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ABSTRACT
Background: Effective discharge planning relies heavily on the physician’s prediction of upcoming inpatient discharge; however, the accuracy of these predictions remains largely undefined.  
Objective: To evaluate the accuracy of inpatient general medicine physicians’ predictions of hospital discharge.
Design: Prospective study.
Methods: Study subjects were asked to predict whether each patient under their care had a greater than or equal to 80% chance of being discharged on the next day, on the same day, or neither (i.e. no discharge in the next or same day). Discharge predictions were recorded daily for one week (Monday through Friday) at three time points: mornings (7-9AM), mid-day (12-2PM), or afternoons (5-7PM). 
Setting/Subjects:  The study was conducted at a tertiary care academic medical center. Subjects included all senior residents and attendings on the inpatient general medicine teams.
Results: Fifteen senior residents and twenty-four attendings gave a total of 2641 predictions. Overall, physicians accurately predicted 83% (CI 81%-84%) and 88% (CI 87%-90%) of next day and same day discharges, respectively. For predictions of next day discharge, the accuracy was lowest in the morning (76%, CI 73%-79%) but improved through mid-day (84%, CI 81%-86%) and the afternoon (88%, CI 86%-90%). Similarly, predictions were more accurate at mid-day than the morning for same day discharges (94%, CI 92%-96% vs. 83%, CI 81%-86%, respectively). 
Conclusion: This study demonstrates that physician predictions of discharge are most accurate the afternoon prior to next day discharge and mid-day on the day of discharge. 
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INTRODUCTION
Hospital discharge planning is a complex process, requiring the timely coordination of many different medical and social support services. As such, multidisciplinary discharge teams consisting of physicians, social workers, and nurses have become an integral component of hospital care in order to help facilitate a safe and efficient transition from hospital to home. These teams develop individualized discharge plans in an effort to reduce the number of preventable adverse events related to hospital discharge and to improve patient satisfaction.1-5 However, despite these efforts, optimal discharge strategies have yet to be realized.1, 4-9
One factor that may improve the effectiveness of discharge planning is the early identification of patients who are approaching discharge.10 Multidisciplinary teams cannot fully deploy individualized discharge plans until a physician deems a patient to be approaching discharge readiness.8 Thus, this physician-driven assessment is an integral step in the finalization of the comprehensive discharge plan.
To our knowledge, no studies have examined the ability of inpatient general medicine physicians to accurately predict an impending discharge. Instead, prior studies have found that physicians have difficulty predicting the length of stay for patients seen in the emergency room and elderly patients newly admitted to general medicine floor, especially if these patient end up with prolonged hospital stays.11-12 Similarly, other studies examined risk factors for prolonged hospitalizations without explicitly measuring physicians’ ability to predict these events.13-15 
We sought to evaluate the accuracy of inpatient general medicine physicians’ predictions of hospital discharge. We hypothesized that physicians would accurately discriminate between patients who were ultimately discharged on the next day following the prediction, discharged the same day of the prediction, or discharged at some point beyond the next day after the prediction. Furthermore, we hypothesized that predictive accuracy would increase when predictions occurred later in the day and that there would not be a high degree of agreement between predictions made by physicians at different levels of training.

METHODS
We collected daily, in-person predictions from all senior residents and attendings on the inpatient general medicine teams at a single 950 bed academic medical center. We asked physicians to predict whether each patient under their care had a greater than or equal to 80% chance of being discharged the next day, the same day, or neither (i.e. no discharge on the next or same day).
Physician predictions of discharge occurred Monday through Friday at one of three time points: mornings (7-9AM), mid-day (12-2PM), or afternoons (5-7PM). Data collection focused on one time point per week for three consecutive weeks. The morning and mid-day predictions were assessed during two weeks in November 2013, and the afternoon predictions were assessed during a subsequent week in December 2013. Predictions of same day discharge could only be made at the morning and mid-day time points. Each patient could have multiple predictions if they remained hospitalized during subsequent assessments.
We also recorded each patient’s age and discharge destination, which was either home, skilled nursing facility (SNF)/acute rehab, or other. ”Other” discharge destinations were defined as prison, temporary shelter, inpatient hospice, and inpatient psychiatry. For each physician making a prediction, we recorded the physician training level (resident or attending).
This protocol was deemed exempt by the Duke University Institutional Review Board.
Outcomes
The primary outcome was the diagnostic accuracy of physician discharge predictions. The accuracy of next day predictions refers to how often the physician correctly answered the question, “Will this patient be discharged tomorrow?” Similarly, the accuracy of same day discharge predictions refers to how often the physician correctly answered the question, “Will this patient be discharged today?” Thus, the accuracy of these types of predictions includes correct predictions of no discharge on the next day or same day, respectively.
	In addition to the diagnostic accuracy, we measured the sensitivity (SN), specificity (SP), positive predictive value (PPV), and negative predictive value (NPV) for each type of physician prediction. We also calculated these measurements for each time point in the time of day subgroup: morning, mid-afternoon, and late-afternoon. 
Finally, we compared the accuracy of predictions of next day or same day discharge within the following subgroups: day of the week the prediction was made (Monday – Friday), physician training level (attending vs resident), and discharge destination.  
Statistical Analyses
The primary outcome, accuracy, was calculated for each type of discharge prediction in all patients and then at each time point in the time of day subgroup. Using a normal approximation to the binomial distribution, point estimates and 95% confidence intervals for accuracy are reported. Similarly, point estimates and 95% confidence intervals are reported for SN, SP, PPV, and NPV for the group of all patients and for the time of day subgroup. Differences in the accuracy within each level of the subgroups were examined using Chi-squared testing. Trends in accuracy of predictions were examined using the one-sided Cochran-Armitage Trend Test. No adjustments were made for multiple comparisons. A two-sided significance level was pre-specified at 0.05 for all tests other than the trend test. 
For the subset of patients that had discharge predictions made by both a resident and an attending, agreement was examined using the Kappa Statistic. All analyses were conducted using SAS version 9.3 (SAS Institute, Cary, NC).

RESULTS
A total of 2660 predictions were made by 24 attendings and 15 residents. Nineteen predictions were excluded because of missing prediction type or date of discharge, leaving 2641 predictions for analysis. In Table 1, patient age is summarized by all predictions and within subgroups. Two additional predictions were excluded due to missing age value. The average age across predictions made for patients discharged to ‘other’ locations was highest, followed by those discharged to SNF then by those discharged to home (p < 0.001 for all comparisons). 
The overall daily discharge rate in our population was 22.3%. The accuracy, SN, SP, PPV, and NPV for each type of physician discharge prediction are reported in Table 2. Overall, physicians accurately predicted 83% (CI 81%-84%) of next day discharges and 88% (CI 87%-90%) of same day discharges.
Outcome measures for each prediction type are stratified by time of day and summarized in Figure 1 (values available in Appendix Table 5). For next day discharge predictions, the accuracy was lowest in the morning (76%, CI 73%-79%) but improved by mid-day (84%, CI 81%-86%), and increased further by the afternoon (88%, CI 86%-90%). Similarly, same day discharge predictions were more accurate at mid-day than the morning (94%, CI 92%-96% mid-day vs. 83%, CI 81%-86% at morning). A significant test of trend for both next day and same day discharge predictions indicates that the probability of making an accurate prediction increases as it gets later in the day (p < 0.001 for both prediction types, Table 3).
As demonstrated in Table 4, the accuracy of physician discharge predictions was also influenced by the day of the week, which is most evident in the higher accuracy of next day predictions made on Friday compared to Monday (92% vs. 80%, respectively, p < 0.001), as well as discharge destination, with home discharges leading to more accurate next day and same day predictions (p = 0.037 and p < 0.001, respectively). There were no significant differences between predictions made by attendings and residents (p = 0.157 for next-day discharge, p = 0.181 for same-day discharge).
The overall agreement between resident and attending predictions was measured and found to have a kappa values of 0.51 (p < 0.001) for next day predictions and 0.73 (p < 0.001) for same day predictions, indicating moderate and substantial agreement, respectively.16  
DISCUSSION
This is the first study, to our knowledge, to examine the accuracy of physician discharge predictions during the course of routine inpatient care. Our physicians were able to accurately predict which general medicine inpatients would be discharged on either the next day or the same day more than 80% of the time. Furthermore, we demonstrated increasing accuracy as the difference between the prediction time and time of actual discharge shortened. 
For predictions of next day discharge, the most accurate prediction time point was the preceding afternoon, when predictions were accurate almost 90% of the time. For predictions of same day discharge, the physician’s predictive accuracy improved even further through the morning and mid-day. This trend is likely driven in part by the observation of a patient’s clinical trajectory and clarification of discharge plans. Indeed, understanding that physicians can provide meaningful discharge estimates as early as the afternoon prior to expected discharge suggests an optimal time for physicians to meet with the multi-disciplinary discharge teams, as many preparations hinge on timely and accurate predictions of discharge (e.g., arranging the first post-discharge visit by a home health company, patient transportation, etc.).  
Because the high accuracy for each prediction type was driven in part by correct predictions of no discharge, one aspect of physician discharge predictions that may be of particular interest to the multidisciplinary team is the PPV – i.e. if a physician predicts that a patient will be discharged, what is the chance of that patient actually being discharged. Because the overall discharge rate in our population was 22.3%, a PPV approaching 70% for afternoon predictions of next day discharge suggests that these patients were over three times more probable to be discharged than an average patient. This should reassure multidisciplinary teams that an afternoon physician prediction of next day discharge would only prematurely activate discharge resources for 3 out of every 10 occurrences. For those 30%, we would argue that the activation of care transition interventions is not wasteful, as these patients may benefit from extra time for disease counselling, medication teaching, and arrangement of home services.4-9
In addition to the time of day, other variables such as the day of the week and anticipated discharge destination also influenced accuracy. Accuracy for patients ultimately discharged to SNF/Rehab or ‘other’ was generally lower, likely due to the fact that discharge to these locations relied on many factors outside a physician’s direct control, such as facility bed availability. To address this limitation, our findings suggest that when planning a discharge to a location other than home, the accuracy of these discharge predictions may be strengthened by inclusion of information from non-physician members of the discharge team (e.g., case managers and social workers). Furthermore, accuracy for next day discharge was disproportionately lower on Mondays than other days of the week, which could be related to resident or attending turnover (and, thus, unfamiliarity with the patient’s care plan) or delays in anticipated procedures or consultations.6,7 This finding may support efforts to improve physician handoffs and/or increase service availability on the weekends, as ancillary support staff might have difficulties completing requests held over from the weekend in a timely manner.
This investigation has several limitations. First, this study was limited to physicians practicing in a large tertiary care center over a brief time period in the fall, with an overall discharge rate of about one in five patients per day. Thus, the results may not be generalizable to hospitals with different patient populations, volume, or turnover, or when predictions are made at different time periods throughout the calendar year. Furthermore, this study was performed on general medicine wards without a pre-existing standardized discharge process, thus physicians on other services or at other institutions may have dissimilar access to information and resources from social workers, nurses, and other care coordinators regarding possible discharges. This study sought to mitigate these constraints by surveying many different respondents with varying experience levels, caring for a heterogeneous patient population, with different multi-disciplinary teams.  
This study had several important strengths. It was a novel investigation into the accuracy of physician discharge predictions, which are daily predictions made either explicitly or implicitly by physicians caring for patients on a general medicine ward. By utilizing a simple, subjective survey without bulky calculations, this approach closely mirrors real-world practice patterns, and if further validated, could be easily assimilated into the normal workflow of a wide range of busy clinicians. These findings also highlight a potential opportunity to efficiently incorporate physician-driven predictions of discharge as a trigger for the activation standardized discharge bundles.1-5  
Future work could capture additional patient information, such as functional status, diagnosis, severity of illness, current length of stay, and residence prior to admission, which would allow identification of certain subsets of patients in which physicians are more or less accurate in regards to discharge predictions. Additionally, the outcomes of “incorrect” discharges, particularly the “surprise discharges” that left even though they were predicted to stay, could be assessed. If patients were discharged prematurely, this may be reflected by a higher 30-day readmission rate, lower clinic follow-up rate, and/or lower patient satisfaction scores. 

CONCLUSION
The execution of comprehensive discharge plans requires the organization of a complex array of healthcare resources and services, which are deployed only when a patient is felt to be approaching hospital discharge. This study demonstrates that physician predictions of discharge are most accurate the afternoon prior to and mid-day on the day of expected discharge. It remains to be determined if systematic incorporation of physician discharge predictions into standard workflows will improve the efficiency of transition of care interventions.  

PUBLICATION
[bookmark: _GoBack]This is the pre-peer reviewed version of the following article: B Sullivan, D Ming, JC Boggan, RD Schulteis, S Thomas, J Choi, JG Bae.  An evaluation of physician predictions of discharge on a general medicine service.  J Hosp Med. 2015 Dec;10(12):808-10. doi: 10.1002/jhm.2439. Epub 2015 Oct 5. Review. PMID: 26434397, which has been published in final form at http://onlinelibrary.wiley.com/doi/10.1002/jhm.2439/abstract. 

References
1. Brock, J, Mitchell, J, Irby, K, et al, Care transitions project team: Association between quality improvement for care transition in communities and rehospitalizations among medicare beneficiaries. JAMA. 2013; 309(4):381-391.
2. Coleman, EA, Parry, C, Chalmers, S, Min, SJ, The care transitions intervention: results of a randomized controlled trial. Arch Intern Med. 2006; 166:1822-8.
3. Naylor, MD, Brooten, D, Campbell, R, et al, Comprehensive discharge planning and home follow-up of hospitalized elders: a randomized clinical trial. JAMA. 1999; 281:613-20. 
4. Rennke, S, Nguyen, OK, Shoeb, MH, et al, Hospital-initiated transitional care interventions as a patient safety strategy: a systematic review. Ann of Intern Med. 2013; 158:433-440.
5. Shepperd, S, McClaren, J, Phillips, CO, et al, Discharge planning from hospital to home. Cochrane Database Syst Rev. 2013; 1:CD000313. 
6. Carey, MR, Sheth, H, Braithwaite, SR, A prospective study of reasons for prolonged hospitalizations on a general medicine teaching service. J of General Intern Med. 2005; 20:108–115.
7. Selker, HP, Beshansky, JR, Pauker, SG, Kassirer, JP, The epidemiology of delays in a teaching hospital. Med Care. 1989; 27:112-29.
8. Soong, C, Daub, S, Lee, J, et al. Development of a checklist of safe discharge practices for hospital patients. J Hosp Med. 2013; 8:444–449. 
9. Kwan, JL, Lo, L, Sampson, M, Shojania, KG, Medication reconciliation during transition of care as a patient safety strategy. Ann of Intern Med. 2013; 158:397-403.
10. Webber-Maybank, M. and Luton, H, Making effective use of predicted discharge dates to reduce the length of stay in hospital. Nurs Times. 2009; 105(15):12-3
11. Asberg, KH, Physicians’ outcome predictions for elderly patients: Survival, hospital discharge, and length of stay in a department of internal medicine. Scand J Soc Med. 1986; 14(3):127-132.
12. Mak, G, Grant, WD, McKenzie, JC, McCabe, JB, Physicians’ ability to predict hospital length of stay for patients admitted to the hospital from the emergency department. Emerg Med Int. 2012; 2012:824674.
13. Blais, MA, Mathews, J, Lipkis-Orlando, R, et al, Predicting length of stay on an acute care medical psychiatric inpatient service. Admin Pol in Mental Health. 2003; 31(1):15-29.
14. Clark, DE, Lucas, FL, Ryan, LM, Predicting hospital mortality, length of stay, and transfer to long-term care for injured patients. J Trauma. 2007; 62:592-600.
15. Simonet, ML, Kossovsky, M, Chopard, P, et al, A predictive score to identify hospitalized patients’ risk of discharge to a post-acute care facility. BMC Health Services Research. 2008; 8(1):154.
16. Viera, AJ, Garrett, JM, Understanding Interobserver Agreement: The Kappa Statistic. Fam Med. 2005; 37(5):360-3.

An Evaluation of Physician Predictions of Discharge on a General Medicine Service


 


Physician Predictions of Discharge


 


Brian Sullivan, MD


1


, David Ming, MD


2


,


3


, Joel C. Boggan, MD, MPH


1


,4


, Ryan D. Schulteis, MD


1


,4


, Samantha 


Thomas, MB


5


, Josh Choi


1


, Jonathan 


Bae, MD


2


 


1


Department of Medicine, Duke University Medical Center, 


Durham, NC


, USA 


 


2


Hospital Medicine, 


Department of Medicine, Duke Univer


sity Medical Center, Durham, NC


 


 


3


 


Division of Hospital & Emergency Medicine, Department of Pediatrics, Duke Universit


y Medical Center, 


Durham, NC, USA


 


4


Department of Medicine, Durham Veterans Affairs Medical Center, Durham, NC


 


5


 


Department of Biostatistics and Bioinformatics, Duke University, Durham, NC


 


 


Address for correspondence and reprint requests: 


 


Jonathan Bae, MD


 


DUMC Box 100800


 


Durham, NC 27710


 


 


Disclosures


 


Nothing to report.


 


 




An Evaluation of Physician Predictions of Discharge on a General Medicine Service   Physician Predictions of Discharge   Brian Sullivan, MD 1 , David Ming, MD 2 , 3 , Joel C. Boggan, MD, MPH 1 ,4 , Ryan D. Schulteis, MD 1 ,4 , Samantha  Thomas, MB 5 , Josh Choi 1 , Jonathan  Bae, MD 2   1 Department of Medicine, Duke University Medical Center,  Durham, NC , USA    2 Hospital Medicine,  Department of Medicine, Duke Univer sity Medical Center, Durham, NC     3   Division of Hospital & Emergency Medicine, Department of Pediatrics, Duke Universit y Medical Center,  Durham, NC, USA   4 Department of Medicine, Durham Veterans Affairs Medical Center, Durham, NC   5   Department of Biostatistics and Bioinformatics, Duke University, Durham, NC     Address for correspondence and reprint requests:    Jonathan Bae, MD   DUMC Box 100800   Durham, NC 27710     Disclosures   Nothing to report.    

