47]) (Fig 15). The certainty 
of evidence for hospital admission was moderate according to GRADE.   

In addition, one study reported that hospital admissions were increased 
for NSC patients (OR 2.00 [95%CI 1.42-2.83]), but it did not report 
exact figures for events and this was not included in the meta-analysis 
(215). 
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Fig 15 Comparison of hospital admission for patients presenting with 
nonspecific complaints and specific complaints. 
*Not included in summary OR 
 
HDU/ICU admission. Two studies reported ICU admission rates 
ranging from 2.5 to 3.8%. Neither reported a significant increase in ICU 
admission rates compared to SC patient groups (3.8% [95%CI 2.4-6.1] 
vs. 3.5 [95% CI 2.9-4.3] and 2.5 vs 2.9%, p=0.67). (124,130) 

ED LOS. Three studies reported ED LOS. Two of these studies found  
a significantly increased ED LOS for NSC patients compared to SC 
patients(124,130). One of these reported a 50-minute increase in ED 
LOS (249.4 [95% CI 240.3–258.4] vs 299.6 min [95% CI 279.4–319.7]; 
p < 0.0001) and another reported a median increase of 10 minutes (178 
[IQR 6–970] vs 188 minutes [IQR 23–421]; p = 0.004). The third study 
reported no difference between the groups (median ED LOS 6.27 h 
[IQR 3.11] vs 6.09 h [IQR 3.26]; p = 0,497) (210). The certainty of 
evidence for ED LOS was low according to GRADE.  

Triage. Three studies reported differences in triage categories between 
NSC and SC patients (124,127,210). The studies were significantly 
heterogenous (p<0.001) and inconsistent (I² = 92%). Patients 
presenting with an SC were more likely to be triaged as more urgent 
than patients with an NSC (summary OR 2.12 [95% CI 1.08-4.16]) (Fig 
16). According to GRADE, the certainty of evidence for triage was 
moderate. 
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Fig 16 Patients presenting with nonspecific complaints were less 
often triaged as urgent in comparison to patients presenting with 
specific complaints. 

Hospital LOS. Four studies reported hospital LOS for NSC patients 
ranging from five to nine days (212,213). Two of these studies reported 
increased median hospital LOS for NSC compared to SC patients; one 
reported 1.3 days (6.5 ([IQR 5.6] vs 5.2 [IQR 5.9] days; p<0.005) and 
another one of these reported three days (9 [IQR 4-15] vs. 6 [IQR 2-12] 
days) (124,210). The certainty of evidence for hospital LOS was low. 

Resource consumption. Two studies reported on outcomes regarding 
ED resource consumption. One of these reported a significant increase 
in the number of diagnostic tests for NSC patients compared to SC 
patients (7.7 [95% CI 7.3-8.1] vs 6.0 [95% CI 5.7-6.2]; p<0.0001). The 
other study did not find a similar difference between the groups (mean 
3.3 [SD 1.7] vs 3.1 [SD 1.8]; p=0.1).  The first study reported an 
increased number of required procedures in NSC patients (73.3% [95% 
CI 69.5 -76.8] vs 63.9% [95% CI 62.7-66.1]; p<0.0001) and the other 
reported a decreased need for more than one consultation (19/244 
[7.8%] vs 217/1540 [14.1%]; p=0.03). (124,130) 

Revisitation. One study reported an increase in re-attendances for 
NSC patients at 30 days (OR 1.57 [95%CI 1.06-2.3]; p<0.03) and one 
reported a decrease at 90 days (57/244 [23.4%] vs 435/1540 [28.5%]; 
HR 0.8 [0.5-1.1]). (124,215) 
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6. DISCUSSION  

6.1. MAIN RESULTS 

According to our results the ESI is adequately accurate in predicting outcomes for the older ED 
patients. The local three-level triage scale predicted 3-day mortality but was otherwise inferior in 
predicting outcomes in comparison to the ESI. Age adjustment improved the accuracy for both 
triage methods.  The NEWS2 was not sufficient alone in predicting ED outcomes for the frail 
older adults. 

Patients presenting to the ED with NSCs had higher mortality and hospital admission rates in 
comparison to patients presenting with SCs. Yet, they were less often triaged in the more urgent 
categories. In other words, NSC patients were more often undertriaged. 

6.2. ACCURACY OF EMERGENCY SEVERITY INDEX AND 
HUH TRIAGE METHODS (I-II) 

The ESI predicted 3-day mortality and HDU/ICU admission well in the general adult 
population. It predicted hospital admission and 30-day mortality poorly. This reflects the primary 
purpose of triage – to recognize critically ill patients who are at risk of short-term mortality and 
require a high level of care.  

Our results regarding HDU/ICU admissions are in keeping with previous studies (2). Two 
reviews from 2019 discussed the association between triage level and mortality; one found very 
low reported ED mortality rates and the group was unable to perform a meta-analysis. Although 
the outcome in our study was 3-day mortality, the finding regarding the non-elderly was similar 
– 3-day mortality rate was very low and led to a non-meaningful result (2).  The other review 
reported high accuracy regarding ED mortality; however, the results regarding the ESI were 
from a single study (86). No studies reported on 30-day mortality for comparison.  

Previous studies have reported highly variable results regarding hospitalization (2,3). It is 
therefore only slightly surprising that the ESI was not able to predict hospital admission well in 
this study. This might be due to the selected cut-off point at medium acuity – ESI 3. With a cut-
off level of ESI 2, higher specificity could probably have been achieved. The reason for selecting 
a lower cut-off level was, however, to specifically assess level 3, which is perhaps the most 
difficult triage category. Patients in levels 1 and 2 are, by definition, obviously critically unwell, 
and there are many guidelines and algorithms to guide the diagnostics and treatment of these 



57 
 

patients. At the other end of the scale, patients in categories 4 and 5 are often straightforward: 
the patients are usually ambulatory and present with a single, non-threatening complaint. It is 
category 3 that requires most vigilance – due to undertriage, critically ill patients can sometimes 
be found waiting amongst less urgent patients. ESI 3 also by far the most common triage 
category; in our study 73% patients were triaged in this category. This category, therefore, 
warrants particular attention.   

The ESI was not associated with LOS in our population. Previous findings have been 
ambiguous; ED LOS has been reported to be longest in category 1 (216) and 2 (30,45,217). Two 
studies reported similar findings to our study, showing ED LOS was longest in category 3 
(19,218). Patients in the higher triage categories are seen more quickly than patients in category 
3; they also require beds from a separate pool, and the availability of HDU/ICU beds does not 
depend on the availability of level 1 beds (ward-based care). The ED LOS shortens again in 
categories 4 and 5, even if they are allowed a longer time to be seen by a doctor. Admission 
levels in categories 4 and 5 are again lower. Thus, it can be argued, that the failure of the ESI to 
predict ED LOS does not reflect the time that is required to assess and treat patients. It might 
in fact reflect the availability of hospital beds (access block) and the resourcing of the ED, i.e., 
the adequate number of staff to assess each patient within the given time frame.  

The HUH triage method predicted 3-day mortality well, at a similar rate to the ESI. It predicted 
30-day mortality, hospital admission and HDU/ICU admission poorly and was inferior to the 
ESI in its predictive capacity for these outcomes. These findings are in keeping with previous 
studies, where the majority described superiority of five-level triage tools when compared to 
three-level triage methods (2). 

Our results imply that the ESI performed adequately in the Finnish population. The HUH triage 
method, while able to predict outcomes, performed inferiorly. There is a need for national 
guidelines regarding acuity assessment. Based on our results, the ESI would present a reasonable, 
evidence-based choice. While it is imperfect, it is one of the best recognized tools for acuity 
assessment available. Standardization of care has been shown to  improve patient safety (219–
221), which might also apply to EM (222,223). Our study was, to our knowledge, the first on 
this topic in the Nordic countries, all of which seem to be in the early stages of developing triage 
standards. 

6.3. ACUITY ASSESSMENT METHODS FOR OLDER ADULTS 
(I-III) 

In our study, the ESI predicted 3-day mortality and HDU/ICU admissions well for the older 
adults (I). The predictive capacity of the ESI for 30-day mortality and hospital admission was 
poor but statistically significant. These findings concerning mortality and HDU/ICU admissions 
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are consistent with previous studies. Similar to the general adult population, the association 
between the ESI and hospital admission was weaker in our study. ED LOS was longest in 
category 3, which is consistent with previous studies (44,147). The predictive capacity of the 
HUH triage method was inferior to the ESI.  This finding reflects the review by Zachariasse et 
al. that reported an inferior performance of three-level triage tools compared to 5-level triage 
tools (2).  

Age adjustment for ESI improved its capacity to predict 30-day mortality and hospital admission, 
where the association without age adjustment was poor. It did not improve accuracy in 
predicting 3-day mortality or HDU/ICU admission, however, these outcomes were already 
associated with ESI. The optimal cut-off age was not obvious: where age adjustment improved 
the predictive capacity, it did so with all cut-off ages. Similarly, where age adjustment was not 
useful, this was true with all cut-off values. Setting the threshold for age adjustment as high as 
possible might be useful in order to reduce overtriage. In a study that combined the NEWS with 
age, a threshold age of  80 improved prediction of in-hospital mortality (146). 

The NEWS2 was able to predict 30-day mortality and HDU/ICU admission well for frail older 
adults, which reflects previous findings (143,146,215). In our study, the NEWS2 predicted 
hospital admission poorly, in contrast to previous studies (143,145). The NEWS2 was not 
associated with ED LOS or revisitation rates. While the association of the NEWS2 with ED 
outcomes is modest, it is still noteworthy, as the assessment of frail older ED patients is difficult, 
and no robust tools have yet been developed.  

Enhancing acuity assessment would improve ED outcomes for older adults. As stated earlier, 
reducing undertriage affects ED LOS. This has an effect in ED crowding and mortality via 
increased hospital LOS and hospital-induced delirium rates. While our study was not able to 
offer a solution to this complicated issue, it has reinforced the current view, that ESI is able to 
adequately differentiate critically ill older adults from those who can wait and can be used also 
in the older adult population.  

6.4. SUMMARY OF NONSPECIFIC COMPLAINTS (IV) 

The systematic review showed with high certainty that in-hospital mortality for NSC patients is 
increased compared to SC patients. There was a moderate level of certainty that NSC patients 
require hospital admission. These findings are consistent with other related studies not included 
in the review  (7,8,133,224–226). NSC patients are undertriaged more often than patients 
presenting with SCs, which has also been reported in other studies (8,133,227). 

ED and hospital LOS might be increased for NSC patients. These outcomes warrant further 
exploration; as described earlier, both seem to increase the rate of negative outcomes. There 
were few studies reporting HDU/ICU admission rates and resource requirements on NSC 
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patients. Including HDU/ICU admission rates in future studies would facilitate the assessment 
of triage accuracy in this patient group. The summary of all outcomes is presented in Table 3.   

 

Our study indicates that an NSC, or generalized weakness, is a common presentation in the older 
ED population. It is an underestimated, under-researched, serious condition with an increased 
rate of negative outcomes. This study was the first time the findings of this topic were 
systematically reviewed and reported, and as such, this review can be used as a reference point 
for further studies. There is a demand for the NSC presentation to be recognized as its own 
entity, and for an established definition of the term (128). This was evident in a recent study that 
reported contradicting findings on NSCs: they defined NSC as an ED discharge diagnosis rather 
than a presenting complaint and received contradicting results (228). There is also a need for 
evidence-based guidelines for the management of this patient group in the ED, in order to  
improve care. 

6.5. STRENGTHS AND LIMITATIONS 

6.5.1.  Register studies (I-II) 

These were retrospective single- (I) and three-centre (II) cohort studies. The STROBE checklist 
was applied to assess the risk of bias (229). The number of included patients was relatively large, 
both age groups were well represented, and gender distribution was similar in both groups.  The 
number of patients was small in triage categories 1 and 5, which led to a non-meaningful result 

Table 3 Summary of outcomes for NSC patients 

 Mortality Hospital 
admission 

HDU/ICU 
admission 

ED LOS Triage 
category 

Hospital 
LOS 

Resources 

No. of 
studies 

4 4 2 3 3 3 3 

Finding In-hospital 
mortality 
increased 

Admission 
rate 

increased 

No difference ED LOS 
increased 

Allocation to 
a more 

urgent triage 
class 

decreased 

Hospital 
LOS 

increased 

Diagnostic tests 
and procedures 

increased. Number 
of consultations 

decreased.  30-day 
revisitation 

increased in one 
study 

Comments 30-day 
mortality 

increased in 
one study 

 Only two 
studies, no 

meta-analysis 

   1-2 studies on each 
outcome, no meta-

analysis 

Certainty High Moderate - Low Moderate Low - 
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in the primary outcome for the younger adult group. A fixed continuous time period was chosen 
to limit the risk of selection bias; however, some bias related to seasonal variation is possible. 

Very few participants (5/5511; 0.09%) were lost to follow-up regarding HDU/ICU admission 
and data were comprehensive for all other outcomes. Our data did not allow us to report in-
hospital mortality, which is a more common outcome than 3-day mortality.  

6.5.2. The frailty trial (III) 

This was a prospective observational cohort study where risk of bias was assessed with the 
STROBE checklist (229). Although it was based in a single centre, the number of participants 
was relatively large. A significant number of nurse-evaluated frailty assessment data were 
unavailable. The lack of data collecting was presumed to be associated with periods of ED 
crowding, when the clinical workload was high for the nursing staff, decreasing the available 
time for research assessments. The lack of data could contribute to some selection bias; however, 
the assessments were done independently from the researchers which might reduce the effect. 
EHR data were missing for eight patients, no patients were lost to follow-up.  

The data for this study were originally collected for an RCT concerning comprehensive geriatric 
assessment (CGA) in the ED. It is possible, that the CGA affected some outcomes, such as ED 
LOS, revisitation rates and even 30-day mortality. This study included data from both 
intervention (I) and control (C) groups, but the distribution of C and I patients across triage 
categories was not assessed as a confounder. However, the RCT study did not report a difference 
in the median NEWS2 between I and C groups. (201)  

This study reported on a local three-level triage tool, and, as such, is not applicable to EDs using 
different triage methods. However, three-level instruments have previously been shown to have 
lower sensitivity than five-level instruments, thus any significant findings could be extrapolated 
to be applicable to a more sensitive triage tool as well. 

6.5.3. Systematic review (IV) 

This study followed international guidelines for systematic reviews and meta-analyses. It was 
registered at PROSPERO (202) and the study protocol and risk of bias was assessed with the 
PRISMA checklist (205). Quality of included studies and the overall certainty of evidence were 
evaluated with the SIGN checklist and GRADE (204,206). A librarian was involved in the 
literature search and a statistician in executing the meta-analysis.  

Due to the lack of an established definition of the topic of NSC, it is possible that some relevant 
studies were not found. To reduce the risk of evidence selection bias, two further literature 
search terms were run after new potential search terms were discovered in the first search. 
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The topic has not been widely researched, which lead to a small number of included studies and 
heterogeneity in the population and outcome reporting. The funnel plot appears asymmetric, 
which was probably reflects the small number of included studies, rather than a significant 
publication bias. The included studies were estimated to have low or unclear risk of bias and the 
risk of bias across studies was low. No apparent limitations that would lower the confidence of 
the results were discovered. 

Several studies from the BANC group were excluded, despite the group being one of the most 
cited on the topic. This was, in part, due to their different definition of NSC and thus different 
inclusion criteria for NSC patients. Each potentially relevant, excluded study is discussed in 
Appendix 3 of the original publication.  

One large included study reported proportional data only; the data used for this meta-analysis 
were estimated based on the published figures. This study was however by far the largest study 
on the topic, and the quality of the study was estimated to be adequate for inclusion.  

6.6. FUTURE CONSIDERATIONS 

The optimal way to assess acuity for older adults in the ED remains undertermined. Our study 
supports the findings that the ESI is sufficiently accurate in the older adult population. However, 
the number of studies focusing on established five-level triage systems in the older ED patients 
is low; more data is required to increase the level of evidence.  

It is unclear what superior means to improve accuracy for current triage methods in the older 
adult population would be. The two obvious paths would be to either combine an established 
triage tool with a geriatric screening tool, or to adjust a triage tool to accommodate older adults. 
There are few reports on the former, and, combining the ESI with the TRST might be a 
promising approach to improve accuracy in the mid-acuity categories. It is not known whether 
triage tools can be adjusted for older adults, as has been done for pediatric patients, without 
significant overtriage. If so, what the optimal modifications and age limits are remain open. 

The use of the NEWS2 is becoming increasingly common in the ED setting. While it is not 
meant for acuity assessment, it might be useful in monitoring ED patients waiting for ward-
based care. Not enough is known on the accuracy of the NEWS2 in the ED, especially regarding 
older adults. Further validation studies are required for evidence-based use of the NEWS2. 

Regarding NSC patients, establishing a commonly accepted definition of the condition is crucial. 
A Delphi study would be one possible method to reach a consensus. Once a definition has been 
agreed on, RCTs would be required to establish guidelines and pathways to assess and treat these 
patients.  
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7. CONCLUSIONS 

1. The ESI recognized severely ill patients in our population at a satisfactory level; it was 
associated with 3-day mortality and HDU/ICU admissions. The ESI predicted hospital 
admission and 30-day mortality modestly. 

2. The ESI was sufficiently accurate in predicting outcomes for older ED patients; it was 
associated with 3-day mortality and HDU/ICU admissions. It was modest in predicting 
hospital admission and 30-day mortality. 

3. Adjusting the local three-level and ESI triage methods by age led to improved prediction 
of 30-day mortality and hospital admission, without an extensive increase in overtriage. 
The optimal threshold age was not evident. 

4. The local three-level triage method was inferior to the ESI and NEWS2 in predicting 
ED outcomes. 

5. The NEWS2 predicted 30-day mortality and HDU admission in the frail older adult 
population modestly. 

6. Patients presenting to the ED with a nonspecific complaint have increased mortality and 
hospital admission rates compared to patients presenting with a specific complaint. The 
NSC patients are more frequently triaged as less urgent and their length of stay in the 
ED and in hospital might be increased. 



63 
 

ACKNOWLEDGEMENTS 

 

This research project was carried out at the Department of Emergency Medicine and Services, 
Helsinki University Hospital and Helsinki University. Patients for the frailty study were recruited 
and the clinical part of the study was conducted at the Emergency Department of Jorvi Hospital.  

I am extremely grateful to everyone who has supported me during this project. I would like 
specially to thank the following individuals: 

Professor Maaret Castrèn, my supervisor, guided me through this thesis. Your vast knowledge 
on the field has been invaluable to me and your innovative style has set me an inspirational 
example. 

Professor Lasse Lehtonen, my supervisor, supported me on every step of the process. You have 
always encouraged me to move forward and were there to support me every step of the process. 

My co-authors for their contributions. Thanks to Janne Alakare and Reija Mertanen for your 
insightful co-writing. Thanks to Mitja Lääperi for patience and expertise in all statistical matters.  
Minna Kätkä for her help with the material from Tampere University Hospital. The patient 
safety research group for peer support.  

I am grateful to the reviewers Jouni Kurola and Teemu Koivistoinen for time and expertise 
attributed to this work. 

My line managers Mari and Noora for being incredibly accommodating with ever changing 
research schedules. My colleagues and co-workers at the Peijas Hospital, it has always been a 
pleasure to come to work because of you.  

My friends and mentors Anna and Jani, for being my role models and advisors in all matters 
large and small. My friends Eeva, Juho and Johanna for setting an example of the path of 
research to me.   

My parents and my siblings. You have always encouraged and supported me in life and in any 
endeavours I have decided to pursue. My nieces and nephews who are an absolute delight. 

Finally, I thank my beloved Steve and Oiva for everything in my life. 

Financial support from the Helsinki University, the Finnish Association of Emergency Medicine 
and Kunnanlääkäri Uulo Arhion muistorahasto. 

Helsinki, March 2022 

Kirsi Kemp 



64 
 

REFERENCES 

1.  Christ M, Grossmann F, Winter D, Bingisser R, Platz E. Modern Triage in the Emergency 
Department. Deutsches Arzteblatt international. 2010 Dec;107(50):892-U20.  

2.  Zachariasse JM, van der Hagen V, Seiger N, Mackway-Jones K, van Veen M, Moll HA. 
Performance of triage systems in emergency care: a systematic review and meta-analysis. 
BMJ Open. 2019 May;9(5):e026471.  

3.  Hinson JS, Martinez DA, Cabral S, George K, Whalen M, Hansoti B, et al. Triage 
Performance in Emergency Medicine: A Systematic Review. Annals of Emergency 
Medicine. 2019 Jul;74(1):140–52.  

4.  United Nations, Department of Economic and Social Affairs, Population Division. World 
population ageing, 2019 highlights. 2020.  

5.  Shah BM, Hajjar ER. Polypharmacy, Adverse Drug Reactions, and Geriatric Syndromes. 
Clinics in Geriatric Medicine. 2012 May;28(2):173–86.  

6.  Chester JG, Rudolph JL. Vital Signs in Older Patients: Age-Related Changes. Journal of 
the American Medical Directors Association. 2011 Jun;12(5):337–43.  

7.  Nemec M, Koller MT, Nickel CH, Maile S, Winterhalder C, Karrer C, et al. Patients 
Presenting to the Emergency Department With Non-specific Complaints: The Basel 
Non-specific Complaints (BANC) Study. Academic Emergency Medicine. 2010 
Mar;17(3):284–92.  

8.  Rutschmann OT, Chevalley T, Zumwald C, Luthy C, Vermeulen B, Sarasin FP. Pitfalls in 
the emergency department triage of frail elderly patients without specific complaints. 
Swiss Medical Weekly. 2005 Mar;135(9–10):145–50.  

9.  Carpenter CR, Shelton E, Fowler S, Suffoletto B, Platts-mills TF, Rothman RE, et al. Risk 
Factors and Screening Instruments to Older Emergency Department Patients : 2014;1–
21.  

10.  Larre, Dominique Jean. Surgical Memoirs of the Campaigns of Russia, Germany and 
France. Philadelphia: Carey & Lea; 1832.  

11.  Kennedy K, Aghababian RV, Gans L, Lewis CP. Triage: Techniques and Applications in 
Decisionmaking. Annals of Emergency Medicine. 1996;28(2):136–44.  

12.  Lewis FR, Trunkey DD, Steele MR. Autopsy of a disaster: the Martinez bus accident. J 
Trauma. 1980 Oct;20(10):861–6.  



65 
 

13.  Kane G, Engelhardt R, Celentano J, Koenig W, Yamanaka J, McKinney P, et al. Empirical 
development and evaluation of prehospital trauma triage instruments. J Trauma. 1985 
Jun;25(6):482–9.  

14.  Pledger H. Triage of casualties after nuclear attack. Lancet. 1986(Sep 20;2(8508):678-9).  

15.  Baxter PJ, Davies PC, Murray V. Medical planning for toxic releases into the community: 
the example of chlorine gas. Br J Ind Med. 1989 Apr;46(4):277–85.  

16.  Martin TE. The Ramstein Airshow Disaster. Journal of the Royal Army Medical Corps. 
1990 Feb 1;136(1):19–26.  

17.  Ebbs SR, Fothergill NJ, Hashemi K. The Purley train crash: procedural difficulties. 
Emergency Medicine Journal. 1992 Jun 1;9(2):130–3.  

18.  Gilboy N, Travers D, Wuerz R. Re-evaluating triage in the new millennium: A 
comprehensive look at the need for standardization and quality. Journal of Emergency 
Nursing. 1999 Dec;25(6).  

19.  Wuerz RC, Travers D, Gilboy N, Eitel DR, Rosenau A, Yazhari R. Implementation and 
Refinement of the Emergency Severity Index. Academic Emergency Medicine. 
2001;8(2):170–6.  

20.  Cooke MW, Jinks S. Does the Manchester triage system detect the critically ill? 
Emergency Medicine Journal. 1999 May 1;16(3):179–81.  

21.  Beveridge R, John S, Clarke B, John S, Janes L, John S, et al. Implementation Guidelines 
for The Canadian Emergency Department Triage & Acuity Scale (CTAS). :32.  

22.  Forero DR. Australasian College for Emergency Medicine (ACEM) Literature Review on 
the Australasian Triage Scale (ATS). :53.  

23.  Twomey M, Wallis LA, Myers JE. Limitations in validating emergency department triage 
scales. Emergency medicine journal: EMJ. 2007;24(7):477–9.  

24.  Fernandes CMB, Tanabe P, Gilboy N, Johnson LA, McNair RS, Rosenau AM, et al. Five-
Level Triage: A Report from the ACEP/ENA Five-Level Triage Task Force. Journal of 
Emergency Nursing. 2005 Jan 1;31(1):39–50.  

25.  Kwa P, Blake D. Fast track: Has it changed patient care in the emergency department? 
Emergency Medicine Australasia. 2008;20(1):10–5.  

26.  Sanchez M, Smally AJ, Grant RJ, Jacobs LM. Effects of a fast-track area on emergency 
department performance. J Emerg Med. 2006 Jul;31(1):117–20.  

27.  McHugh M, Tanabe P, McClelland M, Khare RK. More patients are triaged using the 
univr than any other triage acuity system in the United States. Academic Emergency 



66 
 

Medicine: Official Journal of the Society for Academic Emergency Medicine. 
2012;19(1):106–9.  

28.  Fong RY, Glen WSS, Mohamed Jamil AK, Tam WWS, Kowitlawakul Y. Comparison of 
the Emergency Severity Index versus the Patient Acuity Category Scale in an emergency 
setting. International Emergency Nursing. 2018 Nov 1;41:13–8.  

29.  Maleki M, Fallah R, Riahi L, Delavari S, Rezaei S. Effectiveness of Five-Level Emergency 
Severity Index Triage System Compared With Three-Level Spot Check: An Iranian 
Experience. Arch Trauma Res. 2015 Dec 12;4(4):e29214.  

30.  Storm-Versloot MN, Ubbink DT, Kappelhof J, Luitse JSK. Comparison of an Informally 
Structured Triage System, the Emergency Severity Index, and the Manchester Triage 
System to Distinguish Patient Priority in the Emergency Department. Academic 
Emergency Medicine. 2011;18(8):822–9.  

31.  Gilboy N, Tanabe P, Travers D, Rosenau A. Implementation Handbook. Emergency 
Severity Index version 4. Schaumburg, Illinois: Emergency Nurses Association; 2020.  

32.  Santos AP, Freitas P, Martins HMG. Manchester triage system version II and resource 
utilisation in the emergency department. Emerg Med J. 2014 Feb 1;31(2):148–52.  

33.  van der Wulp I, van Baar ME, Schrijvers AJP. Reliability and validity of the Manchester 
Triage System in a general emergency department patient population in the Netherlands: 
results of a simulation study. Emergency medicine journal: EMJ. 2008;25(7):431–4.  

34.  Grouse AI, Bishop RO, Bannon AM. The Manchester Triage System provides good 
reliability in an Australian emergency department. Emergency medicine journal: EMJ. 
2009;26(7):484–6.  

35.  Gräff I, Goldschmidt B, Glien P, Bogdanow M, Fimmers R, Hoeft A, et al. The German 
Version of the Manchester Triage System and Its Quality Criteria – First Assessment of 
Validity and Reliability. PLOS ONE. 2014 Feb 24;9(2):e88995.  

36.  Steiner D, Renetseder F, Kutz A, Haubitz S, Faessler L, Anderson JB, et al. Performance 
of the Manchester Triage System in Adult Medical Emergency Patients: A Prospective 
Cohort Study. The Journal of Emergency Medicine. 2016 Apr 1;50(4):678–89.  

37.  ALSG [Internet]. [cited 2022 Jan 21]. Available from: https://alsg.zendesk.com/hc/en-
gb 

38.  Manchester Triage (MTS) [Internet]. Manchester Triage (MTS). [cited 2022 Jan 21]. 
Available from: https://www.triagenet.net/classroom 

39.  Mackway-Jones K, Marsden J, Windle J. Emergency Triage. Manchester Triage Group. 2. 
Blackwell Publishing Ltd; (BMJ Books; vol. 2006).  



67 

40.  Dong SL, Bullard MJ, Meurer DP, Blitz S, Akhmetshin E, Ohinmaa A, et al. Predictive 
Validity of a Computerized Emergency Triage Tool. Academic Emergency Medicine. 
2007;14(1):16–21.  

41.  Australasian College for Emergency Medicine. ACEM - Triage [Internet]. [cited 2021 Oct 
25]. Available from: https://acem.org.au/Content-Sources/Advancing-Emergency-
Medicine/Better-Outcomes-for-Patients/Triage 

42.  Ng C-J, Yen Z-S, Tsai JC-H, Chen LC, Lin SJ, Sang YY, et al. Validation of the Taiwan 
triage and acuity scale: a new computerised five-level triage system. Emergency Medicine 
Journal. 2011 Dec 1;28(12):1026–31.  

43.  Widgren BR, Jourak M. Medical Emergency Triage and Treatment System (METTS): A 
New Protocol in Primary Triage and Secondary Priority Decision in Emergency Medicine. 
The Journal of Emergency Medicine. 2011;40(6):623–8.  

44.  Baumann MR, Strout TD. Triage of geriatric patients in the emergency department: 
Validity andsurvival with the Emergency Severity Index. ANNALS OF EMERGENCY 
MEDICINE. 2007 Feb;49(2):234–40.  

45.  Eitel DR. The Emergency Severity Index Triage Algorithm Version 2 Is Reliable and 
Valid. Academic Emergency Medicine. 2003 Oct;10(10).  

46.  Hallas P, Ekelund U, Bjørnsen LP, Brabrand M. Hoping for a domino effect: a new 
specialty in Sweden is a breath of fresh air for the development of Scandinavian 
emergency medicine. Scandinavian Journal of Trauma, Resuscitation and Emergency 
Medicine. 2013 Apr 11;21(1):26.  

47.  Socialstyrelsen. Läkarnas specialiseringstjänstgöring. Målbeskrivningar 2015 [Internet]. 
Edita Bobergs; 2015. Available from: 
https://www.socialstyrelsen.se/globalassets/sharepoint-
dokument/artikelkatalog/ovrigt/2015-4-5.pdf 

48.  Galletta G, Løvstakken K. Emergency medicine in Norway: The road to specialty 
recognition. Journal of the American College of Emergency Physicians Open. 
2020;1(5):790–4.  

49.  Emergency Physician Education, Region Sjaelland, Denmark | Harvard Medical Faculty 
Physicians Emergency Medicine International Projects [Internet]. Harvard Medical 
Faculty Physicians. [cited 2021 Nov 5]. Available from: https://www.emc-
hmfp.org/projects-content/emergency-physician-education-region-sjaelland-denmark 

50.  Baldursson J, Björnsson HM, Palomäki A. Emergency medicine for 25 Years in Iceland - 
history of the specialty in a nutshell. Scand J Trauma Resusc Emerg Med. 2018 Jan 
3;26(1):1.  



68 
 

51.  Wireklint SC, Elmqvist C, Göransson KE. An updated national survey of triage and triage 
related work in Sweden: a cross-sectional descriptive and comparative study. Scand J 
Trauma Resusc Emerg Med. 2021 Jul 3;29(1):89.  

52.  Nordberg M, Lethvall S, Castrén M. The validity of the triage system ADAPT. Scand J 
Trauma Resusc Emerg Med. 2010 Sep 17;18(1):P36.  

53.  Lindberg S, Lerche la Cour J, Folkestad L, Hallas P, Brabrand M. The use of triage in 
Danish emergency departments. Danish Medical Bulletin. 2011(58(10)).  

54.  Engebretsen S, Røise O, Ribu L. Triage in Norwegian emergency departments. Tidsskrift 
for Den norske legeforening. 2013 Feb 5;2013(133):285–9.  

55.  Kantonen J. Terveyskeskuspäivystyksen ABCDE-triagen ja kehittämistoimenpiteiden 
vaikutukset potilasvirtoihin. 1st ed. Vol. 2014. Tampere, Finland: Acta Universitatis 
Tamperensis;  

56.  Kemp K. Akuuttilääkärit group. Which Finnish ED’s utilize the ESI, CTAS or MTS? 
Facebook [Internet]. 2018 Sep 17 [cited 2021 Oct 20]; Available from: 
https://www.facebook.com/groups/274974732605865/posts/1386767128093281/ 

57.  Farrohknia N, Castren M, Ehrenberg A, Lind Lars and Oredsson S, Jonsson H, Asplund 
K, et al. Emergency Department Triage Scales and Their Components: A Systematic 
Review of the Scientific Evidence. Scandinavian Journal of Trauma, Resuscitation and 
Emergency Medicine. 2011 Jun;19.  

58.  Olsson T, Terent A, Lind L. Rapid Emergency Medicine score: a new prognostic tool for 
in-hospital mortality in nonsurgical emergency department patients. Journal of Internal 
Medicine. 2004 May;255(5):579–87.  

59.  Goodacre S, Turner J, Nicholl J. Prediction of mortality among emergency medical 
admissions. Emerg Med J. 2006 May;23(5):372–5.  

60.  Arboix A, García-Eroles L, Massons J, Oliveres M. Predictive Factors of In-Hospital 
Mortality in 986 Consecutive Patients with First-Ever Stroke. CED. 1996;6(3):161–5.  

61.  Pedersen PB, Henriksen DP, Brabrand M, Lassen AT. Level of vital and laboratory values 
on arrival, and increased risk of 7-day mortality among adult patients in the emergency 
department: a population-based cohort study. BMJ Open. 2020 Nov 17;10(11):e038516.  

62.  Ljunggren M, Castrén M, Nordberg M, Kurland L. The association between vital signs 
and mortality in a retrospective cohort study of an unselected emergency department 
population. Scand J Trauma Resusc Emerg Med. 2016 Mar 3;24:21.  

63.  Barfod C, Lauritzen MMP, Danker JK, Sölétormos G, Forberg JL, Berlac PA, et al. 
Abnormal vital signs are strong predictors for intensive care unit admission and in-



69 
 

hospital mortality in adults triaged in the emergency department - a prospective cohort 
study. Scand J Trauma Resusc Emerg Med. 2012 Apr 10;20:28.  

64.  Mehmood A, He S, Zafar W, Baig N, Sumalani FA, Razzak JA. How vital are the vital 
signs? a multi-center observational study from emergency departments of Pakistan. BMC 
Emergency Medicine. 2015 Dec 11;15(2):S10.  

65.  National Early Warning Score (NEWS) 2 Standardising the assessment of acute-illness 
severity in the NHS [Internet]. 2017 [cited 2020 Jul 21]. Available from: 
https://www.rcplondon.ac.uk/file/8504/download 

66.  Kivipuro M, Tirkkonen J, Kontula T, Solin J, Kalliomäki J, Pauniaho S-L, et al. National 
early warning score (NEWS) in a Finnish multidisciplinary emergency department and 
direct vs. late admission to intensive care. Resuscitation. 2018 Jul;128:164–9.  

67.  Nannan Panday RS, Minderhoud TC, Alam N, Nanayakkara PWB. Prognostic value of 
early warning scores in the emergency department (ED) and acute medical unit (AMU): 
A narrative review. European Journal of Internal Medicine. 2017 Nov;45:20–31.  

68.  Chen L, Zheng H, Chen L, Wu S, Wang S. National Early Warning Score in Predicting 
Severe Adverse Outcomes of Emergency Medicine Patients: A Retrospective Cohort 
Study. J Multidiscip Healthc. 2021;14:2067–78.  

69.  Quinten VM, van Meurs M, Olgers TJ, Vonk JM, Ligtenberg JJM, Ter Maaten JC. 
Repeated vital sign measurements in the emergency department predict patient 
deterioration within 72 hours: a prospective observational study. Scand J Trauma Resusc 
Emerg Med. 2018 Jul 13;26(1):57.  

70.  Alam N, Vegting IL, Houben E, van Berkel B, Vaughan L, Kramer MHH, et al. Exploring 
the performance of the National Early Warning Score (NEWS) in a European emergency 
department. Resuscitation. 2015 May;90:111–5.  

71.  Statistics Finland. Population [Internet]. Statistics Finland; 2021 [cited 2021 Oct 21]. 
Available from: https://www.tilastokeskus.fi/tup/suoluk/suoluk_vaesto_en.html 

72.  Aminzadeh F, Dalziel WB. Older adults in the emergency department: a systematic review 
of patterns of use, adverse outcomes, and effectiveness of interventions. Annals of 
Emergency Medicine. 2002 Mar;39(3):238–47.  

73.  Friedman AB, Chen AT, Wu R, Coe NB, Halpern SD, Hwang U, et al. Evaluation and 
disposition of older adults presenting to the emergency department with abdominal pain. 
Journal of the American Geriatrics Society. 2021 Oct 10;2021(n/a).  

74.  Chang JC-Y, Yuan Z-H, Lee I-H, Hsu Teh-Fu and How C-K, Yen DH-T. Pattern of 
non-trauma emergency department resource utilization in older adults: An 8-year 
experience in Taiwan. Journal of the Chinese Medical Association. 2018 Jun;81(6):552–8.  



70 
 

75.  Albert M, Rui P, Mccaig L. Emergency Department Visits for Injury and Illness Among 
Adults Aged 65 and Over: United States, 2012-2013 Key findings Data from the National 
Hospital Ambulatory Medical Care Survey What were the ED visit rates for injury and 
illness among older adults, and did these rates vary by age? NCHS Data Brief. 2017 Feb 
1;2017(272):1–8.  

76.  Ukkonen M, Jämsen E, Zeitlin R, Pauniaho S-L. Emergency department visits in older 
patients: a population-based survey. BMC Emerg Med. 2019 Feb 27;19(1):20.  

77.  Pines JM, Mullins PM, Cooper JK, Feng LB, Roth KE. National Trends in Emergency 
Department Use, Care Patterns, and Quality of Care of Older Adults in the United States. 
Journal of the American Geriatrics Society. 2013 Jan;61(1):12–7.  

78.  Latham LP, Ackroyd-Stolarz S. Emergency Department Utilization by Older Adults: a 
Descriptive Study. Can Geriatr J. 2014 Dec 2;17(4):118–25.  

79.  de Gelder J, Lucke JA, de Groot B, Fogteloo AJ, Anten S, Heringhaus C, et al. Predictors 
and Outcomes of Revisits in Older Adults Discharged from the Emergency Department. 
Journal of the American Geriatrics Society. 2018 Apr;66(4):735–41.  

80.  Mokhtar MAM, Pin TM, Zakaria MI, Hairi NN, Kamaruzzaman SB, Vyrn Chin Ai and 
Hua PPJ. Utilization of the emergency department by older residents in Kuala Lumpur, 
Malaysia. Geriatrics & Gerontology International. 2015 Aug;15(8):944–50.  

81.  Kim S, Kang H, Cho Y, Lee H, Lee SW, Jeong J, et al. Emergency department utilization 
and risk factors for mortality in older patients: an analysis of Korean National Emergency 
Department Information System data. Clin Exp Emerg Med. 2021 Jun;8(2):128–36.  

82.  Platts-Mills TF, Leacock B, Cabanas JG, Shofer FS, McLean SA. Emergency medical 
services use by the elderly: analysis of a statewide database. Prehospital Emergency Care. 
2010 Jul;14(3):329–33.  

83.  Shah MN, Glushak C, Karrison TG, Mulliken R, Walter J and Friedmann PD, Hayley 
DC, et al. Predictors of emergency medical services utilization by elders. ACADEMIC 
EMERGENCY MEDICINE. 2003 Jan;10(1):52–8.  

84.  Lee SB, Oh JH, Park JH, Choi SP, Wee JH. Differences in youngest-old, middle-old, and 
oldest-old patients who visit the emergency department. Clin Exp Emerg Med. 2018 Dec 
31;5(4):249–55.  

85.  Gasperini B, Cherubini A, Fazi A, Maracchini G, Prospero E. Older adults in Emergency 
Departments: the challenge of undertriage. Internal and Emergency Medicine. 
2016;11(8):1145–7.  

86.  Hinson JS, Martinez DA, Schmitz PSK, Toerper M, Radu D, Scheulen J, et al. Accuracy 
of emergency department triage using the Emergency Severity Index and independent 
predictors of under-triage and over-triage in Brazil : a retrospective cohort analysis. 2018;  



71 
 

87.  Garwe T, Stewart K, Stoner J, Newgard CD, Scott M, Zhang Y, et al. Out-of-hospital and 
Inter-hospital Under-triage to Designated Tertiary Trauma Centers among Injured Older 
Adults: A 10-year Statewide Geospatial-Adjusted Analysis. Prehospital Emergency Care. 
2017 Nov 2;21(6):734–43.  

88.  Xiang H, Wheeler KK, Groner JI, Shi J, Haley KJ. Undertriage of major trauma patients 
in the US emergency departments. The American Journal of Emergency Medicine. 2014 
Sep 1;32(9):997–1004.  

89.  Mooijaart SP, Nickel CH, Conroy SP, Lucke JA, van Tol LS, Olthof M, et al. A European 
Research Agenda for Geriatric Emergency Medicine: a modified Delphi study. Eur 
Geriatr Med. 2021;12(2):413–22.  

90.  Carpenter CR, Heard K, Wilber S, Ginde AA, Stuffier K, Gerson LW, et al. Research 
Priorities for High-quality Geriatric Emergency Care: Medication Management, 
Screening, and Prevention and Functional Assessment. Academic Emergency Medicine. 
2011 Jun;18(6):644–54.  

91.  Smith J, Keating L, Flowerdew L, O’Brien R, McIntyre S, Morley R, et al. An Emergency 
Medicine Research Priority Setting Partnership to establish the top 10 research priorities 
in emergency medicine. Emerg Med J. 2017 Jul 1;34(7):454–6.  

92.  Inouye SK, Studenski S, Tinetti ME, Kuchel GA. Geriatric syndromes: Clinical, research, 
and policy implications of a core geriatric concept. Journal of the American Geriatrics 
Society. 2007 May;55(5):780–91.  

93.  Fried LP, Ferrucci L, Darer J, Williamson JD, Anderson G. Untangling the concepts of 
disability, frailty, and comorbidity: implications for improved targeting and care. J 
Gerontol A Biol Sci Med Sci. 2004 Mar;59(3):255–63.  

94.  Gray LC, Peel NM, Costa AP, Burkett E, Dey AB, Jonsson PV, et al. Profiles of Older 
Patients in the Emergency Department: Findings From the interRAI Multinational 
Emergency Department Study. Annals of Emergency Medicine. 2013 Nov;62(5):467–74.  

95.  Tanderup A, Lassen AT, Rosholm Jens-Ulrik and Ryg J. Disability and morbidity among 
older patients in the emergency department: a Danish population-based cohort study. 
BMJ OPEN. 2018 Dec;8(12).  

96.  Ke Y-T, Peng A-C, Shu Y-M, Chung M-H, Tsai K-T, Chen P-J, et al. Prevalence of 
Geriatric Syndromes and the Need for Hospice Care in Older Patients of the Emergency 
Department: A Study in an Asian Medical Center. Emergency Medicine International. 
2020 Jul 17;2020:e7174695.  

97.  Tabue-Teguo M, Grasset L, Avila-Funes JA, Genuer R, Proust-Lima C, Péres K, et al. 
Prevalence and Co-Occurrence of Geriatric Syndromes in People Aged 75 Years and 
Older in France: Results From the Bordeaux Three-city Study. The Journals of 
Gerontology: Series A. 2018 Jan 1;73(1):109–16.  



72 
 

98.  Kharrazi H, Anzaldi LJ, Hernandez L, Davison A, Boyd CM, Leff B, et al. The Value of 
Unstructured Electronic Health Record Data in Geriatric Syndrome Case Identification. 
Journal of the American Geriatrics Society. 2018;66(8):1499–507.  

99.  Shrier W, Dewar C, Parrella P, Hunt D, Hodgson LE. Agreement and predictive value of 
the Rockwood Clinical Frailty Scale at emergency department triage. Emerg Med J. 2020 
Nov 10;  

100.  Lin C-F, Lin P-C, Hu S-Y, Tsan Y-T, Liao W-K, Lin S-Y, et al. Comprehensive Geriatric 
Assessment and Clinical Outcomes in the Older People at the Emergency Department. 
Int J Environ Res Public Health. 2021 Jun 7;18(11):6164.  

101.  Stiffler KA, Finley A, Midha S, Wilber STT. Frailty assessment in the emergency 
department. The Journal of emergency medicine. 2013 Aug;45(2).  

102.  Church S, Rogers E, Rockwood K, Theou O. A scoping review of the Clinical Frailty 
Scale. BMC Geriatrics. 2020 Oct 7;20(1):393.  

103.  Quinlan N, Marcantonio ER, Inouye SK, Gill TM, Kamholz B, Rudolph JL. Vulnerability: 
The Crossroads of Frailty and Delirium. Journal of the American Geriatrics Society. 2011 
Nov;59(2, SI):S262–8.  

104.  Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB, McDowell I, et al. A global 
clinical measure of fitness and frailty in elderly people. CMAJ. 2005 Aug;173(5):489–95.  

105.  Brousseau AA, Dent E, Hubbard R, Melady D, Émond M, Mercier E CA. Older Adults 
in the Emergency Department with Frailty. Clinics in Geriatric Medicine. 2018;34(3):369–
86.  

106.  Hastings SN, Purser JL, Johnson KS, Sloane RJ, Whitson HE. Frailty predicts some but 
not all adverse outcomes in older adults discharged from the emergency department. 
Journal of the American Geriatrics Society. 2008 Sep;56(9):1651–7.  

107.  Salvi F, Morichi V, Grilli A, Lancioni L, SpazzaFuMo L, Polonara S, et al. Screening for 
frailty in elderly emergency department patients by using the identification of seniors at 
risk (ISAR). Journal of Nutrition, Health and Aging. 2012;  

108.  Wallis SJ, Wall J, Biram RWS, Romero-Ortuno R. Association of the clinical frailty scale 
with hospital outcomes. QJM: An International Journal of Medicine. 2015 Dec 
1;108(12):943–9.  

109.  Kaeppeli T, Rueegg M, Dreher-Hummel T, Brabrand M, Kabell-Nissen S, Carpenter CR, 
et al. Validation of the Clinical Frailty Scale for Prediction of Thirty-Day Mortality in the 
Emergency Department. Annals of Emergency Medicine. 2020 Sep;76(3):291–300.  



73 
 

110.  Lewis ET, Dent E, Alkhouri H, Kellett J, Williamson M, Asha S, et al. Which frailty scale 
for patients admitted via Emergency Department? A cohort study. Archives of 
Gerontology and Geriatrics. 2019 Jan;80:104–14.  

111.  Rosted E, Schultz M, Sanders S. Frailty and polypharmacy in elderly patients are 
associated with a high readmission risk. Danish Medical Journal. 2016 Sep;63(9).  

112.  Shah SP, Penn K, Kaplan SJ, Vrablik M, Jablonowski K, Pham TN, et al. Comparison of 
bedside screening methods for frailty assessment in older adult trauma patients in the 
emergency department. The American Journal of Emergency Medicine. 2019 Jan 
1;37(1):12–8.  

113.  Elliott A, Taub N, Banerjee J, Aijaz F, Jones W, Teece L, et al. Does the Clinical Frailty 
Scale at Triage Predict Outcomes From Emergency Care for Older People? Annals of 
Emergency Medicine. 2020 Dec;  

114.  Giroux M, Émond M, Sirois M, Boucher V, Daoust R, Gouin E, et al. Frailty assessment 
to help predict patients at risk of ED-induced delirium. Innovation in Aging. 2017;1(Suppl 
1):1318.  

115.  Choutko-Joaquim S, Tacchini-Jacquier N, Pralong D’Alessio G, Verloo H. Associations 
between Frailty and Delirium among Older Patients Admitted to an Emergency 
Department. DEE. 2019;9(2):236–49.  

116.  Slooter AJC, Otte WM, Devlin JW, Arora RC, Bleck TP, Claassen J, et al. Updated 
nomenclature of delirium and acute encephalopathy: statement of ten Societies. Intensive 
Care Med. 2020 May;46(5):1020–2.  

117.  Kakuma R, Du Fort GG, Arsenault L, Perrault A, Platt RW, Monette J, et al. Delirium in 
Older Emergency Department Patients Discharged Home: Effect on Survival. Journal of 
the American Geriatrics Society. 2003;51(4):443–50.  

118.  Han JH, Eden S, Shintani A, Morandi A, Schnelle J, Dittus RS, et al. Delirium in Older 
Emergency Department Patients Is an Independent Predictor of Hospital Length of Stay. 
Academic Emergency Medicine. 2011 May;18(5):451–7.  

119.  Han JH, Shintani A, Eden S, Morandi A, Solberg LM, Schnelle J, et al. Delirium in the 
Emergency Department: An Independent Predictor of Death Within 6 Months. Annals 
of Emergency Medicine. 2010;56(3):252.e1.  

120.  Elsayem AF, Bruera E, Valentine A, Warneke CL, Wood GL, Yeung SJ, et al. Advance 
Directives, Hospitalization, and Survival Among Advanced Cancer Patients with 
Delirium Presenting to the Emergency Department: A Prospective Study. Oncologist. 
2017 Nov;22(11):1368–73.  



74 
 

121.  Sri-on J, Tirrell GP, Vanichkulbodee A, Niruntarai S, Liu SW. The prevalence, risk factors 
and short-term outcomes of delirium in Thai elderly emergency department patients. 
Emerg Med J. 2016 Jan 1;33(1):17–22.  

122.  Kennedy M, Enander RA, Tadiri SP, Wolfe RE, Shapiro NI, Marcantonio ER. Delirium 
Risk Prediction, Healthcare Use and Mortality of Elderly Adults in the Emergency 
Department. Journal of the American Geriatrics Society. 2014;62(3):462–9.  

123.  Émond M, Boucher V, Carmichael P-H, Voyer P, Pelletier M, Gouin É, et al. Incidence 
of delirium in the Canadian emergency department and its consequences on hospital 
length of stay: a prospective observational multicentre cohort study. BMJ Open. 2018 
Mar 1;8(3):e018190.  

124.  Wachelder JJH, Stassen PM, Hubens LPAM, Brouns SHA, Lambooij SLE, Dieleman JP, 
et al. Elderly emergency patients presenting with non-specific complaints: aracteristics 
and outcomes. PLOS ONE. 2017 Nov;12(11).  

125.  Anderson Jr. RS, Hallen SAM. Generalized Weakness in the Geriatric Emergency 
Department Patient: An Approach to Initial Management. Clinics in Geriatric Medicine. 
2013 Feb;29(1):91+.  

126.  Peters M-L. The Older Adult in the Emergency Department: Aging and Atypical Illness 
Presentation. Journal of Emergency Nursing. 2010 Jan;36(1):29–34.  

127.  Djarv T, Castren M, Martenson L, Kurland L. Decreased general condition in the 
emergency department: high in-hospital mortality and a broad range of discharge 
diagnoses. European Journal of Emergency Medicine. 2015 Aug;22(4):241–6.  

128.  Bingisser R, Nickel CH. How should nonspecific complaints be defined? Comment to: 
“nonspecific complaints (NSCs) in the emergency department. Scandinavian Journal of 
Trauma, Resuscitation and Emergency Medicine. 2020;28(110).  

129.  Kemp K, Mertanen R, Niemi-Murola L, Lehtonen L CM. A common definition should 
be used in future studies of NSC. cand J Trauma Resusc Emerg Med. 2021;29(33):2021.  

130.  Bhalla MC, Wilber ST, Stiffler KA, Ondrejka JE, Gerson LW. Weakness and fatigue in 
older ED patients in the United States. American Journal of Emergency Medicine. 2014 
Nov;32(11):1395–8.  

131.  Tsui C, Kim K, Spencer M. The diagnosis ‘failure to thrive’ and its impact on the care of 
hospitalized older adults: a matched case-control study. BMC Geriatr. 2020 Feb 
14;20(1):62.  

132.  Lucke J, Mooijaart S, Conroy S, Blomaard L, De Groot B, Nickel C. Mortality risk for 
different presenting complaints amongst older patients assessed with the Manchester 
triage system. Eur Geriatr Med. 2021;  



75 
 

133.  Brutschin V, Kogej M, Schacher S, Berger M, Gräff I. The presentational flow chart 
“unwell adult” of the Manchester Triage System—Curse or blessing? PLOS ONE. 2021 
Jun 3;16(6):e0252730.  

134.  Birrenbach T, Geissbühler A, Exadaktylos AK, Hautz WE, Sauter TC, Müller M. A 
dangerously underrated entity? Non-specific complaints at emergency department 
presentation are associated with utilisation of less diagnostic resources. BMC Emergency 
Medicine. 2021 Nov 10;21(1):133.  

135.  Ivic R, Nurmi J, Kurland L, Vicente V, Lindström V, Djärv T, et al. Soluble urokinase 
plasminogen activator receptor and lactate as prognostic biomarkers in patients 
presenting with non-specific chief complaints in the pre-hospital setting – the PRIUS-
study. Scand J Trauma Resusc Emerg Med. 2021 Dec;29(1):116.  

136.  Herzog SM, Jenny MA, Nickel CH, Nieves Ortega R, Bingisser R. Emergency department 
patients with weakness or fatigue: Can physicians predict their outcomes at the front 
door? A prospective observational study. PLOS ONE. 2020 Nov;15(11).  

137.  Nickel CH, Messmer AS, Ghanim L, Ilsemann-Karakoumis J, Giersdorf S, Hertel S, et al. 
Adrenomedullin for Risk Stratification of Emergency Patients With Nonspecific 
Complaints An Interventional Multicenter Pilot Study. Medicine. 2016 Jan;95(1).  

138.  Nickel CH, Kuster T, Keil C, Messmer AS, Geigy N, Bingisser R. Risk stratification using 
D-dimers in patients presenting to the emergency department with nonspecific 
complaints. European Journal of Internal Medicine. 2016 Jun;31:20–4.  

139.  Nickel CH, Kellett J, Cooksley T, Bingisser R, Henriksen DP, Brabrand M. Combined 
use of the National Early Warning Score and D-dimer levels to predict 30-day and 365-
day mortality in medical patients. Resuscitation. 2016 Sep;106:49–52.  

140.  Boss GR, Seegmiller JE. Age-Related Physiological Changes and Their Clinical 
Significance. West J Med. 1981 Dec;135(6):434–40.  

141.  Takayama A, Nagamine T, Kotani K. Aging is independently associated with an increasing 
normal respiratory rate among an older adult population in a clinical setting: A cross-
sectional study. Geriatrics & Gerontology International. 2019;19(11):1179–83.  

142.  Lamantia MA, Stewart PW, Platts-Mills TF, Biese KJ, Forbach C, Zamora E, et al. 
Predictive value of initial triage vital signs for critically ill older adults. The western journal 
of emergency medicine. 2013;14(5):453–60.  

143.  Pines JM, Prosser JM, Everett WW, Goyal M. Predictive values of triage temperature and 
pulse for antibiotic administration and hospital admission in elderly patients with potential 
infection. The American Journal of Emergency Medicine. 2006 Oct 1;24(6):679–83.  



76 
 

144.  Churpek MM, Yuen TC, Winslow C, Hall J, Edelson DP. Differences in Vital Signs 
Between Elderly and Nonelderly Patients Prior to Ward Cardiac Arrest. Critical Care 
Medicine. 2015 Apr;43(4):816–22.  

145.  Gabayan GZ, Gould MK, Weiss RE, Derose SF, Chiu VY, Sarkisian CA. Emergency 
Department Vital Signs and Outcomes After Discharge. Acad Emerg Med. 2017 
Jul;24(7):846–54.  

146.  Nissen SK, Candel BGJ, Nickel CH, Jonge E de, Ryg J, Bogh SB, et al. The Impact of 
Age on Predictive Performance of National Early Warning Score at Arrival to Emergency 
Departments: Development and External Validation. Annals of Emergency Medicine. 
2021 Nov 4;0(0).  

147.  Grossmann FF, Zumbrunn T, Frauchiger A, Delport K, Bingisser R, Nickel CH. At Risk 
of Undertriage? Testing the Performance and Accuracy of the Emergency Severity Index 
in Older Emergency Department Patients. Annals of Emergency Medicine. 
2012;60(3):325.e3.  

148.  Platts-Mills TF, Travers D, Biese K, McCall B, Kizer S, LaMantia M, et al. Accuracy of 
the Emergency Severity Index Triage Instrument for Identifying Elder Emergency 
Department Patients Receiving an Immediate Life-saving Intervention. Academic 
Emergency Medicine. 2010 Mar;17(3):238–43.  

149.  Ginsburg AD, Oliveira L, Silva J, Mullan A, Mhayamaguru KM, Bower S, et al. Should 
age be incorporated into the adult triage algorithm in the emergency department ? 
American Journal of Emergency Medicine. 2021;46:508–14.  

150.  Brouns SHA, Mignot-Evers L, Derkx F, Lambooij SL, Dieleman JP, Haak HR. 
Performance of the Manchester triage system in older emergency department patients: a 
retrospective cohort study. BMC Emergency Medicine. 2019 Jan;19(1):3.  

151.  Lee JMY, Oh SH, Peck EH, Lee JMY, Park KN, Kim SH, et al. The validity of the 
Canadian Triage and Acuity Scale in predicting resource utilization and the need for 
immediate life-saving interventions in elderly emergency department patients. 
Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine. 2011;19(1):1–
8.  

152.  Mowbray F, Brousseau AA, Mercier E, Melady D, Émond M, Costa AP. Examining the 
relationship between triage acuity and frailty to inform the care of older emergency 
department patients: Findings from a large Canadian multisite cohort study. Canadian 
Journal of Emergency Medicine. 2019;22(1):74–81.  

153.  Lentz BA, Jenson A, Hinson JS, Levin S, Cabral S, George K, et al. Validity of ED: 
Addressing heterogeneous definitions of over-triage and under-triage. The American 
Journal of Emergency Medicine. 2017 Jul;35(7):1023–5.  



77 
 

154.  Cheung KY, Leung LP. Validity and reliability of the triage scale in older people in a 
regional emergency department in Hong Kong. Hong Kong Journal of Emergency 
Medicine. 2020 Nov;  

155.  Alshibani A, Alharbi M, Conroy S. Under-triage of older trauma patients in prehospital 
care: a systematic review. Eur Geriatr Med. 2021 Jun 10;  

156.  Hendin A, Eagles D, Myers V, Stiell IG. Characteristics and outcomes of older emergency 
department patients assigned a low acuity triage score. Canadian Journal of Emergency 
Medicine. 2018 Sep;20(5):762–9.  

157.  Rogers A, Rogers F, Bradburn E, Krasne M, Lee J, Wu D, et al. Old and undertriaged: a 
lethal combination. Am Surg. 2012 Jun;78(6):711–5.  

158.  Schumacher JG, Hirshon JM, Magidson P, Chrisman M, Hogan T. Tracking the Rise of 
Geriatric Emergency Departments in the United States. Journal of Applied Gerontology. 
2018;  

159.  Hwang U, Morrison RS. The Geriatric Emergency Department. Journal of the American 
Geriatrics Society. 2007 Nov;55(11):1873–6.  

160.  American College of Emergency Physicians, American Geriatrics Society, Emergency 
Nurses Association, Society for Academic Emergency Medicine, Geriatric Emergency 
Department Guidelines Task Force. Geriatric emergency department guidelines. Ann 
Emerg Med. 2014 May;63(5):e7-25.  

161.  Tucker G, Clark NK, Abraham I. Enhancing ED triage to accommodate the special needs 
of geriatric patients. Journal of Emergency Nursing. 2013 May;39(3):309–14.  

162.  Yadav K, Boucher V, Le Sage N, Malo C, Mercier É, Voyer P, et al. A Delphi study to 
identify prehospital and emergency department trauma care modifiers for older adults. 
Can J Surg. 2021 Jun 4;64(3):E339–45.  

163.  Brabrand M, Kellett J, Opio M, Cooksley T, Nickel CH. Should impaired mobility on 
presentation be a vital sign? Acta Anaesthesiologia Scandinavica. 2018 Aug;62(7):945–52.  

164.  Malinovska A, Nickel CH, Bingisser R. Modification of the Emergency Severity Index 
Improves Mortality Prediction in Older Patients. 2019;20(July):633–40.  

165.  de Groot B, Stolwijk F, Warmerdam M, Lucke JA, Singh GK, Abbas M, et al. The most 
commonly used disease severity scores are inappropriate for risk stratification of older 
emergency department sepsis patients: an observational multi-centre study. Scand J 
Trauma Resusc Emerg Med. 2017 Sep 11;25(1):91.  

166.  Kao C-C, Chen Y-C, Huang H-H, Hsu T-F, Yen DH-T, Fan J-S. Prognostic significance 
of emergency department modified early warning score trend in critical ill elderly patients. 
The American Journal of Emergency Medicine. 2021 Jun;44:14–9.  



78 
 

167.  Cei M, Bartolomei C, Mumoli N. In-hospital mortality and morbidity of elderly medical 
patients can be predicted at admission by the Modified Early Warning Score: a prospective 
study. International Journal of Clinical Practice. 2009 Apr;63(4):591–5.  

168.  Kim I, Song H, Kim HJ, Park KN, Kim SH, Oh SH, et al. Use of the National Early 
Warning Score for predicting in-hospital mortality in older adults admitted to the 
emergency department. Clin Exp Emerg Med. 2020 Mar;7(1):61–6.  

169.  Dundar ZD, Ergin M, Karamercan MA, Ayranci K, Colak T, Tuncar A, et al. Modified 
Early Warning Score and VitalPac Early Warning Score in geriatric patients admitted to 
emergency department. European Journal of Emergency Medicine. 2016 Dec;23(6):406–
12.  

170.  Mitsunaga T, Hasegawa I, Uzura M, Okuno K, Otani K, Ohtaki Y, et al. Comparison of 
the National Early Warning Score (NEWS) and the Modified Early Warning Score 
(MEWS) for predicting admission and in-hospital mortality in elderly patients in the pre-
hospital setting and in the emergency department. PeerJ. 2019 May;7:e6947.  

171.  Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer M, et al. 
The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). 
JAMA. 2016 Feb 23;315(8):801–10.  

172.  González Del Castillo J, Julian-Jiménez A, González-Martínez F, Álvarez-Manzanares J, 
Piñera P, Navarro-Bustos C, et al. Prognostic accuracy of SIRS criteria, qSOFA score and 
GYM score for 30-day-mortality in older non-severely dependent infected patients 
attended in the emergency department. Eur J Clin Microbiol Infect Dis. 2017 
Dec;36(12):2361–9.  

173.  Ramos-Rincón JM, Fernández-Gil A, Merino E, Boix V, Gimeno A, Rodríguez-Diaz JC, 
et al. The quick Sepsis-related Organ Failure Assessment (qSOFA) is a good predictor of 
in-hospital mortality in very elderly patients with bloodstream infections: A retrospective 
observational study. Sci Rep. 2019 Oct 21;9(1):15075.  

174.  Meldon SW, Mion LC, Palmer RM, Drew BL, Connor JT, Lewicki LJ, et al. A brief risk-
stratification tool to predict repeat emergency department visits and hospitalizations in 
older patients discharged from the emergency department. Academic Emergency 
Medicine. 2003 Mar;10(3):224–32.  

175.  Cousins G, Bennett Z, Dillon G, Smith SM, Galvin R. Adverse outcomes in older adults 
attending emergency department. European Journal of Emergency Medicine. 2013 
Aug;20(4):230–9.  

176.  Pham KD, Lim FA. The Impact of Geriatric-Specific Triage Tools Among Older Adults 
in the Emergency Department. Critical Care Nursing Quarterly. 2020 Mar;43(1):39–57.  

177.  McCusker J, Bellavance F, Cardin S, Trepanier S, Verdon J, Ardman O. Detection of 
Older People at Increased Risk of Adverse Health Outcomes After an Emergency Visit: 



79 
 

The ISAR Screening Tool. Journal of the American Geriatrics Society. 1999;47(10):1229–
37.  

178.  Galvin R, Gilleit Y, Wallace E, Cousins G, Bolmer M, Rainer T, et al. Adverse outcomes 
in older adults attending emergency departments: a systematic review and meta-analysis 
of the Identification of Seniors At Risk (ISAR) screening tool. Age and Ageing. 2016 
Dec;46(2):179–86.  

179.  Yao J-L, Fang J, Lou Q-Q, Anderson RM. A systematic review of the identification of 
seniors at risk (ISAR) tool for the prediction of adverse outcome in elderly patients seen 
in the emergency department. International Journal of Clinical and Experimental 
Medicine. 2015;8(4):4778–86.  

180.  Rosenberg M, Rosenberg L. The Geriatric Emergency Department. Emergency medicine 
clinics of North America. 2016 Aug;34(3):629+.  

181.  Shadyab AH, Castillo EM, Chan TC, Tolia VM. Developing and Implementing a Geriatric 
Emergency Department (GED): Overview and Characteristics of GED Visits. J Emerg 
Med. 2021 Aug;61(2):131–9.  

182.  Di Bari M, Balzi D, Roberts AT, Barchielli A, Fumagalli S, Ungar A, et al. Prognostic 
stratification of older persons based on simple administrative data: development and 
validation of the ‘Silver Code,’ to be used in emergency department triage. The Journals 
of Gerontology Series A, Biological Sciences and Medical Sciences. 2010;65(2):159–64.  

183.  Di Bari M, Salvi F, Roberts AT, Balzi D, Lorenzetti B, Morichi V, et al. Prognostic 
Stratification of Elderly Patients in the Emergency Department: A Comparison Between 
the “Identification of Seniors at Risk” and the “Silver Code”. The Journals of 
Gerontology: Series A. 2012 May 1;67A(5):544–50.  

184.  Balzi D, Carreras G, Tonarelli F, Esposti LD, Michelozzi P, Ungar A, et al. Real-time 
utilisation of administrative data in the ED to identify older patients at risk: development 
and validation of the Dynamic Silver Code. BMJ Open. 2019 Dec 1;9(12):e033374.  

185.  Gelder JD, Lucke JA, Groot BD, Fogteloo AJ, Anten S, Mesri K. Predicting adverse 
health outcomes in older emergency department patients : the APOP study. 2016;(8):342–
52.  

186.  Blomaard LC, Speksnijder C, Lucke JA. Geriatric Screening, Triage Urgency, and 30-Day 
Mortality in Older Emergency Department Patients. 2020;1755–62.  

187.  Hwang U, Carpenter C. Assessing geriatric vulnerability for post emergency department 
adverse outcomes: challenges abound while progress is slow. Emerg Med J. 2016 Jan 
1;33(1):2–3.  



80 
 

188.  Puig-Campmany M, Blázquez-Andión M, Ris-Romeu J. Triage tools: a cautious (and 
critical) view towards their use in old patients. Eur Geriatr Med. 2021 Oct 5;s41999-021-
00572–7.  

189.  Ackroyd-Stolar. The association between a prolonged stay in the emergency department 
and adverse events in older patients admitted to hospital: a retrospective cohort study.  

190.  Liu. A Pilot Study Examining Undesirable Events Among Emergency Department–
Boarded Patients Awaiting Inpatient Beds.  

191.  Guttmann A, Schull MJ, Vermeulen MJ, Stukel TA. Association between waiting times 
and short term mortality and hospital admission after departure from emergency 
department: population based cohort study from Ontario, Canada. BMJ (Clinical research 
ed). 2011 Jun;342:d2983.  

192.  Chong CP, Haywood C, Barker A, Lim WK. Is Emergency Department length of stay 
associated with inpatient mortality? Australasian Journal on Ageing. 2013;32(2):122–4.  

193.  García-Peña C, Pérez-Zepeda MU, Robles-Jiménez LV, Sánchez-García S, Ramírez-
Aldana R, Tella-Vega P. Mortality and associated risk factors for older adults admitted to 
the emergency department: a hospital cohort. BMC Geriatrics. 2018 Dec;18(1):144.  

194.  Liew D, Liew D, Kennedy MP. Emergency department length of stay independently 
predicts excess inpatient length of stay. Med J Aust. 2003(179(10)):524–6.  

195.  Singer AJ, Thode Jr. HC, Viccellio P, Pines JM. The Association Between Length of 
Emergency Department Boarding and Mortality. Academic Emergency Medicine. 2011 
Dec;18(12, SI):1324–9.  

196.  Bo M, Bonetto M, Bottignole G, Porrino P, Coppo E, Tibaldi M, et al. Length of Stay in 
the Emergency Department and Occurrence of Delirium in Older Medical Patients. 
Journal of the American Geriatrics Society. 2016;64(5):1114–9.  

197.  van Loveren K, Singla A, Sinvani L, Calandrella C, Perera T, Brave M, et al. Increased 
Emergency Department Hallway Length of Stay is Associated with Development of 
Delirium. West J Emerg Med. 2021 May;22(3):726–35.  

198.  Pines JM, Griffey RT. What We Have Learned From a Decade of ED Crowding 
Research. Academic Emergency Medicine. 2015;22(8):985–7.  

199.  Forero R, Hillman KM, McCarthy S, Fatovich DM, Joseph AP, Richardson DB. Access 
block and ED overcrowding. Emergency Medicine Australasia. 2010;22(2):119–35.  

200.  Morley C, Unwin M, Peterson GM, Stankovich J, Kinsman L. Emergency department 
crowding: A systematic review of causes, consequences and solutions. PLOS ONE. 2018 
Aug 30;13(8):e0203316.  



81 
 

201.  Alakare J, Kemp K, Strandberg T, Castrén M, Jakovljević D, Tolonen J, et al. Systematic 
geriatric assessment for older patients with frailty in the emergency department: a 
randomised controlled trial. BMC Geriatr. 2021 Dec;21(1):408.  

202.  University of York. PROSPERO International prospective register of systematic reviews 
[Internet]. [cited 2019 Jul 13]. Available from: https://www.crd.york.ac.uk/prospero/ 

203.  University of Helsinki. Meilahti Campus Library Terkko [Internet]. [cited 2019 Jul 13]. 
Available from: https://www.terkko.helsinki.fi/ 

204.  Healthcare Improvement Scotland. Scottish Intercollegiate Guidelines Network 
[Internet]. [cited 2019 Jul 13]. Available from: https://www.sign.ac.uk/ 

205.  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The 
PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. 
2021 Mar 29;372:n71.  

206.  Grade Working Group. GRADE [Internet]. 2019 [cited 2019 Nov 11]. Available from: 
http://www.gradeworkinggroup.org/ 

207.  IBM Corp. IBM SPSS Statistics for Windows, Version 25.0 Released 2016. [Internet]. 
Armonk, NY.: IBM Corp; 2021 [cited 2021 Oct 14]. Available from: 
https://www.ibm.com/products/spss-statistics 

208.  MedCal Software Ltd. Diagnostic test evaluation calculator (Version 20.014) [Internet]. 
MedCalc. [cited 2021 Oct 19]. Available from: https://www.medcalc.org/ 

209.  U.S. National Library of Medicine. ClinicalTrials.gov [Internet]. [cited 2021 Oct 14]. 
Available from: https://clinicaltrials.gov/ 

210.  Sauter TC, Capaldo G, Hoffmann M, Birrenbach T, Hautz SC, Kaemmer JE, et al. Non-
specific complaints at emergency department presentation result in unclear diagnoses and 
lengthened hospitalization: a prospective observational study. Scandinavian Journal of 
Trauma, Resuscitation and Emergency Medicine. 2018 Jul;26.  

211.  Safwenberg U, Terent A, Lind L. The emergency department presenting complaint as 
predictor of in-haspital fatality. European Journal of Emergency Medicine. 2007 
Dec;14(6):324–31.  

212.  Quinn K, Herman M, Lin D, Supapol Wendy and Worster A. Common Diagnoses and 
Outcomes in Elderly Patients Who Present to the Emergency Department with Non-
Specific Complaints. CANADIAN JOURNAL OF EMERGENCY MEDICINE. 2015 
Sep;17(5):516–22.  

213.  Safwenberg U, Terent A, Lind L. Differences in long-term mortality for different 
emergency department presenting complaints. Academic Emergency Medicine. 2008 
Jan;15(1):9–16.  



82 
 

214.  Vilpert S, Monod S, Ruedin HJ, Maurer J, Trueb L, Yersin B, et al. Differences in triage 
category, priority level and hospitalization rate between young-old and old-old patients 
visiting the emergency department. BMC health services research. 2018 Jun;18.  

215.  LaMantia MA, Platts-Mills TF, Biese K, Khandelwal C, Forbach C, Cairns CB, et al. 
Predicting Hospital Admission and Returns to the Emergency Department for Elderly 
Patients. Academic Emergency Medicine. 2010 Mar;17(3):252–9.  

216.  Yuksen C, Sawatmongkornkul S, Suttabuth S, Sawanyawisuth K, Sittichanbuncha Y. 
Emergency severity index compared with 4-level triage at the emergency department of 
Ramathibodi University Hospital. Asian Biomedicine. 2017 Jan 31;10(2):155–61.  

217.  Chi C-H, Huang C-M. Comparison of the Emergency Severity Index (ESI) and the 
Taiwan Triage System in Predicting Resource Utilization. Journal of the Formosan 
Medical Association. 2006;105(8):617–25.  

218.  Tanabe P, Gimbel R, Yarnold PR, Kyriacou DN, Adams JG. Reliability and Validity of 
Scores on the Emergency Severity Index Version 3. Academic Emergency Medicine. 2004 
Jan;11(1).  

219.  Chen C, Kan T, Li S, Qiu C, Gui L. Use and implementation of standard operating 
procedures and checklists in prehospital emergency medicine: a literature review. The 
American Journal of Emergency Medicine. 2016 Dec 1;34(12):2432–9.  

220.  Patel J, Ahmed K, Guru KA, Khan F, Marsh H, Shamim Khan M, et al. An overview of 
the use and implementation of checklists in surgical specialities - a systematic review. Int 
J Surg. 2014 Dec;12(12):1317–23.  

221.  Lugtenberg M, Burgers JS, Westert GP. Effects of evidence-based clinical practice 
guidelines on quality of care: a systematic review. BMJ Quality & Safety. 2009 Oct 
1;18(5):385–92.  

222.  Ko HCH, Turner TJ, Finnigan MA. Systematic review of safety checklists for use by 
medical care teams in acute hospital settings--limited evidence of effectiveness. BMC 
Health Serv Res. 2011 Sep 2;11:211.  

223.  Agrawal P, Kosowsky JM. Clinical Practice Guidelines in the Emergency Department. 
Emergency Medicine Clinics. 2009 Nov 1;27(4):555–67.  

224.  Wallgren UM, Bohm KEM, Kurland L. Presentations of adult septic patients in the 
prehospital setting as recorded by emergency medical services: a mixed methods analysis. 
Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine. 2017 Mar;25:1–
10.  

225.  Raven MC, Lowe RA, Maselli J, Hsia RY. Comparison of Presenting Complaint vs 
Discharge Diagnosis for Identifying “Nonemergency” Emergency Department Visits. 
Journal of American Medical Association. 2013 Mar;309(11):1145–53.  



83 
 

226.  Nielsen MK, Henriksen DP, Ostergaard KB, Dahlin J, Brabrand M. Association between 
presenting complaints of acutely admitted medical patients and mortality: A cohort study. 
European Journal of Internal Medicine. 2018 Aug;54:E29–32.  

227.  Wallgren UM, Antonsson VE, Castrén MK, Kurland L. Longer time to antibiotics and 
higher mortality among septic patients with non-specific presentations -a cross sectional 
study of Emergency Department patients indicating that a screening tool may improve 
identification. Scand J Trauma Resusc Emerg Med. 2016 Jan 6;24(1):1.  

228.  Conway R, Byrne D, O’Riordan D, Silke B. Non–Specific Clinical Presentations are Not 
Prognostic and do not Anticipate Hospital Length of Stay or Resource Utilization. 
European Journal of Internal Medicine. 2021 Feb;  

229.  von Elm E, Altman D, Egger M, Pocock S, Goetzsche, Vandenbroucke J. The 
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 
statement: guidelines for reporting observational studies - The Lancet. Lancet. 
2007(9696):1453–7.  

 

 

  



84 
 

 


	ABSTRACT
	TABLE OF CONTENTS
	LIST OF ORIGINAL PUBLICATIONS
	ABBREVIATIONS
	1. INTRODUCTION
	2. REVIEW OF THE LITERATURE
	3. AIM OF THE STUDY
	4. STUDY DESIGN
	5. RESULTS
	6. DISCUSSION
	7. CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES



