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Abstract
Background

Managing patient flow in the Emergency Department (ED) is a major operational challenge involving multiple interconnected clinical and system-
level processes. Emergency Department Length of Stay (LOS-ED) is a widely used operational quality metric associated with patient outcomes,
physician workload, and healthcare system efficiency. We aimed to identify operational factors associated with prolonged LOS-ED and to evaluate
longitudinal trends in LOS-ED over a 10-year period.

Methods

We conducted a retrospective cohort study using electronic health record data from all ED visits to a large public medical center between 2012 and
2021. Operational parameters associated with LOS-ED, including consultation burden, imaging utilization, continuity of care, patient workload, and
time-based workflow metrics, were evaluated using longitudinal and multivariable analyses.

Results

Overall, 917,778 ED visits were included in the analysis. Mean LOS-ED increased during the study period from 216 to 255 minutes and exceeded
four hours from 2016 onward. During the same period, the proportion of patients undergoing CT imaging increased from 3.9% to 17.5%, while the
proportion requiring at least one consultation increased from 5.1% to 20.5%.

Patients requiring advanced imaging studies or multiple consultations demonstrated substantially prolonged LOS-ED. LOS-ED was significantly
longer among patients undergoing ultrasonography or CT imaging compared with those who did not require advanced imaging (p<0.001 for both).
Consultation burden demonstrated a progressive association with prolonged LOS-ED.

Random forest analysis identified consultation burden, advanced imaging utilization, continuity of care, ED workload, and time to first physician
assessment as the operational variables most strongly associated with prolonged LOS-ED.

Conclusions

LOS-ED is associated with multiple interconnected operational factors extending beyond isolated time-based quality metrics. Consultation burden,
imaging utilization, ED workload, and continuity of care were among the variables most strongly associated with prolonged LOS-ED. Improving ED
performance may therefore require broader systems-based approaches targeting operational bottlenecks and workflow processes.

INTRODUCTION
The Emergency Department (ED) is a major component of hospital activity worldwide and serves as the primary entry point for more than 50% of
hospitalized patients (1). Patients may present to the ED regardless of disease severity due to limited access to primary care services or
socioeconomic barriers affecting healthcare utilization (2, 3, 4). The ED provides rapid access to clinical evaluation, specialist consultations,
laboratory testing, and advanced imaging compared with ambulatory or community healthcare settings. Multiple factors have been associated
with Emergency Department Length of Stay (LOS-ED), including system-related, patient-related, and healthcare provider-related factors (5, 6, 7).
LOS-ED may increase according to the complexity and extent of the clinical assessment required (8, 9).

Reducing LOS-ED is considered an important operational objective that may improve patient flow, hospital efficiency, physician workload, and
patient satisfaction (10). Beginning in 2016, the Israeli Ministry of Health implemented a national incentive program designed to reduce LOS-ED by
monitoring predefined operational milestones, including time to triage, time to first physician examination, time to clinical decision-making, and
waiting time for discharge or hospital admission. Each parameter was scored, and financial incentives were allocated according to overall
institutional performance. However, the association between these operational metrics and overall LOS-ED remains unclear.

Despite widespread implementation of time-target policies, limited evidence exists regarding which operational factors are most strongly
associated with prolonged LOS-ED in real-world large-scale healthcare systems.

STUDY AIM
The primary objective of this study was to identify operational factors associated with prolonged Emergency Department Length of Stay (LOS-ED).
In addition, we evaluated longitudinal trends in LOS-ED throughout the study period.

MATERIALS AND METHODS
This study was approved by the institutional research ethics committee (protocol 107-22-ASF). Data extraction and analysis were performed
between January 2023 and April 2024. Shamir Medical Center is a 900-bed public university-affiliated medical center.
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We retrospectively reviewed the records of all patients who visited the ED at Shamir Medical Center between January 1, 2012 and December 31,
2021.Pediatric patients (< 18 years of age) and patients directly referred to obstetrics and gynecology, ophthalmology, or otolaryngology services
were excluded. Patients treated under dedicated COVID-19 protocols during the pandemic period were excluded because they were managed
through separate operational pathways.

Parameters
The database included demographic variables (age and sex), arrival characteristics, working shifts (morning 08:00–16:00, evening 16:00–23:00,
and night 23:00–08:00), mode of arrival (self-arrival or ambulance transport), triage acuity level according to the Canadian Emergency Department
Triage and Acuity Scale (CTAS) Guidelines 2016 (11), and LOS-ED. LOS-ED was defined as the total time from patient registration in the ED until
discharge or hospital admission.

Because the study aimed to evaluate operational determinants of LOS-ED within the context of the Israeli national incentive program, two
operational parameters included in the national incentive program were specifically evaluated: time to triage and time to first physician
examination. Time to triage was defined as the interval between ED registration and the initial nursing assessment and was categorized into three
groups: <15 minutes, 15–60 minutes, and > 60 minutes. Time to first physician examination was defined as the interval between ED registration
and the initial physician assessment and was categorized into three groups: <1 hour, 1–2 hours, and > 2 hours.

Additional operational workflow variables were evaluated to assess ED processes potentially associated with prolonged LOS-ED. ED workload
(“patient load”) was defined as the number of patients physically present in the ED at the time of patient arrival. Continuity of care was evaluated
according to whether the same physician managed the patient from the initial evaluation through the final disposition decision.

We further evaluated operational processes related to diagnostic testing and specialist consultations including, advanced imaging studies,
including computed tomography (CT) and ultrasonography (US), together with imaging turnaround times. Imaging turnaround time was defined as
the interval between imaging request documentation and the final radiology report. Consultation turnaround time was defined as the interval
between consultation request documentation and completion of the consultant’s evaluation. The total number of consultations per patient was
evaluated as a separate operational parameter.

Because consultation and imaging processes may occur simultaneously, overlapping operational delays were considered during analysis. To
minimize overlap between parallel operational processes, the association of consultation and imaging requirements with LOS-ED was evaluated by
comparing patients who required these services with those who did not.

Operational parameters were evaluated longitudinally throughout the study period to identify trends associated with LOS-ED. Analyses were
performed separately for admitted and discharged patients, and the association between each operational parameter and LOS-ED was evaluated
by comparing mean LOS-ED values across study variables.

Statistical analysis
Descriptive statistics are presented as mean and standard deviation (SD) for continuous variables and as counts with percentages for categorical
variables, stratified according to patient disposition. Comparisons between study groups were performed using Student’s t-tests and analysis of
variance (ANOVA) for continuous variables. To evaluate associations between operational parameters and LOS-ED, Spearman correlation analysis
was performed for continuous operational variables. Additional interaction analyses were conducted according to patient disposition and
operational variables, including triage acuity and time to first physician examination, in order to further characterize their association with LOS-ED.

Temporal and longitudinal trends in LOS-ED were evaluated according to admission status and time-related operational variables, including year,
month, day of the week, and working shift. Longitudinal changes in LOS-ED and operational parameters throughout the study period were assessed
using descriptive statistical methods. Because LOS-ED demonstrated a non-normal distribution, log-transformed LOS-ED values were used for
multivariable analyses. To identify operational variables most strongly associated with LOS-ED, an exploratory random forest model using log-
transformed LOS-ED values was performed separately for admitted and discharged patients.

Variable importance was estimated using permutation importance analysis, in which variable importance was determined according to the
decrease in model performance following random permutation of the analyzed variable. Variable importance was defined as the difference
between baseline model performance and model performance following permutation of the analyzed variable (Fig. 1).

A two-sided p-value < 0.05 was considered statistically significant.

RESULTS
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During the study period, more than 1.5 million patient visits were recorded in the ED of Shamir Medical Center, of which 917,778 met the study
inclusion criteria. The mean annual number of ED visits was 91,778, ranging from 77,587 in 2020 to 99,731 in 2015, without a consistent temporal
trend. However, several patients- and system -related characteristics changed substantially throughout the study period. Mean patient age
increased progressively during the study period, from 45.6 years in 2012 to 51.0 years in 2021 while no major temporal changes were observed in
patient arrival patterns across working shifts. In parallel, several operational processes demonstrated substantial longitudinal changes over time.
The proportion of patients undergoing CT imaging increased from 3.9% to 17.5%, while the proportion requiring at least one consultation increased
from 5.1% to 17.4% throughout the study period. Correspondingly, mean LOS-ED increased from 214 minutes in 2013 to 259 minutes during 2019–
2020, exceeding four hours from 2016 onward. (Table 1)
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Table 1
Longitudinal changes in operational parameters during the study period.

Number of records 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 Total

85436 90081 93073 99731 99721 98105 94275 92193 77587 87576 917778

Average time
(minutes)

Mean

(SD)

216.2
(148.5)

214.7
(137.7)

223.9
(146.3)

236.6
(156.7)

244.7
(159.4)

253.7
(140.2)

248.4
(152.9)

259.5
(161.8)

259.6
(162.9)

255.8
(160.2)

241.3
(148.3)

age Mean
(SD)

45.6
(23.3)

46.3
(23.4)

47.0
(23.7)

47.7
(23.8)

48.4
(23.6)

49.4
(23.6)

50.5
(23.4)

51.0
(23.4)

51.0
(23.2)

50.5
(23.2)

48.7
(23.6)

Arrived by Ambulance 12293
(14.4)

14183
(15.7)

14984
(16.1)

17779
(17.8)

19231
(19.3)

20822
(21.2)

26166
(27.8)

28858
(31.3)

25863
(33.3)

27531
(31.4)

207710
(22.6)

Shift 8–16 38336
(44.9)

40669
(45.1)

42644
(45.8)

45854
(46.0)

46147
(46.3)

44556
(45.4)

42739
(45.3)

41524
(45.0)

34890
(45.0)

39159
(44.7)

416518
(45.4)

16–
23

32815
(38.4)

34277
(38.1)

35344
(38.0)

37253
(37.4)

37025
(37.1)

36548
(37.3)

34627
(36.7)

33983
(36.9)

28567
(36.8)

32527
(37.1)

342966
(37.4)

23 − 
8

14285
(16.7)

15135
(16.8)

15085
(16.2)

16624
(16.7)

16549
(16.6)

17001
(17.3)

16909
(17.9)

16686
(18.1)

14130
(18.2)

15890
(18.1)

158294
(17.2)

Triage
waiting time
groups

15 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 57084
(67.7)

59715
(70.8)

43712
(64.5)

55889
(73.4)

219331
(69.2)

15–
60

0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 25743
(30.6)

23790
(28.2)

22637
(33.4)

19188
(25.2)

92598
(29.2)

> 60 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1433
(1.7)

873
(1.0)

1409
(2.1)

1073
(1.4)

4832
(1.5)

Triage level 1 - - - - - - 2346
(2.5)

666
(0.7)

631
(0.8)

652
(0.7)

4712
(0.5)

2 - - - - - - 13681
(14.5)

7929
(8.6)

6628
(8.5)

7131
(8.1)

37846
(4.1)

3 - - - - - - 38197
(40.5)

45075
(48.9)

34472
(44.4)

46043
(52.6)

165073
(18.0)

4 - - - - - - 23827
(25.3)

25809
(28.0)

21016
(27.1)

20037
(22.9)

90691
(9.9)

5 - - - - - - 8320
(8.8)

6892
(7.5)

6797
(8.8)

5624
(6.4)

27633
(3.0)

Laboratory 47656
(55.8)

51500
(57.2)

54788
(58.9)

61133
(61.3)

62006
(62.2)

62554
(63.8)

61423
(65.2)

61098
(66.3)

52636
(67.8)

58892
(67.2)

573686
(62.5)

Admission 10143
(11.9)

13864
(15.4)

17815
(19.1)

22539
(22.6)

22012
(22.1)

22824
(23.3)

23236
(24.6)

22210
(24.1)

20027
(25.8)

21275
(24.3)

195945
(21.3)

Time to first
physician
examination

< 1
hour

13765
(51.8)

13432
(49.7)

16071
(37.4)

16952
(27.6)

15409
(25.1)

18123
(26.2)

29834
(38.3)

40769
(47.3)

40530
(53.4)

44828
(52.8)

249713
(40.7)

1–2
hours

6500
(24.4)

7208
(26.7)

9322
(21.7)

11369
(18.5)

11279
(18.3)

14791
(21.4)

20728
(26.6)

28037
(32.5)

26773
(35.3)

30182
(35.5)

166189
(27.1)

> 2
hours

6332
(23.8)

6397
(23.7)

17620
(41.0)

33033
(53.8)

34779
(56.6)

36131
(52.3)

27245
(35.0)

17392
(20.2)

8579
(11.3)

9927
(11.7)

197435
(32.2)

US 3210
(3.8)

3546
(3.9)

3829
(4.1)

4411
(4.4)

4798
(4.8)

4767
(4.9)

4632
(4.9)

3870
(4.2)

2270
(2.9)

2501
(2.9)

37834
(4.1)

US time Mean
(SD)

89.5
(144.0)

112.5
(207.3)

122.8
(197.9)

119.7
(102.9)

135.3
(1043.5)

125.1
(132.8)

122.6
(136.4)

138.4
(295.3)

147.1
(118.0)

135.0
(130.7)

124.4
(405.7)

CT 3331
(3.9)

4907
(5.4)

6283
(6.8)

8201
(8.2)

9700
(9.7)

11392
(11.6)

12210
(13.0)

13334
(14.5)

12701
(16.4)

15312
(17.5)

97371
(10.6)

CT_time Mean
(SD)

103.3
(159.5)

126.4
(162.6)

139.1
(381.3)

137.1
(383.2)

136.9
(127.1)

141.1
(169.2)

127.9
(351.6)

138.9
(437.6)

156.4
(680.8)

202.7
(3757.1)

147.9
(1533.4)

Number of
consultations

0 81057
(94.9)

83262
(92.4)

83220
(89.4)

86980
(87.2)

83106
(83.3)

79614
(81.2)

74853
(79.4)

73288
(79.5)

62525
(80.6)

69589
(79.5)

777494
(84.7)

  1 4325
(5.1)

6219
(6.9)

8536
(9.2)

11001
(11.0)

14168
(14.2)

15688
(16.0)

16473
(17.5)

16006
(17.4)

12744
(16.4)

15257
(17.4)

120417
(13.1)
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Number of records 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 Total

85436 90081 93073 99731 99721 98105 94275 92193 77587 87576 917778

  2 53
(0.1)

552
(0.6)

1193
(1.3)

1583
(1.6)

2181
(2.2)

2451
(2.5)

2583
(2.7)

2526
(2.7)

1981
(2.6)

2351
(2.7)

17454
(1.9)

  3+ 1 (0.0) 48
(0.1)

124
(0.1)

167
(0.2)

266

(0.2)

352

(0.3)

366
(0.3)

373
(0.4)

337

(0.4)

379
(0.3)

2413

(0.2)

Imaging and LOS-ED
Advanced imaging utilization was significantly associated with prolonged LOS-ED. Patients requiring ultrasonography (US) demonstrated
significantly longer LOS-ED compared with patients who did not require US (370 vs. 236 minutes, p < 0.001). Similarly, patients requiring CT imaging
demonstrated prolonged LOS-ED compared with patients who did not require CT imaging (370 vs. 226 minutes; discharge group r = 0.52, admission
group r = 0.45, p < 0.001). Longer imaging turnaround times were also associated with prolonged LOS-ED. (Table 2)
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Table 2
– Association between operational parameters and ED length of stay

  Time Mean (SD) Time interval (minutes) P value

Arrived by Ambulance Yes 288.4 (973.1) 61 < 0.001a

No 227.5 (147.1)

Shifts 8–16 242.8 (151.7) 7 < 0.001b

16–23 235.8 (760.6) -

23 − 8 249.0 (170.4) 14

Time to triage

(minutes)

15 254.8 (160.2) - < 0.001b

15–60 264.6 (153.3) 10

> 60 326.8 (177.9) 72

Laboratory exam Yes 289.4 (596.4) 128 < 0.001a

No 161.0 (121.1)

Time to first physician examination Up to 1 hour 189.6 (146.2) - < 0.001b

1–2 hours 234.0 (146.0) 45

More than 2 hours 306.3 (143.7) 117

Continuity of care by the same physician Yes 206.8 (137.4) 87 < 0.001a

No 293.3 (160.6)

US Yes 370.4 (2250.3) 135 < 0.001a

No 235.7 (152.2)

CT Yes 370.4 (187.7) 145 < 0.001a

No 225.9 (502.8)

Number of consultations 0 223.8 (516.0) - < 0.001b

1 325.6 (164.5) 102

2 405.3 (183.5) 182

3 473.5 (205.9) 250

4 493.8 (205.8) 270

5 469.4 (211.1) 246

6 510.2 (423.6) 287

Triage level 1 242.2 (163.7) 50 < 0.001b

2 279.5 (161.9) 87

3 284.5 (161.3) 92

4 224.5 (146.0) 31

5 192.3 (137.6) -

a – T test. b – One way ANOVA with Bonferroni correction

US – Ultrasound, CT – Computer Tomography.

Consultations and LOS-ED
Consultation-related operational processes demonstrated similar associations with LOS-ED. Patients who did not require consultations had a mean
LOS-ED of 224 minutes, whereas LOS-ED progressively increased among patients requiring one to six consultations (325, 405, 473, 494, 469, and
510 minutes, respectively; discharge group r = 0.44, admission group r = 0.32, p < 0.001). (Table 2). Only weak correlations were observed between
triage acuity and both diagnostic testing volume and consultation burden (r = 0.090 and r = 0.098, respectively; p < 0.001 for both).
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Random forest analysis
To further characterize the operational variables most strongly associated with LOS-ED, random forest analysis identified the operational variables
most strongly associated with LOS-ED: (1) number of consultations, (2) advanced imaging utilization (CT or US), (3) continuity of care by the same
physician throughout the ED stay, (4) ED workload (“patient load”), and (5) time to first physician examination. Figure 1 demonstrates the relative
importance of these parameters separately for admitted (A) and discharged (B) patients. Among discharged patients, laboratory turnaround time
was also significantly associated with prolonged LOS-ED.

DISCUSSION
LOS-ED represents a major operational challenge worldwide and is influenced by multiple clinical and organizational factors. Prolonged LOS-ED
reflects a complex interaction between processes occurring both within and outside the ED (5). Previous studies evaluating the association
between LOS-ED and in-hospital mortality have demonstrated inconsistent findings (12, 13). However, prolonged LOS-ED has consistently been
associated with reduced patient satisfaction (14, 15).

Time-target programs
One commonly adopted strategy for reducing LOS-ED is the implementation of predefined time-based targets, in which hospitals are evaluated
according to the proportion of patients discharged or admitted within specified timeframes. Several studies have evaluated the association
between time-based targets and patient outcomes. Jones et al. demonstrated improved operational outcomes following implementation of time-
based targets, although these improvements were accompanied by increased readmission rates (16, 17). Forero et al. evaluated the impact of four-
hour target programs on mortality, overcrowding, and patient flow and demonstrated limited effects on mortality outcomes (18). The Israeli
Ministry of Health implemented a national incentive program based on predefined LOS targets and operational milestones, including time to triage
and time to first physician examination.

Our findings suggest that total LOS-ED alone may not represent a sufficient measure of ED operational performance. Similarly, isolated
measurement of time-based milestones, such as time to triage or time to first physician assessment, may incompletely reflect the complexity of
patient flow processes occurring throughout the ED stay. A more comprehensive evaluation of operational factors contributing to prolonged LOS-
ED may support development of targeted process-based quality metrics and operational interventions aimed at improving ED efficiency and patient
flow.

First physician assessment
Time to first physician assessment was significantly associated with overall LOS-ED. Notably, this parameter is included among the operational
metrics evaluated within the national incentive program. This association was observed across multiple triage levels and regardless of final patient
disposition, suggesting that time to initial physician assessment may represent a relevant operational metric for evaluation of ED patient flow
processes. At the same time, this metric is also influenced by additional operational processes, including triage efficiency and pre-physician
laboratory workflows.

Laboratory testing
Previous studies suggested that initiating laboratory testing prior to physician assessment does not necessarily reduce overall LOS-ED, except in
selected clinical scenarios such as acute chest pain. Nevertheless, dedicated phlebotomy workflows and streamlined laboratory processes may
still provide operational advantages in selected patient populations (19).

In our cohort, laboratory turnaround time was significantly associated with LOS-ED among discharged patients, whereas this association was less
prominent among admitted patients. This difference may reflect the greater influence of downstream operational and hospitalization-related
constraints among admitted patients, in whom factors beyond diagnostic workflow may substantially contribute to prolonged LOS-ED.

ED workload
ED workload (“patient load”) was significantly associated with prolonged LOS-ED. Higher patient load likely reflects increased operational pressure
on clinical teams and reduced system efficiency, potentially impairing workflow efficiency, delaying clinical decision-making, and reducing
operational throughput within the ED. Although the factors leading patients to seek ED care extend beyond the scope of the current study, these
findings highlight patient load as an important operational parameter associated with ED efficiency and patient flow. Given that patient volume
itself may not always be directly modifiable at the institutional level, the findings emphasize the importance of identifying operational processes
that can be optimized under conditions of increased workload in order to improve ED performance and reduce LOS-ED.

Continuity of care
Continuity of care by the same physician throughout the ED stay was associated with shorter LOS-ED and may represent an important component
of ED workflow efficiency. Continuity of care may additionally influence time to first physician assessment, clinical decision-making, and patient
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disposition processes. Operationally, ED physicians are frequently required to balance between completing the management and disposition of
patients already undergoing treatment and evaluating newly arrived patients which may fragment continuity of care and impair workflow efficiency.
These findings highlight the potential operational importance of maintaining continuity of care and supporting completion of ongoing patient
management processes in order to reduce LOS-ED, particularly under conditions of increased workload.

Imaging and consultations
Patients requiring imaging studies and multiple consultations demonstrated substantially prolonged LOS-ED, particularly when several
consultations accumulated during the ED stay. These findings suggest that consultation workflows, imaging availability, and interdepartmental
coordination represent major operational bottlenecks associated with prolonged LOS-ED.

Because many of these processes depend on services outside the ED itself, improvement strategies would likely require broader institutional
collaboration, including coordination with radiology departments and consulting services. At the same time, the presence of these operational
bottlenecks may support development of streamlined care pathways for selected patients who are less likely to require advanced imaging studies
or specialist consultations. Facilitating more rapid evaluation and disposition of such patients may shorten LOS-ED while additionally reducing
operational overload within the ED.

Accordingly, targeting these operational bottlenecks may represent an important systems-based approach for improving patient flow and reducing
LOS-ED.

Aging and patient complexity
Patient-related characteristics may also contribute to prolonged LOS-ED. In our cohort, mean patient age increased by approximately five years
during the study period. As life expectancy increases, ED populations are becoming older and medically more complex, often requiring more
comprehensive clinical assessment, diagnostic evaluation, and management (20).

Although the annual number of ED visits remained relatively stable, increasing patient complexity may nevertheless have contributed to greater
operational burden and prolonged LOS-ED (21). These findings further emphasize the importance of adaptive operational models capable of
addressing increasing patient complexity while maintaining efficient patient flow and resource allocation within the ED.

LIMITATIONS
This study has several important limitations. First, this was a single-center retrospective study, and therefore the findings may not be generalizable
to other healthcare systems or institutional settings. In addition, the observational design does not allow establishment of causal relationships
between operational variables and prolonged LOS-ED.

Consultation availability and workflow processes may additionally be influenced by institutional policies, staffing limitations, budgetary constraints,
and local operational practices rather than solely by clinical necessity. Furthermore, the study did not include several potentially relevant clinical
variables, including comorbidity burden and disease-specific severity measures, which may also influence LOS-ED and operational complexity.

Nevertheless, the large cohort size and extended study period may partially mitigate the effect of local operational variability and provide
meaningful insight into operational processes associated with prolonged LOS-ED.

CONCLUSIONS
LOS-ED is associated with multiple interrelated operational and patient-related factors that extend beyond isolated time-based quality metrics.
Consultation burden, imaging utilization, ED workload, and continuity of care were among the operational variables most strongly associated with
prolonged LOS-ED. These findings suggest that improving ED performance may require broader systems-based approaches targeting operational
bottlenecks, workflow processes, and interdepartmental coordination rather than reliance on isolated time-target metrics alone. Further studies are
needed to evaluate whether such operational and systems-based interventions may improve patient flow and potentially reduce LOS-ED.

Declarations
Author contributions: 

Conceptualization: YH, JH, OT. 

Methodology: YH, JH, OT. 

Formal analysis and investigation: MB. 

Writing - original draft preparation: YH, OT, IJ. 

Page 9/11



Writing - review and editing: YH, JH ,OT. 

Ethics approval and consent to participate: This study was approved by the Shamir Medical Center ethics committee (protocol 107-22-ASF). All
methods were performed in accordance with the ethical standards as laid down in the Declaration of Helsinki and its later amendments or
comparable ethical standards. The need for informed consent was waived since no individual person’s data was taken.

Conflicts of interest/Competing interests: The authors declare that they have no competing interests.

Consent for publication: Not applicable.

Funding: no funding was provided.

Availability of data and materials: The datasets generated and/or analyzed during the current study are available from the corresponding author
upon reasonable request.

Acknowledgements: Not applicable.

References
1. Samita M, Heslin M, Henry E, Litvak AJ, Singer H, Thode P, Viccellio. An Analysis of New York Data: Fluctuations in Hospital Capacity Are Driven

by Variability in Elective Admissions and Discharge Activity. Cureus. 2024;16(4):e58404.

2. Filc D, Davidovich N, Novack L, Balicer RD. Is socioeconomic status associated with utilization of health care services in a single-payer
universal health care system? Int J Equity Health. 2014;13:115. Published 2014 Nov 28. 10.1186/s12939-014-0115-1

3. Wee LE, Low LL, Thumboo J, Chan A, Lee KH. Factors associated with emergency room visits and hospitalisation amongst low-income public
rental flat dwellers in Singapore. BMC Public Health. 2019;19(1):713. 10.1186/s12889-019-7009-5. . PMID: 31174499; PMCID: PMC6556005.

4. Weisz D, Gusmano MK, Wong G, Trombley J. Emergency department use: a reflection of poor primary care access? Am J Manag Care.
2015;21(2):e152–60. Published 2015 Feb 1.

5. Babiche EJM, Driesen, Bauke HG, van Riet L, Verkerk HJ, Bonjer. Hanneke Merten, Prabath W B Nanayakkara. Long length of stay at the
emergency department is mostly caused by organisational factors outside the influence of the emergency department: A root cause analysis.
PLoS ONE. 2018;13(9):e0202751.

6. Ocak T, Bekdas M, Duran A, Göksügür SB, Küçükbayrak B. The Obstetrics Gynecology and Children's Hospital Emergency Room waiting time
before hospitalization. Afr Health Sci. 2013;13(4):1162–9. 10.4314/ahs.v13i4.43. . PMID: 24940347; PMCID: PMC4056500.

7. Liao PH, Chu W, Ho CS. An Analysis of Waiting Time for Emergency Treatment and Optimal Allocation of Nursing Manpower. Healthc (Basel).
2022;10(5):820. 10.3390/healthcare10050820. . PMID: 35627957; PMCID: PMC9140927.

8. Belayneh AG, Temachu YZ, Messelu MA, Gebrie MH. Prolonged length of stay and its associated factors at adult emergency department in
amhara region comprehensive specialized hospitals, northwest Ethiopia. BMC Emerg Med. 2023;23(1):34.

9. Lee H, Lee S, Kim H. Factors affecting the length of stay in the emergency department for critically Ill patients transferred to regional
emergency medical center. Nurs Open. 2023;10(5):3220–31.

10. Abidova A, Silva PAD, Moreira S. The mediating role of patient satisfaction and perceived quality of healthcare in the emergency department.
Med (Baltim). 2021;100(11):e25133. 10.1097/MD.0000000000025133.

11. Bullard MJ, Musgrave E, Warren D, Unger B, Skeldon T, Grierson R. Etienne van der Linde, Janel Swain. Revisions to the Canadian Emergency
Department Triage and Acuity Scale (CTAS) Guidelines 2016. CJEM. 2017;19(S2):S18–27.

12. Dominique Lauque A, Khalemsky Z, Boudi L, Östlundh C, Xu M, Alsabri C, Onyeji J, Cellini G, Intas KD, Soni NK, Rathlev SW, Liu, Carlos A,
Camargo A Jr, Slagman M, Christ AJ, Singer H, Aburawi K, Tazarourte L, Kurland PD, Levy JH, Paxton. Dionyssios Tsilimingras, Vijaya Arun
Kumar, David G Schwartz, Eddy Lang, David W Bates, Gabriele Savioli, Shamai A Grossman, Abdelouahab Bellou. Length-of-Stay in the
Emergency Department and In-HospitalMortality: A Systematic Review and Meta-Analysis. J Clin Med 2022;12(1):32.

13. Zoubir Boudi D, Lauque M, Alsabri L, Östlundh C, Oneyji A, Khalemsky CL, Rial SW, Liu, Carlos A, Camargo E Jr, Aburawi M, Moeckel A, Slagman
M, Christ A, Singer. Karim Tazarourte, Niels K Rathlev, Shamai A Grossman, Abdelouahab Bellou. Association between boarding in the
emergency department and in-hospital mortality: A systematic review. PLoS ONE. 2020;15(4):e0231253.

14. Walsh M, Knott JC. Satisfaction with the emergency department environment decreases with length of stay. Emerg Med J. 2010;27(11):821–8.

15. Matthew W, Morgan, Joshua G, Salzman RC, LeFevere, Avis J, Thomas, Kurt M, Isenberger. Demographic, Operational, and Healthcare
Utilization Factors Associated with Emergency Department Patient Satisfaction. West J Emerg Med. 2015;16(4):516–26.

16. Peter Jones S, Wells A, Harper JL, Fevre J, Stewart E, Curtis P, Reid. Shanthi Ameratunga. Impact of a national time target for ED length of stay
on patient outcomes. N Z Med J. 2017;130(1455):15–34.

17. Peter Jones D, Haustead K, Walker B, Honan V, Gangathimmaiah R, Mitchell I, Bissett R, Forero E, Martini D, Mountain. Review article: Has the
implementation of time-based targets for emergency department length of stay influenced the quality of care for patients? A systematic

Page 10/11



review of quantitative literature. Emerg Med Australas. 2021;33(3):398–408.

18. Roberto Forero N, Man H, Ngo D, Mountain M, Mohsin D, Fatovich GS, Toloo A, Celenza G, FitzGerald S, McCarthy D, Richardson F, Xu. Nick
Gibson, Shizar Nahidi, Ken Hillman. Impact of the four-hour National Emergency Access Target on 30 day mortality, access block and chronic
emergency department overcrowding in Australian emergency departments. Emerg Med Australas. 2019;31(1):58–66.

19. Strada A, Bolognesi Niccolò, Manzoli L, Valpiani G, Morotti C, Bravi F, Bentivegna R, Forini E, Pesci A. Armando Stefanati, Eugenio Di Ruscio,
Tiziano Carradori. Diagnostic anticipation to reduce emergency department length of stay: a retrospective cohort study in Ferrara University
hospital, Italy. BMC Health Serv Res. 2020;20(1):624.

20. Ellen Burkett, Melinda G, Martin-Khan J, Scott M, Samanta, Leonard C, Gray. Trends and predicted trends in presentations of older people to
Australian emergency departments: effects of demand growth, population aging and climate change. Aust Health Rev. 2017;41(3):246–53.

21. Laia Maynou A, Street C, Burton, Suzanne M, Mason T, Stone G, Martin. James van Oppen, Simon Conroy. Factors associated with longer wait
times, admission and reattendances in older patients attending emergency departments: an analysis of linked healthcare data. Emerg Med J.
2023;40(4):248–56.

Figures

Figure 1

Variable importance analysis of operational parameters associated with LOS-ED.

Random forest permutation importance analysis demonstrating the relative contribution of operational variables to LOS-ED among admitted (A)
and discharged (B) patients.
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