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Abstract
To investigate the effects of the dramatic reduction in presentations to Italian Emergency Departments (EDs) on the main 
indicators of ED performance during the SARS-CoV-2 pandemic. From February to June 2020 we retrospectively measured 
the number of daily presentations normalized for the number of emergency physicians on duty (presentations/physician ratio), 
door-to-physician and door-to-final disposition (length-of-stay) times of seven EDs in the central area of Tuscany. Using the 
multivariate regression analysis we investigated the relationship between the aforesaid variables and patient-level (triage 
codes, age, admissions) or hospital-level factors (number of physician on duty, working surface area, academic vs. community 
hospital). We analyzed data from 105,271 patients. Over ten consecutive 14-day periods, the number of presentations dropped 
from 18,239 to 6132 (− 67%) and the proportion of patients visited in less than 60 min rose from 56 to 86%. The proportion 
of patients with a length-of-stay under 4 h decreased from 59 to 52%. The presentations/physician ratio was inversely related 
to the proportion of patients with a door-to-physician time under 60 min (slope − 2.91, 95% CI − 4.23 to − 1.59, R2 = 0.39). 
The proportion of patients with high-priority codes but not the presentations/physician ratio, was inversely related to the 
proportion of patients with a length-of-stay under 4 h (slope − 0.40, 95% CI − 0.24 to − 0.27, R2 = 0.36). The variability of 
door-to-physician time and global length-of-stay are predicted by different factors. For appropriate benchmarking among 
EDs, the use of performance indicators should consider specific, hospital-level and patient-level factors.
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Introduction

Performance indicators are often used for benchmark anal-
ysis among different Emergency Departments (EDs). Two 
of the most frequently used are time to first medical visit 
(door-to-physician) and time to final disposition (length-
of-stay) [1]. However, the performance of the different 
EDs is usually compared without considering their func-
tional or structural differences, or, as reported in recent 
literature, it only considers patient-level factors and not 
hospital-level factors such as the number of working phy-
sicians or the treatment surface area [2]. Moreover, well-
designed, multicentre and properly dimensioned studies on 
major determinants of these performance indicators, have 
been conducted almost exclusively in academic hospitals 
[3–5], thus limiting the generalizability of their results.

During the first wave of SARS-CoV-2 pandemic, for 
a short period of time we observed profound changes in 
the organization of emergency services [6], to cope with 
the increase in patients presented with coronavirus dis-
ease 2019 (COVID-19). The increase of these patients was 
associated with a dramatic reduction in presentations for 
other reasons [7, 8], in particular, traumatic and surgical 
diseases [9, 10], which determined a net absolute decrease 
in the total presentations to the EDs [6]. This exceptional 
phenomenon prompted us to evaluate how ED perfor-
mance changes during significant changes in the patient 
presentations. The aim of this study was to investigate not 
only whether two of the main indicators of ED perfor-
mance, door-to-physician time and global length-of-stay, 
were influenced by the change in the patient presentations, 
but also how and to what extent patient-level and hospital-
level factors, in turn, may have influenced these indicators.

Methods

Study design

This is a retrospective, multicentre cohort study, con-
ducted during the first wave SARS-CoV-2 pandemic in 
central Tuscany, Italy. The study involved 7 EDs, 6 level-
two (Spoke, reported as centre A to F) and 1 level-three 
(Hub, reported as centre G), teaching ED. All EDs used 
the same electronic clinical charts, named “First-aid” 
(Dedalus, Florence, Italy) and anonymous data were col-
lected by a specific statistical software “BI4H” (Dedalus, 
Florence, Italy). Because the first COVID-19 cases in cen-
tral Tuscany were diagnosed at beginning of March and 
significantly declined after the last week of May 2020, we 
chose to conduct the observation from at least 2 weeks 

before the start (February 3rd) until two weeks after the 
decline (June 21st) in order to have a sufficient baseline 
time to be compared before and after the first pandemic 
wave. We think this approach was better than a direct 
comparison with the same period of the 2019 because we 
were more confident that hospital-level factors were the 
same during all the study period. Data were grouped in 
ten consecutive fourteen-day periods. In each period, we 
considered the following data from all the participating 
centres: number of presentations, age, triage code, door-
to-physician time, door-to-final disposition time, number 
of hospital admissions, number of patients that left the 
ED without being seen (left without being seen), number 
of patients that returned to the ED for another visit within 
72 h (return-to-ED within 72 h), number of physicians on 
duty and treatment surface area. The treatment area was 
calculated starting from the floorplans of the various EDs, 
excluding the rooms for meetings and study rooms or other 
non-healthcare activities and approximated to hundreds of 
square meters.

This retrospective study was notified to the local ethical 
committee (N°19,830). The study was conducted in accord-
ance with the declaration of Helsinki. The authors have no 
conflict of interest to declare. 

Terms and measurements

Triage codes were assigned by certified nurses according to 
the regional protocol n° 807/2017 used in all the participat-
ing EDs. The regional triage protocol consists of five codes: 
code 1 = emergency (no wait), code 2 = undelayable urgency 
(suggested waiting time less than 15 min), code 3 = delay-
able urgency (suggested waiting time less than 60 min), 
code 4 = minor urgency (suggested waiting time less than 
120 min), code 5 = no urgency (suggested waiting time less 
than 240 min). The number of presentations included all 
patients registered at the triage, including patients who left 
without being seen.

According to the software for the extraction of data, the 
time to first medical evaluation (door-to-physician) started 
from the beginning of the triage, as reported automatically 
by the electronic clinical chart, and ended when the first 
clinical evaluation was recorded by the attending physician 
in the electronic clinical chart.

Length-of-stay started from the beginning of the triage 
and ended when the electronic clinical charts were closed 
due to discharge, hospital admission, transfer to another hos-
pital or death. Length-of-stay ended also when the patient 
status changed from “Visit” to “Observation”. “Observa-
tion” status started after the first medical evaluation and 
first-line laboratory or radiological exams when the patient 
was transferred from the treatment area of the ED to the 48-h 
observation area.
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We reported door-to-physician time and length-of-stay 
as the proportion of patients visited within 60 min after the 
triage and as the proportion of patients with final disposi-
tion within 4 h after the triage, because the Tuscany health 
system currently uses these measurements as benchmarking 
standards.

Return to visit within 72 h included unscheduled patients 
who returned to ED for any reason within 72 h after the 
index visit. The number of emergency physicians (EP)’s 
working in each centre was computed considering the num-
ber of EPs on duty during the 24 h in the ED treatment areas 
of the ED without taking account of those working in the 
observation areas. To allow a direct comparison among dif-
ferent centres, we normalized the number of presentations 
during the 24 h, counted as the number of closed clinical 
charts in the 24 h, by the number of EPs on duty in the 
same period in the emergency areas (presentations/physi-
cian ratio). Finally, we measured the proportions of codes 1, 
2 and 3, the proportions of patients who left without being 
seen, and patients returning to the ED within the following 
72 h.

All these variables were registered during each of the ten 
14-day periods for all 7 centres, which resulted in having 70 
point observations for each variable included in the analysis.

Statistical analysis

Continuous variables are reported as median ± inter-quartile 
range (IQR). Dichotomous variable are reported as propor-
tions with a 95% confidence interval (CI). Comparisons 
between proportions were performed by the Chi-square test.

We included in the multivariate regression model all vari-
ables that were expected to have a plausible association with 
dependent variables (door-to-physician time, expressed as a 
proportion of patients seen within 60 min after the triage, 
and door-to-final disposition time, expressed as a proportion 
of patients with final disposition within 4 h from triage) and 
that reached a probability value (P) less than 0.1 at the uni-
variate analysis. Co-linearity among independent variables 
was excluded before running the multivariate analysis. We 
chose a backward rather than forward analysis and a value 
of P < 0.10 instead of 0.05 to reduce potential bias in the 
selection of the variables as suggested by Sun et al. [11]. 
After the backward stepwise analysis, only independent vari-
ables that remained associated with the dependent variables 
at a significant level of P less than 0.05 were included in 
the final model. The multivariate analysis was performed 
by STATA 16.

We determined the relative weight of each variable on 
the dependent variable by estimating the coefficient of 
determination R2. R2 is the proportion of the variation in the 
dependent variable explained by the regression model and 

is a measure of the relevance of the independent variable on 
the variation of the dependent one.

Results

From 3 February to 21 June 2020, 105,271 patients with a 
median age of 53 years (range 0–102 years), 50.9% of whom 
females, arrived in the participating EDs. Triage codes 1, 2 
and 3 were 1.8%, 9.1% and 48.1% of the total presentations, 
respectively. In the same period, 19,755 (18.8%) patients 
were admitted to hospital wards and 234 (0.2%) patients 
died in the ED. In comparison, in the same period of 2019, 
174,595 patients arrived in the participating EDs (− 60.3%), 
with an admission rate of 12.9% (n = 22,579) and an ED 
mortality of 0.2% (n = 263).

Baseline characteristics of participating centers

The participating EDs showed quite different profiles 
immediately before the start of the SARS-CoV-2 pandemic 
(period 1: from 3 to 17 February) (Table 1). The number 
of daily presentations ranged from 68 patients for centre 
A to 338 patients for centre G. Code 1 and 2 prevalence 
range from 6% for centre 7 to 12% for centres D and E. The 
admission rate ranged from 9% for centre F to 14% for centre 
B. The proportion of patients with a door-to-physician time 
under 60 min ranged from 52 to 91% and the proportion 
of patients with a length of stay under 4 h from 54 to 65%. 
Finally, each centre differed for the surface area of treat-
ment (from 400 to 4000  m2) and for physicians on duty in 
the 24 h (from 6 to 18). The presentations/physician ratio 
ranged from 11 to 19.

Changes during the pandemic of SARS‑CoV‑2

The patients’ characteristics, grouped for each 14-day 
presentation period (from period 1 to 10), are reported in 
Table 2. From the first to the fourth period (16–19 March 
2020), total presentations dropped from 18,223 to 6.134 
(−67%) with a more evident reduction in low-priority codes 
(−80.5% for code 4 and 5). However, high-priority codes 
(code 1 and 2) also dropped by 33%. The absolute number 
of hospital admissions decreased (−23%), while the relative 
proportion of hospital admissions increased from 13 to 32% 
(Table 2).

In the same periods, the proportion of patients with a 
door-to-physician time under 60 min significantly increased 
from 56% (CI 95%, 55–56%) to 86% (CI 95%, 85–86%, 
P < 0.001), whereas the proportion of patients with a length 
of stay under 4  h slightly reduced from 59% (CI 95%, 
58–60%) to 54% (CI 95%, 53–55%, P < 0.001) (Table 2).
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During subsequent periods after 29 March, the total 
presentations progressively increased (+ 96% in the last 
period vs. period 4) and the proportion of patients with 
a door-to-physician time under 60  min progressively 
reduced (from 86 to 71% in the last period). The propor-
tion of patients with a length of stay under 4 h rose from 
54 to 61% in the last period.

Analysis of variables associated 
with door‑to‑physician time

The number of daily presentations normalized for the 
number of physicians on duty, was strongly and inversely 
related with the proportion of patients with a door-to-phy-
sician time under 60 min (Table 3). Thus, the higher the 
presentations/physician ratio, the longer the door-to physi-
cian time, the lower the proportion of patients with a door-
to-physician time under 60 min (Fig. 1). According to this 
relationship, considering the best (the upper) 95% confi-
dence interval of the slope, when more than 8 patients/
physician arrived at the ED, the proportion of patients with 
a door-to-physician time under 60 min was expected to 
drop below 80%. This relationship was confirmed by mul-
tivariate analysis after adjusting for case-mix (proportions 
of codes 1, 2 and 3, of admitted patients and patients older 
than 80 years) (Table 3). We found a similar relationship 
(slope: − 5.13, 95% CI −6.65 to −3.61) when only patients 
with code 3, which according to the regional standards 
should not wait more than 60 min, were considered.

Analysis of variables associated with length‑of‑stay 
in the EDs

During the period of observation, the length-of-stay in 
the EDs varied less than door-to-physician time (Table 2). 
Unlike the door-to-physician time, by the univariate analy-
sis the presentations/physician ratio was positively and 
not negatively related to the proportion of patients with a 
length-of-stay under 4 h (Table 3). However, by multivariate 
analysis, the proportion of patients with high-priority codes 
(codes 1, 2 and 3), plus the treatment surface area for each 
presenting patient and the type of ED (academic vs com-
munity ED), but not the presentations/physician ratio, were 
inversely related to the proportion of patients with a door-to-
final disposition time under 4 h (Table 3). Thus, as reported 
in Fig. 2, the higher the percentage of patients with codes 
1,2 or 3, the longer the length-of-stay in the ED, the lower 
the proportion of patients with a length-of-stay under 4 h.

Discussion

This study showed that the presentations/physician ratio is 
positively related to door-to-physician time; the higher the 
presentation/physician ratio, the longer the door-to-physi-
cian time, the lower the proportion of patients visited in 
less than 60 min. Differently, after adjusting for confound-
ing factors, we were not able to demonstrate a significant 
relationship between the presentations/physician ratio and 
the global length-of-stay in the ED, suggesting that these 

Table 1  Period 1 (3–16 February 2020)

Emergency department A B C D E F G Median IQR

Total presentations 949 (%) 4045 (%) 3141 (%) 2145 (%) 1721 (%) 1507 (%) 4731 (%) 2145 585

Code 1 6 1 71 2 30 1 23 1 21 1 20 1 55 1 23 3
Code 2 72 8 243 6 197 6 226 11 194 11 89 6 222 5 197 82
Code 3 371 39 2001 49 1453 46 1021 48 585 34 707 47 2019 43 1021 406
Code 4 470 50 1270 31 1243 40 741 35 356 21 606 40 1597 34 741 237
Code 5 27 3 451 11 200 6 128 6 421 24 75 5 834 18 200 112
Admissions 97 10 553 14 420 13 277 13 252 15 129 9 557 12 277 117
Age > 80 years 130 14 536 13 456 15 450 21 280 16 252 17 662 14 450 191
Left without being seen 31 3 21 1 116 4 77 4 70 4 74 5 203 4 74 33
Back within 72 h 42 4 177 4 158 5 89 4 86 5 63 4 88 2 88 19
Door-to-physician < 60 min 561 59 2256 56 1737 55 815 38 945 55 1368 91 2460 52 1368 521
Lenght of stay < 4 h 548 58 2214 55 1936 62 1149 54 1116 65 975 65 2850 60 1149 139
Total daily presentations 68 289 224 153 123 108 338 153 42
Surface area of treatment  (m2) 400 900 700 800 400 500 4000 700 275
Indexed surface area  (m2/patients) 6 3 3 5 3 5 12 5 1
Physician on duty in the 24 h 6 18 15 12 7 8 18 12 5
Presentations/physician ratio 11 16 15 13 18 13 19 15 2
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two performance indicators recognize different major 
contributors.

That some patients will have to wait in the ED is inevi-
table. Many people think this may be due to an insufficient 
capacity of the ED, in terms of personnel, spaces or organi-
zation. As a result, government authorities and scientists in 
several countries have codified performance indicators of 
the healthcare systems, with at least two different objectives 
in addition to the fundamental one of the enjoyments of the 
highest attainable health standards for all people [5, 12]. The 
first is that of studying the processes of the healthcare sys-
tem by comparing different models and their performances. 
The second is to establish common pre-determined targets to 
which the healthcare system should adhere. Due to this dual 
aspect, at times the same parameters are used as both indi-
cator and target of the process, often without any scientific 
evidence supporting it. For example, in 2004, the English 
government introduced a regulation that 95% of all patients 
would have a door-to-final disposition time of no longer than 

4 h in an ED [13]. Although it is known that long stays in the 
ED are associated with higher patient mortality and worse 
outcomes [14], the cut-offs of 95% no longer than 4 h was 
not based on any evidence or even expert opinions [15]. For 
this reason, recent literature has focused on performance 
indicators in an attempt to unravel their major determinants 
and their implications [16–19].

Our study is the first to investigate the effects of presen-
tations on door-to-physician time in Italian EDs. Although 
door-to-physician time is considered one of the major targets 
of modern ED performance [1–5], very few data are avail-
able on its main predictors in large cohort studies [20, 21]. 
In our multicentre study, we found that the presentations/
physician ratio predicted the proportion of patients visited 
in less than 60 min, also after adjusting for case-mix and 
hospital-level performance indicators. Moreover, our analy-
sis highlighted that the presentations/physician ratio is the 
major determinant of door-to-physician time, accounting for 
nearly 40% of the overall variability among the different 

Table 2  Number of presentations, patient level factors and performance indicators during the 14-day periods of observation

ED Emergency department
Period 1 = 3–16 February, Period 2 = February 17-March 1, Period 3 = 2–15 March, Period 4 = 16–29 March, Period 5 = March 30–April 12, 
Period 6 = 13–16 April, Period 7 = April 27- May 10, Period 8 = 11–24 May 24, Period 9 = May 25- June 7, Period 10 = 8–21 June

Consecutive periods of 14-days 1 2 3 4 5 6

Presentations to 7 EDs 18,239 15,770 9638 6134 6153 7355

Code 1 (%) 226 1 234 1 180 2 188 3 144 2 163 2
Code 2 (%) 1243 7 1200 8 903 9 797 13 769 12 841 11
Code 3 (%) 8157 45 7242 46 4763 49 3484 57 3378 55 3721 51
Code 4 (%) 6283 34 5281 33 2843 29 1180 29 1330 22 1707 23
Code 5 (%) 2136 12 1753 11 911 9 460 7 504 8 896 12
Admissions (%) 2285 13 2152 14 1832 19 1990 32 1823 30 1852 25
Age > 80 years (%) 2766 15 2345 15 1595 17 1189 19 1325 22 1398 19
Left without being seen (%) 522 3 547 3 254 3 111 2 87 1 146 2
Back within 72 h (%) 617 3 554 4 299 3 127 2 199 3 246 3
Door-to-physician < 60 min (%) 10,142 56 9456 60 7029 73 5257 86 5133 83 5899 80
Length of stay < 4 h (%) 10,788 59 9450 60 5874 61 3288 54 3188 52 4055 55

Consecutive periods of 14-days 7 8 9 10 Total

Presentations to 7 EDs 8512 10,107 11,330 12,033 105,271
Code 1 (%) 181 2 192 2 182 2 187 2 1895 2
Code 2 (%) 852 10 926 9 986 9 1107 10 9713 9
Code 3 (%) 4246 50 4790 47 5237 46 5565 49 51,029 8
Code 4 (%) 2209 26 2939 29 3552 31 3736 33 31,308 30
Code 5 (%) 992 12 1237 12 1345 12 1399 12 11,729 11
Admissions (%) 1861 22 1962 19 1973 17 2025 18 19,755 19
Age > 80 years (%) 1515 18 1605 16 1768 16 1928 17 17,434 17
Left without being seen (%) 182 2 228 2 322 3 390 3 2789 3
Back within 72 h (%) 313 4 385 4 358 3 408 4 3506 3
Door-to-physician < 60 min (%) 6755 79 7620 75 7929 70 8008 71 73,228 70
Length of stay < 4 h (%) 4943 58 6013 59 6773 60 6960 61 61,332 58
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Table 3  Predictors of door-to-physician and of length of stay times. Results of multivariate analysis

Dependent variable Univariate analysis P Multivariate analysis P
Door-to-physician within 60 min (%)

Independent variables Slope 95% CI R2 Slope 95% CI R2

Code 1 + 2 + 3 (%) 0.29 0.05 to − 0.65 0.04 0.095 0.66 0.07–1.26 0.029
Admissions (%) 0.8 0.32–1.27 0.14 0.001  − 0.98  − 1.80 to − 0.16 0.020
Age of patients > 80 years (%)  − 0.04  − 0.06 to − 0.01 0.03 0.135 0.069
Left without being seen (%)  − 2.71  − 5.7 to 0.28 0.05 0.075 0.389
Back within 72 h (%)  − 1.64  − 4.48 to − 1.19 0.02 0.251
Indexed surface area (m2/patients) 0.62 0.19 to 1.04 0.11 0.006 0.074
Presentations/physician ratio  − 2.42  − 3.25 to − 1.59 0.33  < 0.001  − 2.91  − 4.23 to − 1.59 0.39  < 0.001
Participating center (academic vs community)  − 0.08  − 1.82 to 1.67 0.00 0.928 0.912

Dependent variable Univariate analysis P Multivariate analysis P
Length of stay within 4 h (%)

Independent variables Slope 95% CI R2 Slope 95% CI R2

Code 1 + 2 + 3 (%)  − 0.16  − 0.30 to 0.01 0.07 0.031 -0.4  − 0.54 to − 0.27 0.36  < 0.001
Admissions (%)  − 0.44  − 0.63 to − 0.25 0.25 0.001 0.434
Age of patients > 80 years (%) −0.73  − 1.15 to − 0.31 0.15 0.001 0.152
Left without being seen (%) 0.92  − 0.32 to 2.17 0.03 0.147 0.532
Back within 72 h (%) −0.51  − 1.69 to − 0.67 0.01 0.391
Indexed surface area  (m2/patients) −0.22  − 0.40 to − 0.04 0.08 0.016  − 0.25  − 0.39 to − 0.10 0.001
Presentations/physician ratio 0.9 0.54–1.26 0.27  < 0.001 0.182
Participating Center (academic vs community)  − 0.78  − 1.48 to − 0.09 0.07 0.028  − 1.17  − 1.72 to -0.62  < 0.001

Fig. 1  Presentations/physician 
ratio
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centres during the pandemic, which is much higher than the 
other concurrent factors.

It is obvious that the door-to-physician time depends on 
the presence of a physician available to visit new patients, 
however the number of patients an emergency physician 
could visit simultaneously during a shift was insufficiently 
reported, and our study is the first to detail this relationship 
also considering community hospitals of the Italian pub-
lic healthcare system. Prior studies reporting measures of 
the physician ‘productivity’, defined as the number of new 
patients visited during a shift, have been conducted mainly 
in the US of America, where the emergency medicine sys-
tem has profound differences compared to the Italian public 
healthcare system [22–27]. In addition, all these studies were 
conducted in academic rather than in community hospitals, 
severely limiting their generalizability. The hospital-level 
variable we focused on, presentations/physician ratio, is 
similar but not identical to physician productivity because it 
does not represent the number of patients who were initially 
visited by a single EP but rather, the number of patients 
who were discharged or admitted to the hospital by a sin-
gle EP. Moreover, the length of an EP’s work shift in Italy 
differs from other countries: two 6-h shifts during the day 
(from 8 to 14, and from 14 to 20) and one twelve-hour shift 
at night (from 20 to 8). Notwithstanding these differences, 
in our study the baseline values of presentations/physician 
ratio ranged from 11 to 19, very similar to those reported 
in studies performed in American [27] and in Australian 
[28] teaching hospitals (range 13–20). Accordingly, in our 
study no significant relationship were found between the 

door-to-physician time and the type of ED (community vs. 
academic hospital). This aspect strengthens the quality of 
our results and favours their generalizability.

With the regression analysis, we discovered a function 
that predicts the proportion of patients seen under 60 min 
starting from the number of presentations/physician ratio 
(Fig. 1). By way of example, when the number of presen-
tations for each physician on duty rises over 8, the mean 
proportion of patients seen in less than 60 min drops below 
80%. This function could be useful to establish how many 
physicians are needed to efficiently staff an ED if door-to-
physician time is to be improved. Moreover, our function 
could be used to compare door-to-physician times of differ-
ent hospitals, considering the number of physicians on duty 
and other confounding factors.

Longer patient stays in EDs are associated with higher 
patient mortality and worse outcomes [8]. Unlike the door-
to-physician time, our data showed no significant relation-
ship between the presentations/physician ratio and length-
of-stay in the ED. Conversely, the complexity of presenting 
patients, expressed as the proportion of high-priority codes, 
was strongly related to length-of-stay and appears to explain 
a large part of the variability among hospitals (36%) in our 
analysis. We should consider this factor when comparing 
this performance indicator among different EDs.

Recent studies on length-of-stay have focused more 
often on ‘output’ determinants [16–19], showing a strong 
relationship between higher hospital-bed occupancy and 
longer ED length-of-stay, thus emphasizing the importance 
of maintaining hospital discharge levels—for example, 

Fig. 2  Paients with triage code 
1, 2 or 3 (%)
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over weekends— to reduce having to wait at ED on subse-
quent days (29–31). In our study we did not investigate the 
relationship of ED length-of-stay with indicators of ‘out-
put’ processes. Interestingly, however, our data showed 
that the greater the space available for each patient, the 
longer the ED length-of-stay, suggesting that ‘space’ does 
not always ameliorates the passage of patients through the 
ED, probably because of a lower ‘pressure’ generated by 
greater patient-comfort. Moreover, we found a significant 
relationship between the type of EDs (academic vs. com-
munity hospitals) and length-of-stay, suggesting once 
more that the major contributors are different from those 
of door-to-physician time, and that hospital-level factors 
should also be considered for ED lenght-of-stay.

Strength and limitations

Unlike previous studies, our study includes a large num-
ber of observations, obtained from 7 hospitals differing 
for census, case-mix and hospital-level factors, thereby 
strengthening the generalizability of our results. We also 
included a large, academic hospital allowing for a com-
parison between academic and community hospitals.

In our analysis we did not consider “output” vari-
ables such as occupancy of hospital beds, proportion of 
acute-care beds, or other hospital-level factors regarding 
departments other than the ED, such as availability and 
timeliness of laboratory tests, consultants, and diagnostic 
imaging tests. These factors, especially the time needed 
for the extensive use of medical protective devices and 
for the results of SARS-CoV-2 molecular tests, could have 
influenced the two performance indicators we have investi-
gated, especially length-of-stay. Moreover, due to the lack 
of agreement in the first phase of the pandemia about the 
diagnostic codes to be used (COVID-19 was not a previ-
ously known disease) we were not able to perform a spe-
cific analysis for patients with COVID-19. This prevented 
us from investigating the intrinsic effect of COVID-19 on 
performance indicators. These aspects could be the object 
of future research.

Conclusions

Our data showed a strong relationship between the pres-
entations/physicians ratio and door-to-physician time, and 
between the proportion of high-priority codes and ED 
length-of-stay, emphasising that benchmarks among dif-
ferent EDs should consider both hospital and patient-level 
factors, which are specific for each performance indicator.
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