
Predicting Hospital Admissions from the Emergency Department to Reduce Boarding 

Abstract: United States emergency departments (ED) face a crowding crisis 
which has been linked to poor access (i.e., delays in treatment, ambulance 
diversion) and compromised quality of care.  A major contributor to 
crowding is bottlenecks in patient outflow caused by delays in transition to 
inpatient beds for patients who require hospital admission (i.e., boarding). 
To expedite and pro-actively manage inpatient bed assignment, we are 
developing a forecast model that predicts the number and timing of hospital 
admissions based on the population of ED patients triaged. Data mining 
methods use patients’ clinical characteristics, demographics, and ED queuing 
metrics at triage to predict patients’ probability of admission and future 
expected time of admission (i.e., length-of-stay). Admission and length-of-
stay models will be combined to produce running forecasts of expected 
hospital admissions over time. 

Attribute Explanation  

Acuity Emergency Severity Index 

Mean arterial pressure Diastolic blood pressure + 1/3*(systolic-diastolic blood pressures) 

Pulse rate Number of pulse beats per minute 

Oxygenation Oxygen saturation percent 

Temperature Body temperature 

Respiration Rate Number of breaths per minute  

Complaints The chief complaints that cause the patients to go to ED, the 

complaints are categorized to 18 main categories of generic 

complaints.  

Service queue  Total number of the patients (in the ED waiting room) waiting to 

be assessed and served when patient x present to ED door.  

Getting served Total number of the patients are being served when the patient x 

present to ED door.  

admission queue  Total number of the patients who are waiting to be admitted 

when patient x presents to ED door.  

Time of day The time that a patient present to ED, which can be either day or 

night 

Weekday one of seven days of the week when a patient present to ED 

Patient to physician Ratio of number of patients to physicians  when a patient arrives 

Patient to nurse Ratio of number of patients to nurses  when a patient arrives 

  j48 Decision 

Tree 

JRip Rule Learner REP Tree 

Accuracy 76.9 59.9 74.27 

Precision 0.77 0.65 0.74 

Recall 0.77 0.6 0.74 

  j48 Decision Tree JRip Rule 

Learner 

REP Tree 

Accuracy 81.41 79.63 80.50 

Precision 0.79 0.77 0.78 

Recall 0.81 0.79 0.80 
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Table 2) The prediction performance for Length of Stay prediction model 

Table 3) The prediction performance for admission prediction model 

Combining the prediction models:  
• The admission model correctly predicts admission 81.5%.  
• The LOS model accurately  predicts LOS with 77%.  
• Probability for accurately predicting admission and LOS was 

63%.  

Discussion and future work:  
• This model can be used to pro-actively manage patient flow 

from the ED to the hospital to reduce boarding and relieve ED 
overcrowding.  

• The model can be extended to a software application to be 
used in the ED in real-time.  

• The real-time forecast model can be evaluated by comparing 
predicted admissions over time to observed admissions on a 
retrospective cohort, which will result to real-time 
improvement of the prediction results. ` 
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Method:  In our approach we perform the 
following steps:  
1) we pulled the data of about 120 thousands 
visits from ED over a 24 months period. 2) We 
preprocess the data and create a model of 
variable that effectively predicts LOS (Table )1.   
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Population of patients presenting to ED by LOS distribution, age, gender 
and admission decision.  

The average LOS for patient visits from the ED in our data 
set is 6.2 hours, and the standard deviation equals to 10 
hours.  

Table 1) Description of the clinical and queuing attributes 

Background:  
• Length of Stay (LOS): the time interval from patient presenting to ED 

door to the time the hospital admission is requested.  
• Boarding: When inpatient beds are unavailable, admitted patients wait 

(ie, board) in the ED, occupying space and consuming resources until an 
inpatient bed is available. 

• Boarding time: the time interval from hospital admission request to the 
time the patient is transferred.  
 

Objectives:  
• Predicts the number and timing of hospital 

admissions based on the population of ED 
patients triaged.  

• To reduce boarding by transforming a 
reactive to proactive admission process.  

3) We used 21 month of data  and trained our classifiers, using the framework proposed by [2]. 
4) We predicted LOS and admission for 16,212 visits for the most recent three month of ED 
visits. 5) We made a real-time simulation to show the numbers of beds needed in inpatient 
hospital at 2 hour intervals. 6) We compared the predicted number of beds needed with actual 
numbers and calculated the distribution of the error. We plan to arrange a expert panel to 
discuss the usefulness of the framework , validity of the results and plausible boarding time 
reduction.  

Simulation results 
• The objective is to show out of population of patients in ED on 

4/6/2013 18 PM how many patients need beds in each time 
interval.  
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