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Purpose: Paramedics’ decision to notify receiving hospitals and transport patients to an appropriate healthcare facility is based on the
Prediction of Intensive Care Unit (ICU) and Hospital Admissions guide. This study aimed to assess the paramedics’ gestalt on both
ward and ICU admission.

Patients and Methods: A prospective study was conducted at King Abdulaziz Medical City between September 2021 and
March 2022. Paramedics were asked several questions related to the prediction of the patient’s hospital outcome, including emergency
department (ED) discharge or hospital admission (ICU or ward). Additional data, such as the time of the ambulance’s arrival and the
staff years of experience, were collected. The categorical characteristics are presented by frequency and percentage for each category.
Results: This study included 251 paramedics and 251 patients. The average age of the patients was 62 years. Of the patients, 32
(12.7%) were trauma, and 219 (87.3%) were non-trauma patients. Two-thirds of the patients (n=171, 68.1%) were predicted to be
admitted to the hospital, and 80 (31.8%) of the EMS staff indicated that the patient do not need a hospital or an ambulance. The
sensitivity, specificity, PPV, and NPV of the emergency medical service (EMS) staffs’ gestalt for patient admission to the hospital were,
respectively (77%), (33%), (16%), and (90%). Further analysis was reported to defend the EMS staffs’ gestalt based on the level of
EMS staff and the nature of the emergency (medical vs trauma), are reported.

Conclusion: Our study reports a low level of accurately predicting patient admission to the hospital, including the ICU. The results of
this study have important implications for enhancing the accuracy of EMS staff predictive ability and ensuring that patients receive
appropriate care promptly.

Keywords: emergency medical service, predictably, hospital admission, ambulance, patient discharge, sensitivity, specificity, positive
predictive value, negative predictive value

Introduction
In recent years, healthcare systems globally experienced increasing pressure due to the growing and aging patient
population, and the need for optimal resource allocation. Efficient patient management and accurate resource prediction
are essential for ensuring that healthcare providers can deliver the best possible care. One critical aspect of this process is
the early identification of patients who may require intensive care unit (ICU) or ward admissions, enabling healthcare
facilities to prepare and allocate resources accordingly.

Emergency Medical Service (EMS) providers are the first responders to health emergencies and are responsible for
providing an initial assessment, treatment, and the transport of patients to an appropriate healthcare facility.'! The
paramedics are increasingly being used to predict hospital admissions.> * By using predictive analytics, the paramedics
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can identify patients who are at risk of requiring hospital care and intervene before they reach the emergency room.> This
supports a reduction of overcrowding in hospitals and improve patient outcomes.

To be able to accurately predict ICU admissions and hospitalization is essential for ensuring the appropriate allocation of
resources and timely intervention. EMS staff need to be able to identify the patients who are at high risk of deteriorating and
requiring critical care, so that they can be transported to an appropriate facility and receive the necessary treatment.

The paramedic’s gestalt is an important part of the hospital admission process. It is a holistic approach to patient care
that considers the patient’s physical, mental, and emotional state. The paramedic’s gestalt includes assessing the patient’s
vital signs, such as heart rate, blood pressure, respiratory rate, oxygen saturation level, and temperature. The paramedic
will also assess the patient’s mental status by asking questions about their current condition and any past medical history.
The paramedic will evaluate the patient’s emotional state by looking for signs of distress or agitation.

After the patient assessment, the paramedic will communicate with the receiving hospital staff. This communication
includes information about the patient’s condition as well as any treatment that have been administered en route to the
hospital. This information assists the hospital staff to prepare for the admission and provide appropriate care on arrival.

To predict ICU admissions, EMS staff typically assess a patient’s vital signs, medical history, and other relevant clinical
information. They may also use various scoring systems, such as the Modified Early Warning Score (MEWS) or the National
Early Warning Score (NEWS), which assign points based on a patient’s vital signs and clinical presentation to predict the
likelihood of clinical deterioration and the need for ICU admission. Effective prediction of ICU admissions can also help
streamline hospital resources and reduce overcrowding in emergency departments. Through identifying patients likely to
require ICU admission, EMS staff can notify hospitals in advance to ensure that appropriate resources are available.

The study focused on whether emergency medical service personnel can accurately predict or anticipate what will happen
to the patient they are transporting. In other words, can EMS staff predict whether a patient will be treated and released,
admitted to the hospital, or sent to ICU? The question is whether EMS personnel have the ability to predict patient outcomes
and the next steps with a reasonable degree of accuracy, or whether there is too much uncertainty to make accurate predictions

about the patient’s disposition. The aim of this study was to assess paramedics’ gestalt on both ward or ICU admission.

Materials and Methods

Study Settings and Population

We conducted a prospective study at an adult ED of King Fahad Hospital at King Abdulaziz Medical City. King Fahad Hospital
(KFH) is a tertiary teaching hospital with more than 1000 beds. The ED receive approximately 700 patients per ambulance
monthly. All EMS staff transporting patients to KFH between September 2021 and March 2022 were eligible to participate in the
study. Patients were eligible for the study if they were 18 years of age or older and were brought to the ED by ambulance.

Data Collection

The questionnaire explored if the EMS staff could predict whether the patient would be discharged from the ED or
admitted to the hospital. If admitted, the question was whether the EMS staff could predict whether the patient would be
admitted to ICU or a ward bed. In addition, basic information was also collected, including the date and time of arrival at
the ED, the level of the ambulance service staff member (eg, paramedic, emergency medical technician), gender, age, and
years of experience in the ambulance service.

The time of the data collection was based on the availability of data collectors and usually between 8:00 and 16:00, on
weekdays. The data collectors approached all EMS staff and invited to complete the questionnaire. The hospital computer
system (BESTcare) was used to record the actual ED diagnosis (trauma or non-trauma) and the patient’s disposal from
the ED, length of stay, final diagnosis, and discharge date.

Analysis
At the end of the study, all the patients were followed up to assess their final disposition after the initial ED visit. The data were
linked and analyzed. For the data analysis, we used the IBM SPSS version 25 (IBM Corp.; Armonk, NY, USA). We used mean
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and standard deviation to summarize the continuous variables, such as age, and frequency and percentage for the categorical
variables. R studio (epi.stats package in R Version 3.5.0.) was used to assess the diagnostic accuracy.

Objective and Outcomes
The study questions was “What is the accuracy of emergency medical service staffs” predictions of emergency department
disposition?”

The primary objective of the study was to determine the accuracy of emergency medical service staffs’ predictions of
emergency department disposition.

The primary outcome was to assess the ability of the emergency medical service staff to predict hospital and ICU
admission. The second outcome was to calculate the proportion of the patients admitted to the hospital of all the patients
transported with an emergency ambulance.

Ethics

The study was approved by the King Abdullah International Medical Research Center (KAIMRC; Riyadh, Saudi Arabia)
Institutional Review Board (IRBC/1713/21). All study participants were given information about the study and agreed to
participate before they started.

Results

In this study, we approached 300 patients between September 2021 and March 2022, 49 patients had an incomplete
questionnaire or missing outcomes. The average age of the patients was 62 years (SD 22.6, range 18-91) of which 125
were male (49.8%). Of the 251 patients, 32 (12.7%) were trauma patients and 219 (87.3%) non-trauma patients. Finally,
only 35 (13.9%) of the patients were admitted to the hospital of which 8 (3.2%) were admitted to ICU.

The paramedics (n=251) were from different organizations. The EMS staff baseline data and demographic are
presented in Table 1. In relation to the need of the patient to attend the ED, almost two-thirds of the EMS staff expected
that the patient they transported will require hospital admission (n=171, 68.1%). The EMS staff indicated that 109
(43.4%) would be admitted to a ward and the remaining (n=62, 24.7%) patients would be admitted to ICU. For the
remaining 80 (31.8%), the EMS staff indicated that the patient did not need a hospital or an ambulance.

In Table 2, we demonstrate the sensitivity, specificity, PPV, and NPV of the paramedics’ gestalt decisions for the patient’s
admission to the hospital (all admissions), ICU, and ward compared with actual outcomes. In Table 3, we displays the

Table | Baseline Data for EMS Staff

Number %

Gender

Male 250 99.6
Level of education

Emergency Medical Technician 104 41.4

Paramedic 147 58.6
Years of experience

0-5 106 42.2

6-10 92 36.7

I1-15 40 15.9

16-20 I 4.4

>20 2 0.8
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Table 2 EMS Staff Predictions of Disposal versus Actual Disposal

EMS Staff Predictions of Disposal Actual Disposition % 95% CI
Admitted | Discharged Total SEN 77 | 60 to 90
All Admissions Admit 27 144 171 SEP 33 | 27 to 40
Discharge 8 72 80 PPV 16 | 11 to22
Total 35 216 251 NPV 90 | 81 to 96
Admitted | Discharged Total SEN 75 | 35t0 97
ICU Admission
Admit 6 56 62 SEP 77 | 71 to 82
Discharge 2 187 189 PPV 10 4 to 20
Total 8 243 251 NPV 99 | 96 to 100
Admitted | Discharged Total SEN 33 17 to 54
Ward Admission
Admit 9 100 109 SEP 55 | 49 to 62
Discharge 18 124 142 PPV 8 4to 15
Total 27 224 251 NPV 87 | 81 to92

Abbreviations: ICU, Intensive Care Unit; SEN, Sensitivity; SEP, specificity; PPV, Positive predictive value; NPV, Negative predictive value.

Table 3 EMS Staff Predictions of Disposal versus Actual Stratified by Nature of the Admission

(Trauma or Non-Trauma)

Nature of the Admission Actual Disposition % 95% ClI
Admitted | Discharged Total SEN 100 40 to 100

Trauma Admission Admit 4 20 24 SEP 29 13 to 49
Discharge 0 8 8 PPV 17 5to 37
Total 4 28 32 NPV 100 | 63 to 100

Admitted | Discharged Total SEN 74 55 to 88

Non-Trauma Admission Admit 2 124 147 | SEp | 34 | 27t04l
Discharge 8 64 72 PPV 16 10 to 23

Total 31 188 219 NPV 89 79 to 95

Abbreviations: SEN, Sensitivity; SEP, specificity; PPV, Positive predictive value; NPV, Negative predictive value.

sensitivity, specificity, PPV, and NPV of the paramedics’ gestalt for the patient admission to the hospital based on the nature
of the emergency (medical vs trauma). Finally, Table 4, the sensitivity, specificity, PPV, and NPV of the paramedics’ gestalt

for patient admission to the hospital based on the level of EMS staff (paramedics versus technicians).
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Table 4 EMS Staff Predictions of Disposal versus Actual Disposal and Categorized by Job Description

EMS Staff Predictions of Disposal Actual Disposition % 95% CI
Admitted | Discharged Total SEN 80 52 to 96

Paramedic Admit 12 80 92 SEP 35 27 to 45
Discharge 3 44 47 PPV 13 7 to 22

Total 15 124 139 NPV 94 82 to 99

Admitted | Discharged Total SEN 75 51 to 91

Emergency Medical Technician Admit s o4 79 SEP 30 2 to 41
Discharge 5 28 33 PPV 19 Il to 29

Total 20 92 112 NPV 85 68 to 95

Abbreviations: EMS, Emergency Medical Service; SEN, Sensitivity; SEP, specificity; PPV, Positive predictive value; NPV, Negative predictive value.

Discussion

The study indicated a low level of accuracy when the EMS staff predicted the patient’s admission to an ICU or ward. The
EMS staff’s performance improved when predicting discharge for all the hospital admissions. In addition, the EMS were
more accurate when predicting non-trauma admission compared to traumatic admission.

The results of this study have important implications for improving the accuracy of EMS staff predictions and
ensuring that the patients receive appropriate care in a timely manner. By identifying areas in which EMS staff may
require additional training or support, healthcare providers can work to improve the accuracy of EMS staff predictions
and reduce the risk of unnecessary hospital admissions.

Accurately predicting ICU admissions and hospitalization is essential for ensuring appropriate allocation of resources and
timely intervention. EMS staff need to be able to identify patients who are at high risk of deteriorating and requiring critical
care, so that they can be transported to an appropriate facility and receive the necessary treatment. In this study, we observed
the precision of EMS staff in forecasting such dispositions. The outcomes demonstrated that these providers are accurate in
predicting patients who do not need an ICU (99% NPV) or ward (83% NPV). They also had acceptable accuracy in predicting
patients who will be sent home after treatment (77% sensitivity). The study’s findings are consistent with previous research
investigating ability of the EMS staff to predict the demand for admission. For instance, a study found that EMS providers had
a NPV of 96.2% for predicting ICU admission and a sensitivity of 73.3% for predicting patient discharge. The current study’s
findings add to the growing body of evidence that highlights the accuracy of EMS providers in predicting patient dispositions.*

Both paramedics and EMTs provided almost similar predictions to the patients included. Although the paramedics
had a higher sensitivity and specificity, 80% and 35%, respectively, compared to the EMTs, 75% and 30%, respectively.
Clesham and Mason” conducted a study in the UK to compare paramedics and EMTs in predicting ED admission and
presented different findings. The paramedics had a higher sensitivity compared to EMTs with 76.8% (64% to 86) and
69.5% (61% to 77%), respectively. However, the EMTs had a higher specificity compared to the paramedics with 83.8%
(77% to 89%) and 64.4% (53% to 74%), respectively. Similarly, Price and Hooker” revealed that the paramedics had
higher sensitivity when compared to EMTs with 80.3% (72.3-86.5%) and 57.7% (37.2-76.0%), respectively, in
predicting the patient’s deposition. However, the paramedics had a lower specificity with 76.1% (68.6—-82.2%) compared
to the EMTs with 94.4% (87.0-97.9%). The differences between the findings, particularly for the EMTs, could be
attributed the level of experience the participants or the quality of education the participants received.

With regards to the trauma and medical cases, there is supporting evidence showing that the paramedic’s subjective judgment
could play a significant role in predicting the severity of the illness or injury and risk of adverse outcomes, although it could lead
to non-adherence to guidelines and triage tools. A previous study reported that the paramedic’s subjective judgment improved the
identification of patients with severe trauma (78%), compared to the triage tools (38%).® Such judgments in trauma patients are
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usually made by experienced paramedics. Inexperienced paramedics and senior experienced paramedics who supervised other
paramedics in training were more adherent to protocols and guidelines and did not usually make subjective judgments, possibly
due to their lack of experience or familiarity with the protocols.” The paramedics’ judgments in terms of illness severity and risk
of adverse clinical outcomes could be improved through using prognostic tools, based primarily on the collected physiological
measurements in prehospital care. Examples of the most common prognostic tools for prehospital use include The Critical Illness
Prediction (CIP), Modified Early Warning Score (MEWS), and National Early Warning Score (NEWS).® The use of these tools
by paramedics in prehospital care have good to moderate discrimination in terms of mortality and ED disposition.® However,
none of these tools or other similar tools are currently applied in routine paramedic practice in Saudi Arabia. The paramedic’s
judgment is mostly subjective without the aid or use of any prognostic tools to assess the illness severity or the risk of adverse
clinical outcomes or specific trauma triage tools to aid transportation decisions. This could explain the decreased sensitivity of
non-trauma admissions and decreased specificity for both trauma and non-trauma admissions in our study.

By accurately predicting ICU admission and hospitalization, EMS staff can assist in ensuring that the patients receive
the appropriate level of care in a timely manner. This can improve the patient outcomes, reduce the burden on healthcare
resources, and ultimately save lives. Finally, similarly to previous studies, there was insufficient evidence to support the
ability of the EMS staff to predict the disposition of patient.” To improve the accuracy of ICU admission and
hospitalization prediction, the EMS staff can use a range of tools and techniques, such as the clinical decision support
systems (eg, National Early Warning Score (NEWS) 2, quick Sequential Organ Failure Assessment (qQSOFA), History
and Electrocardiogram-only Manchester Acute Coronary Syndromes (HE-MACS)), risk stratification algorithms, and
predictive modelling. These tools support EMS staff to identify the patients who are at high risk of adverse outcomes,
such as acute myocardial Infarction, cardiac arrest, or sepsis.” '

Though the ability of the EMS staft to predict ICU and ward admissions shows promise, challenges remain in terms
of the implementation, data access and sharing, and ensuring that predictions are accurate and reliable. Future research
should focus on refining predictive models, validating their performance in diverse patient populations, and exploring
how these tools can be effectively integrated into EMS workflows.

Limitations

This study has several limitations. First, the data was collected from a single center in Saudi Arabia, so the findings may
not be generalizable to other emergency medical services (EMS) systems. Second, the sample size may not be
representative of the entire EMS workforce in Saudi Arabia. Third, the paramedics’ opinions may have been affected
by the opinions of other healthcare providers working in the triage area of the emergency department, which could have
introduced bias into the study.

Conclusion

In conclusion, currently EMS staff have a low level of predictive ability for predicting patient admission to hospital,
including ICUs. However, the EMS staff could potentially improve patient care and resource allocation in healthcare
systems. By leveraging clinical decision rules, advanced technologies, and innovative techniques, EMS providers can
play a vital role in optimizing patient outcomes and enhancing the overall efficiency of healthcare delivery.

Disclosure
The authors report no conflicts of interest in this work.
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