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Abstract
Background/objective  Neurological syndromes are underrepresented in existing triage systems which are not validated for 
neurological patients; therefore, we developed and validated the new Heidelberg Neurological Triage System (HEINTS) in 
a prospective, single-center observational study.
Methods  Patients were triaged according to the new triage system by nurses and physicians (stage 1) as well as trained 
nurses (stage 2). In stage 1, all patients presenting to the neurological emergency room (ER) were triaged by nurses and 
physicians. In stage 2, three specially trained nurses triaged patients according to HEINTS. The main outcomes comprised 
interrater agreement between nurses’ and physicians’ triage (stage 1), sensitivity and specificity to detect emergencies (stages 
1 and 2), and improvement in triage quality as a result of training (stage 2), as well as correlation of HEINTS with hospital 
admissions and resource utilization.
Results  In stage 1 (n = 2423 patients), sensitivity and specificity to detect neurological emergencies were 84.2% (SD 0.8%) 
and 85.4% (SD 0.8%) for nurses, as well as 92.4% (SD 0.6%) and 84.1% (SD 0.9%) for physicians, respectively. The 
interrater-reliability between nurses and physicians in stage 1 was moderate [Cohen’s kappa 0.44, standard deviation (SD) 
0.02]. In stage 2 (n = 506 patients), sensitivity of trained nurses increased to 94.3% (SD 1.0%), while specificity decreased to 
74.8% (SD 1.9%). Correlation of HEINTS triage with hospital admission and resource utilization in both stages was highly 
significant.
Conclusions  HEINTS predicted hospital admissions and resource utilization. Agreement between nurses and physicians 
was moderate. HEINTS, applied by physicians and by nurses after training, reliably detected neurological emergencies.

Keywords  Triage · Neurological emergency · Emergency room

Introduction

In the past few decades, several triage systems have emerged 
for use in interdisciplinary emergency rooms, among which 
the Manchester Triage System (MTS) and the Emergency 
Severity Index (ESI) are employed most frequently [1–3]. 
All triage systems for emergency rooms (ER) in hospitals 
aim to identify life-threatening conditions immediately and 
focus on different aspects such as resource use, treatment 
organization and treatment order. Neurological emergencies 
might not be immediately fatal but nevertheless require rapid 
assessment and treatment [4–7]. Indeed, they are not suffi-
ciently represented in the existing triage systems, although 
up to 15% of the patients presenting to an interdisciplinary 
ER and up to 26% of medical patients suffer from neuro-
logical diseases [8, 9]. Triage of neurological patients is 
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challenging because parameters such as heart rate, blood 
pressure, and others in many cases do not depict the acu-
ity of the disease. To date, there is no specific triage sys-
tem for neurological emergencies and nor has a dedicated 
validation of the existing triage systems been conducted to 
assess performance in neurological patients. We aimed to 
create a triage algorithm specifically designed for patients 
presenting to a neurological ER that can be used by phy-
sicians and nurses alike. We then set out to validate this 
algorithm in a two staged prospective trial in which nurses, 
algorithm-trained nurses and physicians applied the algo-
rithm to triage patients in a routine setting. Several studies 
have been published on the reliability and validity of triage 
systems [10–13]. The main outcome parameters of these 
studies include interrater-reliability and correlation of triage 
with mortality, resource utilization, hospital admission and 
admission to intensive care units (ICU) as validity criteria. 
Few studies compare triage of real patients to a reference 
standard [8, 14–17].

Methods

Algorithm development

For our newly developed Heidelberg Neurological Tri-
age System (HEINTS), we defined four triage categories 
according to time periods in which the physician’s assess-
ment needed to begin (category 1: < 5 min, cat. 2: < 2 h, 
cat. 3: same day, cat. 4: nonurgent; Fig. 1). Five-level 
triage systems have been shown to be more reliable and 
valid than three-level systems [10, 18]. However, the most 
urgent category of these systems comprises patients with 
acute cardiorespiratory insufficiency of similar severe 
condition. As these patients rarely present to our neuro-
logical ER and since we felt that true neurological emer-
gencies such as stroke and bacterial meningitis should 
both be treated immediately, we combined the two most 
urgent categories of the five-level system. Primarily, tri-
age categories represent the order of detailed assessment 
by a physician. Secondarily, we chose time windows to 
assure patients’ safety in the higher categories. In com-
parison to other triage systems, we chose broader time 
slots for the less urgent categories. This is mainly due 
to the fact that emergency rooms are facing increasing 
numbers of nonurgent patients. One author reports up to 
37% (8–62%) nonurgent patients in emergency rooms in 
the US [19]. In Europe as well, between 11.7% and 56% 
of ED visits are classified as inappropriate [20]. There are 
many considerations how to restructure emergency care to 
avoid overcrowding, i.e., transferring nonurgent patients 
to an outpatient clinic or a physician’s office. Category 3, 
“same day”, focuses on patients who require diagnostic 

examinations and/or treatment that might not be provided 
at a standard outpatient clinic or specialist. Category 4, 
“nonurgent”, was defined for patients who actually do not 
require acute assessment. However, all patients should be 
treated as quickly as resources allow. Accompanying this 
validation study, we also conducted a self-assessment of 
the patients evaluating the perceived urgency, the reasons 
for referral to the ER and other aspects [21].

We assigned the most important neurological syn-
dromes and conditions to the four triage categories regard-
ing the duration of symptoms. Category 1 (immediately) 
comprises ischemic/hemorrhagic stroke within 12 h, bac-
terial meningitis, status epilepticus, seizures with lasting 
symptoms and coma. We assigned ischemic/hemorrhagic 
strokes with symptoms for longer than 12 h, transient 
ischemic attacks, viral meningitis, severe pain and tran-
sient global amnesia to category 2 (less than 2 h). Seizures 
without lasting symptoms, idiopathic headache, other 
moderate pain and MS relapses should be assessed by a 
physician the same day (category 3). Symptoms lasting 
for days or weeks, already diagnosed or treated disorders 
or asks for a second opinion were classified as nonurgent 
(category 4).

We chose 12 h as time window for suspected acute stroke 
as mechanical thrombectomy, thrombolysis studies, and 
treatment of basilar artery occlusion were not restricted to 
4.5 h from onset in our institutional SOPs and acute stroke 
studies. HEINTS is based on neurological symptoms either 
to be identified by a structured history with the patient or 
through the emergency medical service (EMS) personnel 
report and/or a quick assessment. In HEINTS, we included 
vital signs (blood pressure, oxygen saturation, and tempera-
ture) and logistic aspects. Before the study, no formal triage 
system was in place. In a test phase of 4 weeks, nurses and 
physicians had the opportunity to familiarize themselves 
with the triage system and integrate it into their workflow. 
We asked them for feedback and incorporated suggestions 
into the algorithm (Fig. 1).

Study design

We aimed to validate our new triage system by comparing 
the agreement of triage between physicians in neurologi-
cal training with nurses previously untrained in the use of 
HEINTS and second aimed to demonstrate that training of 
nurses in the application of HEINTS would improve their 
performance. The validation study was set up as a prospec-
tive, single-center, observational comparative study during 
routine clinical practice in two stages, combined with a ret-
rospective chart review to validate HEINTS for neurological 
emergency patients. The study was conducted in the ER of 
the Heidelberg University Neurology Department.
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Standard protocol approvals, registrations, 
and patient consents

According to our institutional review board, the partici-
pants (nurses, medical students working as nursing assis-
tants, and neurologists of the ER) gave written informed 
consent and patients’ consent was waived. The study was 
registered in the German Clinical Trials Register; https​://

www.drks.de; identifier: DRKS00013267. For the study 
flow diagram, see Fig. 2.

Study setting

This ER is located in a separate center (“head clinic”) 
together with the ERs for neurosurgery, oral and maxillofa-
cial surgery, otorhinolaryngology, and ophthalmology. There 

Fig. 1   HEINTS triage algo-
rithm. NRS: numeric rating 
scale for pain; patients were 
asked to indicate the intensity 
of pain (0 = no pain, 10 = worst 
possible pain). “Quick transfer 
to other department” refers to 
patients with non-neurological 
symptoms who should be 
transferred to the appropriate 
department as soon as possible. 
The four categories on the right 
side of the algorithm indicate 
the time until the assessment by 
a physician has to begin

https://www.drks.de
https://www.drks.de
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is one nursing team for all specialties but separate physicians 
for each department. Over 10,000 patients presented to the 
neurological ER in 2016. The neurological ER is working 

24/7 and has a shift rotation. There is at least one physician 
in neurology training present all the times and at times with 
high patient turnover up to three. Between 8 am and 5 pm, 
there is one specialist in Neurology present as well, the rest 
of the time the attending is on call. Patients are either self-
referring or referred by a general practitioner or a specialist, 
by emergency medical services (EMS), emergency physi-
cians (EP), other departments, or other hospitals (Table 1). 
The study consisted of two stages. The first stage comparing 
physicians’ with nurses’ triage performance was conducted 
between October 2015 and January 2016. The time period 
of 3 months was calculated to obtain at least 1000 triage 
ratings for nurses and physicians. In the second stage, we 
evaluated triage of the trained nurses, which was conducted 
between October 2016 and January 2017 to obtain at least 
500 triage ratings.

Procedures

Self-referring patients registered at the reception desk and 
were then sent to the ER where nurses received them. They 
were then triaged immediately or recalled for triage as 
soon as possible. Patients brought by EMS were immedi-
ately admitted to the ER and primarily received by nurses. 
Patients accompanied by EP were handed over directly to 
physicians and, therefore, triaged in category 1. Apart from 
that, nurses’ triage was performed before or while vital 
signs were being checked, blood was taken, and possibly 
a venous catheter was placed. In stage 1, every nurse was 
equally involved in patient care; there were no special “triage 
nurses”. Physicians triaged patients either upon arrival dur-
ing presentation by EMS personnel or recalled patients for 
triage. Assuming that nurses’ preceded physicians’ triage, 
data for the nurses’ triage were collected separately from 
the patients’ records. Physicians’ triage was noted on the 
medical record and patients were routinely examined and 
treated according to physicians’ triage category in stage 1 
of the study. Time of triage was documented together with 
triage category.

For the second stage, we further trained three nurses 
(ACB, LK, UW, please see “Acknowledgements”) of the ER 
staff who had already participated in stage 1 to use HEINTS 
by discussing real and fictional patient cases before incorpo-
rating the triage algorithm in their routine work. They were 
involved in patient care like the rest of the nurses and had 
no “extra-time” for triage. The remaining nurses performed 
triage according to HEINTS algorithm within clinical rou-
tine without extra training and their triage was not assessed 
for the trial.

Table 1   Baseline characteristics of stages 1 and 2

Total counts vary due to missing data. For stage 2, diagnosis catego-
ries were not assessed

Parameter Stage 1 Stage 2
Data (N = 2423) (n, 
%)

Data (N = 519) (n, %)

Sex female 1263 (52.1) 286 (55.11)
Age mean in years 

(SD)
56.13 (20.8) 57.63 (21.19)

 < 40 629 (26.0) 125 (24.08)
 40–59 647 (26.7) 122 (23.51)
 50–79 794 (32.7) 182 (35.07)
 ≥ 80 353 (14.6) 86 (16.57)

Mode of referral (missing data) N = 2072 (351, 14.5) N = 409

Self-referral 528 (25.5) 117 (28.61)
Emergency medical service 444 (21.4) 95 (23.23)
General practitioner/specialist 308 (14.9) 42 (10.27)
Other hospital 300 (14.5) 51 (12.47)
Other department 261 (12.6) 46 (11.25)
Emergency physician 231 (11.1) 58 (14.18)

Diagnosis (missing data) N = 2374 (49, 2.0)

Ischemic stroke 485 (20.4)
Idiopathic headache 278 (11.7)
Seizures 269 (11.3)
Peripheral nerve palsy 136 (5.7)
Vertigo 118 (5.0)
Neurooncology 72 (3.0)
Hemorrhagic stroke 71 (3.0)
Multiple sclerosis 46 (1.9)
Meningitis 21 (0.9)
Other neurological disorders 504 (21.2)
Non-neurological diagnosis 374 (15.8)

Further treatment (missing data) N = 2356 (67, 2.8) N = 506

Discharge 1208 (51.3) 239 (47.23)
Ordinary ward 300 (12.7) 58 (11.46)
Stroke unit/intermediate care 344 (14.6) 78 (15.42)
Intensive care unit 95 (4.0) 28 (5.53)
Other department 197 (8.4) 55 (10.87)
Other hospital 212 (9.0) 48 (9.49)

Triage category (gold standard) 
(missing data)

N = 2356 (67, 2.8) N = 506

1 (within 5 min) 399 (16.9) 107 (20.95)
2 (within 2 h) 433 (18.4) 67 (13.24)
3 (same day) 1265 (53.7) 288 (56.32)
4 (nonurgent) 259 (11.0) 50 (9.49)



2690	 Journal of Neurology (2019) 266:2685–2698

1 3

Reference standard

To compare triage ratings with the “true” urgency level, we 
determined a reference standard. The reference standard is 
composed of the same four time categories for physicians’ 
treatment (less than 5 min, less than 2 h, same day, and 
nonurgent) as triage categories. Two experienced neurolo-
gists (HMO and HJ, one involved in the development of 
the algorithm, one independent) rated the category based 
on the information of the physicians’ ER reports. The medi-
cal reports were written at the end of ER treatment, irre-
spective of hospital admission or discharge and contained 
history, clinical examination, vital signs, laboratory results, 
imaging, other diagnostics, and an epicrisis including the 
(assumed) diagnosis. Classification into the time categories 
was based on the initial assignment of diagnoses to time cat-
egories. When in doubt, categories were assigned according 
to the maximum time the patient could have waited without 
risking deterioration. Patients with diseases that may have 
received a time-critical treatment, irrespective of the final 
treatment (e.g., stroke with possible thrombolysis), were cat-
egorized as 1, whereas patients who retrospectively did not 
require urgent treatment (e.g., Todd’s paralysis, peripheral 
nerve palsy) were classified in less urgent categories. Rat-
ing was performed independently and blinded for triage. If 
ratings differed (27% in stage 1, 29% in stage 2), cases were 
reviewed until consensus was reached.

Additionally, we wanted to understand the reasons for 
incorrect triage of true emergencies (reference standard cat-
egory 1). We, therefore, analyzed the documented patient’s 
history and retrospectively applied the HEINTS algorithm 
to it.

Triage according to Emergency Severity Index

We aimed to compare HEINTS to a widely used triage sys-
tem, the Emergency Severity Index (ESI). As no triage sys-
tem was in place when we introduced HEINTS, it was not 
feasible to train all nurses to triage patients prospectively 
according to two systems. We, therefore, retrospectively 
assessed ESI levels for all high-urgency patients (standard 
reference category 1) following the guidelines from the ESI 
implementation handbook, version 4 [22]. Whereas level 
1 is unambiguously defined as “immediately requiring life 
saving interventions”, level 2 is more imprecisely defined 
as “high risk situation”. Neurological patients in level 2 are 
specified as “severe headache associated with mental status 
changes, high blood pressure, lethargy, fevers, or a rash; sud-
den onset of speech deficits or motor weakness; sudden onset 
of “worst headache of my life”; all patients with a reported 
seizure”. There is no indication regarding the duration of 
symptoms or possible remission. Hence, we dichotomized 

triage according to ESI to detect neurological emergencies 
in levels 1–2 vs. 3–5.

Data collection

We collected the following data from patients’ records, study 
documentation, and electronic hospital documents: demo-
graphics, mode of referral, and further treatment; hospital 
admission/transfer/discharge, diagnosis, triage ratings by 
nurses and physicians, time of admission, time of triage, 
and resources used in the ER. We reported the mode of refer-
ral to our ER, for example, patients brought by EMS from 
another hospital were recorded as “other hospital” and not 
as “EMS”. Resources included radiological imaging, lum-
bar puncture, ultrasound, electrophysiological examinations, 
consultation of other departments, and parenteral drug or 
fluid administration. We excluded laboratory blood tests as 
they were routinely taken from almost every patient admitted 
to the neurological ER.

Outcomes

Primary outcome in stage 1 was to determine whether triage 
based on HEINTS algorithm is equivalent when performed 
by nurses or physicians. Secondary outcome parameters 
included the agreement of triage ratings to the standard ref-
erence, the comparison of time to triage by nurses and phy-
sicians, the correlation of triage with resource utilization in 
the Emergency Room, and further treatment. For assessment 
of safety, we analyzed emergency patients (according to ref-
erence standard) missed by triage. In stage 2, we wanted to 
determine whether training of nurses to apply the HEINTS 
algorithm improves quality of triage.

Time to triage (Ttriage) was measured from time of ER 
admission, i.e., the electronically registered time of patient 
registration to the documented time of triage and was 
recorded in both stages. Minimal time was defined as 1 min 
if triage was performed before or during registration (espe-
cially for patients brought by EMS). The triaging process 
itself was not measured. Extracted from our patient infor-
mation system (SAP ECC 6.0 EhP8 IS-H/i.s.hmed, SAP, 
Walldorf, Germany) during stage 1, we recorded time from 
registration to first contact with the physician (Treg-phys), 
time from first contact with the physician to discharge of the 
ER (Tphys-end), and total waiting time (Twait), i.e., Treg-
phys plus any waiting time between first contact with the 
physician until discharge (i.e., waiting for ultrasound, radi-
ology, etc.). For comparison of Treg-phys, Tphys-end, and 
Twait, we used the same time period from the previous year, 
prior to the introduction of HEINTS.
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Statistical analysis

All statistical analyses were performed with SPSS version 
20 (SPSS Inc. Chicago, IL). Cohen’s kappa coefficient was 
used to assess the interrater-reliability. As diagnostic perfor-
mance criteria, sensitivity and specificity for identification 
of category 1 by triage (compared with the reference stand-
ard) were determined. Furthermore, we calculated overtriage 
(more urgent triage category) and undertriage (less urgent 
triage category) rates compared to the reference standard. 
For the analysis of the missed emergencies, we used χ2 test 
to compare stages 1 and 2.

The association of the four triage categories and four pos-
sible levels of care [discharged, admitted to normal ward, 
admitted to (hyperacute) stroke unit (SU)/intermediate care 
unit (IMC) and admitted to intensive care unit (ICU)] was 
evaluated using Spearman’s rank correlation coefficient. 
Level of care was considered an ordinal variable. Admis-
sion levels (discharged vs. hospitalized and admitted to SU/
IMC/ICU vs. other treatment) were compared to triage with 
χ2 test and contingency coefficient. The association between 
triage category and resource utilization was analyzed using 
Spearman’s rank correlation. For processing times, data 
were expressed as hours and minutes with median and 
interquartile range and the Mann–Whitney test was used 
to compare group differences. This is an explorative trial. 
Resulting p values are not adjusted for multiplicity and must 
be interpreted descriptively.

Data policy

Anonymized data can be shared by request from any quali-
fied investigator for purposes of replication procedures and 
results.

Results

In stage 1, all 34 physicians and 19 of 20 nurses includ-
ing 5 nurse assistants working in the ER participated in the 
study. One nurse was excluded due to missing informed con-
sent. During this stage from October 21, 2015, to January 
22, 2016, a total of 2423 patients presented to the ER. We 
obtained 2090 nurses’ (86%) and 1753 physicians’ (72%) 
triage documents, and ER reports were available for 2356 
patients. In stage 2 from October 21, 2016, to January 16, 
2017, 3 nurses participated in the study. Five hundred and 
fifteen triage ratings were included in stage 2, for which we 
had 506 correlating ER reports.

Patient characteristics

The baseline characteristics of the patients of both stages are 
presented in Table 1. About half of the patients presented to 
our ER without prior physician’s assessment (self-referring 
or brought by EMS). 10.8% of the patients (261 of 2423) 
were transferred from other departments; few of them were 
classified as urgent (18 in category 1, 35 in category 2). 
The most frequent diagnoses were ischemic stroke, head-
ache, and seizures. Three hundred and seventy-four of 2423 
patients (15.4%) had non-neurological diseases. About one-
third (832 of 2356, 35.3%) of the patients were classified 
as urgent (category 1 and 2). More than half of the patients 
(1208 of 2356, 51.3%) were discharged after treatment in 
the ER (Table 1).

Comparison of nurses’ and physicians’ triage

For 1580 patients, both nurses’ and physicians’ triage were 
recorded. Interrater-reliability measured by Cohen’s kappa 
was moderate (κ 0.44, SD 0.02, p < 0.001). Compared to 
the reference standard, nurses had a higher undertriage 
rate (16.4%, SD 0.8%, Table 2) than physicians (8.7%, SD 
0.7%). Overtriage was equal among the two triaging groups 
(32.8% and 35.4%, SD 1.0%, and 1.1%). The sensitivity of 
identifying emergencies (reference standard category 1) was 
84.2% (SD 0.8%) for nurses and 92.4% (SD 0.6%) for phy-
sicians; specificity was 85.4% (SD 0.8%) and 84.1% (SD 
0.9%), respectively. In stage 2, sensitivity for category 1 
was higher (94.3%, SD 1.0%; specificity 74.8%, SD 1.9%) 
and undertriage markedly decreased (4.9%, SD 1.0%) at the 
expense of overtriage (46.8%, SD 2.2%). The negative pre-
dictive value of patients triaged as nonurgent (category 3 and 
4) was 87.4% (SD 0.7%) for nurses and 89.2% (SD 0.7%) 
for physicians and also increased after nurses were trained 
(stage 2): 94.7% (SD 1.0%).

Missed emergencies

In the first study stage, a total of 61 emergencies (retro-
spectively categorized as category 1 according to refer-
ence standard) were mistriaged by nurses and/or physicians 
(2.6%). We analyzed main reasons for the incorrect triage in 
Table 3. Insofar as it is possible to discern retrospectively, 
17 of 2356 patients (0.7%) were mistriaged due to failure of 
the algorithm as their patient history key features were not 
sufficiently represented in the algorithm, and 35 of 2356 
patients (1.5%) were mistriaged due to incorrect application 
of HEINTS. In the second stage, only six patients were not 
correctly identified as category 1 (1.2%).
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Hospital admission

Triage categories correlated with the level of further care 
(i.e., discharge, admission to normal ward, admission to SU/
IMC, or admission to ICU). Spearman’s rho was − 0.488 
(p < 0.001) for nurses’ and − 0.533 (p < 0.001) for physi-
cians’ triage in stage 1 and − 0.527 (p < 0.001) in stage 2. 
Triage was associated with discharge from the emergency 
room (nurses χ2 329.689, p < 0.001, physicians χ2 346.388, 
p < 0.001; contingency coefficient 0.369 and 0.401, respec-
tively) and admission to IMC/SU including ICU (nurses 
χ2 442.720, p < 0.001, physicians χ2 398.821, p < 0.001; 

contingency coefficient 0.418 and 0.431, respectively). Per-
centages of patients discharged or admitted in each triage 
category are presented in Fig. 3a, b. Regarding patients fur-
ther admitted to ICU, 93.5% were triaged in category 1 by 
nurses, 97.7% by physicians and 100% by trained nurses in 
stage 2.

Resource utilization

The amount of resources used in the ER correlated signifi-
cantly with the triage category for nurses and physicians 
(Spearman’s rho nurses 0.461, physicians 0.531, p < 0.001). 
Figure 3c, d shows the means of resources with SD.

Triage performance according to clinical syndromes

In Table 4, we analyzed the sensitivity and specificity to 
detect emergencies in different diagnosis groups within stage 
1. Sensitivity was lowest for patients with neurooncological 
disorders and patients with meningitis/meningoencephalitis 
(nurses 66.7% and 60.0%, resp.; physicians 66.7% and 75%, 
resp.). For some categories (idiopathic headache, vertigo, 
inflammatory CNS disease), sensitivity could not be calcu-
lated due to no urgent cases in these groups.

Processing times

In stage 1, nurses performed triage significantly faster than 
physicians for all patients [Ttriage median 8 min (IQR 
3–14 min) vs. 11 min (IQR 3–33 min), p < 0.001] and 
especially for the subgroups of less urgent [category 2–4; 

Table 2   Detection of emergencies, over- and undertriage

We analyzed the detection of the most urgent cases (category 1) 
according to nurses’ and physicians’ triage (stage 1) and triage of 
specially trained nurses (stage 2). Triage was compared to the refer-
ence standard. Sensitivity and specificity of detection of category 1 
were calculated. Furthermore, under- and overtriage (all categories) 
were calculated. Additionally, negative predictive value of the nonur-
gent patients (categories 3 and 4 combined) was calculated. Standard 
deviation (SD) is indicated for all results

Nurses Trained nurses Physicians

Sensitivity of cat. 1 
(SD)

84.2% (0.8%) 94.3% (1.0%) 92.4% (0.6%)

Specificity of cat. 1 
(SD)

85.4% (0.8%) 74.8% (1.9%) 84.1% (0.9%)

Undertriage (SD) 16.4% (0.8%) 4.9% (1.0%) 8.7% (0.7%)
Overtriage (SD) 32.8% (1.0%) 46.8% (2.2%) 35.4% (1.1%)
Negative predictive 

value of categories 
3 and 4 (SD)

87.4% (0.7%) 94.7% (1.0%) 89.2% (0.7%)

Table 3   Missed emergencies

Missed urgent patients (reference standard category 1) by nurses or physicians were analyzed for the reason 
of mistriage. In nine cases of stage 1, reasons for mistriage remained incomprehensible. Total numbers and 
percentages regarding all patients with a reference standard are indicated. Missed emergencies are com-
pared between stages 1 and 2 using χ2 test; p values are indicated

Stage 1 (total number of 
patients 2356), n (%)

Stage 2 (total number 
of patients 506), n (%)

p value

Total 61 (2.6%) 6 (1.2%) 0.058
Failure of the algorithm
 Vague history 6 (0.3%) 1 (0.2%)
 Vertebrobasilar stroke 10 (0.4%) 1 (0.2%)
 Secondary deterioration 1 (0.04%)
 Sum 17 (0.7%) 2 (0.4%) 0.412

Application error of the algorithm
 Systolic blood pressure > 220 mmHg 12 (0.5%) 1 (0.2%)
 Transfer with known diagnosis 5 (0.2%) 1 (0.2%)
 Onset > 4.5 h 8 (0.3%) 1 (0.2%)
 Minor symptoms 10 (0.4%) 1 (0.2%)
 Sum 35 (1.5%) 4 (0.8%) 0.221

Other (individual mistakes, unclear reasons) 9 (0.4%) 0.164
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median 8 min [IQR 3–14 min) vs. 15 min (IQR 5–37 min), 
p < 0.001] and self-referring patients [median 9 min (IQR 
4–14 min) vs. 21 min (IQR 9–48 min), p < 0.001]. In the 
second stage of the study, nurses performed triage even 
faster for all patients and all subgroups [overall median 
4 min (IQR 2–7 min), category 2–4: median 2 min (IQR 
1–4 min), self-referral: median 5 min (IQR 3–9 min)].

Treg-phys was similar in stage 1 to the previous 
year [median 33 min (IQR 23–59 min) vs. 32 min (IQR 
18–53  min), p = 0.25]. Tphys-end, however, was sig-
nificantly shorter in stage 1 than in the previous year 
and reduced by 14 min [median 1 h 37 min (IQR 1 h 
14 min–1 h 52 min) vs. 1 h 51 min (IQR 1 h 24 min–2 h 
10  min), p = 0.011] and Twait was also significantly 
reduced by 17 min [median 1 h 21 min (IQR 48 min–1 h 

38 min) vs. 1 h 38 min (IQR 1 h 10 min–2 h 4 min), 
p < 0.001].

Comparison with the Emergency Severity Index

Retrospective triage into ESI levels 1–2 versus 3–5 showed 
a comparable sensitivity for high-urgent patients as triage 
according to HEINTS: stage 1 87.5% (SD 1.6%), stage 2 
85.0% (SD 3.4%). Specificity could not be calculated as 
we triaged only high-urgent patients (reference standard 
category 1) according to ESI.

Fig. 3   Correlation of further treatment and resource utilization with 
triage. a, b Triage categories correspond to discharge after treatment 
in the ER as well as to admission to stroke unit (SU)/intermediate 
care (IMC) or intensive care unit (ICU). Columns show percentage 
of patients of each triage category with standard deviation (a of stage 
1 and b of stage 2). Total counts of patients triaged by nurses and 
physicians of stage 1: nurses cat. 1: 555, cat. 2: 571, cat. 3: 638, cat. 
4: 326; physicians cat. 1: 534, cat. 2: 473, cat. 3: 588, cat. 4: 158. 
Total counts of stage 2: cat. 1: 203, cat. 2: 158, cat. 3: 121, cat. 4: 
37. a Triage by nurses is depicted on the left, triage by physicians 
on the right side. Discharge: nurses χ2 329.689, p < 0.001, physi-
cians χ2 346.388, p < 0.001; contingency coefficient 0.369 and .401, 
p < 0.001. Admission to stroke unit/IMC/ICU: nurses χ2 442.720, 

p < 0.001, physicians χ2 398.821, p < 0.001; contingency coefficient 
0.418 and 0.431, p < 0.001. b Discharge: χ2 77.945, p < 0.001; con-
tingency coefficient 0.363, p < 0.001. Admission to stroke unit/IMC/
ICU: χ2 109.792, p < 0.001; contingency coefficient 0.419, p < 0.001. 
c, d Increased resource utilization correlates with a more urgent tri-
age category. Resources included imaging, ultrasound, electrophysiol-
ogy, lumbar puncture, parenteral fluid or drug administration or con-
sultation of other departments. Columns represent the mean of used 
resources with SD (c of stage 1 and d of stage 2). c Nurses’ triage 
is depicted in black, physicians’ in white. Spearman’s rho for nurses 
−  0.461 and physicians −  0.531, p < 0.001). d Spearman’s rho was 
− 0.409, p < 0.001



2694	 Journal of Neurology (2019) 266:2685–2698

1 3

Discussion

HEINTS represents the first published triage system devel-
oped specially for neurological emergency patients in the 
literature. In this prospective validation study, it showed an 
acceptable sensitivity to detect the most urgent patients—
category 1—of 84.2% (specificity 85.4%) for untrained 
nurses and 92.4% (spec. 84.1%) for physicians. After train-
ing, nurses’ sensitivity increased to 94.3%, while specific-
ity decreased. Undertriage was 16.4% (untrained nurses) 
and 8.7% (physicians), decreasing to 4.9% after training of 
the nurses. Overtriage ranged between 32.8% and 46.8%. 
The negative predictive value of triaging less urgent cat-
egories was high (nurses 87.4%, trained nurses 94.7%, 
physicians 89.2%). Construct validation criteria, such as 
resource utilization, hospital admission and recognition 
of patients as urgent (category 1) who were subsequently 
admitted to the ICU showed highly significant correlation 
to triage categories.

Appropriate validation of triage systems is subject of 
a controversial debate in the literature. Like the other 
authors [11, 13], we believe that comparing triage cat-
egories to the “true” urgency level, i.e., a gold standard 
constitutes the best criterion for assessing validity. How-
ever, rating “true” urgency is challenging [23] and there 
is no agreement about criteria for the reference standard. 
For this reason, the other authors prefer construct validity 

criteria (i.e., mortality, hospital admission, ED length of 
stay, etc.) to assess the performance of triage systems [24, 
25]. Here, we present both validation methods.

Sensitivity to detect high-urgency patients as well as over- 
and undertriage also appear to be a useful and simple way to 
compare triage systems. The largest validation study of the 
MTS with 288,000 patients compared the five-level MTS 
triage system to a three-level reference standard [12]. In this 
study, the sensitivity to detect high-urgency patients was 
between 48 and 87% (specificity 84–94%) [12]. Undertriage 
ranged from 6.2 to 14.1%, overtriage from 26.9 to 44.0%. 
Another study applied a reference standard to the MTS that 
included 2400 patients, which is the most similar to ours 
[8]. They found that 19% of the highest emergency category 
“red” and 59% of category “orange” were not correctly iden-
tified by MTS (not specifying about over- and undertriage). 
Another study compared the validity of MTS, ESI, and an 
informally structured triage system to a reference standard, 
including 900 patients [16]. It showed a very low sensitiv-
ity to detect the most urgent patients for MTS: sensitivity 
for recognition of category 1 was 17% and category 2 34%. 
Triage using the ESI showed a low sensitivity as well: rec-
ognition of patients of urgency level 2 was 36%, while level 
1 was not assessed. Specificity was high (> 95%) in both 
MTS and ESI. Undertriage using ESI was 20%, using MTS 
11%. Comparing these findings with our results (sensitivity 
94.3% in stage 2), HEINTS seems to show a very acceptable 
performance for both nurses and physicians, being higher 

Table 4   Triage of diagnosis groups

Sensitivity and specificity to detect real emergencies (category 1 according to gold standard) was analyzed within diagnosis groups in stage 1. 
Percentages are indicated with standard deviation (SD). Total counts and counts of real emergencies (category 1 according to gold standard) are 
indicated

Nurses Physicians

Sensitivity % (SD) Specificity % (SD) n total (n category 
1)

Sensitivity % (SD) Specificity % (SD) n total (n category 
1)

Stroke 85.8 (1.6) 83.4 (1.7) 494 (289) 93.3 (1.2) 79.0 (1.9) 451 (270)
Idiopathic head-

ache
0 87.7 (2.0) 261 (1) 100 (0) 85.8 (2.4) 213 (1)

Vertigo 0 98.0 (1.4) 102 (2) 0 92.7 (2.8) 84 (2)
Seizures 82.6 (2.6) 71.6 (3.1) 213 (23) 100 (0) 75.7 (3.2) 176 (21)
Meningitis/menin-

goencephalitis
60.0 (12.2) 63.6 (12.0) 16 (5) 75.0 (12.0) 66.7 (13.1) 13 (4)

Neurooncology 66.7 (6.2) 88.9 (4.2) 57 (3) 66.7 (7.5) 91.9 (4.3) 40 (3)
Inflammatory CNS n/a n/a 42 (0) n/a n/a 33 (0)
Peripheral nerve 

palsy
100 (0) 93.8 (2.2) 115 (2) 100 (0) 93.8 (2.5) 97 (1)

Other neurological 
disorders

80.0 (1.9) 87.3 (1.6) 423 (15) 85.7 (1.8) 86.3 (1.8) 358 (14)

Non-neurological 
diseases

85.7 (1.9) 82.2 (2.1) 325 (21) 94.1 (1.4) 79.4 (2.5) 265 (17)
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than in most comparable studies. We provide an analysis of 
the reasons leading to mistriage of the most urgent patients 
showing that the majority (35 out of 61 in stage 1, 4 out 
of 6 in stage 2) were due to errors in the application of the 
algorithm. Although undertriage of a highly urgent patient 
could be potentially devastating, triage with HEINTS shows 
a good sensitivity for the high-urgent patients and a low rate 
of undertriage in comparison with the triage studies men-
tioned above [8, 12, 16].

Correlating triage with hospital admission and resource 
utilization showed significant, though only moderate results 
(ranging from 0.363 to 0.461 for hospital admission and 
from − 0.409 to − 0.531 for resource utilization). In the 
literature, comparable results are reported for ESI for both 
validation criteria (hospital admission 0.398–0.486, resource 
utilization 0.379–0.683) [16, 24, 26–31].

We assessed triage performance of formally untrained 
and trained nurses. There are only few publications about 
explicit training effects on performance in triage. One 
study reported a considerable decrease in undertriage 
after training in ESI (26.3–9.3%) [32]. Similar effects are 
reported from the other authors as triage accuracy rises 
from 42.3 to 92.3% after training [33]. For a broader 
implementation of HEINTS in other hospitals, a struc-
tured training is being developed. This should be used to 
systematically train nurses before implementing HEINTS 
and to continuously improve their skills.

In addition to validation, several studies assessed inter-
rater-reliability of triage scales using Cohen’s kappa. In 
one study, the authors compared ratings of a triage nurse 
to the rating of an MTS expert of 167 patients and had an 
almost perfect agreement with triage categories (weighted 
κ 0.954) [24]. In other studies analyzing interrater-relia-
bility of MTS with patient scenarios, unweighted Cohen’s 
kappa ranges between 0.31 and 0.76 [11]. Similar results 
are reported for interrater-reliability of ESI: κ 0.40–0.91 
[10]. Comparing our result of a moderate agreement [34] 
(κ 0.44 between nurses and physicians) to other studies 
is difficult as results were obtained in different settings 
(patient scenarios vs. real patients, retrospective assess-
ment of triage level based on records of triage nurses 
vs. separate history, ratings of triage nurses vs. triage 
“experts” vs. physicians, etc.). Therefore, further assess-
ment of interrater-reliability is desirable.

We assessed the performance of the algorithm in differ-
ent diagnosis groups in stage 1 (Table 4). Most categories 
showed similar results as the overall performance. The low-
est values for sensitivity to detect real urgencies were found 
for patients with neurooncological disorders or meningoen-
cephalitis. This may be a result of (1) the small numbers of 
real urgencies in these categories which impairs the statis-
tical validity and (2) the wide range of symptoms that are 

sometimes very unspecific. However, this is an interesting 
finding that should be addressed in further research.

Analyzing the time to triage showed that nurses per-
formed triage significantly earlier than physicians (after 8 
vs. 11 min, and 4 min in stage 2). Time to triage ranges 
between 0.95 min and 10 min in the literature [35–38]. As a 
prompt triage is indispensable for a rapidly initiating treat-
ment in highly acute medical conditions, time to triage is 
an important safety aspect especially in settings without a 
designated “triage nurse”. Nonetheless, our results support 
the notion that triaging should be performed by nurses, who 
usually do have the most immediate contact with the patient. 
Importantly, by retrieving processing times from our patient 
information system, we found that the average time from 
admission of a patient to the first contact with a physician 
was not reduced by introducing HEINTS, but rather that 
processing times, including the total patients’ waiting time, 
were subsequently better, indicating an overall improvement 
in patient flow within the ER.

Comparing the retrospectively calculated sensitivity of 
ESI-based triage of emergencies, we found similar values 
for HEINTS in stage 1 for nurses, but higher sensitivity for 
physicians and trained nurses in stage 2. Owing to meth-
odological aspects, however, this comparison is hampered. 
Moreover, ESI level 2 in particular is only vaguely defined 
and ESI only assesses motor and speech deficits, whereas 
impaired vision, gait disturbances, or paresthesia, etc. are 
not specified.

The assessment of validity in our study is limited, as it 
was a single-centre study in a specialized ER at a Univer-
sity Hospital. Due to the special setting, the choice of the 
emergency room by self-referring patients or EMS pre-
ceded triage might have influenced the outcome. Further-
more, as mentioned above, there is no definite agreement 
on criteria for the gold standard of a true urgency level. To 
show superiority of HEINTS as triage tool for neurological 
patients, a direct, similar comparison with existing triage 
systems would be desirable. Additionally, the integration, 
applicability and use of HEINTS in an interdisciplinary 
ER needs to be prospectively evaluated and is currently 
on its way. We do believe that HEINTS could be easily 
incorporated into an interdisciplinary triage system, e.g., 
by switching to HEINTS in an early stage of another tri-
age system. Therefore, we provide a suggested algorithm 
how HEINTS could be integrated into ESI in Fig. 4. Of 
note, a triage system should always be adapted to cur-
rent research. Therefore, we suggest to modify the time 
window for suspected stroke in Fig. 4 to 24 h due to new 
clinical practice as a result of new data [39, 40].
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Conclusion

HEINTS reliably detected neurological emergencies in 
patients presenting to a dedicated neurological ER and 
triage categories were highly significantly correlated 
with construct validity criteria. Triaging of neurological 

patients by nurses was preferable, particularly regarding 
time management, to physicians’ triaging. Specialized 
training of nurses in the use of HEINTS increased sensi-
tivity in identifying neurological emergencies.

Acknowledgements  We thank all our nurses’ and physicians’ staff for 
their participation and support in realizing this study. Special thanks 

yes

no

high risk situa�on?
or

confused/lethargic/disoriented?
or 

severe pain/distress?

requires immediate 
life-saving interven�on?

no predominantly neurological symptoms -> refer to HEINTS:

yes 1

2
yes

5 4 3

how many differnt resources are needed?

none                        one                        many

danger zone vitals?
adults HR >100, 

RR >20, SaO2 <92%

no

yes

yes

yes

consider

□ ongoing focal signs < 24vhours or unknown onset  
○ palsy        ○ impaired speech   ○ jerks    ○ impaired vision ○ paresthesia

○ other:  _______________________________________

□ sudden and ongoing headache < 24 hours:  NRS  1  2  3  4  5  6  7  8  9  10 

□ headache with vomi�ng/s�ff neck

□ impaired consciousness <24 hours

□ impaired consciousness > 24 hours and fever

□ HR >100, RR > 20

□ satura�on < 92% or dyspnea

□ focal signs > 24 hours or complete remission 
○ palsy       ○ impaired speech    ○ jerks   ○ impaired vision  ○ paresthesia

○ other:  _______________________________________

□ dizziness <24 hours without other symptoms

□ sudden and ongoing headache > 24 hours:   NRS  1  2  3  4  5  6  7  8  9  10 

□ personality changes/disturbed orienta�on < 24 hour

□ �me limit of diagnos�cs (ultrasound, electrophysiology)

□ seizures without las�ng symptoms

□ personality changes/disturbed orienta�on > 24 hours

□ any pain, not visibly impairing

□ dizziness  > 24 hours without other symptoms

□ fever without focal signs

□ symptoms evolving within days/weeks:
_______________________________________________

□ symptoms since days/weeks without acute exacerba�on:

_______________________________________________

□ already diagnosed/treated symptoms:  

_______________________________________________

no

no

no

Fig. 4   Integration of HEINTS into ESI. Example of how HEINTS could be integrated into ESI for interdisciplinary emergency rooms. We made 
slight changes to HEINTS to avoid discrepancies between the two algorithms



2697Journal of Neurology (2019) 266:2685–2698	

1 3

goes to Ann-Christin Butke, Lena Kleebauer and Ulrike Weiß for their 
dedication to the project.

Compliance with ethical standards 

Conflicts of interest  Dr. Oßwald, Mrs. Harenberg, Dr. Jaschonek, 
Dr. Mundiyanapurath, and Prof. Rauch have nothing to disclose. Dr. 
Purrucker reports personal fees from BMS Pfizer, Boehringer Ingel-
heim and Akcea, outside the submitted work. Dr. Ringleb reports per-
sonal fees from Bayer, BMS Pfizer, Boehringer Ingelheim, Grants from 
Deutsche Forschungsgemeinschaft, outside the submitted work. Dr. 
Nagel reports personal fees from Brainomix, BMS Pfizer, Boehringer 
Ingelheim and Medtronic, outside the submitted work.

Ethical standards  The study was approved by the institutional review 
board.

Informed consent  Written informed consent was obtained from the 
participants (nurses, nurse assistants and physicians working in the 
emergency room). Patients’ consent was waived.

References

	 1.	 McHugh M, Tanabe P, McClelland M, Khare RK (2012) More 
patients are triaged using the Emergency Severity Index than any 
other triage acuity system in the United States. Acad Emerg Med 
19:106–109

	 2.	 Mackway-Jones K, Marsden J, Windle J (2013) Emergency triage. 
Blackwell Publishing Ltd, Hoboken

	 3.	 Christ M, Bingisser R, Nickel CH (2016) Emergency triage. An 
overview. Dtsch Med Wochenschr 141:329–335

	 4.	 Gumbinger C, Reuter B, Stock C et al (2014) Time to treatment 
with recombinant tissue plasminogen activator and outcome of 
stroke in clinical practice: retrospective analysis of hospital qual-
ity assurance data with comparison with results from randomised 
clinical trials. BMJ 348:g3429

	 5.	 Ohwaki K, Yano E, Nagashima H, Hirata M, Nakagomi T, Tamura 
A (2004) Blood pressure management in acute intracerebral hem-
orrhage: relationship between elevated blood pressure and hema-
toma enlargement. Stroke 35:1364–1367

	 6.	 Trinka E, Cock H, Hesdorffer D et al (2015) A definition and 
classification of status epilepticus—report of the ILAE task force 
on classification of status epilepticus. Epilepsia 56:1515–1523

	 7.	 Auburtin M, Wolff M, Charpentier J et al (2006) Detrimental role 
of delayed antibiotic administration and penicillin-nonsusceptible 
strains in adult intensive care unit patients with pneumococcal 
meningitis: the PNEUMOREA prospective multicenter study. Crit 
Care Med 34:2758–2765

	 8.	 Steiner D, Renetseder F, Kutz A et al (2016) Performance of the 
Manchester Triage System in adult medical emergency patients: 
a prospective cohort study. J Emerg Med 50:678–689

	 9.	 Wallesch C (2007) Organisation of Emergency services in German 
university and general hospitals—neurological aspects. Aktuelle 
Neurologie 34(7):416–421

	10.	 Christ M, Grossmann F, Winter D, Bingisser R, Platz E (2010) 
Modern triage in the emergency department. Dtsch Arztebl Int 
107:892–898

	11.	 Parenti N, Reggiani ML, Iannone P, Percudani D, Dowding D 
(2014) A systematic review on the validity and reliability of an 
emergency department triage scale, the Manchester Triage Sys-
tem. Int J Nurs Stud 51:1062–1069

	12.	 Zachariasse JM, Seiger N, Rood PP et al (2017) Validity of the 
Manchester Triage System in emergency care: a prospective 
observational study. PLoS ONE 12:e0170811

	13.	 Kuriyama A, Urushidani S, Nakayama T (2017) Five-level emer-
gency triage systems: variation in assessment of validity. Emerg 
Med J 34:703–710

	14.	 van Veen M, Steyerberg EW, Ruige M et al (2008) Manchester 
triage system in paediatric emergency care: prospective observa-
tional study. BMJ 337:a1501

	15.	 Platts-Mills TF, Travers D, Biese K et al (2010) Accuracy of the 
Emergency Severity Index triage instrument for identifying elder 
emergency department patients receiving an immediate life-saving 
intervention. Acad Emerg Med 17:238–243

	16.	 Storm-Versloot MN, Ubbink DT, Kappelhof J, Luitse JS (2011) 
Comparison of an informally structured triage system, the Emer-
gency Severity Index, and the Manchester Triage System to distin-
guish patient priority in the emergency department. Acad Emerg 
Med 18:822–829

	17.	 Grossmann FF, Zumbrunn T, Frauchiger A, Delport K, Bingis-
ser R, Nickel CH (2012) At risk of undertriage? Testing the per-
formance and accuracy of the emergency severity index in older 
emergency department patients. Ann Emerg Med 60(317–25):e3

	18.	 Travers DA, Waller AE, Bowling JM, Flowers D, Tintinalli J 
(2002) Five-level triage system more effective than three-level in 
tertiary emergency department. J Emerg Nurs 28:395–400

	19.	 Uscher-Pines L, Pines J, Kellermann A, Gillen E, Mehrotra A 
(2013) Emergency department visits for nonurgent conditions: 
systematic literature review. Am J Manag Care 19:47–59

	20.	 Berchet C (2015) Emergency care services: trends, drivers and 
interventions to manage the demand. OECD Health Working 
Papers, no. 83. OECD Publishing, Paris

	21.	 Harenberg L, Osswald HM, Jaschonek H, Nagel S (2019) Self-
assessment of treatment urgency on presentation to a neurologi-
cal emergency department: results of a patient survey. Nerve-
narzt 90:175–182

	22.	 Gilboy NTT, Travers D, Rosenau AM (2011) Emergency Severity 
Index (ESI): a triage tool for emergency department care, version 
4. implementation handbook, 2012nd edn. Agency for Healthcare 
Research and Quality, Rockville

	23.	 Gill JM, Reese CLT, Diamond JJ (1996) Disagreement among 
health care professionals about the urgent care needs of emer-
gency department patients. Ann Emerg Med 28:474–479

	24.	 Graff I, Goldschmidt B, Glien P et al (2014) The German Version 
of the Manchester Triage System and its quality criteria—first 
assessment of validity and reliability. PLoS ONE 9:e88995

	25.	 Twomey M, Wallis LA, Myers JE (2007) Limitations in validating 
emergency department triage scales. Emerg Med J 24:477–479

	26.	 Baumann MR, Strout TD (2007) Triage of geriatric patients in the 
emergency department: validity and survival with the Emergency 
Severity Index. Ann Emerg Med 49:234–240

	27.	 Grossmann FF, Nickel CH, Christ M, Schneider K, Spirig R, Bin-
gisser R (2011) Transporting clinical tools to new settings: cul-
tural adaptation and validation of the Emergency Severity Index 
in German. Ann Emerg Med 57:257–264

	28.	 Eitel DR, Travers DA, Rosenau AM, Gilboy N, Wuerz RC (2003) 
The emergency severity index triage algorithm version 2 is reli-
able and valid. Acad Emerg Med 10:1070–1080

	29.	 Wuerz R (2001) Emergency severity index triage category is asso-
ciated with six-month survival. ESI Triage Study Group. Acad 
Emerg Med 8:61–64

	30.	 Wuerz RC, Milne LW, Eitel DR, Travers D, Gilboy N (2000) 
Reliability and validity of a new five-level triage instrument. Acad 
Emerg Med 7:236–242

	31.	 Worster A, Fernandes CM, Eva K, Upadhye S (2007) Predictive 
validity comparison of two five-level triage acuity scales. Eur J 
Emerg Med 14:188–192



2698	 Journal of Neurology (2019) 266:2685–2698

1 3

	32.	 Brosinski CM, Riddell AJ, Valdez S (2017) Improving triage accu-
racy: a staff development approach. Clin Nurse Spec 31:145–148

	33.	 Ebrahimi M, Mirhaghi A, Mazlom R, Heydari A, Nassehi A, 
Jafari M (2016) The role descriptions of triage nurse in emergency 
department: a Delphi study. Scientifica (Cairo) 2016:5269815

	34.	 Landis JR, Koch GG (1977) The measurement of observer agree-
ment for categorical data. Biometrics 33:159–174

	35.	 Bambi S, Ruggeri M, Sansolino S et al (2016) Emergency depart-
ment triage performance timing. A regional multicenter descrip-
tive study in Italy. Int Emerg Nurs 29:32–37

	36.	 Hay E, Bekerman L, Rosenberg G, Peled R (2001) Quality assur-
ance of nurse triage: consistency of results over three years. Am 
J Emerg Med 19:113–117

	37.	 Azzopardi M, Cauchi M, Cutajar K, Ellul R, Mallia-Azzopardi C, 
Grech V (2011) A time and motion study of patients presenting 
at the accident and emergency department at Mater Dei Hospital. 
BMC Res Notes 4:421

	38.	 Clifford-Brown J, Challen K, Ryan B (2010) What happens at tri-
age: a naturalistic observational study. Emerg Med J 27:931–933

	39.	 Nogueira RG, Jadhav AP, Haussen DC et al (2018) Thrombectomy 
6 to 24 Hours after Stroke with a Mismatch between Deficit and 
Infarct. N Engl J Med 378:11–21

	40.	 Albers GW (2018) Endovascular thrombectomy in patients with 
large infarctions: reasons for restraint. Lancet Neurol 17:836–837


	Development and validation of the Heidelberg Neurological Triage System (HEINTS)
	Abstract
	Backgroundobjective 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Algorithm development
	Study design
	Standard protocol approvals, registrations, and patient consents
	Study setting
	Procedures
	Reference standard
	Triage according to Emergency Severity Index
	Data collection
	Outcomes
	Statistical analysis
	Data policy

	Results
	Patient characteristics
	Comparison of nurses’ and physicians’ triage
	Missed emergencies
	Hospital admission
	Resource utilization
	Triage performance according to clinical syndromes
	Processing times
	Comparison with the Emergency Severity Index

	Discussion
	Conclusion
	Acknowledgements 
	References




