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Abstract 

Background: Overcrowding in Emergency Departments is associated with poor patient outcomes and low patient 

satisfaction; overcrowding has been exacerbated by the ongoing Covid-19 pandemic. One intervention used in both the 

H1N1 pandemic and the current Covid-19 pandemic is the deployment of temporary structures such as surge tents. Data 

on the effectiveness of such interventions is currently lacking.   

Methods: In this retrospective study, we assess ED length of stay (LOS), percent of patients leaving without being seen, 

and 72-hour return rate in the time period during tent operation with equivalent time periods before and after tent use. 

Differences in outcomes were modeled and tested using Generalized Estimating Equations (GEEs) methodology and 

controlled for emergency severity index (ESI). 

Results: Deployment of a Covid tent was associated with reduced LOS (227.5 vs. 214.5 min, ESI-adjusted p = 0.02). 

Additionally, we observed a significantly reduced rate of patients leaving without being seen (0.8% vs. 0.2%, ESI-adjusted 

p < 0.001) without any increase in the 72-hour return rate (4.2% vs 4.2%, ESI-adjusted p = 0.98) during the period of 

Covid tent operations.  

Conclusion: This data suggests that the deployment of temporary structures such as tents is an effective means of 

decompressing EDs in the setting of the Covid-19 pandemic. 
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Introduction 

Emergency Department (ED) overcrowding is a widespread problem and 

is associated with poor patient outcomes and low patient satisfaction. 

Critically ill patients presenting to overcrowded EDs experience a longer 

duration of mechanical ventilation, longer ICU stays, and higher mortality 

[1]. However, this problem is not restricted to the critically ill as even 

lower acuity patients that present to, and are discharged from, 

overcrowded EDs have a higher risk of death within 10 days [1]. EDs have 

developed several mitigation strategies to decompress overcrowding 

including active bed management and the development of ED-ICUs [2, 

3].  

During the H1N1 influenza pandemic of 2009, EDs faced a surge in 

patient volumes. In many cases, EDs were forced to accommodate a 

doubling of their average daily census [4]. Many institutions rapidly 

expanded ED capacity, typically by repurposing existing hospital space. 

Some used climate-controlled tents to expand capacity [5]. This strategy 

is advantageous as it allows for rapid expansion of capacity and allows 

for isolation of potentially contagious patients outside the main ED. One 

single center study during the H1N1 pandemic revealed that an outdoor 

tent was associated with decreased patient elopement rates and reduced 

ED length of stay without significant changes in ED recidivism [4].  

  Open Access        Research Article 

      Journal of Clinical Research and Reports 
                                                                                         Douglas E. Rappaport*                                                                                                                                                        

AUCTORES 
Globalize your   Research 



J. Clinical Research and Reports                                                                                                                                                                              Copy rights@ Douglas E. et.al. 

 

 
Auctores Publishing LLC – Volume 12(2)-0294 www.auctoresonline.org  
ISSN: 2690-1919   Page 2 of 6 

The emergence of the SARS-CoV-2 virus and the resultant Covid-19 

pandemic exacerbated ED crowding. Many EDs, particularly those 

located within the geographic regions that experienced surges of cases, 

noted a rapid and steep increase in average daily patient census. Of note, 

many of these census increases have occurred despite precipitous declines 

in patients presenting with non-Covid-19 chief complaints [6]. 

Our 35-bed Emergency Department sees approximately 40,000 patients 

per year at a large tertiary care center and serves the Phoenix Metropolitan 

area with a population of 4.3 million. Arizona experienced a peak of 4,877 

new cases/day (702 new cases per 1M) on July 1, 2020, and a peak 

hospital census for Covid-19 patients of 3,493 (503 hospitalizations per 

1M) on July 15, 2020, during the “summer wave” of the Covid-19 

pandemic.  To rapidly expand capacity during this surge, we deployed a 

‘Covid tent’ in the parking lot across from the main ED entrance that 

served low and moderate acuity patients with complaints consistent with 

Covid-19.   

There is minimal existent data on the effectiveness of temporary tent 

structures on ED throughput and patient satisfaction in the setting of 

Covid-19 [7]. Many institutions deployed these structures based on data 

from previous pandemics such as the H1N1 influenza pandemic of 2009 

[4, 5]. Given the significant differences between H1N1 and Covid-19 

(including magnitude of pandemic, patient characteristics, treatment 

modalities and mortality) data on the effectiveness of this intervention in 

the setting of Covid-19 is urgently needed. The purpose of this study was 

to examine the effectiveness of our ‘Covid tent’ by analyzing ED patient 

length of stay, rate of patients leaving without being seen, and unexpected 

72-hour return rate.  

Materials and Methods  

Study Design 

We operated the tent for 40 days (July 10, 2020 to August 18, 2020) which 

corresponded to a surge of cases in the Phoenix, AZ metropolitan area. 

We selected an equivalent period before and after tent operations for 

comparison (June 19, 2020 to July 8, 2020 and August 19, 2020 to 

September 8, 2020). We retrospectively measured ED length of stay, 

percent of patients that left without seeing a provider, and percent of 

patients that returned to the ED within 72 hours (72-hour return rate) in 

the period before/after and during Covid tent operations. Our institutional 

review board identified this project as exempt from full approval process 

as it was conducted for quality review purposes.  

Participant Selection  

From July 10, 2020 (tent opening) to August 18, 2020 (tent closure), we 

assigned patients presenting to the ED between 9 am and 7 pm with 

symptoms consistent with SARS-CoV-2 infection (respiratory distress, 

shortness of breath, cough, sore throat, headache, loss of smell, change or 

loss of taste sensation, chills, body aches/myalgias, nausea, vomiting, or 

diarrhea) [8] to the Covid tent if they were symptomatic with heart rate < 

120 bpm, systolic blood pressure > 90 mmHg, respiratory rate < 30/min, 

and oxygen saturation > 90%. We also assigned asymptomatic patients 

presenting to the ED requesting Covid testing to the tent. Patient age and 

the presence or absence of comorbidities were not used as triage criteria. 

We treated patients with suspected or confirmed SARS-CoV-2 infection  

who were noted to have vital signs outside these parameters in the main  

ED due to an increased likelihood of respiratory failure which would 

necessitate endotracheal intubation, mechanical ventilation, and other 

critical care interventions. The ED team saw all patients in the main ED 

after tent closure (7 pm) each evening.   

Intervention 

The Covid tent was a 2,500 square foot air-conditioned tent located in the 

parking lot across from the entrance of the main ED. The tent was 

sufficient to accommodate 5 bedded patients and 5 seated patients. We 

staffed the tent with 1 emergency physician, 3 RNs, 1 ED tech, and 1 

radiology technician. The tent was equipped with portable x-ray 

capabilities, cardiac monitoring, phlebotomy, supplemental (low flow) 

oxygen therapy, limited oral/parenteral medications (antipyretics, 

antibiotics, analgesics, and antiemetics) in addition to IV fluids. If 

necessary, the tent team obtained additional medications and supplies 

from the main ED.  

Measurements  

We measured ED length of stay (in minutes), percentage of patients that 

left without being seen, and percentage of patients that returned within 72 

hours (unexpected 72-hour return rate).  

Setting 

The Mayo Clinic Arizona Hospital is a 268-bed, urban, tertiary referral 

center located in Phoenix, AZ. The ED sees approximately 40,000 

patients per year and can accommodate 26 roomed patients and 9 hallway 

patients. The ED serves patients of all ages while the hospital serves 

patients age ≥ 16 years old. 

Statistics 

Descriptive statistics are reported by time period (before/after tent 

deployment vs during tent deployment). Differences in outcomes by time 

period were modeled and tested using Generalized Estimating Equations 

(GEEs) methodology to estimate a model of the association between the 

outcome and time period, controlling for emergency severity index (ESI), 

and accounting for the association between visits from the same patient. 

As a secondary analysis, outcomes were compared between tent 

appropriate (TA) patients seen during the before/after tent time period and 

patients seen in the tent, also using GEE methods to control for ESI and 

account for within-patient association. In brief, TA patients were 

generated by applying the tent triage workflow (see Participant Selection 

above) to patients who presented to the ED during the before/after tent 

period.  Analysis was performed using SAS 9.4. All tests were two-sided, 

with p < 0.05 the threshold for statistical significance. 

Results 

During tent operation (July 10, 2020 to August 18, 2020) the ED saw 

4,209 patients (main ED + Covid tent) whereas the ED saw 4,596 patients 

in the equivalent time period before and after tent operation (June 19, 

2020 to July 8, 2020 and August 19, 2020 to September 8, 2020). The tent 

inclusion criteria appropriately triaged patients as only 39 of 4,209 

patients (0.92%) required transfer from the tent to the main ED. 

Conversely, only 3 of 4,209 patients (0.07%) were moved from the main 

ED to the tent. The demographics of the patients presenting to the ED 

before/after tent operation and during tent operation are shown in Table 

1.   

 

 Time period  

 

Before/after tent 

(N=4596) 

Tent in use 

(N=4209) P-value 

Age   0.771 

N (Missing) 4596 (0) 4209 (0)  

Mean (SD) 54.5 (20.61) 54.4 (20.51)  
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 Time period  

 

Before/after tent 

(N=4596) 

Tent in use 

(N=4209) P-value 

Median (IQR) 56.0 (38.0, 71.0) 56.0 (38.0, 70.0)  

Range 0.5, 102.0 0.3, 99.0  

Gender, n (%)   0.682 

Female 2439 (53.1%) 2215 (52.6%)  

Male 2157 (46.9%) 1994 (47.4%)  

Patient reported race, n (%)   0.032 

American Indian/Alaskan Native 66 (1.4%) 59 (1.4%)  

Asian 167 (3.7%) 174 (4.1%)  

Black or African American 224 (4.9%) 219 (5.2%)  

Native Hawaiian/Pacific Islander 13 (0.3%) 4 (0.1%)  

Other 43 (0.9%) 20 (0.5%)  

White 4049 (88.8%) 3719 (88.7%)  

Missing 34 14  

Patient reported race, n (%)   0.882 

Non-white 513 (11.2%) 476 (11.3%)  

White 4049 (88.8%) 3719 (88.7%)  

Missing 34 14  
1Wilcoxon rank sum p-value; 2Chi-Square p-value; 

Table 1: Patient-visit demographics by time period 

There were no statistical differences in patient age or gender composition 

between the two time periods. There was a subtle but statistically 

significant difference in the composition of patient reported race between 

the two time periods, likely due to the statistical power of the large data 

set.  

Of the 4,596 patients seen in the ED before/after tent operations, 4,348 

(94.6%) were seen by a physician and 248 (5.4%) were nurse only visits 

(Table 2). 

 

 Time period   

 

Before/after tent 

(N=4596) 

Tent in use 

(N=4209)  p-value 

Nurse only visit, n (%)    <0.0011 

No 4348 (94.6%) 3868 (91.9%)   

Yes 248 (5.4%) 341 (8.1%)   

     

ESI    <0.0011 

N (Missing) 4596 (0) 4209 (0)   

Mean (SD) 3.0 (0.81) 3.1 (0.89)   

Median (IQR) 3.0 (2.0, 3.0) 3.0 (3.0, 3.0)   

Range 1.0, 5.0 1.0, 5.0   

Length of stay (minutes)   Parameter estimate* 

(95% CI) 

 

N (Missing) 4596 (0) 4209 (0)   

Mean (SD) 227.5 (132.76) 214.5 (137.46) -5.75 ( -10.68, -0.81) 0.022 

Median (IQR) 216.0 (136.0, 298.0) 208.0 (125.0, 292.0)   

Range 8.0, 1882.0 0.0, 2735.0   

   Odds ratio** 

(95% CI) 

 

Left without being seen, n (%)     

No 4559 (99.2%) 4199 (99.8%)   

Yes 37 (0.8%) 10 (0.2%) 0.26 (0.12, 0.56) <0.0012 

Unexpected 72-hour return, n (%)     

No 4404 (95.8%) 4034 (95.8%)   
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 Time period   

 

Before/after tent 

(N=4596) 

Tent in use 

(N=4209)  p-value 

Yes 192 (4.2%) 175 (4.2%) 1.00 (0.80, 1.26) 0.983 

*Time period parameter estimate from GEE model including ESI as a covariate and accounting for within-patient correlation  

**Odds ratio estimate for time period (Tent in use vs Before/after tent) from GEE model including ESI as a covariate and accounting for 

within-patient correlation  
1GEE model parameter p-value 
2GEE model parameter p-value, using a model that controls for ESI 

Table 2: Outcomes by time period 

Nurse-only visits were asymptomatic patients presenting to the ED for 

SARS-CoV-2 nasopharyngeal testing. During the time period that the tent 

was in use, the department saw 4,209 patients, 3,868 (91.9%) of which 

were seen by a physician and 341 (8.1%) were nurse-only visits. The 

Covid tent saw 614 of those patients; 328 (53.4%) were seen by a 

physician and 286 (46.6%) were nurse-only visits. The acuity of patients 

presenting to the ED in the periods before/after and during Covid tent 

operations were similar as evidenced by comparable median ESI scores 

(3.0 vs. 3.0). Covid tent operation was associated with a shorter LOS 

compared to before/after tent operations (214.5 min vs. 227.5 min). After 

adjusting for ESI, the average LOS was 5.75 min shorter (95% CI: 0.81 –  

10.68 min) during Covid tent operation (p = 0.02). Covid tent operations 

were also associated with a reduced rate of patients leaving without being 

seen (0.8% vs. 0.2%, ESI-adjusted p < 0.001). Of note, this decreased 

LOS and rate of patients leaving without being seen rate did not come at 

the expense of an increased 72-hour return rate (4.2% vs. 4.2%, ESI 

adjusted p = 0.98).  

Next, we assessed the effectiveness of the Covid tent by comparing 

patients seen within the tent (see participant selection above) with patients 

who presented in the period before/after the tent was operational but 

would have been triaged to the tent had it been operational (tent 

appropriate) (Table 3).  

 

    

 

TA 

(N=610) 

TENT 

(N=614)  P-value 

Nurse only visit, n (%)    <0.0011 

No 420 (68.9%) 328 (53.4%)   

Yes 190 (31.1%) 286 (46.6%)   

ESI    <0.0011 

N (Missing) 610 (0) 614 (0)   

Mean (SD) 3.9 (0.87) 4.4 (0.85)   

Median (IQR) 4.0 (3.0, 5.0) 5.0 (4.0, 5.0)   

Range 2.0, 5.0 2.0, 5.0   

   Parameter estimate* 

(95% CI) 

 

Length of stay (minutes)     

N (Missing) 610 (0) 614 (0)   

Mean (SD) 126.8 (101.20) 61.7 (85.35) -24.82 (-32.44, -17.21) <0.0012 

Median (IQR) 91.5 (42.0, 189.0) 23.0 (12.0, 66.0)   

Range 8.0, 544.0 1.0, 469.0   

   Odds ratio** 

(95% CI) 

 

Left without being seen, n (%)     

No 601 (98.5%) 613 (99.8%)   

Yes 9 (1.5%) 1 (0.2%) 0.08 (0.008, 0.85) 0.042 

Unexpected 72-hour return, n (%)     

No 597 (97.9%) 605 (98.5%) 0.9870 (0.43, 2.29) 0.982 

Yes 13 (2.1%) 9 (1.5%)   

*Time period parameter estimate from GEE model including ESI as a covariate and accounting for within-patient correlation  

**Odds ratio estimate for time period (Tent in use vs Before/after tent) from GEE model including ESI as a covariate and accounting for 

within-patient correlation  
1GEE model parameter p-value 
2GEE model parameter p-value, using a model that controls for ESI 

 

Table 3: Outcomes among Tent Appropriate (TA) vs Tent patients 
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The average LOS was shorter for patients assigned to the Covid tent 

compared to tent appropriate patients seen in the period before/after tent 

deployment (61.7 min vs. 126.8 min). After adjusting for ESI, LOS 

among tent patients was 24.82 min shorter on average (95% CI: 17.21 – 

32.44 min) compared to the LOS of tent appropriate patients (p < 0.001). 

This suggests that the provision of care (for equivalent patients) was more 

efficient within the Covid tent. Additionally, the rate of patients leaving 

without being seen was significantly lower within the tent compared to 

tent appropriate patients (0.2% vs. 1.5%, ESI adjusted p < 0.04) without 

a significant change in 72-hour return rate (1.5% vs. 2.1%, ESI adjusted 

p = 0.98). In sum, these data suggest that the operation of a Covid tent 

was associated with a more time efficient ED during times of increased 

demand.  

Discussion 

The use of temporary structures such as tents in accommodating the surge 

of Covid-19 patients is largely predicated on past experiences, such as the 

H1N1 influenza pandemic. However, Covid-19 poses challenges to the 

health care system that are unique such as more rapid community spread, 

and a higher burden of morbidity and mortality compared to influenza [9]. 

As such, it is critically important to assess the effectiveness of this 

intervention in the setting of Covid-19. Our single center retrospective 

study shows that the deployment of a ‘Covid tent’ was associated with a 

decreased length of stay and a decreased rate of patients leaving without 

being seen. These outcomes indicate that Covid tents are effective in 

decompressing crowded emergency departments. Importantly, the 

increased patient throughput was not associated with an increase in 72-

hour return indicating that patients continued to receive appropriate 

emergency care. Lastly, we have shown that care is delivered faster in the 

Covid tent compared to “tent appropriate” patients seen in the main ED, 

likely due to a streamlined workflow. These results are in line with a 

recent study which found chest radiographs are obtained more 

expeditiously in a dedicated ‘fever tent’ compared to the usual 

radiography facilities in the setting of the Covid-19 pandemic [10]. An 

ED with a shorter length of stay and a decreased rate of patients leaving 

without being seen could impact patient satisfaction. Indeed, our internal 

patient satisfaction surveys showed a significant increase in patient 

satisfaction when comparing the time period when the tent was 

operational to equivalent time periods before/after tent operations (data 

not shown). While not assessed in this study, the deployment of surge 

tents like the one described in this study likely has the additional benefit 

of separating infectious Covid-19 patients from other susceptible patients 

thus reducing the likelihood of nosocomial infection.  

Limitations 

This study does have several important limitations. This study is 

retrospective in nature and is single center. Additionally, our institution 

does not have an inpatient pediatric service and therefore pediatric ED 

visits are infrequent. As pedia 

 

tric patients have differential rates of mild vs. severe disease compared to 

adult patients [11], these results may not be generalizable to pediatric 

emergency departments. 

Conclusions 

In this single-center retrospective study, the deployment of a ‘Covid tent’ 

was associated with a reduced patient LOS and rate of patients leaving 

without being seen. Additionally, no significant changes in 72-hour return 

rate were observed. Taken together, these data show that the deployment 

of temporary structures such as tents are an effective means to decompress 

EDs in the setting of the current Covid-19 pandemic. 
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