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Purpose: Globally, emergency departments (ED) are faced with an overcrowding problem. This issue is further compounded due to the
multitude of contributing factors. Point of Care ultrasound (POCUS), especially when performed in prehospital care, that is before the
patient is admitted to the ED has a high potential to reduce time of diagnosis and time of investigation which leads to shorter ED length of
stay (LOS). The primary focus was on variances in ED LOS between the prehospital POCUS group and the standard care group.
Patients and Methods: A cross-sectional study was conducted on prehospital patients who were admitted to the ED at Srinagarind
Hospital, Thailand, from January to December 2021. We divided patients into two groups including patients who obtained prehospital
POCUS (the prehospital POCUS group) and patients who received standard care treatment in which there was no prehospital POCUS
performed (the standard care group). POCUS and ED medical records were documented and submitted for analysis.

Results: Of 1348 prehospital patients, 840 were enrolled in this study: 169 with prehospital POCUS and 671 with standard care.
Median LOS in the prehospital POCUS group was 159 min (IQR 89,289) versus 165 (IQR 102,330) in the standard care group (p =
0.125). Further imaging diagnostic test which affected ED LOS more than four hours was lower in the prehospital POCUS group
(adjusted odds ratio [OR], 0.92; 95% confidence intervals [CI], 0.729-1.666) than in the standard care group. The factor associated
with increased odds of ED LOS more than four hour in the prehospital POCUS group was admission to hospital (adjusted OR 1.88;
95% CI, 1.230-2.239).

Conclusion: Patients evaluated with prehospital POCUS had a shorter LOS than the only standard care treatment without statistical
significance.
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Introduction
Emergency department length of stay (ED LOS) is one of the main contributing factors when determining patient
outcomes. Previous studies'*” demonstrated wide variances in the cut-offs used to define extended ED LOS among
settings and appear to be picked at random between lengths of between four and forty-eight hours. However, longer ED
LOS resulted in emergency department crowding and lower patient-centered outcomes.>

Point of Care Ultrasound (POCUS) is one of the effective bedside diagnostic tools and is currently mostly performed
in the emergency department (ED).” As it has a range of applications, including as soft tissue, appendix, pelvic, biliary,
and renal ultrasounds, POCUS has been linked to a reduced ED LOS, particularly in adults.* ' Significant progress in

the medical technology,“’12

particularly for handheld ultrasound, has been rapidly developing. The prehospital POCUS is
currently used as an adjunct tool for clinical assessments in trauma patients, cardiac arrest, hemodynamic instability,
respiratory failure, vascular access, and various other types of applications.'* '® Most studies in prehospital POCUS

center on the feasibility of prehospital POCUS, prehospital POCUS programs assessment, and the accuracy of
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diagnosis.'” ! However, the influence on prehospital patient outcomes has a very limited number of studies.'>****

Moreover, the association between prehospital POCUS and ED LOS has not yet been seriously studied.

In Thailand, the prehospital POCUS is a novice tool in emergency medical services (EMS). The prehospital POCUS
is performed only in medical training centers. From the past reviews, there are only two studies of prehospital POCUS in
the aspects of prehospital POCUS training®> and the diagnostic accuracy of POCUS used in a prehospital setting.”® Due
to this lack of investigation, the specific research question addressed was: Does the employing of prehospital POCUS
reduce the ED LOS for emergency patients?

Materials and Methods
This was a cross-sectional, observational study obtained from patients admitted to the EMS unit and the ED at
Srinagarind hospital located in Khon Kaen province, Thailand. This hospital is the central medical training center and
home to the most advanced tertiary care facilities and personnel in northeastern Thailand, with an annual average of
approximately two thousand EMS operations and seventy thousand emergency department visits.

ED LOS in this study was defined as the time from when patients from the EMS unit signed up at the triage unit at the
ED to when the discharge order from the ED was placed in the electronic medical record (EMR).

Long ED LOS in this study was defined as total boarding time of patients in the ED exceeding four hours according to
our hospital policy.

Data Collection
The study was conducted in patients who received EMS and visited the emergency department between January 2021
and December 2021. Patients with missing data were excluded.

EMS physicians were emergency medicine residents, who had completed 1 month POCUS training in the 2019-2020
Academic year and had routinely assessed patients at the scene. The decision to perform POCUS was dependent on EMS
physicians at that time. POCUS was performed either at the emergency site (on scene) or during patient transport.

This study defined two study groups. Patients in the first group received prehospital POCUS and standard treatment at
EMS (the prehospital POCUS group; the study group) and patients in the second group received only standard treatment
without performing POCUS (the standard care group; the control group).

The data collected from both patient groups consisted demographic information about the patients including gender,
age, type of illness, triage level following the emergency severity index, chief complaint, area of POCUS examination,
POCUS findings, ED process, and ED LOS. Prehospital POCUS was obtained using a Butterfly IQ handheld ultrasound
machine (Butterfly Network, Inc, Guilford, Connecticut USA). These data were retrieved from EMR and the database
from the Butterfly 1Q. After that, these data were documented in standard format by two independent investigators who
were blind to the treatment team. The duplicate data entry was completed. If the data did not match, the senior emergency
physician was consulted, and the correct data were acquired.

Sample Size
The sample size was determined using the following formula.”” P was estimated using data from a previously published
study,”® and a sample size of 169 was judged to be necessary in the POCUS group.

Statistical Analysis

A descriptive analysis was conducted on the demographics and characteristics of the participants. ED LOS between two
groups was compared using the Student’s ¢-test and Wilcoxon rank-sum test for each group. Odds ratios (ORs) and 95%
confidence intervals (Cls) were also calculated. We demonstrated frequencies for categorical variables, and medians and
interquartile ranges for continuous variables. The data was input into Microsoft Excel and analyzed with IBM SPSS for
Windows version 27.0, which is licensed to Khon Kaen University (SPSS Inc., Chicago, IL, USA).
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Results

1348 EMS operations were assessed by EMS physicians between January 2021 and December 2021. Of these, 840
patients were admitted to our ED and 169 patients received prehospital POCUS. The patient demographic information for
both groups is demonstrated in Table 1. All patients in the prehospital group were medical patients. The prehospital
POCUS group had patients triaged at levels 1 and 2 as an equal percentage to the standard care group. The prehospital
POCUS group demonstrated a higher percentage of laboratory tests, consultation to specialists, and admission to hospital
compared to the standard care group. The further imaging diagnostic test was lower than the standard care group
(P = 0.050). The ED LOS in the prehospital POCUS group was shorter than the control group (P = 0.125).

Table | Demographics of the Study Population

Prehospital POCUS | Standard Care | p-value
(N =169) (N =671)
Gender, Male (%) 77 (45.6) 409 (60.9) 0.003
Age, mean (SD), years 57 (22) 61 (21) 0.118
Type of Patients, Medical (%) 169 (100) 570 (84.9) 0.002
ED triage level (%)
Resuscitation (I and 2) 71 (42) 270 (40.2) 0.447
Urgent (3) 98 (58) 401 (59.7) 0414
Chief complaint (%)
Tachypnea/Dyspnea 77 (45.6) 245 (36.5) 0.066
Chest Pain 8 (4.7) 67 (9.9) 0.009
Syncope 14 (8.2) 40 (5.9) 0.014
Alteration of Conscious 2 (1.1) 33 (4.9) 0.011
Hypotension/Shock 51 (30.1) 130 (19.3) 0.035
Abdominal pain 7 (4.1) 30 (44) 0.097
Fever 10 (5.9) 87 (12.9) 0.086
Other 0 39 (5.8) 0.008
Procedures in EMS
Intravenous fluid administration 60 (35.5) 405 (60.3) 0.003
Endotracheal tube intubation 12 (7.1) 96 (14.3) 0.113
Given oxygen therapy 21 (12.4) 120 (17.8) 0.201
Given medication 15 (8.8) 92 (13.7) 0.249
CPR 0 (0) 48 (7.1) 0.006
ED process
Laboratory test 136 (80.5) 524 (78.1) 0.494
Further imaging diagnostic test (CT or MRI) 31 (18.3) 147 (21.9) 0.050
Consultation to specialist 120 (71) 340 (50.6) 0.003
Admission to hospital 99 (58.5) 320 (47.6) 0.013
(Continued)
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Table | (Continued).

Prehospital POCUS | Standard Care | p-value
(N =169) (N =671)
Area of Prehospital POCUS examination (N = 208) (%)
Cardiac 55 (26.4) - -
Lung 77 37) - -
Inferior vena cava 64 (30.8) - -
Abdomen (liver, gall bladder, intra abdominal free fluid) 12 (5.8) - -
Prehospital POCUS findings, Abnormal (%) 59 (34.9) - -
ED LOS, median (ql — g3) 159 (89-289) 165 (102-330) 0.125

Abbreviations: POCUS, Point of Care Ultrasound; SD, standard deviation; CPR, cardiopulmonary resuscitation; ED, emergency

department; CT, computed tomography scan; MRI, Magnetic resonance imaging; ED LOS, emergency department length of stay.

After adjusting for confounding factors, the factors associated with ED LOS of more than 4 hours are demonstrated in
Table 2. Factors associated with decreased odds of ED LOS of more than four hours in the prehospital POCUS group
were further imaging diagnostic tests (adjusted odds ratio [OR] 0.92, 95% CI: 0.729-1.666, P = 0.499). The factor
associated with increased odds of ED LOS of more than four hours in the prehospital POCUS group was admission to
hospital (adjusted OR 1.88, 95% CI: 1.230-2.239, P < 0.001), laboratory test, and consultation with a specialist,

respectively.
Table 2 Multivariable Analysis According to Prehospital POCUS on
ED LOS of More Than 4 Hours
Adjusted OR (95% CI) p-value
Laboratory test
With Prehospital POCUS 1.36 (0.907-2.038) 0.136
With Standard care 1.00
Further imaging diagnostic test
With Prehospital POCUS 0.92 (0.729-1.666) 0.499
With Standard care 1.00
Consultation to specialist
With Prehospital POCUS 1.20 (0.968-1.493) 0.096
With Standard care 1.00
Admission to hospital
With Prehospital POCUS 1.88 (1.230-2.239) <0.001
With Standard care 1.00
Abbreviations: OR, odd ratio; POCUS, Point of Care Ultrasound; Cl, confidence
interval.
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Discussion

Crowding in the emergency department is a complex problem compounded by a wide variety of causes and has
significant implications for the worldwide health-care system. Manpower, the number of patients, rate of arrival to the
ED, inpatient bed availability, and delays in collecting diagnostic testing findings all influence LOS in the ED.?*** One of
the most promising solutions with real potential to reduce ED LOS is the bedside investigation such as point of care
blood tests or bedside imaging tests including POCUS.*'* However, these solutions remain controversial and are
limited by the small number of studies, especially in terms of the contributions of the POCUS examination.*

This study was carried out on 169 patients who received prehospital POCUS and clearly demonstrated a shorter ED
LOS (159 minutes) than the standard care group (165 minutes). Nevertheless, no statistically significant difference was
observed for ED LOS between two groups. Our findings were consistent with the previous studies that showed a decrease
in LOS in patients who had POCUS for various reasons.®** >’ However, these studies performed POCUS in ED which
differed from our study which focused on pre-ED scenarios.

The current study in Denmark>® demonstrates prehospital emergency medical technicians (EMTs) who performed POCUS
and blood analysis in patients with chronic obstructive pulmonary disease indicated that roughly half of patients (49%) were
treated and released at the scene. This study noticed 1) the prehospital POCUS can be performed by the different levels of
emergency medical services personnel, 2) patients can be evaluated by using prehospital POCUS at the scene, and 3) some
patients did not need to be admitted to the ED which could be significantly reduce ED overcrowding. However, this study had
a small sample population (41/771). Moreover, the difference of our study from this study was the experience of individuals
who performed POCUS and undertook the evaluation of patients. Another study>” reported prehospital POCUS in trauma
patients for detection of free fluid in the abdomen could significantly hasten door-to-CT scan or door-to-operating theater time
in abdominal trauma patients. However, this study demonstrated only the reduction of time to treatment.

Our results indicated that the prehospital POCUS group has a smaller number of EMS procedures than the control
group. Moreover, all patients who obtained POCUS were medical patients and there were no cardiac patients in the study
group. This may be due to 1) prehospital patients who need to perform a lot of EMS procedures such as trauma patients
and cardiac arrest patients, EMS physician might have less time to perform the POCUS, which was an adjunction tool,
and 2) the transportation time of our ambulance was approximately 10—15 minutes which was a short duration time.

Our study illustrated the prehospital POCUS group had a higher percentage of laboratory tests, consultation with
a specialist, and admission to hospital compared to the standard care group. This implied that the nature of prehospital
patients who receive POCUS in this study were complex patients which was likely why our EMS physician decided to
perform prehospital POCUS to aid them in getting a rapid diagnosis. Thus, these patients need more investigation at the
hospital and must consult a specialist for in hospital admission. Nevertheless, our study illustrated the percentage of further
imaging investigation in the prehospital POCUS group was lower than the other group. Likewise, when adjusted for
confounding factors, our study found the further imaging diagnostic tests in the prehospital POCUS group were lower
adjusted OR (0.92) than the control group. This was consistent with several studies which have found that POCUS minimizes
possible diagnoses and improves diagnostic effectiveness.*® The prehospital POCUS group had a higher percentage of
admission to hospital than the standard care group. According to the input-throughput-output model, admission to hospital was
the main output factor. Our previous study*' about ED overcrowding demonstrated requiring admission acquired highest OR
(4.171) among other factors. Likewise, the prehospital POCUS group with admission to hospital was the critical factor which
made ED LOS longer (adjusted OR 1.88). However, it was not statistically significant when compared to the other group.

The study’s limitations were 1) Our institution was a teaching hospital, which meant that the comorbidity and illness
patterns were more severe and convoluted. According to the findings of this study, a significant number of patients who
require investigation, consultation, and admission may be transferred to other institutions and have a longer LOS., 2)
there were no set of guidelines for when to utilize POCUS in prehospital patients. It was dependent on physicians’
clinical judgment, which might lead to selection bias. 3) Although we had corrected the specified variables in the
regression model, the factors impacting the LOS were multifactorial which were difficult to completely investigate,
and 4) the data of this study presented is statistically insignificant; therefore, this study did not demonstrated the clinical

outcome between these patients.
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Conclusion

Prehospital POCUS obtained for EMS patients demonstrated shorter ED LOS than with the standard care without being
statistically significant. This study suggested the availability of bedside investigation including POCUS may improve ED
LOS for prehospital patients. We advocate all levels of EMS providers to expand the number of credentialed POCUS
providers available for improving the prehospital and emergency care.

Abbreviations

ED, emergency department; POCUS, Point of Care Ultrasound; LOS, length of stay; OR, odds ratio, ED LOS,
Emergency department length of stay; EMS, emergency medical services; EMR, electronic medical record; Cls,
confidence intervals; EMTs, emergency medical technicians.
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