 
  

Early Utilization of Point-of-Care Ultrasound for Emergency Patient Resuscitation: Explanatory Mixed-Methods Study in a Tertiary Care Academic Center
 
*Corresponding Author: Temesgen Abicho, M.D, ECCM, MPH (PI)
Addis Ababa University College of Health Sciences
Temesgen.beyene@aau.edu.et
Addis Ababa, ETHIOPIA
Co-Author: Professor Alemayehu Worku (PhD)
Addis Ababa University
alemayehuwy@yahoo.com
Addis Ababa, ETHIOPIA


ABSTRACT: 
Background: Utilizing point-of-care ultrasound in emergency patient resuscitation is now becoming very common. There is a lack of research study findings about its early utilization and challenges. Thus, this study addressed the current state of early Point of Care Ultrasound utilization in emergency patient resuscitation and its challenges. 
Objectives: To determine the magnitude of early Point of Care Ultrasound utilization and associated factors during emergency patient resuscitation and explore its challenges. Methods: A cross-sectional survey of 113 patients was consecutively enrolled followed by a qualitative study of key informants at Tikur Anbessa Specialized Hospital Emergency Department. Description of socio-demographic variables, median and categorization of time of utilization of Point of Care Ultrasound and logistic regression of associated factors of early Point 
Of Care Ultrasound utilization were employed for phase 1. Phase 2 was analyzed in themes. Results: There were 113 patients with Point of Care Ultrasound performed during the study period. It was performed during primary survey of patient resuscitation in 80.5%; 95% confidence intervals [CI], 73-88. Resident’s consultation of attending physician (adjusted odds ratio [OR], 3.15; 95% confidence intervals [CI], 1.11-8.94) and having abdominopelvic fluid collection (adjusted odds ratio [OR], 4.726:95% confidence intervals [CI], 1.1-21.9) were statistically significant with p-value <0.1. Analysis of Point of Care Ultrasound utilization challenges revealed 4 major themes of ultrasound access, training, supervision and clinical care setup.  
Conclusion & recommendation: The current level of early Point of Care Ultrasound utilization was encouraging despite existing challenges. Residents should get supervision and consult about their findings. Challenges of Point of Care Ultrasound utilization should be addressed.
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INTRODUCTION: 
Utilization of point-of-care ultrasound (POCUS) in Emergency Departments (EDs) came a very long way since its inception in 1994 through the first Emergency Medicine Ultrasound Curriculum (1). And since then, it became one of the core competencies (2). Its use became more important due to the dynamic and fast decision-making nature of the specialty of Emergency Medicine though it is either underutilized or not well studied (3). Due to its importance on timely clinical decision making, POCUS utilization became one of the high research priorities (4) in physician-provided pre-hospital care settings beyond clinical care provision in ED facilities (5). 
Utilizing POCUS in trauma resuscitation is one of the common scenarios nowadays and it is further expanding to pre-hospital settings where timely and early interventions can save a life (5). And its earlier version of Focused Assessment with Sonography for Trauma (FAST) assessment is a common adjunct used in resuscitation, evaluation, and monitoring utilized by emergency care providers who face patients on first encounter and it helped in the early determination of the need for resuscitation, further intervention and subsequent patient disposition (6). Nowadays POCUS utilization is beyond trauma; it has an impact in terms of outcomes in critically ill and non-trauma cases (7). Studies about the availability of POCUS utilization in EDs are variable with some 34%-96% ranges in terms of access (3). In general community EDs had less access when compared with academic EDs as well as rural EDs had less access than urban EDs which have an effect on its timely utilization. 
Nowadays utilization of emergency POCUS even in trauma is beyond FAST (8). 
Thus, emergency POCUS is a valuable tool in emergency centers both in high-income countries and low-resource settings (9). In settings with minimal access to formal imaging modalities, POCUS is very important to reach into timely diagnosis despite it is still the most underutilized while it is being the most powerful tool (3). Its utilization is beyond diagnosis in that we are also utilizing it during resuscitations like in trauma, for monitoring response for resuscitation efforts. 
There were critical shortages of local expertise to perform POCUS in low-resource settings like in Ethiopia (10). Despite limited trained human power, it helped in reaching clinical decisions quickly and to the extent of changing management directions (9). 
POCUS performance includes obtaining images, interpreting the image, and integrating it for clinical decisions (11). There is an ongoing initiative to equip in-country emergency physicians to perform POCUS for emergency patient resuscitations as well as supervise residents in Tikur Anbessa Specialized Hospital (TASH) (10). 
A mixed methods single center sequential exploratory study was done in a well-established setup about its clinical integration of POCUS by Emergency Medicine Residents and came up with interesting findings regarding the stepwise approach of close supervision (11). There are also studies which clearly stated close supervision helped in building competencies (12). All of this can have contributions for its early utilization.  
However, these studies did not include the timing of POCUS utilization. To address the magnitude of its early utilization and the challenges related to its performance in a low-resource setting where POCUS is in infancy, a similar multi-perspective approach of a sequential phased approach benefited our study (13). 
It is an approach that helps our final conclusion as well as balances discrepancies that may be created due to the limitations of either of the designs alone (14). 
Furthermore, using a phased mixed-method study design helps in achieving the linking of the findings from both approaches as this study is addressing something new in a limited resource setting (14).  
Thus, performing POCUS by specialty trainees in emergency medicine and critical care requires close supervision, and assessing the existing challenges helped further to improve its utilization (15). Studies clearly showed the enormous benefit of POCUS supervision in training which includes a mix of theory, hands-on training, and an increased number of clinical examinations despite a lack of time-wise performance (5). 
A scan list evaluation in the ED of TASH in its earlier days of the specialty of Emergency Medicine showed its importance in clinical decision-making (9). Despite its expanding state of utilization at TASH, there is a lack of research study findings about its specific early utilization and the challenges of its current state of utilization. 
Early utilization is defined for this study as POCUS utilization during the first 5 minutes of primary survey assessment or critical presentation where most of the critical interventions took place in Emergency Patient Resuscitation. Earlier integrations of POCUS have resulted in shorter ED stay lengths for patients in trauma and non-trauma presentations (16). Earlier utilizations are now expanding to pre-hospital settings where the majority of trauma and non-trauma deaths occur and there are usages in emergency airway management, vascular access, and intracranial pressure assessment as useful adjuncts (17). Despite all this evolution in other setups, there are no studies to our understanding that assessed the current nature of early POCUS utilization and its associated factors in our setup as well as any explorations about challenges of its utilization. Exploring potential challenges for early utilization benefited our POCUS initiative. Thus, this study has addressed the current state of early POCUS utilization in emergency patient resuscitation and explored its challenges. 
 
STUDY OBJECTIVE (S) 
General Objective: 
To determine the state of early POCUS utilization and its associated factors in emergency patient resuscitation and explore its challenges 
 
Specific objectives: 
To determine the level of early POCUS in emergency patient resuscitation at TASH ED 
To determine factors associated with early utilization of POCUS at TASH ED
To explore the challenges of early Point of Care Ultrasound Utilization (POCUS) by residents at TASH ED

METHODS 
Study setting/site: 
The study site was at TASH-ED where there is an established basic POCUS integrated to specialty curriculum in Emergency and Critical Care Medicine (ECCM) as well as during clinical care of patients. The ED of TASH is a high flow emergency department which receives nearly 30 thousand yearly patient visits. ECCM is a 3 years program with an average of 19-20 trainees per year. During this study, the department has total of 16 consultants and 44 senior residents on their specialty training. TASH ED is currently leading in curriculum-based Emergency Medicine POCUS training in Ethiopia with stakeholder collaborations from University of Toronto. Currently, senior residents (2nd and 3rd year residents) can utilize POCUS in consultation with senior attending physicians for clinical decisions. Prior to the study senior residents were notified that faculty was observing their usage of POCUS while on shift in the ED. Senior residents and consultants are involved due to their clinical duties of leading teams and guiding management in consultation with senior consultants. 
Study design: 
This was a sequential explanatory mixed-methods study design with two-phases. A cross sectional survey followed by qualitative study was employed. 
Phase 1: 
A descriptive cross-sectional study of magnitude of early POCUS utilization and its associated factors was performed during emergency patient resuscitation for the first two specific objectives. 
Phase 2: 
A semi structured phenomenological approach of a selected 10 key informants was planned, and was applied to 9 participants to explore challenges in POCUS utilization in clinical decision making until information saturation is reached. Qualitative data were analyzed in themes. 
Source population: For phase 1, all emergency patient visits to TASH ED during study period were enrolled. For phase 2, all senior residents (2nd and 3rd year residents) and consultants in Emergency and Critical Care Medicine were the source population. 
Study population: 
For phase 1, it was all patients visiting TASH-ED resuscitation room during study period and senior residents on their rotation to emergency resuscitation room. For phase 2, key informants among senior residents and consultants doing POCUS at TASH ED with decision roles in patient management were enrolled. 
Inclusion criteria: For phase 1, all consecutive adult emergency patients presenting to TASH ED resuscitation room with POCUS performed by senior residents during a 3 months study period were enrolled. For phase two, selected key informant senior residents in ECCM specialty training and consultants involved in patient management participated. 
Exclusion criteria: For phase 1, patients who refuse informed consent and those critical patients who are not able to give consent or no next of keen to give consent were excluded. For phase 2, junior residents and those senior residents who were not selected as key informants or who refuse to give consent were excluded 
Sample size: 
For phase 1 with 1st specific objective sample size calculation was done with Z=1.96, d=10%, P=50 % as there were no existing studies assessing its early utilization. Because of the low expected number of patients during the data collection period and logistics issue, we assumed a 10% precession than the commonly assumed 5% margins of error. Calculated sample size with single proportion formula was 96, adding a 15% non-response rate, the minimum sample size required for the study was 113. 
For phase 1 with 2nd specific objective of factors associated with early utilization of POCUS utilization, using two proportion formula, assuming 50% of early utilization of POCUS among consultants (since there is no similar previous study) & 75% of early utilization of POCUS among residents (assuming they are the 1st ones to encounter patients on arrival), a 10% level of significance and 80% power, a sample size of 108 is required for the study (54 per each group). Thus, the larger sample size of 113 was taken as a final sample size. Based on previous records; we may get the required sample size within three month. For phase 2 with 3rd specific objective, key informants (senior residents and consultants doing POCUS scan having decision roles) about its challenges in POCUS utilization in clinical decision making were enrolled until information saturation was reached. 
Sampling procedure: 
A consecutive sampling of 113 patients for whom POCUS was performed by senior residents or consultants was required for 1st & 2nd specific objectives of this study. All senior residents and consultants who utilized POCUS were invited to interview. Purposive sampling of subsequent scheduling of senior residents and consultants for interviews were made based on their roles in emergency patient resuscitation. 
Data collection tools and procedure: 
Quantitative phase: 
The investigator performed observations during clinical activity in the ED during study period (November 2022-February 2023). The investigator is an ECCM specialist, trained and certified on POCUS as well as main POCUS lead of the department who mainly supervises residents scan on POCUS, and arranges faculty workshops in POCUS training. One research assistant helped in administering the survey. Data collection did not involve those cases where the investigator is involved in clinical decision making. Data were collected on each emergency patient who presented to the ED during the study period requiring resuscitation room treatment and POCUS performed during resuscitation. ECCM Senior residents (2nd and 3rd years) presented each patient to the attending consultant detailing patient problem lists, treatment plan, and disposition. The investigator with the help of a research assistant asked senior residents and consultants about clinical patient presentations, POCUS indications, or not. Furthermore, if the senior resident has any plan to perform POCUS was also assessed. And again, the timing of doing POCUS was checked whether it was done within the 1st 5 minutes of primary survey emergency patient resuscitation or not. The respective years of senior resident as well as involvement of consultant physicians in decision making when needed based on the critical nature of the clinical case were all checked. 
Qualitative phase: 
It is assumed that there are challenges of early utilization of POCUS in emergency patient resuscitation. Thus, our qualitative phase helped to explore those challenges for early integration of POCUS in clinical care. And it also helped to get further information about findings from the quantitative phase. 
A purposive sampling of senior residents and consultants was applied for the interview. From planned 10 interviews, 9 were conducted until saturation in terms of responses. The investigator conducted semi-structured interviews for 15-20 minutes each starting with open-ended questions with the senior residents and consultants about POCUS utilization and its challenges during clinical activity. While noting interview responses, interview recording was held with iPhone (zoom recorded); specific identifications were removed, and transcribed using a transcription app (Otter AI https://bit.ly/Otter-Voice tool) (18). 
Data quality and management: 
Data was collected, managed and filled on Epi Info version 7 and exported to SPSS version 26 for quantitative phase. And it was securely documented and recorded for the qualitative phase. 
Data analysis procedures: 
Quantitative phase: 
Descriptive statistics were reported as frequencies and percentages. A description of sociodemographic variables was done. Continuous variables were as median and Interquartile Range (IQR) after Kolmogorov–Smirnov test of normality with a P value of 0.000 was checked.  
Categorical variables were described as absolute numbers (n) and percentage (%). 
The background characteristics of patients were assessed using the t-test for independent samples and chi-square test, as appropriate. 
Bivariate and multivariable analyses with crude & adjusted OR were performed using the multiple binary logistic regression method, with the timing of POCUS utilization as the dependent variable (categorizing it as into early POCUS utilization or not during primary survey). Predictor variables of P value <0.2 are selected for multivariable analysis. Values of p 
< 0.1 were considered statistically significant.  A model fitness test with Hosmer-Lemeshow Test with P-value >5% was confirmed for fitness of the model. 
 
Qualitative phase: 
Consolidated criteria for Reporting Qualitative Research checklist (COREQ) were used (19) to capture important data. Qualitatively conducted interviews were transcribed, reviewed, reduced, and coded for the analysis into themes. Analysis was performed by reading through all transcripts. Data in each transcript were summarized systematically into themes. Open Code qualitative data analysis software was used for qualitative data coding. 
Data reduction: During data transcription, irrelevant data which is not related with themes and study aim was discarded. Transcribed data was selected and summarized by looking into basic things, and transformed in combining identical themes through deductive approach. 
Repetition of responses was the basis of key themes. Qualitative responses were e-mailed to the respective residents and consultants who were interviewed, asked to review and respond for clarity of their responses. The investigator ensured confidentiality by using open-ended questions to allow for different responses. 
Operational definitions: 
Primary survey assessment: It is a standard of the 1st 5 minutes assessment of emergency or critical patient in the ED while at the same time doing a lifesaving intervention where point of care ultrasound is also integrated. A primary survey assessment can be done at any time when patient condition clinically deteriorates. 
Early POCUS utilization: Utilization of POCUS during the 1st 5 minutes or primary survey assessment of patients during emergency patient resuscitation. 
Senior residents: 2nd and 3rd year residents of ECCM specialization training. 
POCUS challenges- challenges access for ultrasound access or its accessories like ultrasound probe, ultrasound gel, ultrasound plugs and bumpy ground to move the ultrasound itself. 




RESULTS 
 
There were 113 patients with POCUS performed during the study period. Male patient presentations are 61.9% and females accounted for the remaining 38.1 %. POCUS was indicated in 99.1 % of patients. And it was performed during a primary survey of emergency patient resuscitation in 80.5%; 95% confidence intervals [CI], 73-88. Details of patients’ presentations are presented on (Table 1). Types of POCUS application for clinical indication among the patient presentation revealed rapid ultrasound in shock patients was done most frequently (54.9%) followed by inferior vena-caval diameter with lung status assessment (15%) and focused assessment with sonography in trauma with its extension (FAST-E-FAST) in 12.4 % (Figure 1). 
Senior residents performed POCUS in 91.1% of the presentations while consultants performed POCUS accounted for 8.9 % of presentations. This can be due to the nature of involving consultants during decisions as detailed on (Table 1).  The main types of commonly performed POCUS protocols IVC, lung, and cardiac POCUS protocols (Table 2). Mean time of POCUS performance is not used because of non-normality indicated by Kolmogorov–Smirnov test of normality with P value of 0.000. Thus, the median time of early POCUS performed is 10 minutes with a range of 117 (done as early as with a minimum of 3 minutes and maximum of 120 minutes) with IQR of 25. 
Challenges of ultrasound access for early POCUS utilization accounted for 45.1%. 
 
 
 
 
 
 
 
 
 



 
 
Table 1: Patient presentations and resident POCUS utilization patterns in Emergency Patient 
Resuscitation, TASH, Adult Emergency Department, November 2022-February 2023 
	Characteristics 
	
	Number 
	Percent 

	Sex 
	Male 
	70 
	61.9 

	
	Female 
	43 
	38.1 

	Mode of arrival by ambulance  
	Yes 
	27 
	23.9 

	
	No 
	86 
	76.1 

	Pre-hospital care provision 
	Yes 
	23 
	20.4 

	
	No 
	90 
	76.9 

	 Critical presentation of patient 
	Yes 
	78 
	69 

	
	No 
	35 
	31 

	POCUS primarily performed by  
	Senior resident 
	103 
	91.2 

	
	Consultant 
	10 
	8.8 

	POCUS indicated in primary survey 
	Yes 
	112 
	99.1 

	
	No 
	1 
	0.9 

	POCUS done in primary survey 
	Yes 
	91 
	80.5 

	
	No 
	22 
	19.5 

	POCUS done under consultant guidance 
	Yes 
	49 
	43.4 

	
	No 
	64 
	56.6 

	POCUS findings consulted 
	Yes 
	72 
	63.7 

	
	No 
	41 
	36.3 

	POCUS effected critical patient management & disposition 
	Yes 
	109 
	96.5 

	
	No 
	4 
	3.5 

	Resident incorporated POCUS findings to patient management 
	Yes 
	112 
	99.1 

	
	No 
	1 
	0.9 

	There were challenges for POCUS utilization 
	Yes 
	51 
	45.1 

	
	No 
	62 
	54.9 


 
 
 
 
 
 
Figure 1: POCUS clinical protocols and applications used in emergency patient presentation and resuscitation at TASH, Adult ED, November 2022-February 2023 
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Table 2: Types of POCUS protocols performed by frequency (percentage) at resuscitation room of TASH, Adult ED from November 2022-February 2023 
	Type of POCUS use  
	Number 
	Frequency (Percentage %) 

	Cardiac POCUS protocol 
	86 
	76.1 

	FAST-E-FAST protocol 
	37 
	32.7 

	Lung POCUS protocol 
	98 
	86.7 

	IVC POCUS protocol 
	100 
	88.5 

	Aorta POCUS protocol 
	14 
	12.4 

	Abdominopelvic fluid POCUS 
	34 
	30.1 

	Gallbladder POCUS  
	2 
	1.8 

	DVT POCUS 
	2 
	1.8 


 
Factors associated with POCUS utilization: 
Factors associated with performing POCUS during primary survey patient resuscitations were analyzed by cross tabulations using COR & 95 % CI. Predictors with P-value <0.2 were selected for multivariable analysis using AOR & 95 % CI (Table 3). 
Bivariate analysis showed prehospital care provision (crude odds ratio [OR], 6.696; 95 % confidence intervals [0.851-52.675], P-value 0.071), mode of arrival (crude odds ratio [OR], 3.788; confidence intervals [0.825-17.4], P-value 0.087), POCUS done under consultant guidance (crude odds ratio [OR], 2.389; confidence intervals [0.858-6.655], P-value 0.096) were all with P-values less than 0.1. POCUS findings consulted by the resident to the consultant Pvalues of 0.016, crude odds ratio [OR], 3.25; 95 % confidence intervals [1.245-8.483] and abdominopelvic fluid collection with P-value of 0.029, crude odds ratio [OR], 5.424; 95 % confidence intervals [1.191-24.697] were with statistical significance with both P-value and odds ratio not crossing 1. Resident’s consultation of attending physician (adjusted odds ratio [OR], 3.15; 95% confidence intervals [CI], 1.11-8.94) and having abdominopelvic fluid collection (adjusted odds ratio [OR], 4.726:95% confidence intervals [CI], 1.1-21.9) were statistically significant with p-value <0.1upon multivariable analysis. Thus, the odds of doing POCUS during primary survey is 3.25-fold greater when residents consult a consultant and 5.424-fold greater when there is positive abdominopelvic collection. 
 
 
 
 
 
 
Table 3: Bivariate and multivariable analysis of associated factors of POCUS utilization at TASH, Adult ED from November 2022-February 2023 
	Factors 
	POCUS performed during primary survey 
	
	

	 
	No 
	Yes 
	COR with 95% C.I. 
	Pvalue 
	AOR 
	P-value with 
AOR 

	Sex 
	No 
	13 
	57 
	Ref(1st) 
	 
	 
	 

	
	Yes 
	9 
	34 
	0.862(0.333-
2.228) 
	0.759 
	0.608(0.214-
1.727) 
	0.351 

	Abdominopelvic fluid presentation  
	No 
	20 
	59 
	Ref(1st) 
	 
	 
	 

	
	Yes 
	2 
	32 
	5.424(1.191-
24.697) 
	0.029 
	4.726(1.019-
21.913) 
	0.047 

	POCUS findings  Consulted by resident 
	No 
	13 
	28 
	Ref (1st) 
	 
	 
	 

	
	Yes 
	9 
	63 
	3.25(1.245-
8.483) 
	0.016 
	3.154(1.113-
8.942) 
	0.031 

	Challenges for  
POCUS 
utilization 
	No 
	13 
	49 
	Ref(1st) 
	 
	 
	 

	
	Yes 
	9 
	42 
	1.238(0.481-
3.184) 
	0.658 
	 
	 

	Mode of arrival 
	No 
	20 
	66 
	Ref (1st) 
	 
	 
	 

	
	Yes 
	2 
	25 
	3.788(0.825-
17.4) 
	0.087 
	2.753(0.574-
13.208) 
	0.206 

	Prehospital care provision 
	No 
	21 
	69 
	Ref(1st) 
	 
	 
	 

	
	Yes 
	1 
	22 
	6.696(0.851-
52.675) 
	0.071 
	 
	 

	POCUS 
performance  
 
	No 
	2 
	8 
	Ref(1st) 
	 
	 
	 

	
	Yes 
	20 
	83 
	1.037(0.204-
5.267) 
	0.965 
	 
	 

	POCUS effect management  decision 
	No 
	1 
	3 
	Ref 
	 
	 
	 

	
	Yes 
	21 
	88 
	1.397(0.138-
14.110) 
	0.777 
	 
	 

	POCUS done under  consultant guidance 
	No 
	16 
	48 
	Ref(1st) 
	 
	 
	 

	
	Yes 
	6 
	43 
	2.389(0.858-
6.655) 
	0.096 
	 
	 


 
 
Qualitative data analysis: 
Among the planned ten, eight senior resident interviews and 1 consultant interviews were done sequentially after the quantitative phase of the study. Six senior residents were female and two senior residents and consultants were male. After data collection was completed, data was reduced and cleaned for analysis. A deductive data analysis was performed by using framework analysis. 
An Open Code software used for coding the data for analysis, we grouped factors that were challenges for early utilization of POCUS in emergency patient resuscitation into 4-themes and sub-themes as follows; 

 
1. Access/availability of ultrasound equipment (both hardware, software) 
1.1 Ultrasound machine 
Under this category senior residents and consultants interviewed clearly and repeatedly mentioned that ultrasound machine access is the priority challenge. “So the challenge that we face while we are practicing is a resource issue which is the shortage of ultrasound at emergency department” 
1.2 Ultrasound probes  
Under this sub-theme, in addition to the ultrasound machine access challenge, the fact that the current functional ultrasound has only curvilinear problems is another challenge.  
“The second challenge is the current ultrasound has only one probe like a curvilinear probe, so there is no linear and cardiac probe that is challenge, especially in the early utilization of POCUS’ 
1.3 Ultrasound gel 
Under this sub theme senior residents and consultants stated, there is a challenge of getting an adequate amount of ultrasound application gel.  
“And the other thing is ultrasound gel probably could not find easily available, readily available as it should be” 
1.4 Ultrasound charging station/plugs  
Equally important and listed as another challenge is not having adequate charging stations for the portable ultrasound as well as not having plugs. 
“We cannot find a charger for this ultrasound machine and it affects the ability to use it very frequently. So, this is also another challenge for us” 
1.5 Bumpy ground 
The current nature of the emergency room floor which is bumpy and creating difficulty to move ultrasound machines from place to place is not only a challenge but also damaging the machine itself. 
“And also transporting this one ultrasound to red areas I think it's very damaging to the ultrasound” 
2. Training and supervision  
Senior residents and consultants stated not having equal training and close supervision is another challenge though they have also stated clear improvements with different department level initiatives in bringing training and stakeholder collaborations.  “Lack of training has, of course, been a big challenge for using early utilization of POCUS in our ED in, but in our setup, we have enough training and for time consuming other than early utilizing of POCUS, we don't have another option” 
3. Quality assurance, documentation, recognition & incentives 
As a continuous improvement tool, not having established quality assurance mechanisms is another challenge stated by senior residents. 
“And also, there is no POCUS documentation protocol. So, during documenting if one person has evaluated one patient during the documentation, we usually don't work on documentation. There is a recommendable documentation issue because different people document like these different steps so they shouldn't be focusing on the documentation. Another thing is the other challenge is a trust issue that is in interpreting the POCUS findings, especially for that quality assurance may be needed and also when our consultants are evaluating the patients with POCUS. So, POCUS should be recognized. It means recognition and incentive should be also considered a salary for consultants because if we make it a formal investigation part as any other investigation or as any other imaging modalities POCUS should be given recognition and maybe an incentive should be considered” 
4. Setups 
Senior residents and consultants interviewed mentioned and even compared setup-based differences and ways to address such challenges. It is based on a senior resident’s academic rotation to a public hospital in Addis Ababa. 
“So far in my two years as a student of Emergency Medicine, I've attached EKA KOTEBE COVID Center as well as another hospital, Zewditu Hospital. At EKA, we had two ultrasounds. Actually, both were advanced. Both had all the cardiac probes, the other two probes are the curvilinear, the linear and also the phased array, while in Black Lion, in our setup, we had only one of those relatively advanced ultrasounds and the utilization was different at Eka. We have to be even one set in an isolation room so there won't be any cross-contamination. And you can give the exact setting of care for the isolated patient from the rest. That's not the case because we're using the same setup of ultrasound. But here, we know we're just left with only the curvilinear probe. And we're going to have difficulty having an assessment of cardiac functionality. The cardiac probe is not available so it's not in stark contrast with the phased array using a curvilinear probe” 






DISCUSSION 
Our study is the first to assess the current performance of early POCUS in emergency patient resuscitation and its challenges. It came up with POCUS performed during the primary survey in 80.5% of cases with a median of 10 minutes. This figure of doing POCUS in large percentage emergency patient resuscitations is very important in reducing delays for life saving interventions, and it helps in quick assessment of patients for required interventions. Overall challenges of doing early POCUS in emergency patient resuscitation in terms of access to the ultrasound, different ultrasound probes, power access of ultrasound and lubricating gel accounted for 45.1%. This is a figure supported by most of literatures in low resource settings where ultrasound access is a major problem. 
It is well known from literature that in doing POCUS, emergency physicians perform all image acquisitions, interpreting it and real time usage of the information in emergency patient resuscitation (20). Thus, doing it earlier in patient resuscitation has paramount importance and increases the level of expertise for trainees.  
A study done to determine the duration of POCUS performed for the primary indications by emergency physicians stated it only requires a brief duration to perform the ultrasound. And this study emphasized POCUS is an easy tool to perform in a short duration of time and our study in terms of its integration during primary survey patient resuscitation added scientific finding (21).   We believe that as far as it requires short durations to perform it during clinical patient care, earlier integrations during emergency patient resuscitations will impact performing timely lifesaving procedures.   
When our study findings are compared with other studies of clinical integration of POCUS in emergency and critical care settings, a sequential explanatory mixed-method study done in United States high acuity emergency department done to address limited literature about POCUS utilization pattern and its integration came up with POCUS indication for 26% of all emergency patients. In the same study resident trainees performed POCUS in 61 % of the cases whereas our study came up with 91.2 % of cases where residents performed POCUS and 43.4% of the time it was under consultant guidance. The fact that residents performed this figure of POCUS goes in line with a study done and stated by emergency medicine attending physicians who are experts in performing POCUS who considered senior residents are interested to perform POCUS independently in 81% of presentations (11). The high figure that our senior residents performed POCUS during emergency patient resuscitations despite its existing challenges is still encouraging. 
Our study further segregated findings for those patients requiring emergency resuscitation in a resuscitation room where POCUS is indicated for 99.1 % of patients. Thus, when POCUS is actually done in critical patient management, it is indicated in almost all of the patient presentations. And this encouraged us to focus on faculty consultation upon performing POCUS examinations in emergency patient resuscitation.  
In a study done on prevalence and utility of POCUS in Australia, among a total of 18,355 presentations, 390 (2.1%) POCUS were performed and it is used as a diagnostic tool in 344 (88.2%) of presentations.  
Among factors associated for early utilization of POCUS in emergency patient resuscitation during primary survey, it is only resident’s consultation of attending physician and whether patient is having abdominopelvic fluid collection which is with statistical significance upon bivariate analysis from both P-values less than 0.1 and odds ratio 95 % confidence intervals not crossing 1. This is an important finding further confirmed by multivariate analysis by controlling for confounders after confirming fitness of the model.  
Predictor variables of mode of arrival to the hospital emergency, prehospital care provision and POCUS done under consultant guidance were all with odds ratio 95% confidence intervals crossing 1 despite P-value less 0.1. 
When specialty trainees who do repeated POCUS scans upon emergency patient resuscitation do consultations to emergency attending, it is well known that quality of the scans were improved and our study finding further strengthened that earlier POCUS scans should be done when there are such timely consultations. As these consultations are also related directly with supervision and improved image acquisition techniques under consultant guidance, it is an important finding from our study. As there is current ongoing evidence of growing literature supporting further training and consultant supervision, which helped in timely patient management and interventions for life saving procedures. And nowadays supervised POCUS scanning is highly advocated not only in –person bedside supervision but also there is growing literature about benefits of remote real-time supervisions (22). 
Our study is first of its kind in addressing challenges of performing early POCUS in emergency patient resuscitation with qualitative exploration. We detected key factors that are challenges for early POCUS utilization in our setup.  Our qualitative findings helped us to understand what POCUS utilization challenges currently exist and to address it so that it will help to facilitate early POCUS utilizations in the future.  
Our findings may not be generalizable to other setups but it will have importance in low middle income countries where the most recent international survey of barriers and facilitators to ultrasound use in low and middle‑income countries came up with access to an ultrasound machine was reported as both the top barrier and top facilitator with 17 % and 53% respectively (23). Our study further explored the previously listed quantitative aspects of challenges as barriers in qualitative exploration where participants have listed all the possibilities.  
Similar to our study other common barriers included from this international survey are access to POCUS training and supervision, equipment cost, and competition.  
Some of the challenges that our study explored are also listed as common facilitators from international surveys as they can enhance its utilization when there is enough access to different types of ultrasound probes, gel, and charging stations with electricity and acceptance by other healthcare providers from different specialties.  
Furthermore administrators, and patients are important stakeholders from our study and it is similar finding from literatures (23).  
The access aspect of ultrasound machines is noted as important by 80% of respondents from the same study with 96% agreed quality of patient care and outcomes were improved by its utilization. Thus, improving ultrasound access in addition to low-cost options of the equipment is very crucial which in turn increase early ultrasound utilizations by trained experts. 
Limitations: 
Our study has limitations because our findings are most applicable to our institution as it is a single institutional study. We also believed that surveying our residents own opinions about performing POCUS ultrasound during emergency patient resuscitation would have resulted in significant bias via the Hawthorne effect (24) and also would not have been feasible given the significant time and resource demands while on shift though filling the questionnaire was out of their time on primary patient resuscitation.  
 
 
 
 
 
 
 
CONCLUSION:  
Our sequential study of early POCUS utilization came up with the highest performance of POCUS during primary survey patient resuscitation despite significant challenges assessed both quantitatively and qualitative exploration.  
Senior residents consulting their attending physician and abdominopelvic collection were significantly associated with performing early POCUS. 
There were four major themes of access to the equipment, training and supervision, quality assurance, and setups as challenges of performing early POCUS in emergency patient resuscitation.  
 
 LIST OF ABBREVIATIONS:

AAU-Addis Ababa University 
AOR-Adjusted odds ratio 
CC-Critical Care 
COR-Crude odds ratio 
ECCM-Emergency and Critical Care Medicine  
ED-Emergency Department  
EM-Emergency Medicine 
E-FAST-Extended Focused Assessment with Sonography in Trauma 
FAST-Focused Assessment with Sonography in Trauma  
IVC-Inferior venacava 
OR-Odds ratio 
POCUS-Point of Care Ultrasound  
TASH-Tikur Anbessa Specialized Hospital  
TASH-ED-Tikur Anbessa Specialized Hospital Emergency Department  
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