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Abstract
Background  Comparison of emergency departments (EDs) becomes more important, but differences are difficult 
to interpret because of the heterogeneity of the ED population regarding reason for ED presentation. The aim of this 
study was two-fold: First to compare patient characteristics (including diagnoses) across 7 EDs. Secondly, to compare 
Standardized Mortality Ratios (SMRs) across 7 EDs and in subgroups of ED patients categorized by presenting 
complaints (PCs).

Methods  Observational multicenter study including all consecutive visits of 7 Dutch (two tertiary care centre and 5 
teaching hospitals) EDs. Patient characteristics, including PCs as part of triage systems, and SMRs (observed divided 
by expected in-hospital mortality) per ED and for the most common PCs (PC-SMRs) were compared across EDs and 
presented as funnel plots. The expected mortality was calculated with a prediction model, which was developed 
using multivariable logistic regression in the overall population and for PCs separately. Demographics, disease 
severity, diagnoses, proxies for comorbidity and complexity, and PCs (overall population only) were incorporated as 
covariates.

Results  We included 693,289 ED visits from January 1, 2017 to June 31, 2023, with a median age of 56 years, of which 
47.9% were women and 1.9% died. Patient characteristics varied markedly among EDs. Expected mortality was similar 
in prediction models with or without diagnoses as covariate. SMRs differed across EDs, ranging from 0.80 to 1.44. All 
EDs had SMRs within the 95%-Confidence Intervals of the funnel plot apart from one ED, which had an higher than 
expected SMR. However, PC-SMRs showed more variation and more EDs had SMRs falling outside the funnel, either 
higher or lower than expected. The ranking of SMRs across EDs was PC-dependent and differences across EDs are 
present only for specific PC-SMRs, such as in “dyspnea” and “feeling unwell”.

Conclusion  In summary, patient characteristics and mortality varied largely across Dutch EDs, and expected 
mortality across EDs is well assessed in PC subgroups without adjustment for final diagnoses. Differences in SMRs 
across EDs are PC-dependent. Future studies should investigate reasons of the differences in PC-SMRs across EDs and 
whether PC-targeted quality improvement programs can improve outcomes.
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Introduction
Background
The organization of acute care is evolving to provide 
patients with the best clinical outcomes. Part of this 
process is the development of quality registries, includ-
ing those for emergency departments (EDs) [1–4]. Qual-
ity registries can be used to benchmark individual EDs, 
develop best practices, and evaluate whether implemen-
tation of guidelines and quality indicators leads to bet-
ter patient outcomes in continuous Plan-Do-Check-Act 
(PDCA) cycles. One way to benchmark quality of ED 
care is by comparison of the Standardized Mortality 
Ratio (SMR), which is the observed mortality divided 
by expected mortality. The SMR has been used exten-
sively for comparing hospitals and Intensive Care Units 
(ICU’s) and could also be valuable for comparing EDs, 
yet it is not regularly applied [5, 6]. Underlying is that 
an overall ED SMR may not reveal differences in quality 
of care in subgroups. Clearly, SMRs may be different in 
high-risk diagnoses like sepsis compared to a sprained 
ankle. Therefore, quality registries for EDs must take into 
account this substantial heterogeneity of ED visits and 
the resulting processes of care in EDs in order to give EDs 
helpful information about which subgroups to focus on 
if EDs are to improve their outcomes, i.e., SMRs. Many 
quality registries therefore benchmark per diagnosis [7]. 

However, definite diagnoses are mostly unavailable 
during ED presentation and in many patients not even 
after ED discharge. Sometimes, diagnoses that seem 
obvious at presentation prove to be wrong in retrospect 
[8, 9]. Moreover, in an ageing society, patients increas-
ingly present to the ED with nonspecific complaints [10], 
with conditions that are oligo- or asymptomatic [11], and 
with multiple conditions simultaneously [12].

Presenting complaints (PCs) are available from the 
beginning of the patient’s journey through acute care 
and are used in ED triage systems to stratify patients by 
risk of death and expected resource utilization [13–15]. 
PCs help understand ED care among subgroups similar 
in disease severity, resource use, and prognosis [16–18]. 
Although PCs have been studied in triage, there has been 
no research on comparing SMRs in this context [19, 20]. 
Utilizing PC-specific SMRs may be more effective than 
overall SMRs, as it identifies distinct subgroups needing 
targeted improvement. Moreover, unlike diagnoses, PCs 
allow the entire ED process, from enrollment until dis-
charge, to be included in the improvement initiative. The 
purpose of this study is two-fold: first, to compare patient 
characteristics (including diagnoses) across 7 EDs. 
Secondly, to compare overall SMRs using in-hospital 

mortality across EDs and SMRs of subsets of patients 
with the 6 most common PCs, in the Netherlands.

Methods
Study design and setting
This is a retrospective, observational study using data 
from the Netherlands Emergency Department Evaluation 
Database (NEED), the national quality registry for EDs 
in the Netherlands (www.Stichting-NEED.nl). Data was 
collected from January 1st 2017 until June 30th 2023 (see 
table S1, supplement 1 for inclusion periods per ED). At 
the time of study the NEED contained data from seven 
Dutch EDs located in different regions spread across the 
Netherlands: two tertiary care hospitals and five general 
hospitals. The Netherlands has a total of 80 EDs that are 
available 24/7. ED patients present themselves directly or 
are referred by a general practitioner, hospital specialist, 
or Emergency Medical Services (EMS). Only in the case 
of an anticipated neonatological- or obstetrics presenta-
tion or an ST-segment elevation myocardial infarction 
(STEMI), patients almost always bypass the ED because 
of specific expertise or immediate intervention. Present-
ing complaints were recorded as part of triage systems 
using a focused clinical assessment upon the patient’s 
arrival in the ED, performed by a specifically trained 
nurse for this purpose. The EDs included in the database 
used different triage systems to register PCs: Manchester 
Triage System (MTS), Netherlands Triage System (NTS) 
and Emergency Severity Index (ESI) [21–23]. Table S1 
(supplement 1) also shows which triage system was used 
in which ED for what period. To use both MTS, NTS, 
and ESI presenting complaints in the analyses, we com-
bined the MTS, NTS, and ESI presenting complaints into 
one combined list of 52 complaints, as shown in Table S2 
(supplement 1). Diagnoses are recorded upon patient dis-
charge from the hospital according to the International 
Classification of Diseases and Related Health Problems 
(ICD-10 codes) [24]. The need for individual informed 
consent was waivered by the medical ethics committee of 
the LUMC and registered in the Netherlands Trial Regis-
try (NTR) with number NL8743.

Patients
All consecutive ED visits with a registered PC in the 
NEED database were included in the study unless 
patients objected to participate in the quality registry. 
Specifically, patients who died upon arrival or during 
their stay in the ED were excluded because these fatali-
ties, such as out-of-hospital cardiac arrests, are predomi-
nantly indicative of pre-existing or untreatable medical 
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problems and did not, or hardly reflect care provided in 
the ED.

Measurements
Details on the collection of data within the NEED registry 
have been published previously [25, 26]. In supplement 
2 a comprehensive listing of all used variables from the 
NEED and their values can be found. The six most com-
mon PCs and the five most common diagnosis groups 
per PC from the collection of visits from all participating 
EDs were used for the analyses.

Outcomes
The primary outcome was the Standardized Mortality 
Ratio (SMR) as calculated by the observed in-hospital 
mortality divided by the expected in-hospital mortality. 
In-hospital mortality is defined as deaths in the hospital. 
For calculation of the expected mortality we developed a 
prediction model as described in the section below.

Statistical analysis
Sample size calculation
For the risk-adjustment models, we used the rule of 
thumb that approximately 5–10 events per variable 
are needed to prevent overfitting [27]. To adjust for 25 
potential confounders (model without diagnosis groups) 
and 49 potential confounders (model with diagnosis 
groups) in the regression analyses would require 125–250 
and 250–500 deaths, respectively, in each ED. At the time 
of the study, the NEED contained over 700,000 ED vis-
its, which corresponds to around 100.000 ED-visits per 
ED. We accounted for in-hospital mortality of ~ 2% [28]. 
Therefore, per ED there will be approximately 2000 in-
hospital deaths, and an appropriate number of events per 
ED was expected to prevent overfitting of the models.

Descriptive statistics
Baseline characteristics were summarized per ED and 
by PC. Data were presented as mean with standard 
deviation (SD) when normally distributed. Skewed 
data were presented as median with interquartile range 
(IQR). Categorical data were presented as number with 
percentages.

Main statistical analyses
Multivariable binary logistic regression analyses were 
employed to predict the risk for in-hospital mortality. All 
known potential predictor variables affecting mortality 
were included based on both the literature and common 
sense. Stepwise elimination was then applied to develop 
the final model. Separate models were developed for the 
overall population and for sub-populations by catego-
rized by PC, necessary to assess the SMRs. The models 
used considered the following potential confounders: 

demographics (age, gender), urgency (triage category), 
disease severity (Glasgow Coma Scale, vital score – a 
categorical item composed of respiratory rate, O2 satu-
ration, systolic and diastolic blood pressure, heart rate, 
and temperature; see figure S1, supplement 1, medica-
tion yes/no), complexity and comorbidity (number of 
specialist consultations during ED stay, additional inves-
tigations yes/no: blood tests, radiology imaging), and PCs 
(overall model only). Expected mortality is the mortal-
ity predicted for a population based on its case mix and 
the model applied. SMRs were computed by dividing the 
number of observed deaths by the number of predicted 
(expected) deaths in a given population.

To investigate the impact of diagnoses on the expected 
mortalities, we also developed the prediction model with 
the covariates as described above, but with the top 5 
diagnoses per PCs added as covariates in the model. In 
this analysis, expected mortalities were calculated using 
the model with and without diagnoses.

An overall SMR and SMRs per PC were calculated 
per ED and reported in funnel plots. In a funnel plot, 
the SMR is plotted on the y-axis against the size of the 
study population on the x-axis. The funnel is constructed 
by lines representing the 95% confidence interval of the 
SMR in the complete population. Discrimination of the 
overall model was assessed with the area under the curve 
of the receiver operating characteristic (AUC-ROC) 
curve. Calibration was assessed with a calibration plot. 
Internal validation was conducted with bootstrap valida-
tion using 10 iterations.

Finally, a sensitivity analysis was performed to assess 
the effect of the COVID period on SMRs in EDs and PCs 
by repeating the analyses in a cohort without the COVID 
period (1 February 2020 until 1 June 2022). Data were 
analyzed using SPSS (SPSS, version 25.0, IBM, New York, 
USA) and R (R, version 4.3.1).

Results
Figure  1 shows patient flow through the study. Out of 
728,902 ED visits in the total NEED cohort, 1,566 visits 
were excluded due to patient deaths before or at the ED, 
and 34,047 visits were excluded due to unregistered PCs. 
The analysis included 693,289 ED visits, of which 284,284 
were hospitalized and 13,172 died. A subset of 370,266 
ED visits, in which ICD-10 codes were fully available, was 
used to assess the impact of diagnoses on expected mor-
tality across EDs. Inclusion periods for individual EDs are 
presented as Supplement 1, table S1.

Patient characteristics
In Table  1, baseline characteristics per ED are shown. 
Crude in-hospital mortality for the separate EDs ranged 
from 1.2 to 2.5%. Overall, 70% of all ED visits were for 
the six most frequent PCs but their frequencies differed 
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among EDs: “extremity problems”(range among EDs: 
8.1–25.4%), “feeling unwell”(6.9–24.9%), “abdominal 
pain”(6.0-13.3%), “dyspnea”(6.8–11.4%), “chest pain”(1.9–
40.5%), and “trauma”(0.7–8.4%). The urgency, disease 
severity and comorbidity and complexity of ED visits also 
differed across EDs. Table 2 shows the top 5 most com-
mon diagnosis groups by PC and their mortality across 
EDs as defined by the ICD-10 classification in the cohort 
in which ICD-10 codes were available.

Expected mortalities
The bootstrap optimism-adjusted AUROC of our model 
for the overall population was 0.89. The prediction model 
had excellent calibration to an expected mortality of 40%, 
after which it underestimated the risk (see Supplement 
3). Figure  2 shows that differences in expected mortal-
ity across the included EDs are PC-dependent. However, 
there are no differences between the expected mortal-
ity calculated with the model with or without diagnoses 
groups as covariates.

Fig. 1  Patient flow through study. Study design and patient flow in study. The model uses the following potential confounders: age, gender, triage cat-
egory, Glasgow Coma Scale, vitalscore- a categorical item composed of respiratory rate O2 saturation, systolic and diastolic blood pressure, heart rate,and 
temperature (See supplement) medication yes/no, number of consultation, addtional investigations yes/no: blood tests, radiology imaging and PCs. 
Models after stratification by PC do not include PCs. Abbreviations: NEED =Nederlandse Emergency department Evaluation Database,ED=emergency 
department,PC = presenting complaint, SMR = standardized mortality ratio
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Total cohort ED A ED B ED C ED D ED E ED F ED G
Demographics
N(%) 728,902(100) 56.186(7.7) 90,043(12.4) 49,223(6.8) 172,608(23.7) 155,429(21.3) 97,907(13.4) 107,506(14.7)
Age, median(IQR)
Missing, N(%)

56(30–73)
0(0.0)

47(22–66)
0(0.0)

59(30–75)
0(0.0)

64(49–75)
0(0.0)

54(29–72)
0(0.0)

59(34–74)
0(0.0)

54(26–69)
0(0.0)

55(28–73)
0(0.0)

Sex (female), N(%)
Missing, N(%)

354,308(47.9)
336(0.1)

26,285(46.8)
316(0.6)

45,508(50.5)
1(0.0)

23,321(47.4)
0(0.0)

81,878(47.4)
3(0.0)

75,152(48.4)
6(0.0)

45,137(46.1)
5(0.0)

52,030(48.4)
5(0.0)

Presenting complaints
Extremity problems
Feeling Unwell
Abdominal pain
Dyspnoea
Chest pain
Trauma
Others
Missing, N(%)

145,085(20.9)
113,434(16.4)
74,497(10.7)
63,897(9.2)
54,210(7.8)
35,009(5.0)
168,544(23.1)
35,613(4.9)

11,789(22.2)
9,301(17.5)
3,945(7.4)
3,627(6.8)
2,951(5.5)
2,530(4.8)
16,117(28.7)
2,963(5.3)

19,235(22.5)
10,709(12.5)
9,669(11.3)
8,132(9.0)
8,378(9.8)
2,428(2.8)
22,666(25.2)
4,413(4.9)

3,929(8.1)
3,322(6.9)
2,883(6.0)
4,757(9.9)
19,512(40.5)
323(0.7)
12,495(25.4)
1,001(2.0)

43,642(25.4)
28,337(16.5)
17,288(10.0)
12,836(7.5)
3,261(1.9)
13,099(7.6)
52,975(30.7)
585(0.3)

30,691(20.9)
22,251(15.2)
18,375(12.5)
16,772(11.4)
13,224(9.0)
4,873(3.3)
31,379(20.2)
8,932(5.7)

14,172(16.2)
21,734(24.9)
8,939(10.2)
7,476(8.6)
1,861(2.1)
7,321(8.4)
15,184(15.5)
10,610(10.8)

21,627(21.5)
17,780(17.7)
13,398(13.3)
10,297(10.3)
5,023(5.0)
4,435(4.4)
20,728(19.2)
7,109(6.6)

Triage category, N(%)
Green & blue (non-urgent)
Yellow (urgent)
Orange (very urgent)
Red (immediate)
Missing, N(%)

188,459(25.9)
370,223(50.8)
132,683(18.2)
15,890(2.2)
21,647(3.0)

18,045(32.1)
22,963(40.9)
11,552(20.6)
1,037(1.8)
2,589(4.6)

30,637(34.0)
42,246(46.9)
14,698(16.3)
569(0.6)
1,893(2.1)

3,095(6.3)
40,404(82.1)
4,314(8.8)
3456(0.7)
1,064(2.2)

25,037(14.5)
109,407(63.4)
33,774(19.6)
1,851(1.1)
2,539(1.5)

35,8921(23.1)
76,269(49.1)
30,899(19.9)
5,829(3.8)
6,540(4.2)

16,870(17.2)
43,335(44.3)
28,460(29.1)
5,588(5.7)
3,654(3.7)

58,883(54.8)
35,599(33.0
8,986(8.4)
670(0.6)
3,368(3.1)

Urgency
Referral mode, N(%)
Self-referral
Referral by GP
Referral by specialist
Missing, N(%)
Ambulance arrival, N(%)
Missing, N(%)

243,494(33.4)
381,875(52.4)
82,873(11.4)
20,660(2.8)
452,659(62.1)
37,367(5.1)

31,682(56.4)
9,260(16.5)
15,209(27.1)
35(0.1)
12,779(22.7)
0(0.0)

18,003(20.0)
72,040(80.0)
-
0(0.0)
29,382(32.6)
1,696(1.9)

12,904(26.2)
30,012(61.0)
3,368(6.8)
2,939(6.0)
22,964(46.7)
2,697(5.5)

60,969(35.3)
96,868(56.1)
5,826(3.4)
8,945(5.2)
59,130(34.3)
5,747(3.3)

48,018(30.9)
103,921(66.9)
2,569(1.7)
921(0.6)
50,917(32.8)
26,515(17.1)

32,141(32.8)
27,026(27.6)
37,844(38.7)
896(0.9)
31,864(32.5)
0(0.0)

39,777(69.7)
42,748(39.8)
18,057(16.8)
6,924(6.4)
31,840(29.6)
712(0.7)

Disease severity
GCS, N(%)
Not assessed
GCS = 15
GCS < 15
Vital score*, N(%)
No vitals measured
1 or > vital measured
All vitals measured
Medication given, N(%)
Disposition, N(%)
Home
Normal ward
MCU/CCU
ICU
Missing, N(%)

572,745(78.6)
13,034(1.8)
143,012(19.6)
190,320(26.1)
192,500(26.4)
346,082(47.5)
231,373(31.7)
424,062(58.2)
264,267(36.3)
14,371(2.0)
12,548(1.7)
13,654(1.9)

55,490(98.8)
121(0.2)
465(0.8)
23,680(42.1)
21,424(38.1)
11,082(19.7)
11,374(20.2))
32,958(58.7)
14,164(25.2)
350(0.6)
760(1.4)
7,954(14.2)

57,470(63.8)
30,955(34.4)
1,617(1.8)
22,685(25.2)
12,848(14.3)
54,510(60.5)
1,399(1.6)
50,267(55.8)
37,592(41.7)
1,127(1.3)
850(0.9)
207(0.2)

31,399(63.8)
17,508(35.6)
316(0.6)
5,418(11.0)
7,390(15.0)
36,415(74.0)
21,476(43.6)
31,375(63.7)
13,445(27.3)
3,805(7.7)
477(1.0)
121(0.2)

130,728(75.7)
36,865(21.4)
5,015(2.9)
48,496(28.1)
48,765(28.3)
75,347(43.7)
78,036(45.2)
110,662(64.1)
56,617(32.8)
408(0.2)
4,624(2.7)
297(0.2)

139,278(89.6)
14,491(9.3)
1,660(1.1)
43,425(27.9)
48,332(31.1)
63,672(41.0)
35,092(22.6)
80,399(51.7)
65,306(42.0)
5,006(3.2)
1,498(1.0)
3,368(3.1)

63,193(64.5)
31,071(31.7)
3,643(3.7)
20,180(20.6)
13,389(13.7)
64,338(65.7)
41,918(42.8)
55,366(56.5)
37,098(37.9)
1,716(1.8)
2,964(3.0)
763(0.8)

95,187(88.5)
11,657(10.8)
662(0.6)
26,436(24.6)
40,352(37.5)
40,718(37.9)
42,078(39.1)
63,035(58.6)
40,045(37.2)
1,959(1.8)
1,375(1.3)
1,092(1.0)

Table 1  Patient characteristics in seven Dutch eds, total ED visits in the NEED
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Overall SMR and SMRs per subgroups of the 6 most 
common presenting complaints
ED-SMRs were calculated for the overall populations 
of participating EDs, and they are visible in Fig.  3. This 
funnel plot shows that the ratio between observed and 
expected mortality for overall ED populations varies 
widely across EDs with SMRs outside the 95% CI for 4 
EDs. Finally, Fig. 4 shows the calculated PC-SMRs across 
EDs in subgroups of patients based on the six most com-
mon PCs. On visual inspection, some PC-SMRs appear 
to have more variability than others across EDs. While all 
EDs had PC-SMR within the 95% CI funnel for “extremity 
complaints” and “chest pain”, several EDs had PC-SMRs 
outside the funnel for “feeling unwell” and “dyspnea”. 
For some EDs, PC-SMRs were not consistently high or 
low for all PCs. For example, while SMRs were high for 
almost all PCs for ED G, ED B also had a high SMR in the 
complete population and for some PCs, but a low SMR 
for “chest pain”. The results of the sensitivity analysis, 
without COVID period, can be found in Supplement 4.

Discussion
The present study shows substantial variability of patient 
characteristics across Dutch EDs. Expected mortality 
across EDs is well assessed in PC subgroups using a mul-
tivariable model, without further improvement by add-
ing the final diagnosis to the model. Differences in SMR 
across EDs were larger in subgroups by PC than in the 
overall population.

This study was the first to report SMRs per PC rather 
than an overall SMR per ED. Jeong et al. [6] developed 
a scoring system to predict mortality in ED patients 
and proposed using standardized W statistics based on 

data collected at the initial ED evaluation, including the 
cause of the visit to compare severity-adjusted mortality 
among institutions. Berthelot et al. [5] introduced a Hos-
pital Standardized Mortality Ratio (HSMR) for ED care, 
using emergency-sensitive ICD-10 diagnoses in a multi-
variate model. These studies highlight the importance of 
accounting for severity adjustment and heterogeneity of 
conditions when comparing mortality among EDs, pro-
viding different methodologies for more accurate and 
meaningful comparisons.

Adjustment for reason of presentation to the ED is 
commonly performed by studying a model in a specific 
ED population based on diagnosis, e.g. in patients with 
COVID-19 or in patients with sepsis [29, 30]. Although 
Berthelot et al. showed that it is possible to develop a 
model for risk adjustment for overall ED populations 
based on a limited number of emergency-sensitive diag-
noses, such a model may be of limited use in ED practice. 
In many ED patients, diagnoses are made after their ED 
presentation, not at all, or appear to be erroneous [31, 
32]. 

As an alternative for diagnoses, we compared EDs by 
PCs. The advantage of PCs is that they are patient-cen-
tered, are already used in triage systems and are conse-
quently available directly after registration at the ED. In 
addition, PCs align with the way EDs are organized and 
often determine which care pathway is followed and 
which resources are used. For example, in patients with 
“chest pain” different blood tests and radiological imag-
ing will be acquired compared to patients with “dys-
pnea” or “abdominal pain”, and different specialties will 
be involved. Finally, PCs contain prognostic informa-
tion. Although subgroups of PCs may include different 

Total cohort ED A ED B ED C ED D ED E ED F ED G
Comorbidity & complexity
Specialists consultations dur-
ing ED stay
No consultations
1 consultation
≥ 2 consultations
Missing, N(%)
Blood tests taken, N(%)
Missing, N(%)
Radiology imaging, N(%)**
Missing, N(%)

405,068(55.6)
221,490(30.4)
83,565(11.5)
7,745(1.2)
418,957(57.5)
122(0.0)
309,836(42.5)
109(0.0)

33,364(59.4)
11,695(20.8)
3,382(6.0)
7,745(13.8)
24,905(44.3)
122(0.2)
29,312(52.2)
109(0.2)

60,451(67.1)
24,420(28.2)
4,172(4.6)
0(0.0)
55,302(61.6)
0(0.0)
56,325(62.6)
0(0.0)

45,931(93.3)
2,962(6.0)
330(0.7)
0(0.0)
41,541(84.4)
0(0.0)
24,188(49.1)
0(0.0)

140,952(81.7)
27,537(16.0)
4,119(2.4)
0(0.0)
99,970(57.9)
0(0.0)
108,623(62.9)
0(0.0)

10,647(6.9)
134,762(86.7)
10,020(6.5)
0(0.0)
102,291(65.8)
0(0.0)
89,134(57.3)
0(0.0)

24,422(26.0)
1,907(1.9)
70,578(72.1)
0(0.0)
65,745(67.2)
0(0.0)
53,695(54.8)
0(0.0)

88,301(82.1)
17,207(16.0)
1,998(1.8)
0(0.0)
63,642(59.2)
0(0.0)
57,680(53.7)
0(0.0)

Crude Outcome
In-hospital mortality
(excluded) Pre-hospital 
mortality
Missing, N(%)

13,735(1.9)
1,566(0.2)
3190(0.4)

630(1.2)
120(0.2)
1494(2.7)

1404(1.6)
86(0.1)
0(0.0)

666(1.4)
116(0.2)
3(0.0)

3704(2.1)
226(0.1)
5(0.0)

2644(1.7)
449(0.3)
29(0.0)

2416(2.5)
352(0.4)
0(0.0)

2271(2.1)
217(0.2)
1659(1.5)

Patient characteristics of ED visits are presented for the total cohort and for the seven individual EDs. Normally distributed data is presented as mean (SD), skewed 
data as median (IQR) and categorical data as number (%). Abbreviations: N = number, SD = standard deviation, GCS = Glasgow Coma Scale, IQR = interquartile range, 
ED = emergency department, MCU = medium care unit, CCU = cardiac care unit, ICU = intensive care unit. *Vital score: a categorical item composed of respiratory rate, 
O2 saturation, systolic and diastolic blood pressure, heart rate and temperature; figure S1, supplementary file 1. ** Radiology imaging is positive if either an X-ray, 
echo or a CT- scan was performed

Table 1  (continued) 
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diagnoses with dissimilar risks of death and may poten-
tially lead to inadequate risk adjustment, we showed that 
additional risk adjustment for the most common diagno-
sis groups by PC caused no relevant change in expected 
mortality across EDs. This suggests that adjustments for 

severity and heterogeneity of conditions across EDs, as 
previous literature emphasized, are adequately accounted 
for using PCs alone. We found that SMRs varied across 
EDs. Importantly, the variation in SMRs across EDs is 
not present in all PC groups, but only in specific PCs. 

Table 2  Most common diagnoses groups according the ICD-10 underlying presenting complaints and their mortality across EDs
Most common diagnosis groups per 
presenting complaint

ED B ED C ED D ED E ED G
N (%) Mort 

%
N (%) Mort 

%
N (%) Mort 

%
N (%) Mort 

%
N(%) Mort 

%
Extremity Problems 10,816(100) 0.4 3,924(100) 0.1 36,366(100) 0.3 23,297(100) 0.3 7,418(100) 0.6
1. Fracture of wrist/hand
2. Fracture of forearm
3. Fracture lower leg/ankle
4. Fracture shoulder/upper arm
5. Fracture foot and toe

1,402(13.0)
1,273(11.8)
809(7.5)
712(6.6)
581(5.4)

0.0
0.0
0.0
0.1
0.0

671(17.1)
508(12.9)
257(6.5)
214(5.5)
371(9.5)

0.0
0.0
0.0
0.0
0.0

4,824(13.3)
4,555(12.5)
2,758(7.6)
2,462(6.8)
2,293(6.3)

0.0
0.0
0.0
0.1
0.0

2,304(9.9)
2,352(10.1)
1,424(6.1)
1,646(7.1)
1,002(4.3)

0.0
0.0
0.0
0.0
0.0

1,129(15.4)
1,036(14.0)
704(9.5)
709(9.6)
459(6.2)

0.0
0.2
0.1
0.1
0.0

6. Other 5,838(54.0) 0.5 1,872(47.7) 0.0 18,910(52.0) 0.5 13,963(59.9) 0.5 3,188(43.0) 1.2
missing 183(1.7) 31(0.8) 546(1.5) 629(2.7) 171(2.3)
Feeling unwell 5,728(100) 3.9 2,987(100) 4.1 23,368(100) 4.8 16,337(100) 4.1 4,959(100) 4.2
1. Cerebral infarction
2. Other Urinary Diseases
3. Pneumonia
4. TIA/Cerebrovascular Disease
5. Other Respiratory Diseases

223(3.9)
247(4.3)
180(3.1)
66(1.2)
55(1.0)

5.4
2.8
9.4
0.0
1.8

16(0.5)
152(5.1)
150(5.0)
13(0.4)
31(1.0)

0.0
3.3
6.7
0.0
3.2

3,628(14.0)
927(4.0)
928(4.0)
1,223(5.2)
589(2.5)

4.3
2.6
8.3
0.6
10.7

1,464(9.0)
668(4.1)
559(3.4)
534(3.3)
235(1.4)

3.1
2.7
6.3
0.2
3.8

769(15.5)
120(2.4)
121(2.4)
118(2.4)
34(0.7)

2.8
5.0
4.2
0.9
3.0

6. Other 4,641(81.0) 3.6 2,098(70.2) 3.9 15,218(65.1) 4.6 11,668(71.4) 3.8 3,575(72.1) 4.7
missing 315(5.5) 532(17.8) 1,215(5.2) 1,209(7.4) 223(4.5)
Abdominal pain 5,353(100) 1.3 2,937(100) 1.1 14,201(100) 1.3 13,836(100) 1.1 3,797(100) 1.3
1. Gallbladder, Biliary Tract and Pancreas 
Disorders
2. Appendicitis
3. Diverticulitis, Diverticulosis
4. Ileus
5. IBS & Functional Disorders

449(8.4)
562(10.5)
200(3.7)
203(3.8)
188(3.5)

1.1
0.0
0.5
4.4
1.6

359(12.2)
329(11.2)
213(7.3)
151(5.1)
82(2.8)

1.7
0.3
0.0
5.3
1.2

2,005(14.1)
1,323(9.3)
644(4.5)
620(4.4)
464(3.3)

1.6
0.2
0.6
3.7
0.2

1,668(12.1)
1,308(9.5)
689(5.0)
431(3.1)
537(3.9)

0.7
0.1
0.4
4.2
1.5

450(11.9)
439(11.6)
218(5.7)
140(3.7)
82(2.2)

2.0
0.0
0.0
8.0
0.0

6. Other 3,614(67.5) 1.3 1,693(57.6) 0.8 8,694(61.2) 1.3 8,813(63.7) 1.2 2,365(62.3) 1.2
missing 139(2.6) 112(3.8) 454(3.2) 373(2.7) 99(2.6)
Chest pain 4,633(100) 0.5 16,524(100) 0.5 2,656(100) 0.7 10,525(100) 1.1 1,619(100) 1.1
1. Ischemic Heart Diseases
2. Other Heart Diseases
3. Pulmonary Embolism
4. Pneumonia
5. Other Respiratory Diseases

675(14.6)
586(12.6)
26(0.6)
21(0.5)
15(0.3)

0.9
1.4
0.0
4.8
0.0

3,356(20.3)
1,279(7.7)
64(0.4)
91(0.6)
37(0.2)

1.6
1.3
3.1
0.0
2.7

147(5.5)
87(3.3)
135(5.1)
126(4.7)
116(4.4)

2.0
0.0
0.7
1.6
0.9

2,527(24.0)
1,112(10.6)
153(1.5)
90(0.9)
106(1.0)

1.1
5.5
0.7
1.1
0.0

311(19.2)
145(9.0)
39(2.4)
27(1.7)
25(1.5)

1.6
0.7
0.0
7.7
4.0

6. Other 3,285(70.9) 0.2 11,507(69.6) 0.2 1,851(69.7) 0.6 6,301(59.9) 0.3 1,046(64.6) 0.9
missing 23(0.5) 198(1.2) 194(7.3) 221(2.1) 26(1.6)
Dyspnoea 4,405(100) 5.6 4,196(100) 5.2 11,469(100) 7.1 12,167(100) 5.2 3,274(100) 7.4
1. Other Heart Diseases
2. COPD (Exacerbation)
3. Pneumonia
4. Other Respiratory Diseases
5. Pulmonary Embolism

526(11.9)
104(2.4)
431(9.8)
284(6.4)
204(4.6)

5,9
3.8
6.3
3.5
1.0

1,829(43.6)
394(9.4)
316(7.5)
116(2.8)
78(1.9)

6.3
5.3
6.3
11.2
0.0

646(5.6)
2,115(18.4)
1,805(15.7)
1,562(13.6)
331(2.9)

8.1
4.6
9.3
11.8
3.6

1,527(12.6)
1,606(13.2)
1,144(9.4)
969(8.0)
547(4.5)

7.3
5.0
7.0
4.6
1.5

307(9.4)
120(3.7)
246(7.5)
135(4.1)
113(3.5)

4.3
4.2
7.8
2.3
0.9

6. Other 2,782(63.2) 6.1 1,314(31.3) 3.0 4,724(41.2) 5.7 6,036(49.6) 4.8 2,293(70.0) 8.6
missing 75(1.7) 147(3.5) 298(2.6) 329(2.7) 59(1.8)
Trauma 1,252(100) 0.8 321(100) 0.0 10,609(100) 2.3 3,420(100) 1.3 1,515(100) 1.5
1. Other Injuries Head
2. Superficial Wound Head
3. Intracranial Injury
4. Injuries to the Thorax
5. Fracture of head

232(18.5)
144(11.5)
80(6.4)
82(6.5)
17(1.4)

0.0
0.0
0.0
0.0
0.0

43(13.4)
59(18.4)
12(3.7)
40(12.5)
14(4.4)

0.0
0.0
0.0
0.0
0.0

3,177(29.9)
1,346(12.7)
1,139(10.7)
603(5.7)
375(3.5)

0.3
0.1
9.1
0.5
2.7

809(23.7)
216(6.3)
189(5.5)
347(10.1)
70(2.0)

0.2
1.4
2.6
0.3
0.0

567(37.4)
57(3.8)
187(12.3)
137(9.0)
22(1.5)

0.0
0.0
1.6
2.2
0.0

6. Other 588(47.0) 1.2 107(33.3) 0.0 3,221(30.4) 3.4 1,454(42.5) 1.4 471(31.1) 3.0
missing 109(8.7) 46(14.3) 753(7.1) 339(9.9) 74(4.9)
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Differences were most marked in patients presenting 
with non-specific PCs “dyspnea” and “feeling unwell”, in 
contrast to PCs “extremity complaints” and “chest pain”. 
Also, ranking SMRs based on risk adjusted mortality is 
PC-dependent. Some EDs have unfavorable PC-SMRs 
in specific PCs, but favorable PC-SMRs in others. There 
are a number of possible explanations for these findings. 
Theoretically, there may be residual confounding, which 
our model does not adequately correct for. However, 
the discrimination of our model is excellent so we do 
not expect this. Also, several funnel plots for subgroups 
instead of one for the overall populations increase the 
probability of finding differences by chance as the num-
ber of tests rises, i.e. by multiple comparisons. Finally, 
differences in SMRs found in PC subgroups may have 
been caused by differences in the care provided to that 
specific subgroup. A high PC-SMR may indicate subop-
timal diagnostic work-up, protocols, or staffing specific 
to this subgroup. These insights would not have been 
obtained if only SMRs for the overall population of EDs 
were reported, especially if subgroups are relatively small 
or if suboptimal outcomes of one subgroup are offset by 
optimal outcomes in another. In contrast to diagnoses, 
which are sometimes absent in the ED and would only 

allow for retrospective comparisons, PC-SMRs provide 
insight into which subgroups of patients EDs can focus 
their quality improvement initiatives on to improve care 
for the entire ED process, from enrollment to discharge.

Individual EDs can use PC-SMRs to improve out-
comes. For example, if an ED identifies an elevated SMR 
for patients presenting with dyspnea, it should consider 
implementing a targeted quality improvement program 
for this patient group. Additionally, the ED could col-
laborate with other EDs that report significantly lower 
SMRs for patients with dyspnea to investigate differences 
in staffing, quality of care, or other factors contributing 
to better outcomes in dyspnea patients. This approach is 
similar to successful initiatives in the Dutch quality regis-
try for esophageal cancer (DUCA), which have improved 
patient outcomes [33]. 

There are some limitations of this study which should 
be discussed. First, comorbidities were not registered. 
However, we believe that the use of proxies, such as num-
ber of consultations and performed additional investi-
gations were good alternatives, as a previous study have 
shown that they are associated with comorbidities and 
complexity [34]. Second, only seven EDs participated 
in this study. In the next years many more EDs in the 

Fig. 2  Expected in-hospital mortality with and without ICD-10 codes as covariates in model in subgroups of patients by six most common PCs in five 
Dutch EDs The figure above is the result of the analysis in the cohort from which complete data on ICD-10 codes are available. This analysis assessed the 
effect of additional risk adjustment with diagnoses on the expected (predicted) mortality of PCs in participating EDs. In this cohort, data from five EDs 
(B, C, D, E, and G) were used, where complete diagnostic data on ED visits were available according to the International Classification of Diseases, 10th 
Revision (ICD-10) codes. No ICD-10 codes are known from ED A and ED F and therefore not presented in the figure. Expected mortality without adjust-
ment for diagnosis groups (-) was calculated with multivariable binary logistic regression adjusted for: age, sex, triage category, vital score**, GCS-score, 
number of specialist consultations during ED stay, blood tests taken, radiology imaging performed, medication yes/no and PCs. For the expected mortal-
ity calculated including adjustment for diagnoses (+), in addition to the previously mentioned covariates for mortality, the 5 most common diagnosis 
groups as described in the ICD-10 coding system plus a residual group with other diagnoses were added as dummy variables for each PC. See Table 2 for 
most common diagnosis groups. Abbreviations: PC = presenting complaint, ED = Emergency Department, ICD-10 codes = International Classification of 
Diseases and health related problems 10th edition, GCS = Glasgow Coma Score. **vital score: a categorical item composed of respiratory rate, O2 satura-
tion, systolic and diastolic blood pressure, heart rate and temperature; see figure S1, supplementary file 1
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Netherlands are expected to participate in the NEED, 
which may influence to what extent SMRs fall outside 
the norm. The current results, however, already show 
that Dutch EDs are different with respect to SMRs and 
that some of these differences are found only in PC sub-
groups. Fourth, the model we developed has limitations, 
such as overestimating the number of deaths at very high 
death probabilities. However, this is not considered a 
major problem for this study since most ED visits have 
low mortality probabilities. Sixth, outcomes may have 
been influenced by patients who died after discharge to 
home or transfer to another hospital. Our study does not 
aim to explain differences found, but identifies patient 
groups that EDs can target regarding outcome differ-
ences, including evaluation of discharge or transfer poli-
cies. Seventh, although other relevant clinical outcomes 
exist to compare EDs, mortality (and the SMR) is the 
most robust, although most ED patients will not die. In 
most of the selected PCs, mortality is relatively high, and 

outcomes like hospital admission may not always reflect 
quality of care as logistic issues also influence them. In 
future studies, it would be valuable to investigate other 
standardized outcomes. Finally, the present study has 
limitations inherent to its retrospective nature such as 
errors of documentation and data entry, although this 
was largely automatized which minimalized accidental 
misregistration.

In summary, patient characteristics and mortality 
varied largely across Dutch EDs, and expected mortal-
ity across EDs is well assessed in PC subgroups with-
out adjustment for final diagnoses. Variations in SMRs 
among EDs are PC-dependent, enabling practical bench-
marking across EDs, despite their diverse and undif-
ferentiated patient populations. Future studies should 
investigate reasons of the differences in PC-SMRs across 
EDs and whether PC-targeted quality improvement pro-
grams improve outcomes.

Fig. 3  Funnel plot with standardized mortality ratios of seven Dutch EDs. The figure above is the result of the analysis in which the cohort includes seven 
EDs over the period from January 2017 through June 2023. On the Y-axis the SMR (Observed/Expected), on the X-axis (precision) the number of cases. 
The funnel lines represent the 95% confidence intervals for the SMRs, based on the total population. SMRs were computed by dividing the number of 
observed deaths by the number of predicted deaths in the given population. An SMR value above 1 was interpreted to mean that more deaths than 
expected occurred in an ED; conversely, a value below 1 was interpreted to mean that there were fewer deaths than expected. The expected mortal-
ity is calculated with multivariable binary logistic regression adjusting for: age, sex, triage category, vital score**, GCS-score, number of consultations, 
blood tests taken, radiology imaging performed and medication yes/no and PCs. Abbreviations: PC=presenting complaint, ED=Emergency Department, 
SMR=standardized mortality ratio, GCS= Glasgow Coma Score. **vital score: a categorical item composed of respiratory rate, O2 saturation, systolic and 
diastolic blood pressure, heart rate and temperature; figure S1, supplementary file 1
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