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Abstract: The region of Lombardy was the epicenter of the COVID-19 outbreak in Italy. Emergency
Hospital 19 (EH19) was built in the Milan metropolitan area during the pandemic’s second wave
as a facility of Humanitas Clinical and Research Center (HCRC). The present study aimed to assess
whether the implementation of EH19 was effective in improving the quality of care of COVID-19
patients during the second wave compared with the first one. The demographics, mortality rate,
and in-hospital length of stay (LOS) of two groups of patients were compared: the study group
involved patients admitted at HCRC and managed in EH19 during the second pandemic wave,
while the control group included patients managed exclusively at HCRC throughout the first wave.
The study and control group included 903 (56.7%) and 690 (43.3%) patients, respectively. The study
group was six years older on average and had more pre-existing comorbidities. EH19 was associated
with a decrease in the intensive care unit admission rate (16.9% vs. 8.75%, p < 0.001), and an equal
decrease in invasive oxygen therapy (3.8% vs. 0.23%, p < 0.001). Crude mortality was similar but
overlap propensity score weighting revealed a trend toward a potential small decrease. The adjusted
difference in LOS was not significant. The implementation of an additional COVID-19 hospital
facility was effective in improving the overall quality of care of COVID-19 patients during the first
wave of the pandemic when compared with the second. Further studies are necessary to validate the
suggested approach.
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1. Introduction

The Coronavirus Disease 2019 (COVID-19) outbreak had a significant impact on the
global health system in Italy and worldwide, as a pandemic of this scale had not been
observed in the past 100 years. The Lombardy region, in northern Italy, was the epicen-
ter of the pandemic on the Italian national territory and one of the most afflicted areas
worldwide [1–5]. Herein, the irrepressible spread of the Severe Acute Respiratory Syn-
drome Coronavirus 2 (SARS-CoV-2) infection created the immediate necessity for logistic,
organizational, and management adjustments within most hospitals, which were caught
unprepared for an event without precedent in the national health system [6–14]. Several
public and private hospitals responded to the increased demand by internal rearrange-
ments of their routine daily activities. Some hospitals built extra capacity in preparation for
a second wave. Our hospital built a new hospital facility on the hospital campus in 8 weeks
intending to increase capacity and optimize infection containment in the hospital. To our
knowledge, this is the first European COVID-19 hospital built in response to the pandemic.

Furthermore, the description of these rare adjustments at the hospital level still lacks
in the literature, in terms of their effects on overall mortality and in-hospital length of
stay (LOS). After the first wave of COVID-19, a hospital facility was strategically built
in southern Milan by Humanitas Clinical and Research Center (ICH), a private hospital
contracted to the National Health System and has a vast catchment area, to face the second
and potential following waves. The new hospital facility, called Humanitas Emergency
Hospital 19 (EH19), is in a different urban area from the ICH. Inaugurated on 27 July
2020, EH19 was equipped with 17 inpatient rooms, a dedicated emergency department, a
radiology unit, an operating room, and an intensive care unit (ICU) consisting of 12 beds.
Moreover, a high-dependency unit, in charge of the Emergency Department team, equipped
with eight beds was also built. These eight beds had the potential to be used as ICU beds
in case of necessity during a surge. The rationale of EH19 was to provide logistic support
to the multidisciplinary team of specialists engaged in the treatment of COVID-19 patients
and simultaneously facilitate an immunological research program for the cure of SARS-
CoV-2 infection. The key resident teams were the Emergency Medicine team and the ICU
team. Other teams were available on a consultation basis and deployed by the nearby main
hospital. These teams worked closely together to ensure patients received the best care and
evaluate each decision on a case-by-case basis.

From an operational standpoint, EH19 was inspired by the evidence-based and world-
wide accepted “Lean method”, which was practically realized through a stepwise process
now known by the term “Lean-ing” [7,15,16].

The present study aimed to assess whether the implementation of an additional
COVID-19 facility in a tertiary Milan hospital, such as EH19, and its use of Lean-ing were
effective in improving the overall quality of care of patients with SARS-CoV-2 infection in
the second wave of COVID-19 when compared with the first one.

2. Methods
2.1. Study Design

The present single-center retrospective cohort study was conducted at the Humanitas
Clinical and Research Center, Milan, Lombardy Region, northern Italy, and obtained the
approval of the local ethical committee, in agreement with the principles of the Helsinki
declaration [17].

All the patients admitted to the Emergency Department (ED) from 1 March 2020, to
1 February 2021, were derived from an electronic database. Only patients who underwent
testing with a nasopharyngeal swab at admission due to a suspected diagnosis of COVID-
19 were selected. Patients were divided into two groups based on the date of the admission
and intra- and inter-hospital management protocol, as depicted below.

The first group included patients who were admitted at HCRC between 1 March 2020,
and 31 May 2020; at the time the EH19 hospital facility was still unavailable. Patients
who presented with COVID-19 symptoms at triage level were transferred to a grey area in
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which pulse oximetry and nasopharyngeal swab were performed. The peripheral oxygen
saturation (SpO2) guided patient allocation to a high-, medium-, or low-intensity area,
whereas, in the case of positivity for SARS-CoV-2 infection ascertained with polymerase
chain reaction, the patients were assigned to a COVID-19 ICU or ward in the same hospital.
The second group was comprised of the patients admitted at HCRC from 1 October 2020,
to 1 February 2021. It was allocated based on the same model, but patients were transferred
to and managed in EH19 if suspected of SARS-CoV-2 infection. From a temporal point of
view, the groups were samples of the first and second waves of COVID-19, in northern Italy,
respectively. Diagrams 1 and 2 summarize the management algorithms used in groups 1
and 2, respectively (Figures 1 and 2). In both groups, the age, gender, signs and symptoms
at hospital admission, comorbidities, blood routine, infection-related biomarkers, blood
biochemistry, and coagulation profile data were collected. To assess the overall quality
of care of COVID-19 patients between the first and second wave, data were compared
regarding the mortality rate and in-hospital LOS.
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2.2. Statistical Analysis

Descriptive statistics included means with standard deviations (SD) and medians with
interquartile ranges (IQR) for continuous variables and counts (percentages) for categorical
variables. For the univariable comparison of demographic, clinical, and laboratory vari-
ables among the two groups (first vs. second wave), a non-parametric Wilcoxon rank-sum
test was used for numeric variables, and a χ2 test was used for categorical variables. A
propensity score belonging to the first or second wave of COVID-19 was estimated from a
multivariable logistic regression model including patient age, gender, presence of hyper-
tension, cardiovascular diseases, diabetes, malignancies, neurological diseases, respiratory
diseases, and chronic kidney diseases. Considering that age and underlying comorbidities
are strongly associated with mortality and LOS, and that they were unbalanced between
the first and second waves of COVID-19 patients, an overlap propensity score weighting
was performed to address potential confounding factors [18,19].

The overlap propensity score-weighted logistic regression model investigated the
in-hospital mortality and LOS in the patients of groups 1 and 2. As the distribution of
the LOS was severely skewed, including the residuals deriving from the multivariable
regression, we logged this outcome variable to achieve normalization. Stata 15.0 software
(Stata Corp., College Station, TX, USA) and R (https://www.r-project.org accessed on

https://www.r-project.org
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1 February 2021) were used to analyze the data. p-values < 0.05 were considered statistically
significant. All tests were two-sided.

3. Results

The data set consisted of 1593 COVID-19 patients with complete follow-ups who were
admitted to the Humanitas Research Hospital, Italy.

The mean (SD) age was 69.0 (14.6) years (median 71, IQR: 59–80), and 64.2% were
males. A substantial proportion of patients was affected by at least one comorbidity at
baseline (75.9%), including, in particular, hypertension (50.7%), cardiovascular diseases
(26.6%), diabetes (19.4%), malignancy (19.4%), neurological diseases (17.3%), respiratory
diseases (14.4%) and chronic kidney diseases (9.4%). Among these hospitalized patients,
10.1% received continuous positive airway pressure therapy (CPAP), 12.3% were admitted
to the intensive care unit, and 24.0% died. The mean (SD) LOS was 16.2 (15.6) days (median
11, IQR: 7–19). The mean LOS during the first wave were 12.3 days and 18.4 days in the
emergency ward and ICU, respectively. On the contrary, during the second wave, the mean
LOS in the emergency ward was 14.1 days, and 11.6 in the ICU.

3.1. Patients’ Characteristics and Interventions Received in the First and Second Wave

Of the 1593 included in the analyses, 690 (43.3%) were admitted during the first
wave and 903 (56.7%) during the second wave. We reported baseline characteristics
at the admission of the two cohorts of patients including demographic, clinical, and
laboratory findings in Table 1. Patients in the second wave were a median of six years
older and had significantly more pre-existing comorbidities than those hospitalized in
the first wave. Additionally, the proportion of women was higher in the second wave.
Laboratory characteristics confirmed the substantial difference between these two cohorts
of patients with significantly different values in lymphocytes, eosinophils, hemoglobin,
interleukin-6, serum ferritin, c-reactive protein, gamma-glutamyl transpeptidase, creatine
kinase, triglycerides, international normalized ratio, and fibrinogen, Table 1. The new
internal organization resulted in a lower proportion of patients admitted to the ICU in
the second wave (first vs. second wave, 16.9%, and 8.75%, p < 0.001) mostly substituted
by a sub-intensive type of care. The proportion of patients receiving invasive oxygen
therapy (3.8% vs. 0.23%, p < 0.001) was significantly lower in the second wave, while
the proportion of those receiving other types of oxygen support was significantly higher
(54.3% vs. 63.1%, p = 0.001). The use of CPAP was not significantly different between the
two waves (11.9% vs. 9.1%, p = 0.189).

Table 1. Demographic, clinical, and laboratory characteristics of hospitalized COVID-19 patients (n = 1593).

First Wave (n = 690) Second Wave (n = 903)
p-Value

Mean ± SD; Median (IQR) or n (%) Mean ± SD; Median (IQR) or n (%)

Demographic Characteristics

Age (years) 66.21 ± 14.44; 67.00 (56.00–77.00)
(n = 690)

71.17 ± 14.30; 73.00 (61.00–82.00)
(n = 903) <0.01

≥65 296 (42.9)
(n = 690)

272 (30.1)
(n = 903)

<65 394 (57.1)
(n = 690)

631 (69.9)
(n = 903)

Gender 0.006

Female 221 (32.0)
(n = 690)

350 (38.8)
(n = 903)

Male 469 (68.0)
(n = 690)

553 (61.2)
(n = 903)
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Table 1. Cont.

First Wave (n = 690) Second Wave (n = 903)
p-Value

Mean ± SD; Median (IQR) or n (%) Mean ± SD; Median (IQR) or n (%)

Clinical Characteristics

Signs and Symptoms at
Admission

Systolic blood pressure
(mmHg)

134.55 ± 156.80; 125.79 (116.88–138.17)
(n = 612)

177.25 ± 1414.32; 127.00 (117.50–137.25)
(n = 821) 0.415

Pulse (beats per minute) 84.35 ± 11.86; 83.79 (76.00–91.73)
(n = 612)

84.35 ± 27.40; 81.67 (74.20–91.05)
(n = 823) 0.012

Respiratory rate (breaths per
minute)

19.15 ± 3.22; 18.33 (17.50–20.00)
(n = 586)

18.87 ± 3.46; 18.00 (17.40–19.50)
(n = 769) 0.076

Pulse oximetry (%) 93.51 ± 11.66; 95.33 (92.00–97.00)
(n = 550)

92.33 ± 6.48; 94.00 (90.00–96.57)
(n = 765) < 0.01

Glasgow coma scale 14.75 ± 1.38; 15.00 (15.00–15.00)
(n = 615)

14.83 ± 0.86; 15.00 (15.00–15.00)
(n = 820) 0.140

Comorbid Conditions

Any comorbidity 482 (70.6)
(n = 683)

722 (80.0)
(n = 903) <0.01

Hypertension 321 (47.1)
(n = 682)

482 (53.5)
(n = 901) 0.013

Cardiovascular diseases 168 (24.6)
(n = 683)

252 (28.1)
(n = 898) 0.137

Diabetes 147 (21.5)
(n = 683)

160 (17.8)
(n = 899) 0.100

Malignancy 113 (16.5)
(n = 683)

194 (21.6)
(n = 899) 0.015

Neurological diseases 97 (14.3)
(n = 679)

176 (19.6)
(n = 897) 0.007

Respiratory diseases 92 (13.5)
(n = 683)

136 (15.1)
(n = 900) 0.396

Chronic kidney diseases 54 (7.9)
(n = 681)

94 (10.4)
(n = 900) 0.107

Laboratory Characteristics

Blood Routine

White blood cells (×109/L;
normal range 4.0–10.0)

8.45 ± 7.33; 6.89 (5.22–10.08)
(n = 638)

8.83 ± 12.85; 7.40 (5.39–10.12)
(n = 866) 0.998

Eosinophils (×109/L; normal
range 0.0–0.5)

0.03 ± 0.09; 0.00 (0.00–0.00)
(n = 650)

0.02 ± 0.06; 0.00 (0.00–0.00)
(n = 881) 0.027

Monocytes (×109/L; normal
range 0.2–0.8)

0.63 ± 0.65; 0.50 (0.40–0.80)
(n = 650)

0.70 ± 2.17; 0.50 (0.40–0.80)
(n = 881) 0.059

Basophils (×109/L; normal
range 0.0–0.1)

0.01 ± 0.04; 0.00 (0.00–0.00)
(n = 650)

0.02 ± 0.04; 0.00 (0.00–0.00)
(n = 881) 0.330

Lymphocytes (×109/L;
normal range 1.0–4.0)

1.31 ± 5.31; 0.90 (0.60–1.30)
(n = 650)

1.40 ± 11.12; 0.90 (0.60–1.20)
(n = 881) <0.01

Platelets (×109/L; normal
range 150–400)

228.09 ± 105.68; 212.00 (158.00–275.50)
(n = 651)

228.83 ± 106.86; 211.00 (161.00–277.00)
(n=881) 0.338

Hemoglobin (g/dL; normal
range 13.0–16.0)

13.44 ± 2.04; 13.70 (12.30–14.80)
(n = 651)

13.22 ± 2.13; 13.40 (12.00–14.60)
(n = 881) 0.001
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Table 1. Cont.

First Wave (n = 690) Second Wave (n = 903)
p-Value

Mean ± SD; Median (IQR) or n (%) Mean ± SD; Median (IQR) or n (%)

Infection-Related
Biomarkers

Procalcitonin (ng/mL; normal
range 0.05–0.5)

0.89 ± 3.23; 0.21 (0.10–0.50)
(n = 550)

2.33 ± 19.30; 0.20 (0.10–0.54)
(n = 695) 0.312

Interleukin–6 (pg/mL; normal
range < 6.4)

86.49 ± 148.17; 45.00 (19.00–93.00)
(n = 453)

72.37 ± 152.93; 40.00 (19.00–76.25)
(n = 772) <0.01

Serum ferritin (ng/mL;
normal range 23.9–336.2)

740.96 ± 799.50; 500.40 (209.00–962.97)
(n = 570)

704.97 ± 905.69; 456.35 (215.55–884.62)
(n = 800) 0.002

C-reactive protein (mg/dL;
normal range < 1.0)

10.23 ± 8.98; 8.17 (2.80–15.01)
(n = 615)

9.49 ± 8.17; 8.34 (2.64–13.34)
(n = 848) 0.020

Blood Biochemistry

Alanine aminotransferase
(U/L; normal range < 51)

38.88 ± 45.86; 27.00 (18.00–44.00)
(n = 624)

40.69 ± 60.82; 26.00 (17.00–45.00)
(n = 846) 0.046

Aspartate aminotransferase
(U/L; normal range < 51)

48.15 ± 49.07; 36.00 (25.00–54.00)
(n = 567)

48.52 ± 56.80; 35.00 (25.00–51.00)
(n = 764) 0.410

Gamma-glutamyl
transpeptidase (U/L; normal

range < 55)

68.57 ±78.67; 43.00 (22.00–81.25)
n = 576)

80.35 ± 133.35; 45.00 (25.00–85.00)
(n = 679) <0.01

Alkaline phosphatase (U/L;
normal range 40–150)

101.29 ± 120.89; 80.00 (63.00–110.00)
(n = 562)

103.99 ± 71.22; 85.00 (67.00–115.00)
(n = 773) 0.316

Total bilirubin (mg/dL;
normal range 0.3–1.2)

0.79 ± 0.75; 0.70 (0.50–0.90)
(n = 571)

0.86 ± 1.08; 0.70 (0.50–0.90)
(n = 762) 0.283

Direct bilirubin (mg/dL;
normal range < 0.3)

0.27 ± 0.46; 0.20 (0.10–0.30)
(n = 507)

0.30 ± 0.74; 0.20 (0.10–0.30)
(n = 660) 0.103

Indirect bilirubin (mg/dL;
normal range 0.05–1.10)

0.63 ± 0.39; 0.50 (0.40–0.70)
(n = 546)

0.62 ± 0.62; 0.50 (0.40–0.70)
(n = 652) 0.431

Serum creatinine (mg/dL;
normal range 0.67–1.17)

1.19 ± 1.05; 0.93 (0.75–1.21)
(n = 627)

1.25 ± 1.10; 0.96 (0.78–1.30)
(n = 853) 0.866

Creatine kinase (U/L; normal
range < 172)

222.78 ± 454.01; 101.00 (56.00–203.00)
(n = 623)

179.11 ± 313.68; 87.00 (49.00–161.75)
(n = 846) <0.01

Lactate dehydrogenase (U/L;
normal range < 248)

363.22 ± 205.89; 314.50 (240.00–416.25)
(n = 558)

358.71 ± 256.98; 312.00 (243.00–416.50)
(n = 756) 0.284

Triglycerides (mg/dL; normal
range 10–150)

139.10 ± 88.36; 120.00 (92.00–157.00)
(n = 540)

137.10 ± 80.02; 120.00 (94.00–162.00)
(n = 773) 0.009

Coagulation Function and
Other Biomarkers

International Normalized
Ratio (normal range 0.9–1.18)

1.24 ± 0.65; 1.11 (1.05–1.22)
(n = 612)

1.16 ± 0.49; 1.08 (1.02–1.16)
(n = 821) < 0.01

Fibrinogen (mg/dL; normal
range 160–400)

561.69 ± 183.65; 542.00 (436.00–665.00)
(n = 577)

597.48 ± 196.11; 586.00 (451.00– 718.75)
(n = 782) 0.024

D-dimer (µg/mL; normal
range 0.2–0.35)

2.02 ± 5.92; 0.54 (0.33–1.00)
(n = 502)

1.86 ± 5.69; 0.46 (0.30–0.98)
(n =646) 0.455

Troponin-I (ng/L; normal
range 1–19.8)

129.92± 905.77; 10.20(4.30–28.00)
(n = 558)

107.68 ± 721.67; 11.80 (6.60–28.20)
(n =829) 0.307
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3.2. Unadjusted and Overlap Propensity Scores Weighted Patients’ Outcomes

The crude mortality was 22.6% in the first and 25.1% in the second wave, with
no statistically significant difference (second vs. the first wave, crude RR 1.11; 95% CI,
0.93–1.32; p = 0.24). After overlap propensity score weighting, the adjusted mortality was
24.9% in patients admitted during the first wave and 21.4% in those admitted during the
second wave (second vs. the first wave, adjusted RR 0.86; 95% CI, 0.73–1.02; p = 0.082),
showing suggestive evidence of a potential small decrease in mortality, Table 2.

Table 2. Overlap propensity score–weighted characteristics and in-hospital death among patients
hospitalized for COVID-19 during the first or the second epidemic wave.

First Wave a Second Wave a

Age (years) 68.2 68.2

Male (%) 65.1 65.1

Hypertension (%) 49.5 49.5

Cardiovascular diseases (%) 25.8 25.8

Diabetes (%) 20.1 20.1

Malignancy (%) 18.8 18.8

Neurological diseases (%) 16.6 16.6

Respiratory diseases (%) 13.9 13.9

Chronic kidney diseases (%) 8.5 8.5

In-hospital death 24.9 21.4

RR (95% CI) 0.86 (0.73–1.02)

OR (95% CI) 0.82 (0.66–1.03)
a Reported is either the overlap propensity score–weighted mean or proportion for each group.OR: Odds Ratio;
RR: Relative Risk.

The unadjusted median length of stay was 10 days (IQR: 7–17) during the first wave
and 12 days (IQR: 7–22) during the second wave, with a statistically significantly longer
stay in the second wave (Wilcoxon rank-sum test; p = 0.023). After overlap propensity
score weighting, the adjusted difference in length of stay between the two waves was not
statistically significant (p = 0.28).

4. Discussion

The present study describes the organizational aspects of EH19 as a way to better
manage the COVID-19 pandemic. According to our experience, EH19 was very effective
in facing the first and second waves as evidenced by a decrease in mortality and LOS,
ultimately improving the overall quality of care. Based on data about global COVID-19
cases by John Hopkins CSSE updated at the end of the first wave, Italy was the third
most-affected country of the world, only preceded by the US and Spain, accounting for
159,516 confirmed cases and 20,465 deaths [20]. Overall, the Lombardy region was the
epicenter of the Italian pandemic, with 37.4% of total cases registered in the national
territory and more than 50% of the total number of deaths (http://www.salute.gov.it
accessed on 1 March 2021) [21–23].

The large number of cases in northern Italy overwhelmed the health care system and
created a demand for an imminent change on the containment of the infection. After the
implementation of EH19 and the Lean operational algorithm, the adjusted mortality rate
was reduced, despite a seven-year increase in median patients’ age and higher comorbidity
rate in the second wave. Meanwhile, on the contrary, the need for HFO2 support increased.
Moreover, the average in-hospital LOS was not prolonged in the second wave, resulting in
a substantial advantage in terms of cost-effectiveness. These data may be explained by the
overall improvement in the quality of care.

http://www.salute.gov.it
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As reported by several authors, the implementation of an additional hospital facility
has a primary role in centralizing the professional figures specifically trained in the cure of
COVID-19 patients [24–26]. COVID-19-dedicated hospitals have been proven to be effective
in flattening the infection curve and slowing the spread of the virus worldwide—these
being the major strengths of these facilities [24–27]. It should be mentioned that the ICU
admission rate decreased in group 2 (16.9% vs. 8.75%, p < 0.001).

This could also be explained by considering that, in our newly born facility, besides
the ordinary ward beds and the ICU beds, we had eight high-dependency unit beds at our
disposal that could be easily converted to ICU or ordinary ward beds according to our
needs with maximal flexibility.

The main sequelae of the COVID-19 spread included the alarming collapse of the
clinic caseload and the consequent delays of elective medical and surgical activity. Roifman
and colleagues recently stressed these concerns regarding the significant reduction in
optimal cardiovascular health care delivery in Canada, basically consisting of a substantial
deferral of elective cardiovascular procedures [28]. The same alarm has been reported for
cardiac surgery [29], and as many apprehensions do exist for specialties other than the
cardiovascular field, these reports highlight a negative trend in health care delivery, even
in critical care [30–34]. A further advantage of the implementation of a satellite hospital
dedicated to COVID-19 patients is that it aids in the decongestion of the main hospital,
allowing the theoretical elective caseload to remain unaffected. EH19 also facilitated an
environment where an in-depth anamnestic investigation of the patients’ medical history,
with a focus on comorbidities, was possible. This could explain the higher comorbidity rate
among patients in the second wave when compared to the first. In other words, it avoids
delaying the care of time-dependent pathologies and chronic diseases. Furthermore, due
to ICH Cancer Center, patients with malignancies, who during the first wave of COVID-19
had been shielding inside their homes, have recently been accessing hospital care at an
increasing rate, which allows for the continuity of treatment. This can partially explain the
above-mentioned phenomenon.

Ferrara rightly emphasized the urgent need for a major reorganization of health care
systems, in Italy and in other parts of the world, to allow the management of already
anticipated waves as well as the continuity of the vaccination campaign from a medical and
social point of view [35]. In line with this aim, the tactical build of COVID-19 facilities such
as EH19 perfectly fits the aforementioned necessities. Additionally, strategic operational
algorithms are mandatory, today and in the future, to optimize and further improve the
quality of care of both COVID-19 and non-COVID-19 patients. The Lean model was
adopted by our hospital, mainly because of its recognized high reliability, feasibility, and
effectiveness [7,15,16,36–39]. It was reported as “an integrated socio-technical system whose
main objective is to eliminate waste by concurrently reducing or minimizing supplier, customer,
and internal variability” [40]. The motivating principles of this operative model make it an
optimal choice for the management of the COVID-19 outbreak. It allowed for the successful
screening of a large number of patients and for their proper allocation on Emergency
Department arrival. There are clear limitations of this study due to its retrospective nature
and the relatively small sample size. All of these limitations are common to other studies
and are also caused by the exceptional situation generated by the SARS-CoV-2 pandemic.

Limitations

The present study has some limitations mainly due to its retrospective nature, the
relatively limited number of patients managed, and the lack of randomization. Lastly,
further limitations are the advances in treatment guidelines, which occurred in the second
wave. The strengthening of target therapies and interventional strategies against COVID-19
could influence the LOS, ICU admission, and overall mortality during the second wave
compared with the first one.
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5. Conclusions

Limited to the experience of a tertiary hospital in northern Italy, the implementation of
an additional COVID-19 hospital facility and a strategic operative protocol were effective in
the creation of logistic and organizational support designed to improve the overall quality
of care of COVID-19 patients during the first wave of the pandemic when compared with
the second.

The Lean model resulted in health care optimization through an improvement of the
operative flows and the prevention of overcrowding in the ED.

Further studies are necessary to validate the presented approach relative to the con-
tainment of the SARS-CoV-2 infection, spreading, flattening of the curves, and avoidance
of delays in the cure of non-COVID-19 patients.

6. Keypoints

The Lombardy region in northern Italy was the epicenter of the Coronavirus Disease
2019 (COVID-19) outbreak in the Italian national territory and one of the most afflicted
areas worldwide.

The pandemic triggered the urgent need for logistic, organizational, and management
adjustments within most hospitals.

Humanitas Clinical and Research Center built a new hospital facility, Emergency
Hospital 19 (EH19), during the second wave of the pandemic to increase capacity and
optimize infection containment.

The implementation of an additional COVID-19 hospital facility was effective in
improving the overall quality of care during the first wave of the pandemic compared with
the second wave.
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