
Journal of H
osp

ital M
ed

icine	
Volum

e 13, N
um

b
er 9, Sep

tem
b

er 2018�
Pag

es 585–656

An Official Publication of the Society of Hospital Medicine

www.journalofhospitalmedicine.com

9
13

SEPTEMBER  2018
NO.

VOL.

Original Research

Association Between Postdischarge Emergency 
Department Visitation and Readmission Rates
Arjun K. Venkatesh, et al.

EDITORIAL Postdischarge Emergency 
Department Visits: Good, Bad, or Ugly?
Rahul Banerjee and S. Ryan Greysen.

The Burden of Guardianship: A Matched  
Cohort Study
Daniel N. Ricotta, et al.

Development of Hospitalization Resource 
Intensity Scores for Kids (H-RISK) and Comparison 
Across Pediatric Populations
Troy Richardson, et al.

EDITORIAL Relative Weights for Pediatric 
Inpatients: Children Now Have a Scale  
of Their Own
Evan Fieldston.

Safety Huddle Intervention for Reducing 
Physiologic Monitor Alarms: A Hybrid 
Effectiveness-Implementation Cluster  
Randomized Trial
Christopher P. Bonafide, et al.

A Matter of Urgency: Reducing Clinical Text 
Message Interruptions During Educational 
Sessions
Arielle Mendel, et al.

EDITORIAL FYI: This Message Will Interrupt 
You—Texting Impact on Clinical Learning 
Environment
Irsk Anderson and Vineet M. Arora.

Brief Report

Training Residents in Hospital Medicine:  
The Hospitalist Elective National Survey
Steven Ludwin, et al.

EDITORIAL It Is What It Is…. For Now
Jeffrey G. Wiese.

Reviews

Update in Hospital Medicine: Practical Lessons 
from the Literature
Alfred Burger, et al.

Interventions to Improve Follow Up of  
Laboratory Test Results Pending at Discharge:  
A Systematic Review
Nedra S. Whitehead, et al.

Choosing Wisely®: Things We Do  
For No Reason

Things We Do For No Reason: The Default Use  
of Hypotonic Maintenance Intravenous Fluids  
in Pediatrics
Alan M. Hall, et al.

EDITORIAL Healthy Skepticism and Due Process
Kevin T. Powell and Lisa B. Zaoutis.

Clinical Care Conundrum

A Tough Egg to Crack
Rabih M. Geha, et al.





An Official Publication of the Society of Hospital Medicine	 Journal of Hospital Medicine    Vol 13  |  No 9  |  September 2018          585

EDITOR-IN-CHIEF
Andrew Auerbach, MD, MPH, 

MHM
University of California, San 
Francisco

FOUNDING EDITOR

Mark V. Williams, MD, MHM
University of Kentucky Center for  

Health Services Research

SENIOR DEPUTY EDITORS

Daniel J. Brotman, MD, MHM
Johns Hopkins Medical Center

Margaret Fang, MD, MPH, FHM
University of California, San Francisco

Shoshana J. Herzig, MD, MPH
Beth Israel Deaconness Medical Center

Tara Lagu, MD, MPH
Baystate Health Center for Quality of 

Care Research

Luci K. Leykum, MD, MBA, MSc
University of Texas Health Science Center 

in San Antonio

Samir S. Shah, MD, MSCE, FHM
Cincinnati Children’s Hospital Medical 

Center

DEPUTY EDITORS

Vineet Arora, MD, MHM
University of Chicago

Leonard Feldman, MD, SFHM, FACP, 
FAAP

Johns Hopkins Medical Center  

Bradley Flansbaum, DO, MPH, FACP, 
SFHM

Lenox Hill Hospital

Daniel Hunt, MD
Emory University

Somnath Mookherjee, MD
University of Washington

ASSOCIATE EDITORS

Nasim Afsar, MD, SFHM
Ronald Reagan UCLA Medical Center

Eric J. Alper, MD, SFHM, FACP
Lifespan Providence, Rhode Island

Mel L. Anderson, MD, FACP
University of Colorado School of 

Medicine

Robert N. Axon, MD
Medical University of South Carolina

Christopher P. Bonafide, MD, MSCE
The Children’s Hospital of Philadelphia

Anthony C. Breu, MD, FHM
Harvard Medical School

Vineet Chopra, MD, FHM
University of Michigan Medical Center

Peter Cram, MD, MBA
UHN and Mt. Sinai Hospitals

Daniel D. Dressler, MD, MSc, SFHM
Emory University School of Medicine 

Kathleen M. Finn, MD, FHM, FACP
Massachusetts General Hospital 

Ryan Greysen, MD
University of California, San Francisco

Christine Jones, MD, MS
University of Colorado

Lisa Kirkland, FACP
Mayo Clinic, Rochester

Nita S. Kulkarni, MD
Northwestern Medicine

Brian P. Lucas, MD, MS, FHM
White River Junction Vermont VAMC

Anil Makam, MD, MAS
UT Southwestern Medical Center

Andrew Masica, MD, MSCI, SFHM
Baylor Scott & White Health

Hilary Mosher, MD
University of Iowa

Sara Murray, MD
University of California, San Francisco

Aaron Neinstein, MD
University of California, San Francisco

Oanh Nguyen, MD, MAS
UT Southwestern Medical Center

Michael Ong, MD, PhD
UCLA, VA Greater Los Angeles 

Healthcare System

Jack M. Percelay, MD, MPH, FAAP, 
SFHM

E.L.M.O. Pediatrics 

Read G. Pierce, MD
University of Colorado Medical Center

Rehan Qayyum, MD
Johns Hopkins Hospital

Gregory W. Ruhnke, MD, MPH
University of Chicago

Danielle Scheurer, MD, MSc, SFHM
Medical University of South Carolina

Jeffrey L. Schnipper, MD, MPH, FHM
Brigham and Women’s Hospital,
  Harvard Medical School

Ann M. Sheehy, MD, MS
University of Wisconsin

Heidi Sucharew, PhD
Cincinnati Children’s Hospital Medical 

Center

Joanna E. Thomson, MD, MPH
Cincinnati Children’s Hospital Medical 

Center

Eduard Vasilevskis, MD
Vanderbilt University

Chad T. Whelan, MD, FHM
University of Chicago

Jeffrey G. Wiese, MD, FACP, FHM
Tulane University

EDITORIAL BOARD

Douglas W. Carlson, MD, SFHM
Washington University

Patrick Conway, MD, MSc, FAAP, 
SFHM

Cincinnati Children’s Hospital Medical 
Center

Sunil Kripalani, MD, MSc, SFHM
Vanderbilt University

Joseph Ming Wah Li, MD, SFHM
Beth Israel Deaconess Medical Center

Peter Lindenauer, MD, MSc, FHM
Baystate Medical Center-Tufts Medical 

School

Jennifer S. Myers, MD, FHM
Hospital of the University of Pennsylvania

Sanjay Saint, MD, MPH
University of Michigan

Harold C. Sox, MD
Geisel School of Medicine at Dartmouth

Robert M. Wachter, MD, MHM
University of California, San Francisco

Winthrop F. Whitcomb, MD, MHM
University of Massachusetts Medical 

School

NATIONAL CORRESPONDENTS

Keri Holmes-Maybank, MD
Medical University of South Carolina

Nathan Houchens, MD
University of Michigan, Ann Arbor

Bradley Monash, MD
University of California, San Francisco

Andrew Odden, MD
Washington University, St. Louis

Andrew Olson, MD
University of Minnesota

Reza Sedighi Manesh, MD
Johns Hopkins University

Bradley Sharpe, MD
University of California, San Francisco

Andrew White, MD
University of Washington

THE SOCIETY OF HOSPITAL 
MEDICINE OFFICERS

Nasim Afsar, MD, SFHM
President

Christopher Frost, MD, SFHM
President-Elect

Danielle Scheurer, MD, MSRC, SFHM
Treasurer

Tracy Cardin, ACNP-BC, SFHM
Secretary

Ron Greeno, MD, FCCP, MHM
Immediate Past President

BOARD MEMBERS

Steven B. Deitelzweig, MD, MMM, 
FACC, FACP, SFHM

Howard R. Epstein, MD, SFHM

Kris Rehm, MD, SFHM

Bradley Sharpe, MD, FACP, SFHM

Jerome C. Siy, MD, SFHM

Rachel Thompson, MD, MPH, SFHM

Patrick Torcson, MD, MMM, SFHM



586          Journal of Hospital Medicine    Vol 13  |  No 9  |  September 2018� An Official Publication of the Society of Hospital Medicine

Publisher: The Journal of Hospital Medicine (Print ISSN 1553-5592; E-ISSN 1553-
5606) is published monthly for the Society of Hospital Medicine by Frontline Medical 
Communications, with business offices at 7 Century Drive, Suite 302, Parsippany, NJ 
07054-4609, telephone 973-206-3434, fax 973-206-9378. Periodicals postage paid at 
Parsippany, NJ and at additional mailing offices.

Postmaster: Send address changes to Journal of Hospital Medicine, Subscription 
Services, P.O. Box 3000, Denville, NJ 07834-3000.

Copyright: Copyright © 2018 Society of Hospital Medicine. No part of this publication 
may be reproduced, stored or transmitted in any form or by any means without the 
prior permission in writing from the copyright holder. Authorization to photocopy items 
for internal and personal use is granted by the copyright holder for libraries and other 
users registered with their local Reproduction Rights Organization (RRO), e.g. Copyright 
Clearance Center (CCC), 222 Rosewood Drive, Danvers, MA 01923, USA (www.copyright.
com), provided the appropriate fee is paid directly to the RRO. This consent does not 
extend to other kinds of copying such as copying for general distribution, for advertising 
or promotional purposes, for creating new collective works or for resale. 

Disclaimer: The Publisher, Society of Hospital Medicine (SHM), and Editors cannot be 
held responsible for errors or any consequences arising from the use of information 
contained in this journal; the views and opinions expressed do not necessarily reflect 
those of the Publisher, SHM, and Editors, neither does the publication of advertisements 
constitute any endorsement by the Publisher, SHM, and Editors of the products 
advertised.

All materials published, including but not limited to original research, editorials, 
reviews, brief reports and letters represent the opinions and views of the authors and 
do not reflect any official policy or medical opinion of the institutions with which the 
authors are affiliated, SHM, or of the Publisher unless this is clearly specified. Materials 
published herein are intended to further general scientific research, understanding, and 
discussion only and are not intended and should not be relied upon as recommending 
or promoting a specific method, diagnosis, or treatment by physicians for any particular 
patient. While the Editors, SHM, and Publisher believe that drug selections and dosages 
and the specifications and usage of equipment and devices as set forth herein are in 
accord with current recommendations and practice at the time of publication, they 
accept no legal responsibility for any errors or omissions, and make no warranty, express 
or implied, with respect to material contained herein. Publication of an advertisement 
or other discussions of products in this publication should not be construed as an 
endorsement of the products or the manufacturers’ claims. Readers are encouraged to 
contact the manufacturers with any questions about the features or limitations of the 
products mentioned.

Reprints: For article reprint requests in the United States and Canada, please contact 
Wright’s Media, toll free: (877) 652-5295; frontline@wrightsmedia.com. For those 
outside the US/Canada, contact Ray Thibodeau, Content Ed Net, at (267) 895-1758; ray.
thibodeau@contentednet.com.

Subscriptions: Individual, USA: $406.00 p.a.; institution, USA: $845.00 p.a.; student, 
resident, intern, USA: $118.00; $35.00 per copy, USA. Individual, Canada/Mexico: 
$438.00 p.a.; institution, Canada/Mexico: $925.00 p.a.; $47.00 per copy, Canada/Mexico. 
Individual, all other nations: $739.00 (surface mail), $950.00 (air mail); institution, all other 
nations: $925.00; $59.00 per copy, all other nations. For back issues, call (833) 836-2705 to 
charge to your credit card. Written requests will be accepted and must be accompanied 
by check or money order. Send payment and request to Journal of Hospital Medicine, 
Subscription Services, P.O. Box 3000, Denville, NJ 07834-3000.  

For subscriptions, please call (833) 836-2705, Journal of Hospital Medicine, Subscription 
Services, P.O. Box 3000, Denville, NJ 07834-3000 or e-mail custsvc.jhm@fulcoinc.com.

All claims for replacement of missing copies of Journal of Hospital Medicine, without 
charge, must be made within 3 months of date of missing issue requested. Otherwise, 
cost of replacement is $47.00 USA, $59.00 Canada/Mexico, $71.00 Other per copy. 
Produced in the USA.

WEBSITE 
www.journalofhospitalmedicine.com 

EDITORIAL STAFF

Managing Editor 
Susan D. Hite
(240) 221-2471
susanhite@mdedge.com

ART

Creative Director 
Mary Ellen Niatas

Art Director 
John J. DeNapoli

PRODUCTION AND MANUFACTURING

Production Manager 
Mike Wendt
(973) 206-8010
mwendt@mdedge.com

CIRCULATION

Subscription Service:
(833) 836-2705
custsvc.jhm@fulcoinc.com

PUBLISHING STAFF

Publisher 
Mark Branca
(973) 290-8246
mbranca@mdedge.com

National Account Manager 
Valerie Bednarz
(973) 206-8954
Cell (973) 907-0230
vbednarz@mdedge.com

National Account Manager 
Artie Krivopal
(973) 290-8218
Cell (973) 202-5402
akrivopal@mdedge.com

Classified Sales 
Linda Wilson
(973) 290-8243
lwilson@mdedge.com
Heather Gonroski
(973) 290-8259
hgentile@mdedge.com

Accounts Receivable 
Joan Friedman
(973) 290-8211
jfriedman@mdedge.com

mailto:custsvc.jhm@fulcoinc.com


An Official Publication of the Society of Hospital Medicine	 Journal of Hospital Medicine    Vol 13  |  No 9  |  September 2018          587

TABLE OF CONTENTS

Volume 13  |  Number 9  |  September 2018

ORIGINAL RESEARCH

589	 Association Between Postdischarge Emergency Department Visitation and Readmission Rates
Arjun K. Venkatesh, MD, MBA, MHS, Changqin Wang, MD, MS, Yongfei Wang, MS, Faseeha Altaf, MPH,  
Susannah M. Bernheim, MD, MHS, Leora Horwitz MD, MHS

595	 The Burden of Guardianship: A Matched Cohort Study
Daniel N. Ricotta, MD, James J. Parris, MD, PhD, Ritika S. Parris, MD, David N. Sontag, JD, M.Bioethics, Kenneth J. Mukamal, MD, MPH

602	� Development of Hospitalization Resource Intensity Scores for Kids (H-RISK) and Comparison Across  
Pediatric Populations
Troy Richardson, PhD, Jonathan Rodean, MS, Mitch Harris, PhD, Jay Berry, MD, MPH, James C. Gay, MD, MMHC, Matt Hall, PhD

609	� Safety Huddle Intervention for Reducing Physiologic Monitor Alarms: A Hybrid Effectiveness-Implementation 
Cluster Randomized Trial
Christopher P. Bonafide, MD, MSCE, A. Russell Localio, PhD, Shannon Stemler, BA, Luis Ahumada, MSCS, PhD, Maya Dewan, MD, MPH, 
Elizabeth Ely, RN, PhD, Ron Keren, MD, MPH

616	 A Matter of Urgency: Reducing Clinical Text Message Interruptions During Educational Sessions
Arielle Mendel, MD, Anthony Lott, MD, Lisha Lo, MPH, Robert Wu, MD, MSc

BRIEF REPORT

623	 Training Residents in Hospital Medicine: The Hospitalist Elective National Survey
Steven Ludwin, MD, James D. Harrison, MPH, PhD, Sumant Ranji, MD, Bradley A. Sharpe, MD, Patrick Kneeland, MD

REVIEWS

626	 Update in Hospital Medicine: Practical Lessons from the Literature
Alfred Burger, MD, Chad Miller, MD, Bradley A. Sharpe, MD, Rachel E. Thompson, MD, MPH

631	 Interventions to Improve Follow Up of Laboratory Test Results Pending at Discharge: A Systematic Review
Nedra S. Whitehead, MS, PhD, Laurina Williams, PhD, MPH, Sreelatha Meleth, PhD, Sara Kennedy, MPH, Paul Epner, MS,  
Hardeep Singh, MD, MPH, Kathleene Wooldridge, MD, MPH, Anuj K. Dalal, MD, FHM, Stacy E. Walz, PhD, MS, MT (ASCP),  
Tom Lorey, MD, Mark L. Graber, MD

CHOOSING WISELY®: THINGS WE DO FOR NO REASON

637	 Things We Do For No Reason: The Default Use of Hypotonic Maintenance Intravenous Fluids in Pediatrics
Alan M. Hall, MD, Juan C. Ayus, MD, FASN, FACP, Michael L. Moritz, MD, FAAP

CLINICAL CARE CONUNDRUM

641	 A Tough Egg to Crack
Rabih M. Geha, MD, Gurpreet Dhaliwal, MD, Marion G. Peters, MD, Reza Manesh, MD

Continued >



September 2018  |  No 9  |   Vol 13

588          Journal of Hospital Medicine    Vol 13  |  No 9  |  September 2018� An Official Publication of the Society of Hospital Medicine

EDITORIALS

646	 Postdischarge Emergency Department Visits: Good, Bad, or Ugly?
Rahul Banerjee, MD, S. Ryan Greysen, MD, MHS, MA, FHM

648	 Relative Weights for Pediatric Inpatients: Children Now Have a Scale of Their Own
Evan Fieldston, MD, MBA, MS

650	 FYI: This Message Will Interrupt You – Texting Impact on Clinical Learning Environment
Irsk Anderson, MD, Vineet M. Arora, MD, MAPP

652	 It Is What It Is…. For Now
Jeffrey G. Wiese, MD, MHM, FACP

654	 Healthy Skepticism and Due Process
Kevin T. Powell, MD, PhD, FAAP, Lisa B. Zaoutis, MD, FAAP



An Official Publication of the Society of Hospital Medicine	 Journal of Hospital Medicine    Vol 13  |  No 9  |  September 2018          589

ORIGINAL RESEARCH

Association Between Postdischarge Emergency Department Visitation  
and Readmission Rates

Arjun K. Venkatesh, MD, MBA, MHS1,2*, Changqin Wang, MD, MS1, Yongfei Wang, MS1, Faseeha Altaf, MPH1,  
Susannah M. Bernheim, MD, MHS1,3, Leora Horwitz MD, MHS4,5,6

1Center for Outcomes Research and Evaluation, Yale-New Haven Hospital, New Haven, Connecticut; 2Department of Emergency Medicine, School 
of Medicine, Yale University, New Haven, Connecticut; 3Department of Internal Medicine, School of Medicine, Yale University, New Haven, Con-
necticut; 4Center for Healthcare Innovation and Delivery Science, New York University Langone Medical Center, New York, New York; 5Division of 
Healthcare Delivery Science, Department of Population Health, School of Medicine, New York University, New York, New York; 6Division of General 
Internal Medicine and Clinical Innovation, Department of Medicine, School of Medicine, New York University, New York, New York.

Hospital readmissions for acute myocardial infarction 
(AMI), heart failure, and pneumonia have become 
central to quality-measurement efforts by the Centers 
for Medicare & Medicaid Services (CMS), which seek 

to improve hospital care transitions through public reporting 
and payment programs.1 Most current measures are limited to 
readmissions that require inpatient hospitalization and do not 
capture return visits to the emergency department (ED) that 
do not result in readmission but rather ED discharge. These 

visits may reflect important needs for acute, unscheduled care 
during the vulnerable posthospitalization period.2-5 While pre-
vious research has suggested that nearly 10% of patients may 
return to the ED following hospital discharge without readmis-
sion, the characteristics of these visits among Medicare ben-
eficiaries and the implications for national care-coordination 
quality-measurement initiatives have not been explored.6,7

As the locus of acute outpatient care and the primary por-
tal of hospital admissions and readmissions, ED visits follow-
ing hospital discharge may convey meaningful information 
about posthospitalization care transitions.8,9 In addition, re-
cent reviews and perspectives have highlighted the role of ED 
care-coordination services as interventions to reduce inpatient 
hospitalizations and improve care transitions,10,11 yet no em-
pirical studies have evaluated the relationship between these 
unique care-coordination opportunities in the ED and care-co-
ordination outcomes, such as hospital readmissions. As poli-
cymakers seek to develop accountability measures that cap-
ture the totality of acute, unscheduled visits following hospital 

*Address for correspondence: Arjun K. Venkatesh, MD, MBA, MHS, 1 Church 
St., 2nd Floor, New Haven, CT 06510; Telephone: 203-764-5700; Fax: 203-764-
5653; E-mail: arjun.venkatesh@yale.edu

Additional Supporting Information may be found in the online version of this 
article.

Received July 31, 2017; Revised: November 10, 2017;  
Accepted: November 26, 2017

© 2018 Society of Hospital Medicine DOI 10.12788/jhm.2937

BACKGROUND: Hospital readmission rates are publicly 
reported by the Centers for Medicare & Medicaid 
Services (CMS); however, the implications of emergency 
department (ED) visits following hospital discharge on 
readmissions are uncertain. We describe the frequency, 
diagnoses, and hospital-level variation in ED visitation 
following hospital discharge, including the relationship 
between risk-standardized ED visitation and readmission 
rates.

METHODS: This is a cross-sectional analysis of Medicare 
beneficiaries hospitalized for acute myocardial infarction 
(AMI), heart failure, and pneumonia between July 2011 
and June 2012. We used Medicare Standard Analytic 
Files to identify admissions, readmissions, and ED visits 
consistent with CMS measures. Postdischarge ED visits 
were defined as treat-and-discharge ED services within 
30 days of hospitalization without readmission. We 
utilized hierarchical generalized linear models to calculate 
hospital risk–standardized postdischarge ED visit rates and 
readmission rates.

RESULTS: We included 157,035 patients hospitalized at 
1,656 hospitals for AMI, 391,209 at 3,044 hospitals for 
heart failure, and 342,376 at 3,484 hospitals for pneumonia. 
After hospitalization for AMI, heart failure, and pneumonia, 
there were 14,714 (9%), 31,621 (8%), and 26,681 (8%) ED 
visits, respectively. Hospital-level variation in postdischarge 
ED visit rates was substantial: AMI (median: 8.3%; 5th and 
95th percentile: 2.8%-14.3%), heart failure (median: 7.3%; 
5th and 95th percentile: 3.0%-13.3%), and pneumonia 
(median: 7.1%; 5th and 95th percentile: 2.4%-13.2%). There 
was statistically significant inverse correlation between 
postdischarge ED visit rates and readmission rates: AMI 
(−0.23), heart failure (−0.29), and pneumonia (−0.18).

CONCLUSIONS: Following hospital discharge, ED treat-
and-discharge visits are half as common as readmissions for 
Medicare beneficiaries. There is wide hospital-level variation 
in postdischarge ED visitation, and hospitals with higher ED 
visitation rates demonstrated lower readmission rates. Journal 
of Hospital Medicine 2018;13:589-594. Published online first 
March 15, 2018. © 2018 Society of Hospital Medicine
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discharge, describing the relationship between ED visits and 
readmissions will be essential to providers for benchmarking 
and to policymakers and payers seeking to reduce the total 
cost of care.12,13

Accordingly, we sought to characterize the frequency, diag-
noses, and hospital-level variation in treat-and-discharge ED 
visitation following hospital discharge for three conditions for 
which hospital readmission is publicly reported by the CMS: 
AMI, heart failure, and pneumonia. We also sought to evaluate 
the relationship between hospital-level ED visitation following 
hospital discharge and publicly reported, risk-standardized re-
admission rates (RSRRs).

METHODS
Study Design
This study was a cross-sectional analysis of Medicare benefi-
ciaries discharged alive following hospitalization for AMI, heart 
failure, and pneumonia between July 2011 and June 2012.

Selection of Participants 
We used Medicare Standard Analytic Files to identify inpatient 
hospitalizations for each disease cohort based on principal dis-
charge diagnoses. Each condition-specific cohort was construct-
ed to be consistent with the CMS’s readmission measures using 
International Classification of Diseases, 9th Revision-Clinical 
Modification codes to identify AMI, heart failure, and pneumo-
nia discharges.1 We included only patients who were enrolled in 
fee-for-service (FFS) Medicare parts A and B for 12 months prior 
to their index hospitalization to maximize the capture of diag-
noses for risk adjustment. Each cohort included only patients 
who were discharged alive while maintaining FFS coverage for 
at least 30 days following hospital discharge to minimize bias in 
outcome ascertainment. We excluded patients who were dis-
charged against medical advice. All contiguous admissions that 
were identified in a transfer chain were considered to be a single 
admission. Hospitals with fewer than 25 condition-specific index 
hospital admissions were excluded from this analysis for consis-
tency with publicly reported measures.1 

Measurements
We measured postdischarge, treat-and-release ED visits that 
occurred at any hospital within 30 days of hospital discharge 
from the index hospitalization. ED visits were identified as a 
hospital outpatient claim for ED services using hospital outpa-
tient revenue center codes 0450, 0451, 0452, 0456, and 0981. 
This definition is consistent with those of previous studies.3,14 
We defined postdischarge ED visits as treat-and-discharge 
visits or visits that did not result in inpatient readmission or 
observation stays. Similar to readmission measures, only one 
postdischarge ED visit was counted toward the hospital-level 
outcome in patients with multiple ED visits within the 30 days 
following hospital discharge. We defined readmission as the 
first unplanned, inpatient hospitalization occurring at any hos-
pital within the 30-day period following discharge. Any sub-
sequent inpatient admission following the 30-day period was 
considered a distinct index admission if it met the inclusion 

criteria. Consistent with CMS methods, unplanned, inpatient 
readmissions are from any source and are not limited to pa-
tients who were first evaluated in the ED. 

Outcomes
We describe hospital-level, postdischarge ED visitation as the 
risk-standardized postdischarge ED visit rate. The general con-
struct of this measure is consistent with those of prior studies 
that define postdischarge ED visitation as the proportion of 
index admissions followed by a treat-and-discharge ED visit 
without hospital readmission2,3; however, this outcome also 
incorporates a risk-standardization model with covariates that 
are identical to the risk-standardization approach that is used 
for readmission measurement. 

We describe hospital-level readmission by calculating 
RSRRs consistent with CMS readmission measures, which are 
endorsed by the National Quality Forum and used for public 
reporting.15-17 Detailed technical documentation, including the 
SAS code used to replicate hospital-level measures of read-
mission, are available publicly through the CMS QualityNet 
portal.18

We calculated risk-standardized postdischarge ED visit rates 
and RSRRs as the ratio of the predicted number of postdis-
charge ED visits or readmissions for a hospital given its ob-
served case mix to the expected number of postdischarge ED 
visits or readmissions based on the nation’s performance with 
that hospital’s case mix, respectively. This approach estimates a 
distinct risk-standardized postdischarge ED visit rate and RSRR 
for each hospital using hierarchical generalized linear models 
(HGLMs) and using a logit link with a first-level adjustment for 
age, sex, 29 clinical covariates for AMI, 35 clinical covariates 
for heart failure, and 38 clinical covariates for pneumonia. Each 
clinical covariate is identified based on inpatient and outpa-
tient claims during the 12 months prior to the index hospi-
talization. The second level of the HGLM includes a random 
hospital-level intercept. This approach to measuring hospital 
readmissions accounts for the correlated nature of observed 
readmission rates within a hospital and reflects the assumption 
that after adjustment for patient characteristics and sampling 
variability, the remaining variation in postdischarge ED visit 
rates or readmission rates reflects hospital quality.

Analysis
In order to characterize treat-and-discharge postdischarge ED 
visits, we first described the clinical conditions that were evalu-
ated during the first postdischarge ED visit. Based on the prin-
cipal discharge diagnosis, ED visits were grouped into clinically 
meaningful categories using the Agency for Healthcare Re-
search and Quality Clinical Classifications Software (CCS).19 We 
also report hospital-level variation in risk-standardized postdis-
charge ED visit rates for AMI, heart failure, and pneumonia. 

Next, we examined the relationship between hospital char-
acteristics and risk-standardized postdischarge ED visit rates. 
We linked hospital characteristics from the American Hospital 
Association (AHA) Annual Survey to the study dataset, includ-
ing the following: safety-net status, teaching status, and urban 
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or rural status. Consistent with prior work, hospital safety-net 
status was defined as a hospital Medicaid caseload greater 
than one standard deviation above the mean Medicaid case-
load in the hospital’s state. Approximately 94% of the hospitals 
included in the three condition cohorts in the dataset had com-
plete data in the 2011 AHA Annual Survey to be included in this  
analysis. 

We evaluated the relationship between postdischarge ED 
visit rates and hospital readmission rates in two ways. First, we 
calculated Spearman rank correlation coefficients between 
hospital-level, risk-standardized postdischarge ED visit rates 
and RSRRs. Second, we calculated hospital-level variation in 
RSRRs based on the strata of risk-standardized postdischarge 
ED visit rates. Given the normal distribution of postdischarge 

ED visit rates, we grouped hospitals by quartile of postdis-
charge ED visit rates and one group for hospitals with no post-
discharge ED visits. 

Based on preliminary analyses indicating a relationship be-
tween hospital size, measured by condition-specific index hos-
pitalization volume, and postdischarge treat-and-discharge 
ED visit rates, all descriptive statistics and correlations report-
ed are weighted by the volume of condition-specific index 
hospitalizations. The study was approved by the Yale University 
Human Research Protection Program. All analyses were con-
ducted using SAS 9.1 (SAS Institute Inc, Cary, North Carolina). 
The analytic plan and results reported in this work are in com-
pliance with the Strengthening the Reporting of Observational 
Studies in Epidemiology checklist.20

TABLE. Postdischarge ED Visit Rates Based on Hospital Characteristics

Hospital  
Characteristics

AMI Heart Failure Pneumonia

Hospitals,  
N

Observed  
Postdischarge  

ED Visit Rate, % 
(95% CI)

Risk- 
Standardized  
Postdischarge  

ED Visit Rate, % 
(95% CI)

RSRR, %  
(95% CI)

Hospitals,  
N

Observed  
Postdischarge 

 ED Visit Rate, % 
(95% CI)

Risk- 
Standardized  
Postdischarge  

ED Visit Rate, %  
(95% CI)

RSRR, %  
(95% CI)

Hospitals,  
N

Observed  
Postdischarge 

ED Visit Rate, % 
(95% CI)

Risk- 
Standardized  
Postdischarge  

ED Visit Rate, % 
(95% CI)

RSRR, %  
(95% CI)

Teaching Status

Nonteaching 978 8.7 
(8.4 to 8.9)

8.6 
(8.5 to 8.7)

17.5 
(17.4 to 
17.6)

2183 8.2 
(8.1 to 8.4)

7.8 
(7.7 to 7.9)

22.5 
(22.4 to 
22.5)

2634 7.9 
(7.8 to 8)

7.6 
(7.5 to 7.6)

17.2 
(17.2 to 
17.3)

Teaching 611 8.5 
(8.2 to 8.7)

8.6 
(8.5 to 8.7)

17.6 
(17.5 to 
17.7)

723 7.2 
(7 to 7.4)

7.2 
(7.1 to 7.3)

22.2 
(22.1 to 
22.4)

708 6.9 
(6.7 to 7.1)

7.1 
(7 to 7.2)

17.3 
(17.2 to 
17.4)

Location

Rural 14 12.8 
(10 to 15.6)

10.1 
(9 to 11.2)

17.2 
(16.7 to 
17.7)

316 10.2 
(9.6 to 10.8)

8.4 
(8.2 to 8.6)

22.7 
(22.5 to 
22.8)

582 9.3 
(8.9 to 9.6)

8.0 
(7.9 to 8.1)

17.2 
(17.2 to 
17.3)

Urban 1,575 8.5 
(8.4 to 8.7)

8.6 
(8.5 to 8.7)

17.5 
(17.5 to 
17.6)

2590 7.7 
(7.6 to 7.8)

7.5 
(7.5 to 7.6)

22.4 
(22.3 to 
22.4)

2760 7.4 
(7.3 to 7.5)

7.4 
(7.3 to 7.4)

17.2 
(17.2 to 
17.3)

Ownership

Public 158 8.8 
(8.2 to 9.3)

8.6 
(8.4 to 8.8)

17.6 
(17.5 to 
17.8)

422 8.7 
(8.4 to 9)

8.0 
(7.9 to 8.2)

22.2 
(22.1 to 
22.4)

591 8.4 
(8 to 8.7)

7.7 
(7.6 to 7.9)

17.2 
(17.1 to 
17.2)

Nonprofit 1,160 8.6 
(8.4 to 8.8)

8.6 
(8.5 to 8.7)

17.5 
(17.5 to 
17.6)

1936 7.7 
(7.6 to 7.9)

7.5 
(7.4 to 7.6)

22.3 
(22.3 to 
22.4)

2191 7.5 
(7.4 to 7.6)

7.4 
(7.3 to 7.4)

17.2 
(17.2 to 
17.3)

Private 271 8.1 
(7.7 to 8.6)

8.4 
(8.3 to 8.6)

17.6 
(17.5 to 
17.8)

548 7.7 
(7.5 to 8)

7.5 
(7.4 to 7.7)

22.6 
(22.5 to 
22.8)

560 7.3 
(7 to 7.5)

7.3 
(7.2 to 7.4)

17.3 
(17.2 to 
17.4)

Safety-Net Status

Nonsafety net 1,324 8.6 
(8.4 to 8.7)

8.6 
(8.5 to 8.7)

17.5 
(17.5 to 
17.6)

2273 7.7 
(7.6 to 7.8)

7.5 
(7.4 to 7.6)

22.4 
(22.3 to 
22.4)

2505 7.5 
(7.3 to 7.6)

7.3 
(7.3 to 7.4)

17.3 
(17.2 to 
17.3)

Safety net 265 8.6 
(8.2 to 9.1)

8.6 
(8.4 to 8.7)

17.7 
(17.6 to 
17.8)

633 8.4 
(8.1 to 8.7)

7.8 
(7.7 to 8)

22.4 
(22.2 to 
22.5)

837 8.2 
(8 to 8.5)

7.7 
(7.6 to 7.8)

17.2 
(17.1 to 
17.2)

NOTE: Included are 1,564 of 1,656 hospitals (94%) for AMI, 2,839 of 3,044 hospitals (93%) for heart failure, and 3,266 of 3,484 of hospitals (94%) with hospital characteristics available. Abbrevia-
tions: AMI, acute myocardial infarction; CI, confidence interval; ED, emergency department.
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RESULTS
During the one-year study period, we included a total of 
157,035 patients who were hospitalized at 1,656 hospitals for 
AMI, 391,209 at 3,044 hospitals for heart failure, and 342,376 at 
3,484 hospitals for pneumonia. Details of study cohort creation 
are available in supplementary Table 1. After hospitalization 
for AMI, 14,714 patients experienced a postdischarge ED visit 
(8.4%) and 27,214 an inpatient readmissions (17.3%) within 30 
days of discharge; 31,621 (7.6%) and 88,106 (22.5%) patients 
after hospitalization for heart failure; and 26,681 (7.4%) and 
59,352 (17.3%) patients after hospitalization for pneumonia ex-
perienced a postdischarge ED visit and an inpatient readmis-
sion within 30 days of discharge, respectively.

Postdischarge ED visits were for a wide variety of condi-
tions, with the top 10 CCS categories comprising 44% of 
postdischarge ED visits following AMI hospitalizations, 44% 
of following heart failure hospitalizations, and 41% following 
pneumonia hospitalizations (supplementary Table 2). The first 
postdischarge ED visit was rarely for the same condition as the 
index hospitalization in the AMI cohort (224 visits; 1.5%) as well 
as the pneumonia cohort (1,401 visits; 5.3%). Among patients 
who were originally admitted for heart failure, 10.6% of the first 
postdischarge ED visits were also for heart failure. However, 
the first postdischarge ED visit was commonly for associated 
conditions, such as coronary artery disease in the case of AMI 
or chronic obstructive pulmonary disease in the case of pneu-
monia, albeit these related conditions did not comprise the 
majority of postdischarge ED visitation. 

We found wide hospital-level variation in postdischarge ED 
visit rates for each condition: AMI (median: 8.3%; 5th and 95th 
percentile: 2.8%-14.3%), heart failure (median: 7.3%; 5th and 
95th percentile: 3.0%-13.3%), and pneumonia (median: 7.1%; 
5th and 95th percentile: 2.4%-13.2%; supplementary Table 
3). The variation persisted after accounting for hospital case 
mix, as evidenced in the supplementary Figure, which de-
scribes hospital variation in risk-standardized postdischarge 
ED visit rates. This variation was statistically significant (P < 
.001), as demonstrated by the isolated relationship between 
the random effect and the outcome (AMI: random effect es-
timate 0.0849 [95% confidence interval (CI), 0.0832 to 0.0866]; 
heart failure: random effect estimate 0.0796 [95% CI, 0.0784 to 
0.0809]; pneumonia: random effect estimate 0.0753 [95% CI, 
0.0741 to 0.0764]).

Across all three conditions, hospitals located in rural areas 
had significantly higher risk-standardized postdischarge ED vis-
it rates than hospitals located in urban areas (10.1% vs 8.6% for 
AMI, 8.4% vs 7.5% for heart failure, and 8.0% vs 7.4% for pneu-
monia). In comparison to teaching hospitals, nonteaching hos-
pitals had significantly higher risk-standardized postdischarge 
ED visit rates following hospital discharge for pneumonia (7.6% 
vs 7.1%). Safety-net hospitals also had higher risk-standardized 
postdischarge ED visitation rates following discharge for heart 
failure (8.4% vs 7.7%) and pneumonia (7.7% vs 7.3%). Risk-stan-
dardized postdischarge ED visit rates were higher in publicly 
owned hospitals than in nonprofit or privately owned hospitals 
for heart failure (8.0% vs 7.5% in nonprofit hospitals or 7.5% in 

private hospitals) and pneumonia (7.7% vs 7.4% in nonprofit 
hospitals and 7.3% in private hospitals; Table).

Among hospitals with RSRRs that were publicly reported 
by CMS, we found a moderate inverse correlation between 
risk-standardized postdischarge ED visit rates and hospital 
RSRRs for each condition: AMI (r = −0.23; 95% CI, −0.29 to 
−0.19), heart failure (r = −0.29; 95% CI, −0.34 to −0.27), and 
pneumonia (r = −0.18; 95% CI, −0.22 to −0.15; Figure).

DISCUSSION
Across a national cohort of Medicare beneficiaries, we found 
frequent treat-and-discharge ED utilization following hospital 
discharge for AMI, heart failure, and pneumonia, suggesting 
that publicly reported readmission measures are capturing 
only a portion of postdischarge acute-care use. Our findings 
confirm prior work describing a 30-day postdischarge ED visit 
rate of 8% to 9% among Medicare beneficiaries for all hospi-
talizations in several states.3,6 While many of the first postdis-
charge ED visits were for conditions related to the index hospi-
talization, the majority represent acute, unscheduled visits for 
different diagnoses. These findings are consistent with prior 
work studying inpatient readmissions and observation read-
missions that find similar heterogeneity in the clinical reasons 
for hospital return.21,22

We also described substantial hospital-level variation in 
risk-standardized ED postdischarge rates. Prior work by Vashi 
et al.3 demonstrated substantial variation in observed post-
discharge ED visit rates and inpatient readmissions following 
hospital discharge between clinical conditions in a popula-
tion-level study. Our work extends upon this by demonstrating 
hospital-level variation for three conditions of high volume and 
substantial policy importance after accounting for differences 
in hospital case mix. Interestingly, our work also found simi-
lar rates of postdischarge ED treat-and-discharge visitation in 
recent work by Sabbatini et al.23 analyzing an all-payer, adult 
population with any clinical condition. Taken together, these 
studies show the substantial volume of postdischarge acute-
care utilization in the ED not captured by existing readmission 
measures. 

We found several hospital characteristics of importance in 
describing variation in postdischarge ED visitation rates. No-
tably, hospitals located in rural areas and safety-net hospitals 
demonstrated higher postdischarge ED visitation rates. This 
may reflect a higher use of the ED as an acute, unscheduled 
care access point in rural communities without access to al-
ternative acute diagnostic and treatment services.24 Similarly, 
safety-net hospitals may be more likely to provide unsched-
uled care for patients with poor access to primary care in the 
ED setting. Yet, consistent with prior work, our results also in-
dicate that these differences do not result in different read-
mission rates.25 Regarding hospital teaching status, unlike prior 
work suggesting that teaching hospitals care for more safe-
ty-net Medicare beneficiaries,26 our work found opposite pat-
terns of postdischarge ED visitation between hospital teach-
ing and safety-net status following pneumonia hospitalization. 
This may reflect differences in the organization of acute care as 
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patients with limited access to unscheduled primary and spe-
cialty care in safety-net communities utilize the ED, whereas 
patients in teaching-hospital communities may be able to ac-
cess hospital-based clinics for care. 

Contrary to the expectations of many clinicians and pol-
icymakers, we found an inverse relationship between post-
discharge ED visit rates and readmission rates. While the 
cross-sectional design of our study cannot provide a causal ex-
planation, these findings merit policy attention and future ex-
ploration of several hypotheses. One possible explanation for 
this finding is that hospitals with high postdischarge ED visit 
rates provide care in communities in which acute, unscheduled 
care is consolidated to the ED setting and thereby permits the 
ED to serve a gatekeeper function for scarce inpatient resourc-
es. This hypothesis may also be supported by recent interven-
tions demonstrating that the use of ED care coordination and 
geriatric ED services at higher-volume EDs can reduce hospi-
talizations. Also, hospitals with greater ED capacity may have 
easier ED access and may be able to see patients earlier in 
their disease courses postdischarge or more frequently in the 
ED for follow-up, therefore increasing ED visits but avoiding 
rehospitalization. Another possible explanation is that hospi-
tals with lower postdischarge ED visit rates may also have a 
lower propensity to admit patients. Because our definition of 
postdischarge ED visitation did not include ED visits that re-
sult in hospitalization, hospitals with a lower propensity to ad-
mit from the ED may therefore appear to have higher ED visit 
rates. This explanation may be further supported by our find-
ing that many postdischarge ED visits are for conditions that 
are associated with discretionary hospitalization in the ED.27 A 
third explanation for this finding may be that poor access to 
outpatient care outside the hospital setting results in higher 
postdischarge ED visit rates without increasing the acuity of 
these revisits or increasing readmission rates28; however, given 
the validated, risk-standardized approach to readmission mea-
surement, this is unlikely. This is also unlikely given recent work 
by Sabbatini et al.23 demonstrating substantial acuity among 
patients who return to the ED following hospital discharge. 

Future work should seek to evaluate the relationship between 
the availability of ED care-coordination services and the spe-
cific ED, hospital, and community care-coordination activities 
undertaken in the ED following hospital discharge to reduce 
readmission rates. 

This work should be interpreted within the confines of its de-
sign. First, it is possible that some of the variation detected in 
postdischarge ED visit rates is mediated by hospital-level varia-
tion in postdischarge observation visits that are not captured in 
this outcome. However, in previous work, we have demonstrat-
ed that almost one-third of hospitals have no postdischarge 
observation stays and that most postdischarge observation 
stays are for more than 24 hours, which is unlikely to reflect 
the intensity of care of postdischarge ED visits.27 Second, our 
analyses were limited to Medicare FFS beneficiaries, which 
may limit the generalizability of this work to other patient pop-
ulations. However, this dataset did include a national cohort 
of Medicare beneficiaries that is identical to those included in 
publicly reported CMS readmission measures; therefore, these 
results have substantial policy relevance. Third, this work was 
limited to three conditions of high illness severity of policy fo-
cus, and future work applying similar analyses to less severe 
conditions may find different degrees of hospital-level varia-
tion in postdischarge outcomes that are amenable to quality 
improvement. Finally, we assessed the rate of treat-and-dis-
charge ED visits only after hospital discharge; this understates 
the frequency of ED visits since repeat ED visits and ED visits 
resulting in rehospitalization are not included. However, our 
definition was designed to mirror the definition used to assess 
hospital readmissions for policy purposes and is a conservative 
approach.

In summary, ED visits following hospital discharge are com-
mon, as Medicare beneficiaries have one treat-and-discharge 
ED visit for every two readmissions within 30 days of hospital 
discharge. Postdischarge ED visits occur for a wide variety of 
conditions, with wide risk-standardized, hospital-level variation. 
Hospitals with the highest risk-standardized postdischarge ED 
visitation rates demonstrated lower RSRRs, suggesting that poli-

FIG. Association between Readmission Rates and Postdischarge ED Visit Rates for AMI, Heart Failure, and Pneumonia.
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cymakers and researchers should further examine the role of the 
hospital-based ED in providing access to acute care and sup-
porting care transitions for the vulnerable Medicare population.

Disclosure: Dr. Venkatesh received contract support from the CMS, an agency of 
the U.S. Department of Health & Human Services, and grant support from the 
Emergency Medicine Foundation’s Health Policy Research Scholar Award during 
the conduct of the study; and Dr. Wang, Mr. Wang, Ms. Altaf, Dr. Bernheim, 
and Dr. Horwitz received contract support from the CMS, an agency of the U.S. 
Department of Health & Human Services, during the conduct of the study. 
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ORIGINAL RESEARCH

The Burden of Guardianship: A Matched Cohort Study

Daniel N. Ricotta, MD1,2*, James J. Parris, MD, PhD1, Ritika S. Parris, MD1,  
David N. Sontag, JD, M. Bioethics1, Kenneth J. Mukamal, MD, MPH1

1Beth Israel Deaconess Medical Center, Boston, Massachusetts; 2Carl J. Shapiro Institute for Education and Research, Boston, Massachusetts.

A central tenet of modern medicine is that patients 
must provide fully informed consent to receive or 
refuse medical care offered by their clinical teams.1–4 
If a patient is unable to make and communicate a 

choice or clearly indicate an understanding of the information 
presented, then he or she is considered to lack the capacity 
to make medical decisions and the medical team must seek 
consent from the patient’s surrogate decision-maker.2-7 Every 
U.S. state recognizes a patient’s healthcare proxy (HCP) and a 
court-appointed guardian as a legally recognized surrogate.8,9 
Most of the states also have statutes or regulations establishing 
a hierarchy of legally recognized surrogate decision-makers in 
the absence of a HCP or a court-appointed guardian, such as 
spouses, adult children, parents, siblings, and grandparents.8,10 

In states that do not have such a statute, hospitals develop 
their own institutional policies for surrogate decision-making.

However, there are important limitations on the authority of 
these surrogate decision-makers.10 For instance, patients may 
not have a family member or a friend to serve as a surrogate 
decision-maker, often family members cannot override a pa-
tient’s objection, even when that patient lacks decision-making 
capacity, and certain decisions require a guardian or a HCP.8-

10 In these circumstances, the hospital must petition a court 
to appoint a guardian as a legally recognized surrogate de-
cision-maker. This can be an involved family member, if one 
exists, or an independent, typically volunteer, guardian.11 The 
process of guardian appointment is complex7,11 and can range 
from a few days to more than a month, largely dependent on 
court dates and finding a volunteer guardian. Much of the pro-
cess occurs during the patient’s hospital stay. This prolonga-
tion of hospitalization would be expected to increase health 
care costs and iatrogenic complications,12–14 but data quantify-
ing these for patients requiring guardianship are lacking. 

The goal of this study was to describe the characteristics of 
patients who undergo the process of guardianship and mea-
sure the associated burdens. These burdens include the finan-
cial costs to the medical system, the prolonged length of stay 
beyond medical necessity, and the costs to the patient in the 
form of hospital-acquired complications. Investigating the bur-
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BACKGROUND: In cases where patients are unable to 
provide informed consent and have no surrogate decision-
maker, a hospital must seek guardian appointment as a 
legally recognized surrogate decision-maker.

OBJECTIVE: The aim of this study was to examine the 
magnitudes of length of stay (LOS) beyond medical 
clearance and healthcare costs among patients referred 
for guardianship.

DESIGN, SETTING AND PATIENTS: This was a 
retrospective cohort study of all 61 adult inpatients in 
a single tertiary care hospital requiring guardianship 
between October 1, 2014, and September 30, 2015, 
matched with up to three controls from the same 
discharging services and hospitalized for at least as long as 
the date of clearance for referred patients. 

MEASUREMENTS: The following parameters were 
measured using generalized estimating equations: total 
LOS, LOS beyond medical clearance (excess LOS), medical 
complications, and total charges among referred patients, 

and the LOS and costs were compared with those of 
matched controls. 

RESULTS: Mean LOS for patients requiring guardianship 
was 31 ± 2 days, and the total charges averaged $179,243 ± 
22,950. We documented 12 hospital-acquired complications 
in 10 (16%; 95% confidence interval [CI], 8%-28%) unique 
patients. Accounting for potential confounders, the process 
of obtaining guardianship was associated with a 37% longer 
total LOS (95% CI [12%-67%]; P = .002), 58% higher excess 
LOS (95% CI [2%-145%]; P = .04), and 23% higher total 
charges (95% CI [4%-46%]; P = .02).

CONCLUSION: In this single-center cohort study, the 
guardianship process was associated with prolonged 
hospital stay and higher total hospital charges even when 
compared with matched controls. Furthermore, one in six 
patients suffered from a hospital-associated complication 
after medical clearance. Journal of Hospital Medicine 
2018;13:595-601. Published online first February 5, 2018. 
© 2018 Society of Hospital Medicine
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den of guardianship is an important first step in uncovering 
opportunities to improve the process. We hypothesized that 
patients requiring guardianship would have lengths of stay and 
healthcare costs that were at least as large as those for patients 
whose conditions required similar durations of hospitalization 
prior to medical clearance, in part due to iatrogenic complica-
tions that would accrue while awaiting guardian appointment.

METHODS
Setting
We conducted a retrospective matched cohort study of adult 
inpatients at Beth Israel Deaconess Medical Center (BIDMC), 
a 651-bed academic, tertiary care facility in Boston, Massa-
chusetts. The study was approved by the BIDMC Institutional 
Review Board as a nonhuman subject research consistent with 
hospital operations.

Population
For this matched cohort study, we identified case patients as 
those hospitalized for any reason for whom guardianship pro-
ceedings were initiated and obtained; only the first hospitaliza-
tion during which the guardianship was pursued was used. Cases 
were identified by obtaining the data of all patients for whom the 
BIDMC general counsel completed the process of guardianship 
between October 2014 and September 2015. At BIDMC, all the 
guardianship proceedings are referred to the general counsel.

To determine the postclearance experience for referred pa-
tients compared with that for other patients with similar lengths 
of stay up to those of the referred patients’ point of clearance, 
we identified up to three matched controls for each case (Sup-
plemental Figure 1). Medical clearance was defined as the date 
when the patient was medically stable to be discharged from 
the hospital, and it was determined in an iterative manner. We 
identified controls as hospitalized patients admitted for any 
cause and matched to the cases requiring guardianship on dis-
charging service and length of stay prior to clearance. Specifical-
ly, we identified patients on the same service as the case whose 
length of stay was at least as long as the length of stay of the 
case patient until medical clearance, as defined below. We then 
determined the total and the excess length of stay, defined as 
the duration beyond clearance for each case referred for guard-
ianship; for controls, the ‘excess’ length of stay was the num-
ber of hospitalized days beyond the corresponding time that 
a matched case had been provided clearance. To account for 
seasonal influences and the training level of house officers, we 
selected the three controls whose discharge date was closest 
(before or after) to the discharge date of their matched case.

From legal team files, we identified 61 patients hospitalized 
at BIDMC for whom new guardianship was pursued to com-
pletion. Of these 61 patients, 10 could not be matched to an 
appropriate control and were included in descriptive analyses 
but not in comparisons with controls.

Covariates and Outcomes
We collected the details regarding age, gender, primary lan-
guage, highest level of education, marital status, insurance 

status, race, date of admission, date of discharge, discharge 
disposition, principal diagnosis, case mix index (CMI), and 
discharging service from our administrative and billing data. 
Outcomes of interest included length of stay and total hospi-
tal charges that were collected from the same databases. We 
used hospital charges, rather than payments, to ensure unifor-
mity across payers. 

Chart Review 
Unique to cases, a team of two medical residents (J.P., R.P.) and 
a hospitalist (D.R.) determined the date of medical clearance 
and hospital-associated complications by a chart review. The 
date of medical clearance was then used to calculate excess 
length of stay, ie, the duration of stay beyond the date of med-
ical clearance, by subtracting the time to medical clearance 
from the total inpatient length of stay. 

We developed a novel algorithm to determine the date of 
medical clearance consistently (Figure 1). We first determined 
whether the discharge summary indicated a clear date of med-
ical readiness for discharge. If the discharge summary was 
unclear, then a case management or a social work note was 
used. The date of medical clearance determined by the case 
management or the social work note was then confirmed with 
clinical data. The date was confirmed if there were no signifi-
cant laboratory orders and major medication changes or pro-
cedures for 24 hours from the date identified. If notes were 
also inconclusive, then the medical clearance was determined 
by a review of provider order entry. Medical readiness for dis-
charge was then defined as the first day when there were no 
laboratory orders for 48 hours and no significant medication 
changes, imaging studies, or microbiologic orders. 

Hospital-acquired complications were determined to be 
related to the guardianship process if they occurred after the 
date of medical stability but prior to discharge. We did not 
investigate hospital-acquired complications among controls. 
Hospital-acquired complications were defined as follows:
•	 Catheter-associated urinary tract infection (CAUTI): active 

Foley catheter order and positive urine culture that resulted 
in antibiotic administration.

•	 Hospital-acquired pneumonia (HAP): chest X-ray or com-
puted tomography (CT) scan showing a consolidation that 
resulted in antibiotic administration.

•	 Venous thromboembolism (VTE): positive venous ultrasound 
or CT angiography of the chest for deep venous thrombosis 
(DVT) or pulmonary embolism (PE).

•	 Decubitus ulcer: new wound care consultation for sacral de-
cubitus ulceration.

•	 Clostridium difficile (C. diff) infection: positive stool polymerase 
chain reaction that resulted in antibiotic administration. 
The algorithm for identifying the date of clearance and the 

presence of complications was piloted independently by three 
investigators (R.P., J.P., D.R.) using a single chart review and 
was redesigned until a consensus was obtained. The same 
three investigators then independently reviewed three addi-
tional charts, including all notes, laboratory results, imaging 
results, and orders, with complete agreement for both date 
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of clearance and presence of complications. Two investigators 
(R.P., J.P.) then individually reviewed the remaining 57 charts. 
Of these, 10 were selected a priori for review by both inves-
tigators for interrater reliability, with a mean difference of 0.5 
days in the estimated time to clearance and complete concor-
dance in complications. In addition, a third investigator (DR) 
independently reread 5 of the 57 reviewed charts, with com-
plete concordance in both time to clearance and presence of 
complications with the original readings.

Statistical Analysis
SAS 9.3 was used for all analyses (SAS Institute Inc., Cary, North 
Carolina). 

We first examined the demographic and clinical character-
istics of all 61 patients who underwent guardianship proceed-
ings. Second, we described the primary outcomes of interest–
length of stay, costs, and likelihood of complications – in this 
series of patients with associated 95% confidence intervals. 

Third, we examined the associations between guardianship 
and length of stay and healthcare costs using generalized es-
timating equations with clustering by matched set and com-
pound symmetry. For length of stay, we specifically assessed 
excess length of stay (the matching variable) to avoid immortal 
time bias; we also examined the total length of stay. For all 
regression analyses, we adjusted for the following covariates: 
age, gender, education, marital status, race/ethnicity, CMI, in-
surance status, discharging service, and principal diagnosis. To 

maximize normality of residuals, costs were log-transformed; 
length of stay beyond clearance was log-transformed after ad-
dition of one. For both outcomes, we back-transformed the re-
gression coefficients and presented percent change between 
case and control patients. All reported tests are two-sided. 

RESULTS
A total of 61 guardianship cases and 118 controls were includ-
ed in the analysis.

General Characteristics
The characteristics of all cases prior to matching are included 
in Table 1. The department of internal medicine discharged 
the largest proportion of cases, followed by neurosurgery and 
neurology departments. More than 65% of cases were insured 
by Medicare or Medicaid. Three-quarters of cases were dis-
charged from the hospital to another medical facility, with 
about half discharged to a skilled nursing facility (SNF) or a re-
habilitation center and one-quarter to a long-term acute care 
hospital (LTACH). 

The median length of stay for patients requiring guardian-
ship was 28 (range, 23-36) days, and the median total charges 
were $171,083 ($106,897-$245,281), with a total cost approx-
imating $10.9 million for these patients. Regarding hospi-
tal-acquired complications, 10 (16%; 95% confidence interval, 
8%-28%) unique cases suffered from a complication, with HAP 
being the most frequently (n = 5) occurring complication. 

FIG 1. Algorithm for determining medical clearance. Algorithm used to determine date of medical clearance and presence of complications among patients referred 
for guardianship. 
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Comparison with Matched Controls
No statistically significant differences were observed between 
cases and controls in terms of age, primary language, highest 
level of education, ethnicity, insurance status, or discharging 
service as shown in Table 2; discharging service was a matched 
variable and comparable by design. However, cases tended to 
be less likely to be married and had a higher CMI. 

When compared with control patients in terms of similar 
services who stayed for at least as long as their duration to 
clearance, the cases had significantly longer lengths of stay 
compared to those of controls (29 total days compared to 18 
days, P < .001; Figure 2). In addition, cases incurred significant-
ly higher median total charges ($168,666) compared to those 
of controls ($104,190; P = .02).

After accounting for potential confounders, including age, 
gender, language, education, marital status, discharging ser-
vice, ethnicity, insurance status, CMI, and principal diagnosis, 
guardianship was associated with 58% higher excess length of 
stay (P = .04, 95% CI [2%-145%]). Furthermore, guardianship 
was associated with 23% higher total charges (P = .02, 95% CI 
[4%-46%]) and 37% longer total length of stay (P = .002, 95% 
CI [12%-67%]).

DISCUSSION
In this cohort study of 61 inpatients from a single academic 
medical center who needed guardianship, patients who re-
quired this process had prolonged lengths of stay and sub-
stantial healthcare costs even when compared with matched 
controls who stayed at least as long as the cases’ date of clear-
ance. One in six patients suffered from hospital-associated 
complications after their date of medical clearance. 

To our knowledge, this is among the first studies to inves-
tigate healthcare costs and harm to the patient in the form 
of hospital-associated complications as a result of guardian-
ship proceedings. Other studies15,16 have also demonstrated 
excessive length of stay attributed to nonclinical factors such 
as guardianship, though they did not quantify the excess stay 
or compare guardianship cases with a matched control. One 
study17 demonstrated total charges of $150,000 per patient 
requiring guardianship, which are similar to our results. How-
ever, Chen et al. also observed an average of 27.8 medically 
unnecessary days, which are 16 more days than those in our 
study sample. This may reflect the difference in how excess 
days were determined, namely, statistical process control anal-
ysis in the previous study compared with a manual chart review 
in our study. To our knowledge, no other study has compared 
guardianship cases with matched controls to compare their 
experiences to patients with similarly prolonged stays prior to 
clearance.

After matching by service and the length of stay until medical 
clearance in each guardianship case, the subsequent length of 
stay was higher among cases than among controls, even after 
adjustment for differences in CMI and diagnosis. This suggests 
that the process of obtaining guardianship results in a particu-
larly prolonged length of stay, which is presumably attributable 
to factors other than medical complexity or ongoing illness. 

TABLE 1. Characteristics of Patients Referred  
for Guardianship

Variable N = 61

Age (years) 61 (52–72)

Case Mix Index 5.4 (1.7–10.9)

Total ICU Stay (days) 13 (2–22)

# Discharges in Last Year 1 (1–3)

Total Length of Stay (days) 28 (23–36)

Total Charges ($) $171,083 ($106,897–$245,281) 

Discharging Service
   Surgery
   Internal medicine
   Neurosurgery
   Neurology
   Psychiatry

5 (8%)
25 (41%)
19 (31%)
11 (18%)
1 (2%)

Gender
   F 35 (57%)

Complications
   CAUTI
   DVT
   Fall
   HAP
   Sacral Ulcer
   None

3 (5%)
1 (2%)
1 (2%)
5 (8%)
2 (3%)

51 (84%)

Ethnicity
   White
   Black
   Hispanic
   Asian
   Other/Multiracial/Unknown

31 (51%)
4 (7%)
3 (5%)
3 (5%)

20 (33%)

Education
   College
   High School
   Unknown

14 (23%)
24 (39%)
23 (38%)

Primary Language
   English
   Non-English

56 (92%)
5 (8%)

Marital Status
   Married
   Divorced
   Single
   Widowed
   Unknown

12 (20%)
6 (10%)
22 (36%)
4 (7%)

17 (28%)

Disposition
   Home 
   Rehab/SNF
   LTACH
   Inpatient Psychiatry
   Expired

2 (3%)
32 (52%)
16 (26%)
5 (8%)
6 (10%)

Insurance Status
   Private
   Medicare
   Medicaid
   Other

16 (26%)
27 (44%)
13 (21%)
5 (8%)

*�Data are represented as median (IQR) for continuous variables and N (%) for nominal 
variables

Abbreviations: CAUTI, catheter-associated urinary tract infection; DVT, deep venous 
thrombosis; HAP, hospital-acquired pneumonia; ICU, intensive care unit; LTACH,  long-
term acute care hospital; SNF: skilled nursing facility.
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It is probable that at least two interrelated mechanisms are 
responsible for the particularly high costs and the long stay of 
patients who require guardianship. First, the process of obtain-
ing guardianship is itself protracted in several cases, necessi-
tating long-term admissions well beyond the point of medical 
stability. Second, our results suggest that longer hospital stays 
are apt to grow further in a feed-forward cycle due to hospi-
tal-acquired complications that develop after the date of med-

ical clearance. Indeed, in our series, 16% of patients sustained 
a complication that is readily attributable to hospital care after 
their date of clearance, and these types of complications are 
likely to lengthen the stay even further.

We compared cases referred for guardianship to control pa-
tients on the same services, at similar time points, whose length 
of stay was at least as long as the point of medical clearance as 
their corresponding case patient. Because cases were hospi-

TABLE 2. Characteristics of Patients Referred for Guardianship and Matched Controlsa

Variable Cases (n=51) Controls (n=118) P Valueb

Age (years) 61 (52-72) 61 (48-71) .6

Case-Mix Index 5.9 (1.7-10.9) 3.0 (1.5-5.3) .003

ICU Length of Stay (days) 13 (2-23) 4 (0-14) .006

Length of Stay (days) 29 (23-37) 18 (12-32) <.001

Excess Length of Stay (days) 12 (2-20) 4 (2-8) <.001

Total Charges ($) $168,666 (105,127 - 245,282) $104,190 (40,318 - 217,307) .02

Gender
 

Male
Female

21 (41)
30 (59)

68 (57)
50 (42)

.06

Language
 

English
Non-English

46 (90)
5 (10)

99 (84)
19 (16)

.34

Education
 

College
High School
Unknown

13 (25)
20 (39)
18 (35)

46 (39)
48 (41)
24 (20)

.08

Marital Status
 

Divorced
Married
Single

Unknown

10 (20)
9 (18)
19 (37)
13 (25)

23 (19)
50 (42)
35 (30)
10 (8)

.002

Discharging Servicec

 
Medicine
Neurology
Psychiatry
Surgery

23 (45)
6 (12)
1 (2)

21 (41)

58 (49)
13 (11)
3 (3)

44 (37)

.9

Ethnicity
 

Asian
Black

Hispanic
Other
White

2 (4)
4 (8)
2 (4)

16 (31)
27 (53)

4 (3)
13 (11)
4 (3)

23 (19)
74 (63)

.5

Insurance Status
 

Medicaid
Medicare
Private
Other

8 (16)
22 (43)
16 (31)
5 (10)

28 (24)
46 (39)
36 (31)
8 (7)

.6

Principal Diagnosis Neurosurgical Fracture
Neurosurgical Hemorrhage

Neurosurgical Stroke
Medicine

Neurologic
Surgical

Psychiatric

10 (20)
16 (31)
2 (4)

27 (14)
5 (10)
0 (0)
4 (8)

7 (6)
19 (16)
3 (3)

56 (48)
17 (14)
14 (12)
2 (2)

<.001

aData are represented as median (IQR) for continuous variables and N (%) for nominal variables
bP values calculated using Wilcoxon two-sample t-test for continuous variables and Fisher’s Exact for nominal variables
cReferred cases and controls matched on discharge service and length of stay prior to clearance.
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talized with active medical needs to at least the point of clear-
ance, we anticipated that costs might well be lower among 
cases, who had no medical necessity for hospitalization at 
the point of clearance, compared with controls who remained 
hospitalized presumably for active medical needs. Counter to 
this hypothesis, and accounting for potentially confounding 
variables, undergoing a guardianship proceeding was asso-
ciated with nearly 25% higher costs of patient care. This may 
ultimately represent a substantial burden on the healthcare 
system. For example, in just one year in our hospital, the total 
hospital charges reached almost $11 million for the 61 patients 
who underwent guardianship proceedings. Considering that 
65% of the patients requiring guardianship had Medicaid or 
Medicare coverage, there are significant financial implications 
for the hospital systems and to the public.

Limitations of our study relate to its retrospective nature at 
a single center. Investigating guardianship cases at a single 
center and with a small sample size of 61 patients limits gener-
alizability. Nevertheless, we still had enough power to detect 
significant differences compared with matched controls, and, 
to our knowledge, this study remains the largest investigation 
into the cost associated with guardianship to date and the only 
study comparing guardianship cases with matched controls. 
Furthermore, we did not complete chart reviews of controls, 
which limits direct comparisons of complications and preclud-
ed our matching on variables that required detailed review. 

The retrospective design may include confounders unac-
counted for in our statistical design, though we attempted to 

match cases with controls to account for some of these po-
tential differences and included a broad set of covariates that 
included measures of comorbidity and diagnosis. To this point, 
we included only CMI and principal diagnosis as the measures 
of severity, and adjustment for CMI, which includes features of 
the index hospitalization itself, may represent overadjustment. 
However, this type of overadjustment would tend to bias to-
ward the null hypothesis.

Investigators only completed chart reviews for cases, which 
limits our ability to contrast the rate of hospital-associated 
complications for cases with that of controls. However, the 
rates of CAUTI and HAP complications among our cases were 
notably higher than national inpatient estimates, ie, 5% and 
8% compared to 0.2%18 and 0.5%-1%,19 respectively. Further-
more, we demonstrated higher total costs and total lengths 
of stay among guardianship patients, analyses for which the 
attributed date of clearance for controls was not required, and 
the rate of complications among the case patients was sizable 
despite their being formally medically cleared. In other words, 
regardless of whether a complication rate of 16% is “typical” 
for inpatients hospitalized for these durations, this suggests 
that persistent hospitalization after clearance does not carry a 
benign prognosis.

In addition, to estimate healthcare costs, we relied on to-
tal hospital charges, which are readily available and reflect, at 
least in part, payer costs but do not reflect true costs to the 
medical center. Nonetheless, charges approximately reflect 
costs – with some variation across cost centers – and hence 

FIG 2. Total length of stay among patients referred for guardianship (n=51) and matched controls. Sets presented in ascending order of time to clearance among 
cases. Blue bars indicate case patients referred for guardianship, and gold bars indicate the mean among up to 3 matched controls. 
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provide a useful metric for comparing cases and controls. To 
provide context, for academic medical centers such as ours, 
costs are typically about half of charges. 

Finally, each state has different statutes for surrogate de-
cision making. The results of this study reflect the Massachu-
setts’ experience, with no public guardianship program or hi-
erarchy statute. That being said, while this presumably causes 
the need for more guardianships in Massachusetts, the mech-
anisms for guardianship are broadly similar nationwide and are 
likely to result in excessive length of stay and cost similar to 
those in our population, as demonstrated in studies from other 
states.7,15–17

Implications
At a time where medical systems are searching for opportu-
nities to reduce the length of stay, prevent unnecessary hos-
pitalization, and improve the quality of care, reevaluating the 
guardianship process is ripe with opportunity. In this single 
academic center, the process of guardianship was associated 
with 58% excess length of stay and 23% higher total hospital 
charges. Furthermore, one in six patients requiring guardian-
ship suffered from hospital-associated complications. 

This matched cohort study adds quantitative data demon-
strating substantial burdens to the healthcare system as a re-
sult of the guardianship process and can be used as an impe-
tus for hospital administration and legal systems to expedite 
the process. Potential improvements include increasing HCP 
form completions (which would eliminate the need to pursue 
guardianship for most of such patients), identifying patients 
who lack a legally recognized surrogate decision-maker earlier 
in their hospital stay (ideally upon admission), and providing 
resources to assist clinical teams in the completion of affidavits 
necessary to support the appointment of a guardian, so that 
paperwork can be filed with courts sooner. Further research 
that provides more generalizable prospective data could po-
tentially improve the guardianship process and reduce its bur-
den on hospitals and patients even further.
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Hospitals are increasingly assessed comparatively in 
terms of costs and quality for benchmarking purpos-
es. These comparisons can be used by patients and 
families to determine where to seek care, to report 

compliance and grant certifications by oversight organizations 
(eg, Leapfrog, Magnet, Joint Commission), and by payers, to 
determine reimbursement models and/or to assess financial 
penalty or bonuses for underperforming or overperforming 
hospitals. As these efforts can cause substantial reputational 
and financial consequences for hospitals, these metrics must 
be contextualized within the population of patients that each 
hospital serves. 

In adult Medicare patient populations, methods have been 
developed to assess the relative severity of a hospital’s full 

complement of patients.1,2 These methods assume a rela-
tionship between severity and hospital resource intensity (ie, 
cost) and typically assume the form of relative weights (RWs), 
which are developed for clinically similar groups of patients 
(eg, Medicare Diagnosis Related Groups; MS-DRG) from a ref-
erence population. A RW for each MS-DRG is calculated as 
the average cost of patients within the group divided by the 
average cost for all patients in the reference population. These 
weights are then applied to a hospital’s discharges over a spe-
cific time period and averaged to obtain a hospital-level case-
mix index (CMI). A value of one indicates that a hospital serves 
a mix of patients with similar severity (or resource intensity) to 
that of an “average” hospital discharge in the reference pop-
ulation, whereas a value of 1.2 indicates that a hospital serves 
a population of patients with 20% more severity than that of 
an “average” hospital discharge. Since 1983, the Centers for 
Medicare and Medicaid Services (CMS) have used RWs in their 
inpatient prospective payment system.3

Similar pediatric methods are less developed and necessi-
tate special consideration as the use of existing weights may 
be inappropriate for a pediatric population. First, MS-DRGs 
were developed primarily for the Medicare population and 
lack sufficient granularity for pediatric populations, specifically 
newborns. Second, a severity stratification which incorporates 
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BACKGROUND: In the Medicare population, measures 
of relative severity of illness (SOI) for hospitalized patents 
have been used in prospective payment models. Similar 
measures for pediatric populations have not been fully 
developed.

OBJECTIVE: To develop hospitalization resource intensity 
scores for kids (H-RISK) using pediatric relative weights 
(RWs) for SOI and to compare hospital types on case-mix 
index (CMI). 

DESIGN/METHODS: Using the 2012 Kids’ Inpatient 
Database (KID), we developed RWs for each All Patient 
Refined Diagnosis Related Group (APR-DRG) and SOI 
level. RW corresponded to the ratio of the adjusted mean 
cost for discharges in an APR-DRG SOI combination over 
adjusted mean cost of all discharges in the dataset. RWs 
were applied to every discharge from 3,117 hospitals in 
the database with at least 20 discharges. RWs were then 
averaged at the hospital level to provide each hospital’s 

CMI. CMIs were compared by hospital type using Kruskal–
Wallis tests.

RESULTS: The overall adjusted mean cost of weighted 
discharges in Healthcare Cost and Utilization Project KID 
2012 was $6,135 per discharge. Solid organ and bone 
marrow transplantations represented 4 of the 10 highest 
procedural RWs (range: 35.5 to 91.7). Neonatal APR-
DRG SOIs accounted for 8 of the 10 highest medical RWs 
(range: 19.0 to 32.5). Free-standing children’s hospitals 
yielded the highest median (interquartile range [IQR]) CMI 
(2.7 [2.2–3.1]), followed by urban teaching hospitals (1.8 
[1.3–2.6]), urban nonteaching hospitals (1.1 [0.9–1.5]), and 
rural hospitals (0.8 [0.7–0.9]; P < .001). 

CONCLUSION: H-RISK for populations of pediatric 
admissions are sensitive to detection of substantial 
differences in SOI by hospital type. Journal of Hospital 
Medicine 2018;13:602-608. Published online first April 25, 
2018. © 2018 Society of Hospital Medicine 
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important patient characteristics, such as age in pediatrics, 
does not exist in the MS-DRG system . Finally, although the ref-
erence populations that are used to develop MS-DRG weights 
do not explicitly exclude children, children typically account for 
approximately 15% of hospitalizations (6% excluding neona-
tal/maternal) and possibly feature different utilization patterns 
than adults with similar conditions. Thus, weights developed 
from a combined pediatric/adult reference population primar-
ily reflect an adult population. 

With valid pediatric RWs, stakeholders can assess a hospi-
tal’s severity mix of patients in a comparable fashion and con-
textualize outcome metrics. Additionally, these same weights 
can be used to estimate expected costs for hospitalizations 
or for risk adjusting various outcomes at the discharge- or 
hospital-level. Thus, we sought to develop hospitalization re-
source intensity scores for kids (H-RISK) using pediatric-specific 
weights and compare hospital-level CMIs across various hospi-
tal types and locations as an example of the application of this 
novel methodology. 

METHODS
Dataset
Data for this analysis were obtained from the 2012 Healthcare 
Cost and Utilization Project (HCUP) Kids’ Inpatient Database 
(KID).4 KID is the largest publicly available all-payer inpatient 
administrative database in the United States and is sponsored 
by the Agency for Healthcare Research and Quality as part of 
the HCUP. The 2012 KID included a sample of approximately 
3.2 million discharge records of children <21 years old from 
44 states and 4,179 community, nonrehabilitation hospitals 
weighted for national estimates.

Hospital discharge costs were estimated from charges using 
cost-to-charge ratios (CCR) provided by HCUP as a supple-
ment to the 2012 KID.5 Cost estimates associated with a spe-
cific discharge were estimated by multiplying the total charges 
reported in the data by the appropriate hospital-specific CCR 
and then adjusted for price factors beyond a hospital’s con-
trol using the area wage index also provided by HCUP as a  
supplement.

H-RISK and Case-Mix Index Calculations
We calculated H-RISK as pediatric-specific RWs based on ver-
sion 30 of 3M’s All Patient Refined DRG (APR-DRG; 3M Health 
Information Systems, Salt Lake City, Utah) system as a measure 
of resource intensity. The APR-DRG system classifies hospital 
discharges into over 300 base DRGs based on demographic, 
diagnostic, and therapeutic characteristics. Each APR-DRG is 
further subdivided into four subclasses of severity of illness 
(SOI; eg, minor, moderate, major, and extreme) to indicate the 
intensity of resource utilization during hospitalization. Howev-
er, SOI levels for differing APR-DRGs are not comparable. 

For every APR-DRG SOI combinations available in the 2012 
KID, calculation of RW was based on the ratio of the mean cost 
for patients assigned to a particular APR-DRG SOI compared 
with the mean cost for all patients in the database. Inpatient 
costs less than $0.50 were set to missing and removed from 

analysis. Mortalities and discharges with missing CCR and 
wage index values were also excluded from analysis. We re-
quired that estimates for RWs be based on a reasonable set 
of data (ie, 10 or more discharges) for each APR-DRG SOI, and 
that estimates across the four SOI levels within an APR-DRG 
be monotonically nondecreasing (ie, as SOI level increases, 
weights must either be the same or increasing). Winsorized 
means were used as point estimates for mean cost in both the 
numerator and denominator of RW computation. Winsorizing 
refers to an analytic transformation by which the influence of 
outliers (eg, values beyond a certain threshold) is mitigated by 
replacing the value of outliers with the value of the threshold. 
We used the 5th and 95th percentiles as thresholds for Win-
sorizing our point estimates.

Winsorized point estimates failing to meet the minimum 
sample size of 10 or nondecreasing monotonicity requirement 
were modified by one of the two following methods:
•	 Cost data were modeled using a generalized linear mod-

el assuming an exponential distribution. Covariates in the 
model included APR-DRG and SOI within APR-DRG as a 
continuous variable. Where applicable, Winsorized esti-
mates of the mean were replaced with modeled estimates.

•	 Data from an APR-DRG SOI in question were combined with 
other SOIs within the same APR-DRG with the closest Win-
sorized mean value. Once data were combined, a common 
Winsorized value was re-computed and values across SOIs 
were checked to ensure that nondecreasing monotonicity 
was maintained. In some APR-DRGs with sparse data, this 
involved combining pairs of severity levels; in others, it in-
volved combining three or four severity levels together.
For APR-DRGs in which no discharges at any SOI were re-

corded in the 2012 KID, we used the Winsorized mean of all en-
counters with a common major diagnostic category (MDC) as 
the missing APR-DRG as point estimate for all four SOI levels.

To calculate the CMI for a set of discharges (eg, discharges 
at a hospital in a year), RWs were assigned to each discharge 
based on APR-DRG SOI designation. Consequently, all dis-
charges from a specific APR-DRG SOI were assigned the same 
RW. Once RWs were assigned, CMI was calculated as the mean 
RW across all discharges. To compare hospital types based on 
acute-care hospital stays which are usually considered with the 
realm of pediatric care, we excluded RWs for normal newborns, 
defined as APR-DRG 626 (neonate birthweight of 2,000–2,499 
g, normal newborn or neonate with other problems) and 640 
(neonate birthweight >2,499 g, normal newborn or neonate 
with other problems), and maternal hospitalizations, defined 
as APR-DRG 540 (cesarean delivery) and 560 (vaginal delivery), 
from our CMI calculations.

Statistical Methodology
Categorical variables were summarized using frequencies and 
percentages; continuous variables were summarized using me-
dians and interquartile ranges. Differences between hospital
types (eg, rural, urban nonteaching, urban teaching, and
free-standing) were assessed using a Chi-square test for as-
sociation for categorical variables. Differences in continuous 
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variables including comparisons of neonatal (MDC 15) and 
nonneonatal discharges, and medical versus procedural dis-
charges as defined by the APR-DRG grouper were assessed 
using a Kruskal–Wallis test. All analyses were performed using 
SAS, Version 9.4 (SAS Institute, Cary, North Carolina); P values 
<.05 were considered statistically significant.

This study was considered nonhuman subjects research by 
the Institutional Review Board of Vanderbilt University Medical 
Center. 

RESULTS 
Patient Population
Table 1 summarizes the patient characteristics for all four hos-
pital types. All comparisons of patient characteristics across the 
four hospital types are significant (P < .001). Of the 6,675,222 

weighted discharges in HCUP KID 2012, almost two-thirds were 
less than one year old (4,269,984). Three-quarters of those in-
fant discharges (3,733,760) were in-hospital births. The South 
was the Census region with the most number of discharges 
(38.8%), and over half of discharges (53.2%) included patients 
who lived in metro areas with more than 1 million residents. 
Patients disproportionately originated from lower-income ar-
eas with 30.9% living in zip codes with median incomes in the 
first quartile.

More than 80% of discharges were classified by a medical 
APR-DRG. The most common medical APR-DRG SOI was 
APR-DRG 640 SOI 1, “Neonate birthweight >2,499 g, normal 
newborn or neonate with other problem,” which accounted for 
almost half of medical APR-DRG discharges (44.5%, Table 2). 
Of the 10 most common medical APR-DRG SOIs, the only non-

TABLE 1. Demographic and Clinical Characteristics of Hospitalizations by Hospital Type.

Characteristica
Overall 

(N = 6,675,222)
Rural Hospital
(N = 710,470)

Urban Nonteaching  
Hospital

(N = 2,098,993)
Urban Teaching Hospital

(N = 3,266,209)

Free-Standing  
Children’s Hospital 

(N = 599,550)

Age, years
   <1
   1–2
   3–5
   6–11
   12–18
   19–20

4,269,984 (64.1)
321,402 (4.8)
228,995 (3.4)
361,628 (5.4)
865,214 (13.0)
618,934 (9.3)

487,464 (68.6)
27,033 (3.8)
17,069 (2.4)
22,759 (3.2)
75,553 (10.6)
80,332 (11.3)

1,526,815 (72.9)
53,232 (2.5)
31,910 (1.5)
53,294 (2.5)

208,789 (10.0)
221,515 (10.6)

2,090,160 (64.1)
148,129 (4.5)
112,937 (3.5)
173,530 (5.3)
432,021 (13.2)
304,868 (9.3)

165,545 (27.6)
93,008 (15.5)
67,079 (11.2)
112,044 (18.7)
148,850 (24.9)
12,219 (2.0)

Male 3,194,495 (47.9) 320,765 (45.2) 975,987 (46.5) 1,575,426 (48.2) 322,317 (53.8)

Race
   White
   Black
   Hispanic
   Asian or Pacific Islander
   Native American
   Other
   Missing

3,138,004 (47.0)
1,001,246 (15.0)
1,290,955 (19.3)

257,994 (3.9)
58,343 (0.9)
378,468 (5.7)
549,932 (8.2)

447,829 (63.0)
65,469 (9.2)
65,483 (9.2)
12,536 (1.8)
14,735 (2.1)
20,257 (2.9)
84,114 (11.8)

1,034,281 (49.3)
255,745 (12.2)
474,878 (22.6)
85,229 (4.1)
13,760 (0.7)
117,251 (5.6)
117,668 (5.6)

1,405,849 (43.0)
593,149 (18.2)
617,899 (18.9)
141,718 (4.3)
27,584 (0.8)
215,408 (6.6)
264,557 (8.1)

250,046 (41.7)
86,882 (14.5)
132,696 (22.1)
18,512 (3.1)
2,265 (0.4)
25,552 (4.3)
83,593 (13.9)

Payer
   Public
   Private
   Other

330,6003 (51.6)
2,836,105 (44.3)

265,200 (4.1)

398,950 (59.1)
242,793 (36.0)
33,149 (4.9)

996,876 (49.5)
926,629 (46.0)
90,111 (4.5)

1,606,001 (51.0)
1,422,135 (45.1)

122,964 (3.9)

304,175 (53.6)
244,548 (43.1)
18,976 (3.3)

Region
   Northeast
   Midwest
   South
   West

1,129,265 (16.9)
1,450,111 (21.7)
2,563,243 (38.4)
1,532,604 (23.0)

71,247 (10.0)
211,752 (29.8)
316,281 (44.5)
111,190 (15.7)

210,787 (10.0)
363,050 (17.3)
832,584 (39.7)
692,572 (33.0)

771,675 (23.6)
713,391 (21.8)
123,3023 (37.8)
548,120 (16.8)

75,556 (12.6)
161,918 (27.0)
181,355 (30.2)
180,722 (30.1)

Number of Chronic Conditions
   0
   1
   2
   3+

4,545,579 (68.1)
1,079,510 (16.2)

450,687 (6.8)
599,446 (9.0)

567,091 (79.8)
91,005 (12.8)
26,433 (3.7)
25,941 (3.7)

1,651,235 (78.7)
267,857 (12.8)
87,618 (4.2)
92,283 (4.4)

2,151,751 (65.9)
558,132 (17.1)
238,233 (7.3)
318,093 (9.7)

175,502 (29.3)
162,515 (27.1)
98,403 (16.4)
163,129 (27.2)

Hospital Birth 3,733,760 (55.9) 447,564 (63.0) 142,8279 (68.0) 1,844,866 (56.5) 13,051 (2.2)

Medical APR-DRG 6,084,913 (91.2) 669,985 (94.3) 1,979,566 (94.3) 2,977,217 (91.2) 458,145 (76.4)

aAll comparisons between hospital types were significant at P < .001. 

NOTE: Abbreviations: APR-DRGs, all patient refined diagnosis related group; H-RISK, hospitalization resource intensity scores for kids, SOI, severity of illness.
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neonate, nonvaginal delivery APR-DRG SOIs included Asthma 
SOI 1, Bronchiolitis & RSV pneumonia SOI 1, and Pneumonia 
NEC SOI 1. Caesarian delivery and appendectomy represented 
half of the 10 most common procedural APR-DRG SOIs.

H-RISK Generation
Of the 1,258 APR-DRG SOI cost-based RWs (H-RISK), 1,119 
(89.0%) met the minimum sample size and adhered to the 
monotonicity requirement. Thus, the Winsorized mean within 
the APR-DRG SOI was used. Modeling was used for 112 (8.9%) 
APR-DRG SOIs, and 23 (1.8%) were grouped with others to en-
sure that results were monotonically nondecreasing. For one 
APR-DRG, 482–Transurethral Prostatectomy, the dataset con-
tained no discharges. Thus, Winsorized mean of all encounters 
within MDC 12, Diseases and Disorders of Male Reproductive 
System, was used. 

The weighted Winsorized mean cost of all discharges was 

$6,135 per discharge. The majority of cost-based H-RISK were 
higher than 1, with 1,038 (82.5%) of APR-DRG SOIs incurring an 
estimated cost higher than $6,135. Solid organ and bone mar-
row transplantations represented 4 of the 10 highest cost-based 
RWs for procedural APR-DRG SOIs (Table 3). Neonatal APR-
DRG SOIs accounted for 8 of the 10 highest medical RWs. A list 
of all APR-DRG SOIs and H-RISK can be found in Appendix A.

Hospital-Level Case-Mix Index for Acute  
Hospitalizations
After excluding normal newborn and maternal hospitalizations, 
median CMI of the 3,117 hospitals with at least 20 unweighted 
discharges was 1.0 (interquartile range [IQR]: 0.8, 1.7). CMI varied 
significantly across hospital types (P < .001). Free-standing chil-
dren’s hospitals exhibited the highest cost-based CMI (median: 
2.7, IQR: 2.2–3.1), followed by urban teaching hospitals (median: 
1.8, IQR: 1.3–2.6), urban nonteaching hospitals (median: 1.1, IQR: 

TABLE 2. Top 10 Medical and Procedural APR-DRG SOIs by Discharge Volume, with relative weights (H-RISK). 

Rank APR-DRG Severity Volume, N (%a) H-RISK

Medical APR-DRGs

1 640: Neonate birthweight >2499 g, normal newborn or neonate w other problem 1: Minor 2,708,958 (44.5) 0.18

2 640: Neonate birthweight >2499 g, normal newborn or neonate w other problem 2: Moderate 492,991 (8.1) 0.26

3 560: Vaginal delivery 1: Minor 225,114 (3.7) 0.51

4 640: Neonate birthweight >2499 g, normal newborn or neonate w other problem 3: Major 120,458 (2.0) 0.65

5 560: Vaginal delivery 2: Moderate 119,230 (2.0) 0.60

6 141: Asthma 1: Minor 88,758 (1.5) 0.55

7 138: Bronchiolitis and RSV pneumonia 1: Minor 71,591 (1.2) 0.49

8 639: Neonate birthweight >2499 g w other significant condition 1: Minor 60,433 (1.0) 0.83

9 626: Neonate birthweight 2000–2499 g, normal newborn or neonate w other problem 1: Minor 55,828 (0.9) 0.26

10 139: Pneumonia NEC 1: Minor 55,318 (0.9) 0.49

Procedural APR-DRGs

1 540: Cesarean delivery 1: Minor 62,127 (10.5) 0.83

2 225: Appendectomy 1: Minor 53,914 (9.1) 1.23

3 540: Cesarean delivery 2: Moderate 39,779 (6.7) 1.02

4 225: Appendectomy 2: Moderate 30,389 (5.1) 1.88

5 315: Shoulder, upper arm, and forearm procedures 1: Minor 11,425 (1.9) 1.05

6 313: Knee & lower leg procedures except foot 1: Minor 10,541 (1.8) 1.73

7 540: Cesarean delivery 3: Major 10,248 (1.7) 1.42

8 97: Tonsil & adenoid procedures 1: Minor 9,928 (1.7) 0.78

9 222: Other stomach, esophageal, & duodenal procedures 1: Minor 9,175 (1.6) 1.02

10 315: Shoulder, upper arm, & forearm procedures 2: Moderate 8,106 (1.4) 1.63

aPercentages listed are percent of discharge type (medical vs. procedural).

NOTE: Abbreviations: APR-DRGs, all patient refined diagnosis related group; H-RISK, hospitalization resource intensity scores for kids, NEC, not elsewhere classified; SOI, severity of illness.
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0.9–1.5), and rural hospitals (median: 0.9, IQR: 0.7–0.9).
These differences in CMI persist when analyzing specific 

subpopulations. Significant differences in CMI were observed 
across the four hospital types for both procedural (P < .001) 
and medical APR-DRGs (P < .001), with free-standing children’s 
hospitals demonstrating the highest CMI of all hospital types 
(Figure). Similarly, within both neonatal and nonneonatal pop-
ulations, significant variation in CMI was noted across hospital 
types (P < .001) with free-standing children’s hospitals incurring 
the highest CMIs (Figure).

DISCUSSION
Currently, no widely available measures can compare the rel-
ative intensity of hospital care specific for inpatient pediatric 
populations. To meet this important need, we have developed 
a methodology to determine valid pediatric RWs (H-RISK) 

which can be used to estimate the intensity of care for appli-
cations across entire hospital patient populations and specific 
subpopulations. H-RISK allow calculation of CMIs for risk ad-
justment of various outcomes at the discharge- or hospital-lev-
el and for comparisons among hospitals and populations. 
Using this methodology, we demonstrated that the CMI for 
free-standing children’s hospitals was significantly higher than 
those of rural, urban, nonteaching, and urban teaching hospi-
tals for all discharges and medical or procedural subgroups. 

CMS has used RWs based on DRGs since the inception of the 
prospective payment system in 1983. The sequence of DRGs 
used by CMS has purposely focused on older adult Medicare 
population, and CMS itself recommends applying Medicare-fo-
cused DRGs (MS-DRGs being the current iteration) only for the 
>65 years population.6 Nevertheless, many payers, both gov-
ernment and commercial, utilize MS-DRGs and their RWs for 

TABLE 3. Top 10 Medical and Procedural APR-DRG SOIs by Relative Weight (H-RISK). 

Rank APR-DRG Severity Volume, N (%*) H-RISK

Medical APR-DRGs

1 589: Neonate birthweight <500 G or GA <24 weeks 3: Major 1,926 (0.0) 32.50

2 591: Neonate birthweight 500–749 g w/o major procedure 4: Extreme 3,404 (0.1) 32.44

3 589: Neonate birthweight <500G or GA <24 weeks 2: Moderate 303 (0.0) 30.44

4 593: Neonate birthweight 750–999 g w/o major procedure 4: Extreme 4,174 (0.1) 27.22

5 281: Malignancy of hepatobiliary system & pancreas 4: Extreme 30 (0.0) 22.53

6 591: Neonate birthweight 500–749 g w/o major procedure 3: Major 964 (0.0) 21.64

7 602: Neonate birthweight 1000–1249 g w RDS, other major respiratory or major anomaly 4: Extreme 2,283 (0.0) 21.53

8 40: Spinal disorders & injuries 4: Extreme 38 (0.0) 19.74

9 603: Neonate birthweight 1000–1249 g w or w/o other significant condition 4: Extreme 201 (0.0) 19.46

10 593: Neonate birthweight 750–999 g w/o major procedure 3: Major 3,358 (0.1) 18.98

Procedural APR-DRGs

1 2: Heart &/or lung transplant 4: Extreme 293 (0.0) 91.66

2 583: Neonate, w ECMO 4: Extreme 623 (0.1) 66.12

3 161: Cardiac defibrillator & heart assist implant 4: Extreme 66 (0.0) 58.98

4 3: Bone marrow transplant 4: Extreme 597 (0.1) 56.55

5 588: Neonate birthweight <1500 g w major procedure 4: Extreme 4,062 (0.7) 48.72

6 1: Liver transplant &/or intestinal transplant 4: Extreme 333 (0.1) 45.95

7 841: Extensive 3rd degree burns w skin graft 4: Extreme 143 (0.0) 41.25

8 4: Tracheostomy w MV 96+ h w extensive procedure or ECMO 4: Extreme 2,379 (0.4) 40.23

9 162: Cardiac valve procedures w cardiac catheterization 4: Extreme 80 (0.0) 38.33

10 3: Bone marrow transplant 3: Major 566 (0.1) 35.54

*Percentages listed are percent of discharge type (medical vs. procedural).

Abbreviations: APR-DRGs, all patient refined diagnosis related group; ECMO, Extracorporeal membrane oxygenation; H-RISK, hospitalization resource intensity scores for kids; MV, mechanical 
ventilation; RDS, respiratory distress syndrome; SOI, severity of illness.
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payment purposes when reimbursing children’s hospitals. The 
validity of using weights developed using this grouper in hospi-
tals treating large numbers of pediatric patients and childhood 
illnesses has been called into question, particularly when such 
weights are used in reimbursement of children’s hospitals.7 

Several factors contribute to the validity of a model for develop-
ing RWs. First, the system used to describe patient hospitalizations 
and illnesses should be appropriate to the population in question. 
As described above, the original DRG system and its subsequent 
iterations were designed to describe hospitalizations for adults 
>65 years of age.8, 9 Over the years, CMS DRGs incorporated rudi-
mentary categories for neonatal and obstetrical hospitalizations. 
Still, the current MS-DRGs lack sufficient focus on common inpa-
tient pediatric conditions to adequately describe pediatric hospi-
talizations, particularly those in free-standing children’s hospitals 
delivering tertiary and quaternary care. Thus, a more appropriate 
classification schema for developing RWs specific for pediatric 
hospitalization should include patients across the entire age spec-
trum. APR-DRGs represent one such classification system. 

Once an appropriate patient classification system is select-
ed, then the population of hospitalized patients to be used as 
the reference group becomes important. For a system target-
ing a pediatric inpatient population, a hospital discharge data-
base representing a broad sample of pediatric hospitalizations 
offers the best basis for developing a system of weights appli-
cable to different types of hospitals providing care for children. 
For this purpose, we selected the 2012 KID database, a nation-
ally representative dataset containing data on newborn and 
pediatric discharges from the majority of states within the Uni-
etd States. This choice assured that the RWs developed were 

based on and applicable to pediatric hospitalizations across 
the entire spectrum of SOI and resource intensity. 

A number of measures of hospital performance and quality 
have been developed and are used by various entities, includ-
ing individual hospitals, CMS, Leapfrog, Magnet, Joint Com-
mission, and payers, for purposes ranging from benchmarking 
for improvement to payment models to reimbursement penal-
ties. However, SOI of a hospital’s patient population influences 
not only the intensity of care that a hospital provides but also 
presents a potential impact on process and outcome measures. 
Thus, fair and appropriate measures must consider differenc-
es in SOI when comparing hospital performances. Using the 
weights derived in this paper, these adjustments can be possi-
bly made at either the discharge- or hospital-level, depending 
on the application, and may include comparisons by hospital 
location, ownership, payer mix, or socioeconomic strata.

It is also common for hospitals to quantitatively express the 
uniqueness of services that they deliver to payers or the general 
public. A hospital-level CMI (derived as the average discharge 
weight for patients within a hospital) is one way that hospitals 
may differentiate themselves. This can be accomplished by con-
sidering the ratio of one hospital’s CMI to another hospital’s (or 
an average of a group of hospitals) as an expression of the rela-
tive intensity of services. For example, if hospital x has a CMI of 
2.3, and hospital y has a CMI of 1.4, the population of children 
hospitalized at hospital x was 64.3% (1–2.3/1.4) more resource 
intensive than the children seen at hospital y. 

This study should be considered in terms of several limita-
tions. We used costs as the basis for determining intensity of 
service. Thus, the difference in cost structure among children’s 

FIG. Case mix index by hospital type for: (A) medical, (B) procedural, (C) neonate, and (D) nonneonate discharges. The P-value indicates the level of significance 
comparing case-mix index across the four hospital types.
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hospitals and between children’s hospitals and other hospi-
tal types in the KID could have affected the final calculated 
weights. Also, the RWs calculated in this study rely on hospital 
discharge data. Thus, complications which were not “present 
on admission” and occurred during a hospitalization could 
have reflected poor quality of care yet still increase resource 
intensity as measured by total costs. Future studies should 
examine the potential impact of using present-on-admission 
diagnoses only for the APR-DRG grouping on the values of 
RWs. Significant variation may have existed among hospitals 
in resource utilization, and some hospitals may have exhibited 
significant overutilization of resources for the same conditions. 
However, as we used Winsorized means, the impact of poten-
tial outliers should have been reduced. Some APR-DRG-SOI 
combinations were seen mainly at children’s hospitals. Thus, 
cost structure and resource utilization practices of this subset of 
hospitals would have been the only contributors to weights for 
these patients. Given that the 2012 KID contained a broad rep-

resentation of pediatric hospitalizations, with age 0–20 years, 
newborns accounted for the majority of total cases in the da-
tabase. While providing a full range of pediatric weights, inclu-
sion of these patients lowered the overall average RW. For this 
reason, we excluded normal newborn categories and maternal 
categories from analysis of CMI across hospital types and fo-
cused on acute-care hospitalizations. Lastly, as with any study 
relying on administrative data, there is always the possibility of 
coding errors or data entry errors in the reference dataset. 

CONCLUSIONS
H-RISK can be used to risk adjust measures to account for se-
verity differences across populations. These weights can also 
be averaged across hospitals’ patient populations to compare 
relative resource intensities of the patients served.

Disclosures: The authors have nothing to disclose.
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Physiologic monitor alarms occur frequently in the hos-
pital environment, with average rates on pediatric 
wards between 42 and 155 alarms per monitored pa-
tient-day.1 However, average rates do not depict the 

full story, because only 9%-25% of patients are responsible for 
most alarms on inpatient wards.1,2 In addition, only 0.5%-1% 

of alarms on pediatric wards warrant action.3,4 Downstream 
consequences of high alarm rates include interruptions5,6 and 
alarm fatigue.3,4,7

Alarm customization, the process of reviewing individual 
patients’ alarm data and using that data to implement pa-
tient-specific alarm reduction interventions, has emerged as a 
potential approach to unit-wide alarm management.8-11 Poten-
tial customizations include broadening alarm thresholds, insti-
tuting delays between the time the alarm condition is met and 
the time the alarm sounds, and changing electrodes.8-11 How-
ever, the workflows within which to identify the patients who 
will benefit from customization, make decisions about how 
to customize, and implement customizations have not been  
delineated.

Safety huddles are brief structured discussions among phy-
sicians, nurses, and other staff aiming to identify and mitigate 
threats to patient safety.11-13 In this study, we aimed to evaluate 
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BACKGROUND: Monitor alarms occur frequently but 
rarely warrant intervention. 

OBJECTIVE: This study aimed to determine if a safety 
huddle-based intervention reduces unit-level alarm rates 
or alarm rates of individual patients whose alarms are 
discussed, as well as evaluate implementation outcomes.

DESIGN: Unit-level, cluster randomized, hybrid 
effectiveness-implementation trial with a secondary 
patient-level analysis. 

SETTING: Children’s hospital.

PATIENTS: Unit-level: all patients hospitalized on 
four control (n = 4177) and four intervention (n = 
7131) units between June 15, 2015 and May 8, 2016. 
Patient-level: 425 patients on randomly selected dates 
postimplementation.

INTERVENTION: Structured safety huddle review of alarm 
data from the patients on each unit with the most alarms, 
with a discussion of ways to reduce alarms.

MEASUREMENTS: Unit-level: change in unit-level alarm 
rates between baseline and postimplementation periods 

in intervention versus control units. Patient-level: change 
in individual patients’ alarm rates between the 24 hours 
leading up to huddles and the 24 hours after huddles 
in patients who were discussed versus not discussed in 
huddles. 

RESULTS: Alarm data informed 580 huddle discussions. 
In unit-level analysis, intervention units had 2 fewer 
alarms/patient-day (95% CI: 7 fewer to 6 more, P = .50) 
compared with control units. In patient-level analysis, 
patients discussed in huddles had 97 fewer alarms/patient-
day (95% CI: 52–138 fewer, P < .001) in the posthuddle 
period compared with patients not discussed in huddles. 
Implementation outcome analysis revealed a low 
intervention dose of 0.85 patients/unit/day. 

CONCLUSIONS: Safety huddle-based alarm discussions 
did not influence unit-level alarm rates due to low 
intervention dose but were effective in reducing alarms 
for individual children.  Journal of Hospital Medicine 
2018:13:609-615. Published online first February 27, 2018. 
© 2018 Society of Hospital Medicine
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the influence of a safety huddle-based alarm intervention strat-
egy targeting high alarm pediatric ward patients on (a) unit-lev-
el alarm rates and (b) patient-level alarm rates, as well as to 
(c) evaluate implementation outcomes. We hypothesized that 
patients discussed in huddles would have greater reductions in 
alarm rates in the 24 hours following their huddle than patients 
who were not discussed. Given that most alarms are generat-
ed by a small fraction of patients,1,2 we hypothesized that pa-
tient-level reductions would translate to unit-level reductions.

METHODS

Human Subject Protection
The Institutional Review Board of Children’s Hospital of Philadel-
phia approved this study with a waiver of informed consent. We 
registered the study at ClinicalTrials.gov (identifier NCT02458872). 
The original protocol is available as an Online Supplement.

Design and Framework
We performed a hybrid effectiveness-implementation trial at 
a single hospital with cluster randomization at the unit lev-
el (CONSORT flow diagram in Figure 1). Hybrid trials aim to 
determine the effectiveness of a clinical intervention (alarm 
customization) and the feasibility and potential utility of an 
implementation strategy (safety huddles).14 We used the Con-
solidated Framework for Implementation Research15 to theo-
retically ground and frame our implementation and drew upon 
the work of Proctor and colleagues16 to guide implementation 
outcome selection.

For our secondary effectiveness outcome evaluating the 
effect of the intervention on the alarm rates of the individual 
patients discussed in huddles, we used a cohort design em-
bedded within the trial to analyze patient-specific alarm data 
collected only on randomly selected “intensive data collection 
days,” described below and in Figure 1.

FIG 1. CONSORT flow diagram.

8 non-ICU medical untis invited to participate

4 Units received the intervention  
(22,231 patient-days)

580 Patient-customized alarm discussions 
occured during huddles

4 Units served as controls  
(22,102 patient-days)

0 Patient-customized alarm discussions oc-
cured during huddles

Intervention unit patients

512 patient-days

Control unit patients

512 patient-days

*Shared characteristics: participation in hospital-wide Joint Commission alarm management preparation activities, use of alarm  
middleware that relays detailed alarm information to nurses’ mobile phones, and baseline alarm rates.

ICU indicates intensive care unit.

Unit-level analysis

Patient-level analysis 
(embedded cohort)

Restricted patient-level analysis to randomly selected intensive data collection days  
during postimplementation period only

Evaluated the 24 hours leading up to, and the 24 hours following each huddle  
in an embedded cohort of patients

8 Units randomized  
(prior to randomization, units paired  

based on shared characteristics*)
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Setting and Subjects
All patients hospitalized on eight units that admit general pe-
diatric and medical subspecialty patients at Children’s Hospital 
of Philadelphia between June 15, 2015 and May 8, 2016 were 
included in the primary (unit-level) analysis. Every patient’s bed-
side included a General Electric Dash 3000 physiologic moni-
tor. Decisions to monitor patients were made by physicians and 
required orders. Default alarm settings are available in Supple-
mentary Table 1; these settings required orders to change.

All eight units were already convening scheduled safety hud-
dles led by the charge nurse each day. All nurses and at least 
one resident were expected to attend; attending physicians 
and fellows were welcome but not expected to attend. Hud-
dles focused on discussing safety concerns and patient flow. 
None of the preexisting huddles included alarm discussion. 

Intervention
For each nonholiday weekday, we generated customized pa-
per-based alarm huddle data “dashboards” (Supplementary 
Figure 1) displaying data from the patients (up to a maximum 
of four) on each intervention unit with the highest numbers of 
high-acuity alarms (“crisis” and “warning” audible alarms, see 
Supplementary Table 2 for detailed listing of alarm types) in 
the preceding four hours by reviewing data from the monitor 
network using BedMasterEx v4.2 (Excel Medical Electronics, 
Jupiter, Florida). Dashboards listed the most frequent types 
of alarms, alarm settings, and included a script for discussing 
the alarms with checkboxes to indicate changes agreed upon 
by the team during the huddle. Patients with fewer than 20 
alarms in the preceding four hours were not included; thus, 
sometimes fewer than four patients’ data were available for 
discussion. We hand-delivered dashboards to the charge nurs-
es leading huddles, and they facilitated the multidisciplinary 
alarm discussions focused on reviewing alarm data and cus-
tomizing settings to reduce unnecessary alarms.

Study Periods
The study had 3 periods as shown in Supplementary Figure 2: 
(1) 16-week baseline data collection, (2) phased intervention 
implementation during which we serially spent 2-8 weeks on 
each of the four intervention units implementing the interven-
tion, and (3) 16-week postimplementation data collection. 

Outcomes
The primary effectiveness outcome was the change in unit-lev-
el alarms per patient day between the baseline and postim-
plementation periods in intervention versus control units, with 
all patients on the units included. The secondary effectiveness 
outcome (analyzed using the embedded cohort design) was 
the change in individual patient-level alarms between the 24 
hours leading up to a huddle and the 24 hours following hud-
dles in patients who were versus patients who were not dis-
cussed in huddles. 

Implementation outcomes included adoption and fidelity 
measures. To measure adoption (defined as “intention to try” 
the intervention),16 we measured the frequency of discussions 

attended by patients’ nurses and physicians. We evaluated 
three elements of fidelity: adherence, dose, and quality of de-
livery.17 We measured adherence as the incorporation of alarm 
discussion into huddles when there were eligible patients to 
discuss. We measured dose as the average number of patients 
discussed on each unit per calendar day during the postim-
plementation period. We measured quality of delivery as the 
extent to which changes to monitoring that were agreed upon 
in the huddles were made at the bedside.

Safety Measures
To surveil for unintended consequences of reduced monitor-
ing, we screened the hospital’s rapid response and code blue 
team database weekly for any events in patients previously dis-
cussed in huddles that occurred between huddle and hospital 
discharge. We reviewed charts to determine if the events were 
related to the intervention.

Randomization
Prior to randomization, the eight units were divided into pairs 
based on participation in hospital-wide Joint Commission 
alarm management activities, use of alarm middleware that 
relayed detailed alarm information to nurses’ mobile phones, 
and baseline alarm rates. One unit in each pair was random-
ized to intervention and the other to control by coin flip. 

Data Collection
We used Research Electronic Data Capture (REDCap)18 data-
base tools.

Data for Unit-Level Analyses
We captured all alarms occurring on the study units during the 
study period using data from BedMasterEx. We obtained cen-
sus data accurate to the hour from the Clinical Data Warehouse. 

Data Captured in All Huddles
During each huddle, we collected the number of patients whose 
alarms were discussed, patient characteristics, presence of nurs-
es and physicians, and monitoring changes agreed upon. We 
then followed up four hours later to determine if changes were 
made at the bedside by examining monitor settings.

Data Captured Only During Intensive Data Collection Days
We randomly selected one day during each of the 16 weeks 
of the postimplementation period to obtain additional pa-
tient-level data. On each intensive data collection day, the four 
monitored patients on each intervention and control unit with 
the most high-acuity alarms in the four hours prior to huddles 
occurring – regardless of whether or not these patients were 
later discussed in huddles – were identified for data collection. 
On these dates, a member of the research team reviewed each 
patient’s alarm counts in four-hour blocks during the 24 hours 
before and after the huddle. Given that the huddles were not 
always at the same time every day (ranging between 10:00 AM 
and 1:00 PM), we operationally set the huddle time as 12:00 PM 
for all units. 
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Data Analysis
We used Stata/SE 14.2 for all analyses.

Unit-Level Alarm Rates
To compare unit-level rates, we performed an interrupted time 
series analysis using segmented (piecewise) regression to eval-
uate the impact of the intervention.19,20 We used a multivariable 
generalized estimating equation model with the negative bi-
nomial distribution21 and clustering by unit. We bootstrapped 
the model and generated percentile-based 95% confidence 
intervals. We then used the model to estimate the alarm rate 
difference in differences between the baseline data collection 
period and the postimplementation data collection period for 
intervention versus control units.

Patient-Level Alarm Rates
In contrast to unit-level analysis, we used an embedded co-
hort design to model the change in individual patients’ alarms 
between the 24 hours leading up to huddles and the 24 hours 
following huddles in patients who were versus patients who 
were not discussed in huddles. The analysis was restricted to 
the patients included in intensive data collection days. We 
performed bootstrapped linear regression and generated per-
centile-based 95% confidence intervals using the difference 
in four-hour block alarm rates between pre- and posthuddle 
as the outcome. We clustered within patients. We stratified 
by unit and preceding alarm rate. We modeled the alarm rate 
difference between the 24-hour prehuddle and the 24-hour 
posthuddle for huddled and nonhuddled patients and the dif-
ference in differences between exposure groups.

Implementation Outcomes
We summarized adoption and fidelity using proportions. 

RESULTS
Alarm dashboards informed 580 structured alarm discussions 

during 353 safety huddles (huddles often included discussion 
of more than one patient). 

Unit-Level Alarm Rates
A total of 2,874,972 alarms occurred on the eight units during 
the study period. We excluded 15,548 alarms that occurred 
during the same second as another alarm for the same patient 
because they generated a single alarm. We excluded 24,700 
alarms that occurred during 4 days with alarm database down-
times that affected data integrity. Supplementary Table 2 sum-
marizes the characteristics of the remaining 2,834,724 alarms 
used in the analysis.

Visually, alarm rates over time on each individual unit ap-
peared flat despite the intervention (Supplementary Figure 3). 
Using piecewise regression, we found that intervention and 
control units had small increases in alarm rates between the 
baseline and postimplementation periods with a nonsignifi-
cant difference in these differences between the control and 
intervention groups (Table 1).

Patient-Level Alarm Rates 
We then restricted the analysis to the patients whose data 
were collected during intensive data collection days. We ob-
tained data from 1974 pre-post pairs of four-hour time periods. 

Patients on intervention and control units who were not dis-
cussed in huddles had 38 fewer alarms/patient-day (95% CI: 
23–54 fewer, P < .001) in the posthuddle period than in the 
prehuddle period. Patients discussed in huddles had 135 few-
er alarms/patient-day (95% CI: 93–178 fewer, P < .001) in the 
posthuddle 24-hour period than in the prehuddle period. The 
pairwise comparison reflecting the difference in differences 
showed that huddled patients had a rate of 97 fewer alarms/
patient-day (95% CI: 52–138 fewer, P < .001) in the posthuddle 
period compared with patients not discussed in huddles.

To better understand the mechanism of reduction, we ana-
lyzed alarm rates for the patient categories shown in Table 2 and 

TABLE 1. Alarm Rates for Intervention and Control Units Across All Study Periods from Interrupted Time Series 
Piecewise Regression Analysis

Control Units Intervention Units Difference in Rate Differences Difference in Differences P Value

Units (clusters) 4 4

Patient-days 22,102 22,231

Unique patients 4177 7131

Baseline alarms/patient-day (95% CI) 77 (49–115) 46 (32–59)

Phased implementation alarms/patient-day 
(95% CI) 76 (51–107) 53 (37–71)

Postimplementation alarms/patient-day (95% CI) 85 (57–117) 52 (40–65)

Rate difference in alarms/patient-day (95% CI):
Baseline versus postimplementation

+8 (+2 to +14) +6 (+5 to +9) –2 (–7 to +6) .50

Abbreviation: CI, confidence interval.
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visually evaluated how average alarm rates changed over time 
(Figure 2). When analyzing the six potential pairwise compari-
sons between each of the four categories separately, we found 
that the following two comparisons were statistically significant: 
(1) patients whose alarms were discussed in huddles and had 
changes made to monitoring had greater alarm reductions than 
patients on control units, and (2) patients whose alarms were 
discussed in huddles and had changes made to monitoring had 
greater alarm reductions than patients who were also on inter-
vention units but whose alarms were not discussed (Table 2). 

Implementation Outcomes
Adoption
The patient’s nurse attended 482 of the 580 huddle discussions 
(83.1%), and at least one of the patient’s physicians (resident, 
fellow, or attending) attended 394 (67.9%). 

Fidelity: Adherence
In addition to the 353 huddles that included alarm discussion, 
123 instances had no patients with ≥20 high acuity alarms in 
the preceding 4 hours therefore, no data were brought to the 
huddle. There were an additional 30 instances when a huddle 
did not occur or there was no alarm discussion in the huddle 
despite data being available. Thus, adherence occurred in 353 
of 383 huddles (92.2%). 

Fidelity: Dose
During the 112 calendar day postimplementation period, 379 
patients’ alarms were discussed in huddles for an average in-
tervention dose of 0.85 discussions per unit per calendar day.

Fidelity: Quality of Delivery
In 362 of the 580 huddle discussions (62.4%), changes were 
agreed upon. The most frequently agreed upon changes 
were discontinuing monitoring (32.0%), monitoring only when 
asleep or unsupervised (23.8%), widening heart rate parame-
ters (12.7%), changing electrocardiographic leads/wires (8.6%), 
changing the pulse oximetry probe (8.0%), and increasing the 
delay time between when oxygen desaturation was detected 
and when the alarm was generated (4.7%). Of the huddle dis-
cussions with changes agreed upon, 346 (95.6%) changes were 
enacted at the bedside.

Safety Measures
There were zero code blue events and 26 rapid response team 
activations for patients discussed in huddles. None were relat-
ed to the intervention. 

DISCUSSION
Our main finding was that the huddle strategy was effective in 
safely reducing the burden of alarms for the high alarm pedi-

FIG 2. Patient-level alarm rates in the 24 hours leading up to safety huddles and the 24 hours after huddles. Abbreviation: IQR, interquartile range.
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atric ward patients whose alarms were discussed, but it did not 
reduce unit-level alarm rates. Implementation outcomes ex-
plained this finding. Although adoption and adherence were 
high, the overall dose of the intervention was low. 

We also found that 36% of alarms had technical causes, the 
majority of which were related to the pulse oximetry probe 
detecting that it was off the patient or searching for a pulse. 
Although these alarms are likely perceived differently by clini-
cal staff (most monitors generate different sounds for technical 
alarms), they still represent a substantial contribution to the 
alarm environment. Minimizing them in patients who must re-
main continuously monitored requires more intensive effort to 
implement other types of interventions than the main focus of 
this study, such as changing pulse oximetry probes and elec-
trocardiographic leads/wires. 

In one-third of huddles, monitoring was simply discontin-
ued. We observed in many cases that, while these patients 
may have had legitimate indications for monitoring upon ad-
mission, their conditions had improved; after brief multidisci-
plinary discussion, the team concluded that monitoring was no 
longer indicated. This observation may suggest interventions 
at the ordering phase, such as prespecifying a monitoring du-
ration.22,23 

This study’s findings were consistent with a quasi-experi-
mental study of safety huddle-based alarm discussions in a 
pediatric intensive care unit that showed a patient-level reduc-
tion of 116 alarms per patient-day in those discussed in hud-
dles relative to controls.11 A smaller quasi-experimental study 
of implementing a nighttime alarm “ward round” in an adult 

intensive care unit showed a significant reduction in unit-level 
alarms/patient-day from 168 to 84.9 In a quality improvement 
report, a monitoring care process bundle that included discus-
sion of alarm settings showed a reduction in unit-level alarms/
patient-day from 180 to 40.10 Our study strengthens the body 
of literature using a cluster-randomized design, measuring pa-
tient- and unit-level outcomes, and including implementation 
outcomes that explain effectiveness findings.

On a hypothetical unit similar to the ones we studied with 20 
occupied beds and 60 alarms/patient-day, an average of 1,200 
alarms would occur each day. We delivered the intervention 
to 0.85 patients per day. Changes were made at the bedside 
in 60% of those with the intervention delivered, and those pa-
tients had a difference in differences of 119 fewer alarms com-
pared with the comparison patients on control units. In this 
scenario, we could expect a relative reduction of 0.85 x 0.60 
x 119 = 61 fewer alarms/day total on the unit or a 5% reduc-
tion. However, that estimated reduction did not account for 
the arrival of new patients with high alarm rates, which certainly 
occurred in this study and explained the lack of effect at the 
unit level. 

As described above, the intervention dose was low, which 
translated into a lack of effect at the unit level despite a strong 
effect at the patient level. This result was partly due to the man-
ual process required to produce the alarm dashboards that 
restricted their availability to nonholiday weekdays. The study 
was performed at one hospital, which limited generalizability. 
The study hospital was already convening daily safety huddles 
that were well attended by nurses and physicians. Other hos-

TABLE 2. Alarm Rate Differences Based on Patient Category

Category 1.

Control Unit,  
Not Discussed in Huddle

Category 2.

Intervention Unit,  
Not Discussed in Huddle

Category 3.

Intervention Unit,  
Discussed in Huddle,  

But No Changes Made in 4 h  
After Huddle

Category 4.

Intervention Unit,  
Discussed in Huddle,  

Monitor Changes Made in 4 h  
After Huddle

Huddles or huddle opportunities, na 256 135 34 87

Unique patients, n 201 126 27 71

Patient age in years, median (IQR) 4.1 (0.5–14.3) 4.1 (1.0–12.4) 0.6 (0.3–4.9) 1.4 (0.3–7.0)

Pre/post-huddle difference in alarms/
patient-day (95% CI) 49 fewer (29 to 70 fewer) 14 fewer (35 fewer to 11 more) 54 fewer (155 fewer to 31 more) 168 fewer (125 to 217 fewer)

Versus Category 1:

Difference in differences contrast in 
alarms/patient-day (95% CI, P)b

35 more (7 fewer to 78 more,  
P = .17)

5 fewer (130 fewer to 121 more,  
P = .99)

119 fewer (186 fewer to 52 fewer,  
P < .001) 

Versus Category 2:

Difference in differences contrast in 
alarms/patient-day (95% CI, P)b

40 fewer (165 fewer to 85 more,  
P = .99)

154 fewer (220 fewer to 89 fewer,  
P < .001)

Versus Category 3:

Difference in differences contrast in 
alarms/patient-day (95% CI, P)b

114 fewer (253 fewer to 24 more,  
P = .17)

aPatients who were not discussed in huddles (Groups 1 and 2) but whose data we obtained for comparison on intensive data collection days are enumerated here as “huddle opportunities.” 

bCI and P value adjusted for 6 pairwise comparisons using Bonferroni method.

Abbreviations: CI, confidence interval; IQR, interquartile range.
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pitals without existing huddle structures may face challenges 
in implementing similar multidisciplinary alarm discussions. In 
addition, the study design was randomized at the unit (rather 
than patient) level, which limited our ability to balance poten-
tial confounders at the patient level. 

CONCLUSION
A safety huddle intervention strategy to drive alarm custom-
ization was effective in safely reducing alarms for individual 
children discussed. However, unit-level alarm rates were not 
affected by the intervention due to a low dose. Leaders of ef-
forts to reduce alarms should consider beginning with passive 
interventions (such as changes to default settings and alarm 
delays) and use huddle-based discussion as a second-line in-
tervention to address remaining patients with high alarm rates.
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On general medical wards, effective interprofes-
sional communication is essential for high-qual-
ity patient care. Hospitals increasingly adopt se-
cure text-messaging systems for healthcare team 

members to communicate with physicians in lieu of paging.1-3 
Text messages facilitate bidirectional communication4,5 and 
increase perceived efficiency6-8 and are thus preferred over 
paging by nurses and trainees. However, this novel technology 
unintentionally causes high volumes of interruptions.9,10 Com-
pared to paging, sending text messages and calling smart-

phones are more convenient and encourage communication 
of issues in real time, regardless of urgency.11 Interrupting 
messages are often perceived as nonurgent by physicians.6,12 
In particular, 73%-93% of pages or messages sent to physicians 
are found to be nonurgent.13-17 

Pages, text messages, or calls not only interrupt day-to-day 
tasks on the ward6,7,10,11,17,18 but also educational sessions,18-21 

which are essential to the clinical teaching unit (CTU). Interrup-
tions reduce learning and retention22 and are disruptive to the 
medical learning climate.18-20,23 

Internal medicine CTUs at our large urban academic hos-
pital network utilize a smartphone-based text messaging tool 
for interdisciplinary communication. Nonurgent interruptions 
are frequent during educational seminars, which occur at 
our institution between 8 AM and 9 AM and 12 PM and 1 PM on 
weekdays.10,11,19 In a preliminary analysis at one hospital site, an 
average of three text messages (range 1-11), two calls (range 
0-8), and three emails (range 0-13) interrupted each education-
al session. Physicians and nurses can disagree on the urgen-
cy of messages or calls for the purposes of patient care and 
workflow.6,11,12,24 Nurses have expressed a desire for guidance 
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BACKGROUND: Text messaging is increasingly replacing 
paging as a tool to reach physicians on medical wards. 
However, this phenomenon has resulted in high volumes 
of nonurgent messages that can disrupt the learning 
climate.

OBJECTIVE: Our objective was to reduce nonurgent 
educational interruptions to residents on general internal 
medicine. 

DESIGN, SETTING, PARTICIPANTS: This was a quality 
improvement project conducted at an academic hospital 
network. Measurements and interventions took place on 
eight general internal medicine inpatient teaching teams. 

INTERVENTION: Interventions included (1) refining 
the clinical communication process in collaboration 
with nursing leadership; (2) disseminating guidelines 
with posters at nursing stations; (3) introducing a 
noninterrupting option for message senders; (4) audit and 
feedback of messages; (5) adding an alert for message 
senders advising if a message would interrupt educational 
sessions; and (6) training and support to nurses and 
residents.

MEASUREMENTS: Interruptions (text messages, phone 
calls, emails) received by institution-supplied team 
smartphones were tracked during educational hours using 
statistical process control charts. A one-month record of 
text message content was analyzed for urgency at baseline 
and following the interventions. 

RESULTS: The interruption frequency decreased from 
a mean of 0.92 (95% CI, 0.88 to 0.97) to 0.59 (95% CI, 
0.51 to0.67) messages per team per educational hour 
from January 2014 to December 2016. The proportion 
of nonurgent educational interruptions decreased from 
223/273 (82%) messages over one month to 123/182 
(68%; P < .01). 

CONCLUSIONS: Creation of communication guidelines 
and modification of text message interface with feedback 
from end-users were associated with a reduction in 
nonurgent educational interruptions. Continuous audit 
and feedback may be necessary to minimize nonurgent 
messages that disrupt educational sessions. Journal of 
Hospital Medicine 2018;13:616-622. Published online first 
April 25, 2018. © 2018 Society of Hospital Medicine
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regarding what constitutes an urgent clinical communication.6 
This project aimed to reduce nonurgent text message in-

terruptions during educational rounds. We hypothesized that 
improved decision support around clinical prioritization and 
reminders about educational hours could reduce unnecessary 
interruptions. 

METHODS
This study was approved by the institution’s Research Eth-
ics Board and conducted across eight general medical CTU 
teams at an academic hospital network (Sites 1 and 2). Each 
CTU team provides 24-hour coverage of approximately 20–28 
patients. The most responsible resident from each team car-
ries an institution-provided smartphone, which receives secure 
texts, phone calls, and emails from nurses, social workers, 
physiotherapists, speech language pathologists, dieticians, 
pharmacists, and other physicians. Close collaboration with 
the platform developer permitted changes to be made to the 
system when needed. Prior to our interventions, a nurse could 
send a text message as either an “immediate interrupt” or a 
“delayed interrupt” message. Messages sent via the “delayed 
interrupt” option would be added to a queue and would even-
tually lead to an interrupting message if not replied to after a 
defined period. Direct phone calls were reserved for especially 
urgent or emergent communications. 

Meetings were held with physicians and nursing managers at 
Site 1 (August 2014) and Site 2 (January 2015) to establish con-
sensus on the communication process and determine clinical 
scenarios, regardless of time of day, that warrant a phone call, 
an “immediate interrupt” text, or a “delayed interrupt” text. 
In March 2015, resident feedback led to the addition of a third 
option to the sender interface. This option allowed messages 
to be sent as “For Your Information (FYI)” only, which would 
not lead to an interruption. “FYI” messages (for example, to 
notify that an ambulance had been booked for a patient), were 
instead placed in an electronic message board that could be 
viewed by the resident through the application. This change 
relied upon interdisciplinary trust and a commitment from res-
idents to ensure that “FYI” messages were reviewed regularly. 

Communication guidelines were transformed into post-
er format and displayed as a reference at nursing stations in 
July 2015 (Site 2) and February 2016 (Site 1; Figure 1). Nurse 
managers audited messages from nurses and provided feed-
back. In March 2016, a focused intervention was piloted across 
both sites to specifically limit nonurgent text messages during 
educational hours. First, educational hours were emphasized 
within the interface to make senders aware of their potential 
for interruption. In June 2016, the interface was further modi-
fied. Once the message application was opened during a de-
fined educational time, an imbedded notification advised the 

FIG 1. Example of a poster displaying the recommended clinical communication process, developed through interdisciplinary consensus.
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sender to reevaluate the urgency of the communication and if 
appropriate, to delay sending the message until educational 
rounds were over or send an “FYI” message. This “alert” did 
not impede senders from sending a message through the sys-
tem at any time (Figure 2A-D illustrates the evolution of the 
message interface). 

Text interruptions (January 2014 to December 2016), phone 
calls (April 2015-December 2016), and emails (October 2014 to 
December 2016) received by team smartphones during educa-
tional hours were tracked. Total text messages sent over a 24-
hour period and the type of message (“immediate interrupt,” 
“delayed interrupt,” and “FYI”) were also monitored. Calls 
were encouraged only in the case of emergent patient care 

matters, and monitoring calls would thus help identify whether 
senders bypass the message system due to deterioration in 
patient status or confusion surrounding the new message in-
terface. Emails sent to team smartphones came from a variety 
of sources, including hospital administration, physicians, and 
patient flow coordinators who are not involved in direct patient 
care. Emails served as a “negative control” because of the pre-
dicted random variability in the email interruption frequency. 
Additional balancing measures included tracking Critical Care 
Outreach Team consultations and “Code Blue” (cardiac arrest) 
announcements over the same period to ensure that limiting 
educational interruptions did not result in increased deteriora-
tion of patient status. 

FIG 2. (A) Original text message interface. (B) March 2015: “FYI Post” option created. (C) March 2016: educational times defined in message interface.  
(D) June 2016: alert in message interface regarding educational hours.
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Statistical process control charts (u charts) assessed the 
frequency of each type of educational interruption (text, call, 
or email) per team on a monthly basis. The total educational 
interruptions per month were divided by the number of ed-
ucational hours per month to account for variation in educa-
tional hours each month (for example, during holidays when 
educational rounds do not take place). If call logs or email data 
were unavailable for individual teams or time periods, then the 
denominator was adjusted to reflect the number of teams and 
educational hours in the sample for that month. 

Two four-week samples of interrupting text messages received 
by the eight teams during educational hours were deidentified, 
analyzed, and compared in terms of content and urgency. A pre-
intervention sample (November 17 to December 14, 2014) was 
compared to a postintervention sample (November 14 to De-
cember 11, 2016). Messages from the 2014 and 2016 samples 
were randomized, deidentified for date and time, and analyzed 
for urgency by three independent adjudicators (two senior resi-
dents and one staff physician) to avoid biasing the postinterven-
tion analysis toward improvement. Messages were classified as 
“urgent” if the adjudicator felt a response or action was required 
within one hour. Messages not meeting these criteria were clas-
sified as “nonurgent” or “indeterminate” if the urgency of the 
message could not be assessed because it required further con-

text. Fleiss kappa statistic evaluated agreement among adjudi-
cators. Individual urgency designations were compared for each 
message, and discrepant rankings were addressed through re-
peated joint assessments. Disagreements were resolved through 
discussion and comparison against communication guidelines. 
In addition, messages reporting a “critical lab,” requiring phy-
sician notification as per institutional policy, were reclassified as 
“urgent.” The proportion of “nonurgent” messages sent during 
educational hours was compared between baseline and post-in-
tervention periods using the Chi-square test.

 “FYI” messages sent from November 14 to December 11, 
2016 were audited using the same adjudication process to 
determine if “FYI” designations were appropriate and did not 
contain urgent patient care communications. 

RESULTS
Total text messages sent to team smartphones, the type of 
message the sender intended (“immediate interrupt,” “de-
layed interrupt,” or “FYI”), and total text interruptions received 
by the resident over the study period are illustrated in Figure 
3. The introduction of the “FYI” message in March 2015 was 
associated with reduced text message interruptions, from a 
mean of 18.0 (95% CI, 17.2 to18.8) interrupting messages per 
team per day to 14.1 (95% CI, 13.6 to14.5) in March 2015 and 

FIG 3. Total text messages sent to team smartphones according to message type, January 2014-December 2016. 
*comprises messages sent as “interrupt” plus a portion of those sent as “delayed interrupt” that were not responded to by the time limit, triggering an interruption
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12.7 (95% CI, 12.2 to 13.2) after May 2016 (Supplemental Figure 
1). The numbers of “delayed interrupt” and “FYI” messages 
increased over time. 

Analysis of text interruptions during educational hours in-
dicated three distinct phases (Figure 4). A mean of 0.92 (95% 
CI 0.88 to 0.97) text interruptions per team per educational 
hour was found during the first phase (January 2014 to July 
2015). The message frequency decreased to a mean of 0.81 
(95% CI, 0.77 to 0.84) messages per team per educational 
hour starting August 2015, following the implementation of 
the “FYI” message option for senders (March 2015) and dis-
semination of communication guidelines (July 2015). Finally, 
a further reduction to a mean of 0.59 (95% CI, 0.51 to 0.67) 
messages per team per educational hour began in June 2016 
after the creation of the alert message that reminded send-
ers of educational hours (March 2016, modified June 2016). 
Change in the interruption frequency was sustained over the 
following six months to the end of the observation period in  
December 2016.

Incoming phone call logs were available from April 2015 to 
December 2016, with a mean of 0.62 (95% CI, 0.56 to 0.67) calls 

per team per educational hour, which did not change over the 
study period (Supplementary Figure 2). The overall number 
of calls to team smartphones also did not change during the 
measurement period. Incoming email data were available from 
October 2014 to December 2016, with a mean of 0.94 (95% 
CI, 0.88 to 1.0) emails per team per educational hour, which 
did not change over the study period (Supplementary Figure 
3). Internal medicine service discharges, “Code Blue” an-
nouncements, and Critical Care Outreach Team consultations 
remained stable over the measurement period. 

Independent ranking of the combined four-week samples of 
educational text interruptions from 2014 and 2016 revealed an 
initial three-way agreement on 257/455 (56%) messages (Fleiss 
Kappa 0.298, fair agreement), which increased to 405/455 (89%) 
messages after the first joint assessment and reached full con-
sensus after a third joint assessment that included classifying 
all messages that communicated institution-defined “critical 
lab” values as “urgent.” 

Overall, 71 (16%) messages were classified as “urgent,” 346 
(76%) as “nonurgent,” and 38 (8%) as “indeterminate.” After 
unblinding of the message date and time, 273 text messages 

FIG 4. U Chart: text message interruptions per team per educational hour, January 2014-December 2016
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were received during the baseline measurement period (No-
vember 17 to December 14, 2014) and 182 messages were 
received during the equivalent time period two years later 
(November 14 to December 11, 2016), consistent with the re-
duced volume of educational interruptions observed (Figure 
4). A total of 426 (94%) messages were sent by nurses, and the 
remaining ones were sent by pharmacists (n = 20), ward clerks 
(n = 3), social workers (n = 4), speech language pathologist (n 
= 1), or device administrator (n = 1).

The proportion of “nonurgent” messages decreased from 
223/273 (82%) in 2014 to 123/182 (68%) in 2016 (P ≤ .01). Al-
though the absolute number of urgent messages remained 
similar (33 in 2014 and 38 in 2016), the proportion of “urgent” 
messages increased from 12% to 21% of the total messages re-
ceived (P = .02). Seventeen (6%) messages had indeterminate 
frequency in 2014 compared to 21 (11.5%) in 2016 (NS). 

An audit of consecutive “FYI” messages (November 14-De-
cember 11, 2016) revealed an initial agreement in 384/431 
(89%), reaching full consensus after repeated joint assess-
ments. A total of 406 (94%) “FYI” messages were appropriately 
sent, while 10 (2%) represented urgent communications that 
should have been sent as interruptions. In 15 (4%) cases, the 
appropriateness of the message was indeterminate. 

DISCUSSION
Sequential interventions over a 36-month period were asso-
ciated with reduced nonurgent text message interruptions 
during educational hours. A clinical communication process 
was formally defined to accurately match message urgency 
with communication modality. A “noninterrupt” option al-
lowed nonurgent text messages to be posted to an electron-
ic message board, rather than causing real-time interruption, 
thereby reducing the overall volume of interrupting text mes-
sages. Modifying the interface to alert potential senders to 
protected educational hours was associated with reductions in 
educational interruptions. Through a blinded analysis of the 
text message content between 2014 and 2016, we determined 
that nonurgent educational interruptions were significantly re-
duced, and the number of urgent communications remained 
constant. Reduced nonurgent interruptions have the potential 
to improve the learning climate on the medical teaching unit 
during protected educational hours. 

At baseline, 82% of the sampled text messages sent during 
educational hours across both sites were considered nonurgent. 
The estimated proportion of urgent messages varies in the lit-
erature (5%-34%)13-18 possibly due to center-specific methods 
of defining and measuring urgent messages. For example, dif-
ferent assessor training backgrounds, different numbers of as-
sessors, and varying institutional policies are described.13-17 We 
considered an urgent message to require a response or action 
within one hour or to represent an established “critical lab val-
ue” as per the institution. The high proportion of nonurgent in-
terruptions found in this study and other works demonstrates 
the widespread nature of this problem within inpatient hospital 
settings; this phenomenon could potentially lead to unintended 
consequences on efficiency and medical education. 

Few other initiatives have aimed to reduce interruptions to 
medical trainees during educational sessions. At one center, re-
placing numeric pagers with alphanumeric pagers decreased 
the need to return pages during educational sessions but did 
not decrease the overall number of pages.21 Another center 
implemented an inbox tool that reduced daytime nonurgent 
numeric pages.15 Similar to our center’s previous experience,11 
the total number of communications increased with the cre-
ation of the inbox tool.15 Unexpectedly, the introduction of an 
“FYI” option for senders in March 2015 did not increase the 
total number of messages. 

 Increasing use of text messages for communication be-
tween physicians and allied health professions has resulted in 
higher volumes of interruptions compared with convention-
al paging.6,7,9 Excessive interruptions create a “crisis mode” 
work climate,10 which could compromise patient safety25-27 and 
hamper trainees’ attainment of educational objectives.18-20,23 
During educational sessions, audible text, phone call, and 
email interruptions disrupt all learners in addition to the res-
ident receiving the message. The creation of the “FYI” mes-
sage option in March 2015 was associated with reduced overall 
daily interruptions, which may improve efficiency in residents’ 
clinical duties17,18 and minimize multi-tasking that could lead to 
errors.28 However, adding a real-time notification during edu-
cational hours (March 2016, modified June 2016) exerted the 
greatest impact specifically on educational interruptions. En-
gaging physicians in the creation and ongoing modification of 
instant-messaging interfaces can help customize technology 
to meet the needs of users.15,29 Our work provides a strategy 
for improving communication between nurses and physicians 
in a teaching hospital setting, by achieving consensus on levels 
of urgency of different messages, providing a non-interrupting 
message option, and providing nurses with real-time informa-
tion about educational hours. 

Potential unintended consequences of the interventions re-
quire consideration. Discouraging interruptions may have re-
duced urgent patient care communications but were mitigated 
by enabling senders to ignore/override interruption warnings. 
We did not observe an increase in the number of overall calls 
to team devices, “Code Blues,” or critical care team consulta-
tions. However, we found that a very small (2%) but important 
group of “FYI” messages should have been sent as urgent in-
terrupting messages, thereby underscoring the necessity for 
continuous feedback to senders on the clinical communication 
process.

Our study has limitations. Although educational interrup-
tions can cause fragmented learning at our institution,19 the 
impact of reduced interruptions on the quality of educational 
sessions can only be inferred because we did not formally as-
sess resident or staff physician perceptions on this outcome 
during the interventions. Moreover, we were unable to quanti-
fy interruptions received through personal smartphones, a fre-
quent method of physician-physician communication.30 Phone 
calls are the most intrusive of interruptions but were not the 
focus of interventions. Future work must consider document-
ing perceived appropriateness of calls in real time, similar to 
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previous studies assessing paging urgency.13,14,18 Biased rank-
ing of message urgency was minimized by utilizing three in-
dependent adjudicators blinded to message date throughout 
the adjudication process and by applying established commu-
nication guidelines where available. Nevertheless, retrospec-
tive assessment of message urgency could be limited by a lack 
of clinical context, which may have been more apparent to the 
original sender and the recipient. Finally, at our center, a close 
relationship with the communication platform programmer 
made sequential modifications possible, while other institu-
tions may have limited ability to make such changes. A differ-
ent approach may be useful in some cases, such as modifying 
academic teaching times to limit interruptions.23 

In a large academic center, a high number of interrupting 
smartphone messages cause unnecessary distractions and re-
duce learning during educational hours. “Nonurgent” educa-
tional interruptions were reduced through successive improve-
ment cycles, and ultimately by modifying the program interface 
to alert senders of educational hours. Further reduction in inter-
ruptions and sustainability may be achieved by studying phone 
call interruptions and by formalizing audit and feedback of send-
er’s adherence to standardized clinical communication methods. 

Acknowledgments:
Dr. Wu is supported by an award from the Mak Pak Chiu and Mak-Soo Lai Hing 
Chair in General Internal Medicine, University of Toronto. The authors would 
like to acknowledge Jason Uppal for his ongoing contribution to the improve-
ment of clinical text message communications at our institution.

Disclosures: The authors have nothing to disclose.

References:
1.	 Wu R, Lo V, Morra D, et al. A smartphone-enabled communication system to 

improve hospital communication: usage and perceptions of medical trainees 
and nurses on general internal medicine wards. J Hosp Med. 2015;10(2):83-89.

2.	 Smith CN, Quan SD, Morra D, et al. Understanding interprofessional com-
munication: a content analysis of email communications between doctors 
and nurses. Appl Clin Inform. 2012;3(1):38-51.

3.	 Frizzell JD, Ahmed B. Text messaging versus paging: new technology for the 
next generation. J Am Coll Cardiol. 2014;64(24):2703-2705.

4.	 Wu RC, Morra D, Quan S, et al. The use of smartphones for clinical commu-
nication on internal medicine wards. J Hosp Med. 2010;5(9):553-559.

5.	 Ighani F, Kapoor KG, Gibran SK, et al. A comparison of two-way text versus 
conventional paging systems in an academic ophthalmology department.  
J Med Syst. 2010;34(4):677-684.

6.	 Wu R, Rossos P, Quan S, et al. An evaluation of the use of smartphones to 
communicate between clinicians: a mixed-methods study. J Med Internet 
Res. 2011;13(3):e59.

7.	 Wu RC, Lo V, Morra D, et al. The intended and unintended consequences of 
communication systems on general internal medicine inpatient care delivery: 
a prospective observational case study of five teaching hospitals. J Am Med 
Inform Assoc. 2013;20(4):766-777.

8.	 Patel N, Siegler JE, Stromberg N, Ravitz N, Hanson CW. Perfect storm of 

inpatient communication needs and an innovative solution utilizing smart-
phones and secured messaging. Appl Clin Inform. 2016;7(3):777-789.

9.	 Aungst TD, Belliveau P. Leveraging mobile smart devices to improve inter-
professional communications in inpatient practice setting: A literature re-
view. J Interprof Care. 2015;29(6):570-578.

10.	 Vaisman A, Wu RC. Analysis of Smartphone Interruptions on Academic Gen-
eral Internal Medicine Wards. Frequent Interruptions may cause a ‘Crisis 
Mode’ Work Climate. Appl Clin Inform. 2017;8(1):1-11.

11.	 Quan SD, Wu RC, Rossos PG, et al. It’s not about pager replacement: an in-
depth look at the interprofessional nature of communication in healthcare.  
J Hosp Med. 2013;8(3):137-143.

12.	 Quan SD, Morra D, Lau FY, et al. Perceptions of urgency: defining the gap 
between what physicians and nurses perceive to be an urgent issue. Int J 
Med Inform. 2013;82(5):378-386.

13.	 Katz MH, Schroeder SA. The sounds of the hospital. Paging patterns in three 
teaching hospitals. N Engl J Med. 1988;319(24):1585-1589.

14.	 Patel R, Reilly K, Old A, Naden G, Child S. Appropriate use of pagers in a 
New Zealand tertiary hospital. N Z Med J. 2006;119(1231):U1912.

15.	 Ferguson A, Aaronson B, Anuradhika A. Inbox messaging: an effective tool 
for minimizing non-urgent paging related interruptions in hospital medicine 
provider workflow. BMJ Qual Improv Rep. 2016;5(1):u215856.w7316.

16.	 Luxenberg A, Chan B, Khanna R, Sarkar U. Efficiency and interpretability of 
text paging communication for medical inpatients: A mixed-methods analy-
sis. JAMA Intern Med. 2017;177(8):1218-1220.

17.	 Ly T, Korb-Wells CS, Sumpton D, Russo RR, Barnsley L. Nature and impact 
of interruptions on clinical workflow of medical residents in the inpatient set-
ting. J Grad Med Educ. 2013;5(2):232-237.

18.	 Blum NJ, Lieu TA. Interrupted care. The effects of paging on pediatric resi-
dent activities. Am J Dis Child. 1992;146(7):806-808.

19.	 Wu RC, Tzanetos K, Morra D, Quan S, Lo V, Wong BM. Educational impact 
of using smartphones for clinical communication on general medicine: more 
global, less local. J Hosp Med. 2013;8(7):365-372.

20.	 Katz-Sidlow RJ, Ludwig A, Miller S, Sidlow R. Smartphone use during inpa-
tient attending rounds: prevalence, patterns and potential for distraction.  
J Hosp Med. 2012;7(8):595-599.

21.	 Wong BM, Quan S, Shadowitz S, Etchells E. Implementation and evaluation 
of an alpha-numeric paging system on a resident inpatient teaching service. 
J Hosp Med. 2009;4(8):E34-E40.

22.	 Conard MA MR. Interest level improves learning but does not moderate 
the effects of interruptions: An experiment using simultaneous multitasking. 
Learn Individ Differ. 2014;30:112-117.

23.	 Zastoupil L, McIntosh A, Sopfe J, et al. Positive impact of transition from 
noon conference to academic half day in a pediatric residency program. 
Acad Pediatr. 2017;17(4):436-442.

24.	 Lo V, Wu RC, Morra D, Lee L, Reeves S. The use of smartphones in general 
and internal medicine units: a boon or a bane to the promotion of interpro-
fessional collaboration? J Interprof Care. 2012;26(4):276-282.

25.	 Patterson ME, Bogart MS, Starr KR. Associations between perceived crisis 
mode work climate and poor information exchange within hospitals. J Hosp 
Med. 2015;10(3):152-159.

26.	 Laxmisan A, Hakimzada F, Sayan OR, Green RA, Zhang J, Patel VL. The mul-
titasking clinician: decision-making and cognitive demand during and after 
team handoffs in emergency care. Int J Med Inform. 2007;76(11-12):801-811.

27.	 Westbrook JI, Woods A, Rob MI, Dunsmuir WT, Day RO. Association of in-
terruptions with an increased risk and severity of medication administration 
errors. Arch Intern Med. 2010;170(8):683-690.

28.	 Collins S, Currie L, Patel V, Bakken S, Cimino JJ. Multitasking by clinicians in 
the context of CPOE and CIS use. Stud Health Technol Inform. 2007;129(Pt 
2):958-962.

29.	 Huang ME. It is from mars and physicians from venus: Bridging the gap. PM 
R. 2017;9(5S):S19-S25.

30.	 Tran K, Morra D, Lo V, Quan S, Wu R. The use of smartphones on Gener-
al Internal Medicine wards: A mixed methods study. Appl Clin Inform. 
2014;5(3):814-823.



An Official Publication of the Society of Hospital Medicine	 Journal of Hospital Medicine    Vol 13  |  No 9  |  September 2018          623

BRIEF REPORT

Training Residents in Hospital Medicine:  
The Hospitalist Elective National Survey

Steven Ludwin, MD1*, James D. Harrison, MPH, PhD1, Sumant Ranji, MD2, Bradley A. Sharpe, MD1, Patrick Kneeland, MD3

1Department of Medicine, Division of Hospital Medicine, University of California, San Francisco, California; 2Department of Medicine, Division of 
Hospital Medicine at Zuckerberg San Francisco General Hospital, University of California, San Francisco, California; 3Department of Medicine, 
University of Colorado School of Medicine, Aurora, Colorado.

Hospital medicine has become the fastest growing 
medicine subspecialty, though no standardized hos-
pitalist-focused educational program is required to 
become a practicing adult medicine hospitalist.1 His-

torically, adult hospitalists have had little additional training be-
yond residency, yet, as residency training adapts to duty hour 
restrictions, patient caps, and increasing attending oversight, 
it is not clear if traditional rotations and curricula provide ad-
equate preparation for independent practice as an adult hos-
pitalist.2-5 Several types of training and educational programs 
have emerged to fill this potential gap. These include hospital 
medicine fellowships, residency pathways, early career facul-
ty development programs (eg, Society of Hospital Medicine/ 
Society of General Internal Medicine sponsored Academic 
Hospitalist Academy), and hospitalist-focused resident rota-
tions.6-10 These activities are intended to ensure that residents 
and early career physicians gain the skills and competencies 
required to effectively practice hospital medicine.

Hospital medicine fellowships, residency pathways, and fac-
ulty development have been described previously.6-8 However, 
the prevalence and characteristics of hospital medicine-fo-

cused resident rotations are unknown, and these rotations are 
rarely publicized beyond local residency programs. Our study 
aims to determine the prevalence, purpose, and function of 
hospitalist-focused rotations within residency programs and 
explore the role these rotations have in preparing residents for 
a career in hospital medicine.

METHODS
Study Design, Setting, and Participants
We conducted a cross-sectional study involving the largest 100 
Accreditation Council for Graduate Medical Education (AC-
GME) internal medicine residency programs. We chose the larg-
est programs as we hypothesized that these programs would 
be most likely to have the infrastructure to support hospital 
medicine focused rotations compared to smaller programs. The 
UCSF Committee on Human Research approved this study.

Survey Development
We developed a study-specific survey (the Hospitalist Elective 
National Survey [HENS]) to assess the prevalence, structure, 
curricular goals, and perceived benefits of distinct hospitalist 
rotations as defined by individual resident programs. The sur-
vey prompted respondents to consider a “hospitalist-focused” 
rotation as one that is different from a traditional inpatient 
“ward” rotation and whose emphasis is on hospitalist-specific 
training, clinical skills, or career development. The 18-question 
survey (Appendix 1) included fixed choice, multiple choice, 
and open-ended responses.

Data Collection
Using publicly available data from the ACGME website (www.
acgme.org), we identified the largest 100 medicine programs 
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As the field of hospital medicine expands, internal medicine 
residency programs can play a role in preparing future 
hospitalists. To date, little is known of the prevalence and 
characteristics of hospitalist-focused resident rotations. 
We surveyed the largest 100 Internal Medicine Residency 
Programs to better understand the prevalence, objectives, 
and structure of hospitalist-focused rotations in the United 
States. Residency leaders from 82 programs responded 
(82%). The prevalence of hospitalist-focused rotations was 
50% (41/82) with an additional 9 programs (11%) planning to 
start one. Of these 41 rotations, 85% were elective rotations 

and 15% were mandatory rotations. Rotations involved clinical 
responsibilities, and most programs incorporated nonclinical 
curricular activities such as teaching, research, and work on 
quality improvement and patient safety. Respondents noted 
that their programs promoted autonomy, mentorship, and 
“real-world” hospitalist experience. Hospitalist-focused 
rotations may supplement traditional inpatient rotations and 
teach skills that facilitate the transition from residency to a 
career in hospital medicine. Journal of Hospital Medicine 
2018;13: 623-625. Published online first March 26, 2018.  
© 2018 Society of Hospital Medicine
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based on the total number of residents. This included pro-
grams with 81 or more residents. An electronic survey was 
e-mailed to the leadership of each program. In May 2015, 
surveys were sent to Residency Program Directors (PD), and if 
they did not respond after 2 attempts, then Associate Program 
Directors (APD) were contacted twice. If both these leaders did 
not respond, then the survey was sent to residency program 
administrators or Hospital Medicine Division Chiefs. Only one 
survey was completed per site.

Data Analysis
We used descriptive statistics to summarize quantitative data. 
Responses to open-ended qualitative questions about the 
goals, strengths, and design of rotations were analyzed using 
thematic analysis.11 During analysis, we iteratively developed 
and refined codes that identified important concepts that 
emerged from the data. Two members of the research team 
trained in qualitative data analysis coded these data inde-
pendently (S.L. and J.H.).

RESULTS
Eighty-two residency program leaders (53 PD, 19 APD, 10 
chiefs/admin) responded to the survey (82% total response 

rate). Among all responders, the prevalence of hospitalist-fo-
cused rotations was 50% (41/82). Of these 41 rotations, 85% 
(35/41) were elective rotations and 15% (6/41) were mandatory 
rotations. Hospitalist rotations ranged in existence from 1 to 15 
years with a mean duration of 4.78 years (S.D. 3.5).

Of the 41 programs that did not have a hospital medi-
cine-focused rotation, the key barriers identified were a lack 
of a well-defined model (29%), low faculty interest (15%), low 
resident interest (12%), and lack of funding (5%). Despite these 
barriers, 9 of these 41 programs (22%) stated they planned 
to start a rotation in the future – of which, 3 programs (7%) 
planned to start a rotation within the year. 

Of the 41 established rotations, most were one month in 
duration (31/41, 76%) and most of the participants included 
second-year residents (30/41, 73%), and/or third-year residents 
(32/41, 78%). In addition to clinical work, most rotations had a  
nonclinical component that included teaching, research/schol-
arship, and/or work on quality improvement or patient safety 
(Table 1). Clinical activities,  nonclinical activities, and curricular 
elements varied across institutions (Table 1).

Most programs with rotations (39/41, 95%) reported that 
their hospitalist rotation filled at least one gap in traditional 
residency curriculum. The most frequently identified gaps the 
rotation filled included: allowing progressive clinical autono-
my (59%, 24/41), learning about quality improvement and high 
value care (41%, 17/41), and preparing to become a practicing 
hospitalist (39%, 16/41). Most respondents (66%, 27/41) report-
ed that the rotation helped to prepare trainees for their first 
year as an attending.

Results of thematic analysis related to the goals, strengths, 
and design of rotations are shown in Table 2. Five themes 
emerged relating to autonomy, mentorship, hospitalist skills, 
real-world experience, and training and curriculum gaps. 
These themes describe the underlying structure in which these 
rotations promote career preparation and skill development.

DISCUSSION
The Hospital Elective National Survey provides insight into a 
growing component of hospitalist-focused training and prepa-
ration. Fifty percent of ACGME residency programs surveyed 
in this study had a hospitalist-focused rotation. Rotation char-
acteristics were heterogeneous, perhaps reflecting both the 
homegrown nature of their development and the lack of na-
tional study or data to guide what constitutes an “ideal” rota-
tion. Common functions of rotations included providing career 
mentorship and allowing for trainees to get experience “being 
a hospitalist.” Other key elements of the rotations included 
providing additional clinical autonomy and teaching material 
outside of traditional residency curricula such as quality im-
provement, patient safety, billing, and healthcare finances.

Prior research has explored other training for hospitalists such 
as fellowships, pathways, and faculty development.6-8 A hospital 
medicine fellowship provides extensive training but without a 
practice requirement in adult medicine (as now exists in pedi-
atric hospital medicine), the impact of fellowship training may 
be limited by its scale.12,13 Longitudinal hospitalist residency 

TABLE 1. Activities and Curricular Elements of Hospital 
Medicine-Specific Rotations (n = 41)

n (%)

Clinical activities

   See medicine consults

   Comanage patients on non-medicine services

   Take holdover admissions

   Admit new patients (not holdovers)

   Perform common IM procedures

   Work off site at SNF or post acute care

13 (32)

16 (39)

19 (46)

29 (71)

17 (41)

4 (10)

Non-clinical activities

   Teach students

   Teach house staff

   Engage in research and scholarship

   Work on QI and patient safety 

   Other

7 (17)

3 (7)

5 (12)

15 (37)

15 (37)

Curricular elements

   Evidence-based practice in hospital medicine

   Career mentorship

   Quality improvement 

   Patient safety

   Patient satisfaction

   Healthcare finances

   Leadership development

   Value in healthcare

   Billing and compliance

   Palliative and end-of-life care

20 (49)

20 (49)

20 (49)

15 (37)

3 (7)

2 (5)

3 (7)

11 (27)

19 (46)

3 (7)

Abbreviations: IM, internal medicine, QI, quality improvement, SNF, skilled nursing facility



The Hospitalist Elective National Survey   |   Ludwin et al

An Official Publication of the Society of Hospital Medicine	 Journal of Hospital Medicine    Vol 13  |  No 9  |  September 2018          625

pathways provide comprehensive skill development and often 
require an early career commitment from trainees.7 Faculty de-
velopment can be another tool to foster career growth, though 
requires local investment from hospitalist groups that may not 
have the resources or experience to support this.8 Our study has 
highlighted that hospitalist-focused rotations within residency 
programs can train physicians for a career in hospital medicine. 
Hospitalist and residency leaders should consider that these 
rotations might be the only hospital medicine-focused training 
that new hospitalists will have. Given the variable nature of these 
rotations nationally, developing standards around core hospital-
ist competencies within these rotations should be a key compo-
nent to career preparation and a goal for the field at large.14,15

Our study has limitations. The survey focused only on inter-
nal medicine as it is the most common training background 
of hospitalists; however, the field has grown to include other 
specialties including pediatrics, neurology, family medicine, 
and surgery. In addition, the survey reviewed the largest AC-
GME Internal Medicine programs to best evaluate prevalence 
and content—it may be that some smaller programs have ro-

tations with different characteristics that we have not captured. 
Lastly, the survey reviewed the rotations through the lens of 
residency program leadership and not trainees. A future sur-
vey of trainees or early career hospitalists who participated in 
these rotations could provide a better understanding of their 
achievements and effectiveness.

CONCLUSION
We anticipate that the demand for hospitalist-focused training 
will continue to grow as more residents in training seek to enter 
the specialty. Hospitalist and residency program leaders have 
an opportunity within residency training programs to build 
new or further develop existing hospital medicine-focused 
rotations. The HENS survey demonstrates that hospitalist-fo-
cused rotations are prevalent in residency education and have 
the potential to play an important role in hospitalist training.

Disclosure: The authors declare no conflicts of interest in relation to this man-
uscript.

TABLE 2: Results of Thematic Analysis Describing Goals, Strengths, and Design of Rotations

Theme Representative quotes

Autonomy “No team...resident works one-on-one with a hospitalist doing direct patient care. More resident autonomy”

“Autonomy, opportunity to direct patient care responsibility”

Mentorship “One-on-one mentorship for QI projects with experienced academic hospitalists”

“Work directly one-on-one with a hospitalist attending with focused curriculum...”

Fills training and curricula gaps “Gives residents greater exposure to consultative medicine and comanagement of patients with physicians, mid-level practitioners, pharmacy, therapists, etc.”

“Exposes residents to hospital medicine at a different hospital with a different patient population than they would otherwise experience on the teaching service”

Hospitalist skills “Concentration on QI, patient safety, and project leadership skills”

“Increases patient management skills, specifically in the entire spectrum from admission all the way to discharge. Increases focus of discharge planning”

Real-world experience “Job ‘try-out’ – in other words, residents get to see if they like the hospitalist model”

“Real-world hospital medicine experience, time and opportunities for quality improvement/patient safety projects”
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The practice of hospital medicine continues to grow in 
its scope and complexity. The authors of this article 
conducted a review of the literature including articles 
published between March 2016 and March 2017. The 

key articles selected were of a high methodological quality, had 
clear findings, and had a high potential for an impact on clinical 
practice. Twenty articles were presented at the Update in Hos-
pital Medicine at the 2017 Society of Hospital Medicine (SHM) 
and Society of General Internal Medicine (SGIM) annual meet-
ings selected by the presentation teams (B.A.S., A.B. at SGIM 
and R.E.T., C.M. at SHM). Through an iterative voting process, 
nine articles were selected for inclusion in this review. Each au-
thor ranked their top five articles from one to five. The points 
were tallied for each article, and the five articles with the most 
points were included. A second round of voting identified the 

remaining four articles for inclusion. Each article is summarized 
below, and the key points are highlighted in Table 1. 

ESSENTIAL PUBLICATIONS
Prevalence of Pulmonary Embolism among Patients 
Hospitalized for Syncope. Prandoni P et al. New En-
gland Journal of Medicine, 2016;375(16):1524-31.1

Background
Pulmonary embolism (PE), a potentially fatal disease, is rare-
ly considered as a likely cause of syncope. To determine the 
prevalence of PE among patients presenting with their first ep-
isode of syncope, the authors performed a systematic workup 
for pulmonary embolism in adult patients admitted for synco-
pe at 11 hospitals in Italy.

Findings
Of the 2,584 patients who presented to the emergency depart-
ment (ED) with syncope during the study, 560 patients were ad-
mitted and met the inclusion criteria. A modified Wells Score 
was applied, and a D-dimer was measured on every hospitalized 
patient. Those with a high pretest probability, a Wells Score of 
4.0 or higher, or a positive D-dimer underwent further testing 
for pulmonary embolism by a CT scan, a ventilation perfusion 
scan, or an autopsy. Ninety-seven of the 560 patients admitted 
to the hospital for syncope were found to have a PE (17%). One 
in four patients (25%) with no clear cause for syncope was found 
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BACKGROUND: Hospital Medicine has a widening scope 
of practice. This article provides a summary of recent high-
impact publications for busy clinicians who provide care to 
hospitalized adults.

METHODS: The authors reviewed articles published 
between March 2016 and March 2017 for the Update 
in Hospital Medicine presentations at the 2017 Society 
of Hospital Medicine and Society of General Internal 
Medicine annual meetings. Nine of the 20 articles 
presented were selected for this review based on the 
article quality and potential to influence practice.

RESULTS: The key insights gained include: pulmonary 
embolism may be a more common cause of syncope and 
acute exacerbation of COPD than previously recognized; 
nonthoracic low-tesla MRI is safe following a specific 
protocol for patients with cardiac devices implanted after 
2001; routine inpatient blood cultures for fever are of 

a low yield with a false positive rate similar to the true 
positive rate; chronic opioid use after surgery occurs more 
frequently than in the general population; high-sensitivity 
troponin and a negative ECG performed 3 hours after 
an episode of chest pain can rule out acute myocardial 
infarction; sitting at patients’ bedsides enhances patients’ 
perception of provider communication; 5 days of antibiotics 
for community-acquired pneumonia is equivalent to longer 
courses; oral proton pump inhibitors (PPI) are as effective 
as IV PPIs after an esophagogastroduodenoscopy (EGD) for 
the treatment of bleeding peptic ulcers.

CONCLUSIONS: Recent research provides insight into 
how we approach common medical problems in the care 
of hospitalized adults. These articles have the potential to 
change or confirm current practices. Journal of Hospital 
Medicine 2018;13:626-630. Published online first February 
27, 2018. © 2018 Society of Hospital Medicine
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to have a PE, and one in four patients with PE had no tachycar-
dia, tachypnea, hypotension, or clinical signs of DVT. 

Cautions
Nearly 72% of the patients with common explanations for syn-
cope, such as vasovagal, drug-induced, or volume depletion, 
were discharged from the ED and not included in the study. 
The authors focused on the prevalence of PE. The causation 
between PE and syncope is not clear in each of the patients. 
Of the patients’ diagnosis by a CT, only 67% of the PEs were 
found to be in a main pulmonary artery or lobar artery. The 
other 33% were segmental or subsegmental. Of those diag-
nosed by a ventilation perfusion scan, 50% of the patients had 
25% or more of the area of both lungs involved. The other 50% 
involved less than 25% of the area of both lungs. Also, it is im-
portant to note that 75% of the patients admitted to the hospi-
tal in this study were 70 years of age or older. 

Implications
After common diagnoses are ruled out, it is important to con-
sider pulmonary embolism in patients hospitalized with syn-
cope. Providers should calculate a Wells Score and measure a 
D-dimer to guide the decision making. 

Assessing the Risks Associated with MRI in Patients 
with a Pacemaker or Defibrillator. Russo RJ et al. New 
England Journal of Medicine, 2017;376(8):755-64.2

Background
Magnetic resonance imaging (MRI) in patients with implant-
able cardiac devices is considered a safety risk due to the 
potential of cardiac lead heating and subsequent myocardial 
injury or alterations of the pacing properties. Although manu-

facturers have developed “MRI-conditional” devices designed 
to reduce these risks, still 2 million people in the United States 
and 6 million people worldwide have “non-MRI-conditional” 
devices. The authors evaluated the event rates in patients with 
“non-MRI-conditional” devices undergoing an MRI. 

Findings
The authors prospectively followed up 1,500 adults with cardi-
ac devices placed since 2001 who received nonthoracic MRIs 
according to a specific protocol available in the supplemental 
materials published with this article in the New England Jour-
nal of Medicine. Of the 1,000 patients with pacemakers only, 
they observed five atrial arrhythmias and six electrical resets. 
Of the 500 patients with implantable cardioverter defibrillators 
(ICDs), they observed one atrial arrhythmia and one generator 
failure (although this case had deviated from the protocol). All 
of the atrial arrhythmias were self-terminating. No deaths, lead 
failure requiring an immediate replacement, a loss of capture, 
or ventricular arrhythmias were observed. 

Cautions
Patients who were pacing dependent were excluded. No de-
vices implanted before 2001 were included in the study, and 
the MRIs performed were only 1.5 Tesla (a lower field strength 
than the also available 3 Tesla MRIs). 

Implications
It is safe to proceed with 1.5 Tesla nonthoracic MRIs in patients, 
following the protocol outlined in this article, with non–MRI 
-conditional cardiac devices implanted since 2001. 

Culture If Spikes? Indications and Yield of Blood 
Cultures in Hospitalized Medical Patients. Lin-
senmeyer K et al. Journal of Hospital Medicine, 
2016;11(5):336-40.3

Background
Blood cultures are frequently drawn for the evaluation of an 
inpatient fever. This “culture if spikes” approach may lead to 
unnecessary testing and false positive results. In this study, 
the authors evaluated rates of true positive and false positive 
blood cultures in the setting of an inpatient fever.

Findings
The patients hospitalized on the general medicine or cardiolo-
gy floors at a Veterans Affairs teaching hospital were prospec-
tively followed over 7 months. A total of 576 blood cultures 
were ordered among 323 unique patients. The patients were 
older (average age of 70 years) and predominantly male (94%). 
The true-positive rate for cultures, determined by a consensus 
among the microbiology and infectious disease departments 
based on a review of clinical and laboratory data, was 3.6% 
compared with a false-positive rate of 2.3%. The clinical char-
acteristics associated with a higher likelihood of a true posi-
tive included: the indication for a culture as a follow-up from a 
previous culture (likelihood ratio [LR] 3.4), a working diagnosis 
of bacteremia or endocarditis (LR 3.7), and the constellation 

TABLE. Nine articles, 9 practical implications.

Practical Implications

1. Consider PE in patients admitted for syncope without a clear cause

2. �1.5 Tesla nonthoracic MRIs done on a protocol are safe in patients with non-MRI conditional 
cardiac devices implanted after 2001

3. �Routine blood cultures for fever in hospitalized patients is of a low yield, with a significant 
potential for false positives

4. �Developing chronic opioid use is more common in the postoperative year than in a matched 
nonsurgical cohort

5. �A negative high-sensitivity troponin test performed at least 3 hours after an episode of chest 
pain, in conjunction with a negative ECG, can rule out acute myocardial infarction

6. Consider PE in patients with acute exacerbations of COPD without other exacerbation triggers

7. �Patients perceive better communication from physicians who sit, compared to those who stand, 
at the bedside

8. �A shorter course of antibiotics (5 days) is as effective as a longer course (10 days) for inpatient 
treatment of community-aquired pneumonia

9. �Oral PPI treatment after EGD for bleeding peptic ulcers is as effective as IV PPI

Abbreviations: COPD, Chronic Obstructive Pulmonary Disease; EGD, Esophagogastroduo-
denoscopy; PE, Pulmonary embolism; PPI, proton pump inhibitors. 
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of fever and leukocytosis in a patient who has not been on 
antibiotics (LR 5.6).

Cautions
This study was performed at a single center with patients in the 
medicine and cardiology services, and thus, the data is repre-
sentative of clinical practice patterns specific to that site. 

Implications
Reflexive ordering of blood cultures for inpatient fever is of a 
low yield with a false-positive rate that approximates the true 
positive rate. A large number of patients are tested unneces-
sarily, and for those with positive tests, physicians are as likely 
to be misled as they are certain to truly identify a pathogen. 
The positive predictive value of blood cultures is improved 
when drawn on patients who are not on antibiotics and when 
the patient has a specific diagnosis, such as pneumonia, previ-
ous bacteremia, or suspected endocarditis.

Incidence of and Risk Factors for Chronic Opioid 
Use among Opioid-Naive Patients in the Postoper-
ative Period. Sun EC et al. JAMA Internal Medicine, 
2016;176(9):1286-93.4

Background
Each day in the United States, 650,000 opioid prescriptions are 
filled, and 78 people suffer an opiate-related death. Opioids 
are frequently prescribed for inpatient management of post-
operative pain. In this study, authors compared the develop-
ment of chronic opioid use between patients who had under-
gone surgery and those who had not. 

Findings
This was a retrospective analysis of a nationwide insurance 
claims database. A total of 641,941 opioid-naive patients un-
derwent 1 of 11 designated surgeries in the study period and 
were compared with 18,011,137 opioid-naive patients who 
did not undergo surgery. Chronic opioid use was defined as 
the filling of 10 or more prescriptions or receiving more than a 
120-day supply between 90 and 365 days postoperatively (or 
following the assigned faux surgical date in those not having 
surgery). This was observed in a small proportion of the surgi-
cal patients (less than 0.5%). However, several procedures were 
associated with the increased odds of postoperative chronic 
opioid use, including a simple mastectomy (Odds ratio [OR] 
2.65), a cesarean delivery (OR 1.28), an open appendectomy 
(OR 1.69), an open and laparoscopic cholecystectomy (ORs 
3.60 and 1.62, respectively), and a total hip and total knee ar-
throplasty (ORs 2.52 and 5.10, respectively). Also, male sex, 
age greater than 50 years, preoperative benzodiazepines or 
antidepressants, and a history of drug abuse were associated 
with increased odds.

Cautions
This study was limited by the claims-based data and that the 
nonsurgical population was inherently different from the surgi-
cal population in ways that could lead to confounding. 

Implications
In perioperative care, there is a need to focus on multimod-
al approaches to pain and to implement opioid reducing and 
sparing strategies that might include options such as acet-
aminophen, NSAIDs, neuropathic pain medications, and Lido-
caine patches. Moreover, at discharge, careful consideration 
should be given to the quantity and duration of the postoper-
ative opioids.

Rapid Rule-out of Acute Myocardial Infarction with a 
Single High-Sensitivity Cardiac Troponin T Measure-
ment below the Limit of Detection: A Collaborative 
Meta-Analysis. Pickering JW et al. Annals of Internal 
Medicine, 2017;166:715-24.5

Background
High-sensitivity cardiac troponin testing (hs-cTnT) is now avail-
able in the United States. Studies have found that these can 
play a significant role in a rapid rule-out of acute myocardial 
infarction (AMI). 

Findings
In this meta-analysis, the authors identified 11 studies with 
9,241 participants that prospectively evaluated patients pre-
senting to the emergency department (ED) with chest pain, un-
derwent an ECG, and had hs-cTnT drawn. A total of 30% of the 
patients were classified as low risk with negative hs-cTnT and 
negative ECG (defined as no ST changes or T-wave inversions 
indicative of ischemia). Among the low risk patients, only 14 of 
the 2,825 (0.5%) had AMI according to the Global Task Forces 
definition.6 Seven of these were in patients with hs-cTnT drawn 
within three hours of a chest pain onset. The pooled negative 
predictive value was 99.0% (CI 93.8%–99.8%). 

Cautions
The heterogeneity between the studies in this meta-analysis, 
especially in the exclusion criteria, warrants careful consider-
ation when being implemented in new settings. A more sensi-
tive test will result in more positive troponins due to different 
limits of detection. Thus, medical teams and institutions need 
to plan accordingly. Caution should be taken for any patient 
presenting within three hours of a chest pain onset. 

Implications
Rapid rule-out protocols—which include clinical evaluation, a 
negative ECG, and a negative high-sensitivity cardiac tropo-
nin—identify a large proportion of low-risk patients who are 
unlikely to have a true AMI.

Prevalence and Localization of Pulmonary Embolism 
in Unexplained Acute Exacerbations of COPD: A 
Systematic Review and Meta-analysis. Aleva FE et al. 
Chest, 2017;151(3):544-54.7

Background
Acute exacerbations of chronic obstructive pulmonary disease 
(AE-COPD) are frequent. In up to 30%, no clear trigger is found. 
Previous studies suggested that one in four of these patients 
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may have a pulmonary embolus (PE).7 This study reviewed the 
literature and meta-data to describe the prevalence, the em-
bolism location, and the clinical predictors of PE among pa-
tients with unexplained AE-COPD.

Findings
A systematic review of the literature and meta-analysis iden-
tified seven studies with 880 patients. In the pooled analysis, 
16% had PE (range: 3%–29%). Of the 120 patients with PE, two-
thirds were in lobar or larger arteries and one-third in segmen-
tal or smaller. Pleuritic chest pain and signs of cardiac compro-
mise (hypotension, syncope, and right-sided heart failure) were 
associated with PE.

Cautions
This study was heterogeneous leading to a broad confidence 
interval for prevalence ranging from 8%-25%. Given the fre-
quency of AE-COPD with no identified trigger, physicians 
need to attend to risks of repeat radiation exposure when con-
sidering an evaluation for PE. 

Implications
One in six patients with unexplained AE-COPD was found to 
have PE; the odds were greater in those with pleuritic chest 
pain or signs of cardiac compromise. In patients with AE-
COPD with an unclear trigger, the providers should consider 
an evaluation for PE by using a clinical prediction rule and/or 
a D-dimer. 

Sitting at Patients’ Bedsides May Improve Pa-
tients’ Perceptions of Physician Communication 
Skills. Merel SE et al. Journal of Hospital Medicine, 
2016;11(12):865-8.9

Background
Sitting at a patient’s bedside in the inpatient setting is consid-
ered a best practice, yet it has not been widely adopted. The 
authors conducted a cluster-randomized trial of physicians on 
a single 28-bed hospitalist only run unit where physicians were 
assigned to sitting or standing for the first three days of a sev-
en-day workweek assignment. New admissions or transfers to 
the unit were considered eligible for the study.

Findings
Sixteen hospitalists saw on an average 13 patients daily during 
the study (a total of 159 patients were included in the analysis 
after 52 patients were excluded or declined to participate). The 
hospitalists were 69% female, and 81% had been in practice 
three years or less. The average time spent in the patient’s 
room was 12:00 minutes while seated and 12:10 minutes while 
standing. There was no difference in the patients’ perception 
of the amount of time spent—the patients overestimated this 
by four minutes in both groups. Sitting was associated with 
higher ratings for “listening carefully” and “explaining things 
in a way that was easy to understand.” There was no differ-
ence in ratings on the physicians interrupting the patient when 
talking or in treating patients with courtesy and respect. 

Cautions
The study had a small sample size, was limited to En-
glish-speaking patients, and was a single-site study. It involved 
only attending-level physicians and did not involve nonphysi-
cian team members. The physicians were not blinded and were 
aware that the interactions were monitored, perhaps creating a 
Hawthorne effect. The analysis did not control for other factors 
such as the severity of the illness, the number of consultants 
used, or the degree of health literacy. 

Implications
This study supports an important best practice highlighted in 
etiquette-based medicine 10: sitting at the bedside provided a 
benefit in the patient’s perception of communication by phy-
sicians without a negative effect on the physician’s workflow. 

The Duration of Antibiotic Treatment in Communi-
ty-Acquired Pneumonia: A Multi-Center Randomized 
Clinical Trial. Uranga A et al. JAMA Intern Medicine, 
2016;176(9):1257-65.11

Background
The optimal duration of treatment for community-acquired 
pneumonia (CAP) is unclear; a growing body of evidence sug-
gests shorter and longer durations may be equivalent.

Findings
At four hospitals in Spain, 312 adults with a mean age of 65 
years and a diagnosis of CAP (non-ICU) were randomized to a 
short (5 days) versus a long (provider discretion) course of anti-
biotics. In the short-course group, the antibiotics were stopped 
after 5 days if the body temperature had been 37.8o C or less 
for 48 hours, and no more than one sign of clinical instabili-
ty was present (SBP < 90 mmHg, HR >100/min, RR > 24/min, 
O2Sat < 90%). The median number of antibiotic days was five 
for the short-course group and 10 for the long-course group (P 
< .01). There was no difference in the resolution of pneumonia 
symptoms at 10 days or 30 days or in 30-day mortality. There 
were no differences in in-hospital side effects. However, 30-day 
readmissions were higher in the long-course group compared 
with the short-course group (6.6% vs 1.4%; P = .02). The re-
sults were similar across all of the Pneumonia Severity Index  
(PSI) classes.

Cautions
Most of the patients were not severely ill (~60% PSI I-III), the 
level of comorbid disease was low, and nearly 80% of the pa-
tients received fluoroquinolone. There was a significant cross- 
over with 30% of patients assigned to the short-course group 
receiving antibiotics for more than 5 days.

Implications
Inpatient providers should aim to treat patients with commu-
nity-acquired pneumonia (regardless of the severity of the ill-
ness) for five days. At day five, if the patient is afebrile and has 
no signs of clinical instability, clinicians should be comfortable 
stopping antibiotics.
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Is the Era of Intravenous Proton Pump Inhibitors 
Coming to an End in Patients with Bleeding Peptic 
Ulcers? A Meta-Analysis of the Published Literature. 
Jian Z et al. British Journal of Clinical Pharmacology, 
2016;82(3):880-9.12

Background
Guidelines recommend intravenous proton pump inhibitors 
(PPI) after an endoscopy for patients with a bleeding peptic 
ulcer. Yet, acid suppression with oral PPI is deemed equivalent 
to the intravenous route. 

Findings
This systematic review and meta-analysis identified seven ran-
domized controlled trials involving 859 patients. After an en-
doscopy, the patients were randomized to receive either oral or 
intravenous PPI. Most of the patients had “high-risk” peptic ul-
cers (active bleeding, a visible vessel, an adherent clot). The PPI 
dose and frequency varied between the studies. Re-bleeding 
rates were no different between the oral and intravenous route 
at 72 hours (2.4% vs 5.1%; P = .26), 7 days (5.6% vs 6.8%; P =.68), 
or 30 days (7.9% vs 8.8%; P = .62). There was also no difference 
in 30-day mortality (2.1% vs 2.4%; P = .88), and the length of stay 
was the same in both groups. Side effects were not reported.

Cautions
This systematic review and meta-analysis included multiple 
heterogeneous small studies of moderate quality. A large 
number of patients were excluded, increasing the risk of a se-
lection bias. 

Implications
There is no clear indication for intravenous PPI in the treatment 
of bleeding peptic ulcers following an endoscopy. Converting 

to oral PPI is equivalent to intravenous and is a safe, effective, 
and cost-saving option for patients with bleeding peptic ulcers.
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The 2015 National Academy of Sciences (NAS; former-
ly the Institute of Medicine [IOM]) report, Improving 
Diagnosis in Health Care, attributes up to 10% of pa-
tient deaths and 17% of hospital adverse events to 

diagnostic errors,1 one cause of which is absent or delayed 
follow-up of laboratory test results.2 Poor communication or 
follow-up of laboratory tests with abnormal results has been 
cited repeatedly as a threat to patient safety.1,3,4 In a survey of 
internists, 83% reported at least one unacceptably delayed 
laboratory test result during the previous 2 months.5

Care transitions magnify the risk of missed test results.6,7 Up 
to 16% of all emergency department (ED) and 23% of all hos-
pitalized patients will have pending laboratory test results at 
release or discharge.6 The percentage of tests that received 
follow-up ranged from 1% to 75% for tests done in the ED 
and from 20% to 69% for tests ordered on inpatients. In one 
study, 41% of all surveyed medical inpatients had at least one 
test result pending at discharge (TPAD). When further studied, 
over 40% of the results were abnormal and 9% required ac-
tion, but the responsible physicians were unaware of 62% of 
the test results.8 Many examples of morbidity from such failure 
have been reported. One of many described by El-Kareh et al., 
for example, is that of an 81-year-old man on total parenter-
al nutrition who was treated for suspected line infection and 
discharged without antibiotics, but whose blood cultures grew 
Klebsiella pneumoniae after his discharge.9 Another example, 
presented on the Agency for Healthcare Research and Qual-
ity (AHRQ) Patient Safety Network, reported a patient admit-
ted for a urinary tract infection and then discharged from the 
hospital on trimethoprim–sulfamethoxazole. He returned to 
the hospital 11 days later with severe sepsis. Upon review, the 
urine culture results from his previous admission, which were 
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Failure to follow up test results pending at discharge 
(TPAD) from hospitals or emergency departments is 
a major patient safety concern. The purpose of this 
review is to systematically evaluate the effectiveness of 
interventions to improve follow-up of laboratory TPAD.

We conducted literature searches in PubMed, CINAHL, 
Cochrane, and EMBASE using search terms for relevant 
health care settings, transition of patient care, laboratory 
tests, communication, and pending or missed tests. 
We solicited unpublished studies from the clinical 
laboratory community and excluded articles that did not 
address transitions between settings, did not include an 
intervention, or were not related to laboratory TPAD. We 
also excluded letters, editorials, commentaries, abstracts, 
case reports, and case series.

Of the 9,592 abstracts retrieved, eight met the inclusion criteria 
and reported the successful communication of TPAD. A team 

member abstracted predetermined data elements from each 
study, and a senior scientist reviewed the abstraction. Two 
experienced reviewers independently appraised the quality of 
each study using published Laboratory Medicine Best Practices 
(LMBP™) A-6 scoring criteria.

We assessed the body of evidence using the A-6 
methodology, and the evidence suggested that electronic 
tools or one-on-one education increased documentation of 
pending tests in discharge summaries. We also found that 
automated notifications improved awareness of TPAD.

The interventions were supported by suggestive evidence; 
this type of evidence is below the level of evidence 
required for LMBP™ recommendations. We encourage 
additional research into the impact of these interventions 
on key processes and health outcomes. Journal of 
Hospital Medicine. 2018:13:631-636. Published online first 
February 27, 2018. © 2018 Society of Hospital Medicine
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returned two days after his discharge, indicated that the infec-
tious agent was not sensitive to trimethoprim–sulfamethoxaz-
ole. The results had not been reviewed by hospital clinicians or 
forwarded to the patient’s physician, so the patient continued 
on the ineffective treatment. His second hospital admission 
lasted seven days, but he made a complete recovery with the 
correct antibiotic.10

Several barriers impede the follow-up of TPAD. First, who 
should receive test results or who is responsible for address-
ing them may be unclear. Second, even if responsibility is clear, 
communication between the provider who ordered the test and 
the provider responsible for follow-up may be suboptimal.11 Fi-
nally, providers who need to follow up on abnormal results may 
not appreciate the urgency or significance of pending results.

The hospitalist model of care increases efficiency during hos-
pitalization but further complicates care coordination.12 The 
hospitalist who orders a test may not be on duty at discharge 
or when test results are finalized. Primary care providers may 
have little contact with their patients during their admission.12 
Effective communication between providers is key to ensur-
ing appropriate follow-up care, but primary care physicians 
and hospital physicians communicate directly in 20% or fewer 
admissions.13 The hospital discharge summary is the primary 
method of communication with the next provider, but 65%-
84% of all discharge summaries lack information on TPAD.13,14

In this work, we sought to identify and evaluate interventions 
aimed at improving documentation, communication, and fol-
low-up of TPAD. This review was conducted through the Lab-
oratory Medicine Best Practices (LMBP™) initiative, which is 
sponsored by the Centers for Disease Control and Prevention’s 

(CDC’s) Division of Laboratory Systems (https://wwwn.cdc.gov/
labbestpractices/). The LMBP™ was initiated as the CDC’s re-
sponse to the IOM report To Err is Human: Building a Safer 
Health System.15

METHODS
We applied the first four phases of the LMBP™-developed A-6 
Cycle methodology to evaluate quality improvement practices 
as described below.16 Our report follows the Meta-analysis Of 
Observational Studies in Epidemiology (MOOSE) guidelines.17

Asking the Question
The full review, which is available from the corresponding au-
thor, assessed the evidence that the interventions improved 
(1) the timeliness of follow-up of TPAD or reduced adverse 
health events; (2) discharge planning, documentation, or com-
munication with the outpatient care provider regarding TPAD; 
and (3) health outcomes. In this article, we present the impact 
of interventions to improve the documentation, communi-
cation, and follow-up of TPAD. The review protocol, which is 
also available from the corresponding author, was developed 
with the input of a panel of experts (Appendix A) in labora-
tory medicine, systematic reviews, informatics, and patient 
safety. The analytic framework (Appendix B) describes the 
scope of the review. The inclusion criteria for papers report-
ing on interventions to improve communication of TPAD are  
the following:
•	 Population: Patients who were admitted to an inpatient fa-

cility or who visited an ED (including patients released from 
the ED) and who had one or more TPADs.

•	 Interventions: Practices that explicitly aimed to improve 
the documentation, communication, or follow-up of TPAD, 
alone or as part of a broader quality improvement effort.

•	 Comparators: Standard practice, pre-intervention practice, 
or any other valid comparator.

•	 Outcomes: Documentation completeness, physician aware-
ness of pending tests, or follow-up of TPAD.

Acquire the Evidence
A professional librarian conducted literature searches in 
PubMed, CINAHL, Cochrane, and EMBASE using terms that 
captured relevant health care settings, transition of patient 
care, laboratory tests, communication, and pending or missed 
tests (Appendix C). Citations were also identified by expert 
panel members and by manual searches of bibliographies of 
relevant studies. We included studies published in English in 
2005 or later. We sought unpublished studies through expert 
panelists and queries to relevant professional organizations.

Appraise the Studies
Two independent reviewers evaluated each retrieved citation 
for inclusion. We excluded articles that (1) did not explicitly ad-
dress laboratory TPAD; (2) were letters, editorials, commentar-
ies, or abstracts; (3) did not address transition between settings; 
(4) did not include an intervention; (5) were case reports or case 
series; or (6) were not published in English. A team member 
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abstracted predetermined data elements (Appendix D) from 
each included study, and a senior scientist reviewed the ab-
straction. Two senior scientists independently scored the qual-
ity of the eligible studies on the A-6 domains of study charac-
teristics, practice description, outcome measures, and results 
and findings; studies scored below 4 points on a 10-point scale 
were excluded. Based on this appraisal, studies were classified 
as good, fair, or poor; poor studies were excluded.

Analyze the Evidence
We synthesized the evidence by intervention type and out-
come. The strength of the evidence that each intervention 
improved the desired outcome was rated in accordance with 
the A-6 methodology as high, moderate, suggestive, or insuf-
ficient based on the number of studies, the study ratings, and 
the consistency and magnitude of the effect size.

RESULTS
We retrieved 9,592 abstracts and included 17 articles after full-text 
review and study-quality appraisal; of these, eight provided evi-
dence on communication of TPAD (Figure 1). These eight studies 
examined four types of interventions: (1) education to improve 
discharge summaries, (2) electronic tools to aid in preparation of 
discharge summaries, (3) electronic notification to physicians of 
pending tests, and (4) online access of test results for patients or 
parents. The Table and Figure 2 summarize the evidence for each 
intervention. The appendices provide detailed information on 
the characteristics of the included studies (Appendix E), the study 
interventions (Appendix F), and evidence tables (Appendix G).

Education to Improve Discharge Summaries
Three studies18-20 examined educational interventions to im-
prove the completeness of discharge summaries, and all three 

TABLE. Summary of Evidence on Interventions to Improve Communication of Tests Pending at Discharge

Intervention Citation: Author (Year) Effect Size Rating Quality Appraisal Score
Consistency Across  
Body of Evidence Strength of the Evidence

Education to Improve Documentation of TPAD  
in Discharge Summaries

Dinescu (2011) Moderate Fair Consistent Suggestive

Gandara (2010) Moderate Fair

Key-Solle (2010) Moderate Fair

Electronic Aids to Improve Documentation of TPAD  
in Discharge Summaries

Kantor (2014) Substantial Fair Consistent Suggestive

O’Leary (2009) Substantial Good

Electronic Notifications to Physician Responsible  
for Follow-up

Dalal (2014) Substantial Fair Consistent Suggestive

El-Kareh (2012) Moderate Good

Report of Test Results to Parent Goldman Moderate Good Not Applicable Insufficient

FIG 2. Impact of Interventions to Improve Communication and Follow-up of Tests Pending at Discharge
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were of fair quality with moderate effects. Two studies18,19 eval-
uated educational inventions for first-year residents or fellows 
and included individual instruction alone18 or in combination 
with a group session.19 Dinescu et al.18 found a 20% increase 
in the documentation of ordered tests, and a 39% increase in 
documented test results in discharge summaries (81% vs. 42%, 
P = .02) after the intervention. Key-Solle19 reported that indi-
vidual sessions resulted in a 16.4% (P = .004) increase in the 
documentation of pending laboratory results in the discharge 
summary compared with that of the controls; the group ses-
sion increased documentation by only 5% (P = .403).

Gandara et al.20 conducted a multi-site, multi-intervention 
study to improve completeness of information in discharge 
summaries, including documentation of TPAD. All sites imple-
mented physician and nurse education. A significant trend (P < 
.001) toward more complete information overall was found af-
ter implementation; improvement in documentation of TPAD 
was not provided.

Electronic Tools for Preparation of Discharge Sum-
maries
Two studies 21,22  investigated tools to aid preparation of dis-
charge summaries. Kantor et al.,21 rated fair, evaluated an 
EMR-generated list of TPAD, and O’Leary et al.,22 rated good, 
evaluated an electronic discharge summary template. The 
EMR-generated list resulted in an absolute increase of 25% in 
the proportion of TPAD documented and of 18% in the per-
centage of discharge summaries with complete information on 
TPAD. An electronic discharge summary template increased 
the percentage of discharge summaries with complete infor-
mation on TPAD by 32.4%.22 O’Leary et al.22 was the only study 
that reported a negative effect of an intervention. The authors 
found a 10% (P = .04) reduction in the documentation of clini-
cally significant laboratory results after implementation of the 
electronic discharge summary.

Electronic Notifications to Physicians
One good study, El-Kareh et al.,23 and one fair study, Dalal et 
al.,24 examined the impact of electronic notification of pending 
laboratory tests or test results to physicians. El-Kareh et al.23 
also provided evidence on improved follow-up of test results. 
Physicians in intervention clusters were three times more likely 
(OR 3.2; 95% CI 1.3-8.4) to have documented follow-up of test 
results than those in control clusters.23 The absolute increase 
in awareness of TPAD was 20%,23,24 among primary care physi-
cians and 12%23 or 38%24 among inpatient attending physicians 
in the intervention clusters.

Notification of Patients or Parents
One study evaluated the impact of online parental access to 
the results of laboratory tests ordered during a child’s ED visit.25 
The intervention indirectly increased physician awareness of 
the test results: 36 parents (12% of enrolled families) reported 
informing their physician of the test results. Therapy changed 
for seven children (5% of 141 whose parents retrieved the 
child’s test results and completed the follow-up survey).

DISCUSSION
Evidence Summary
We identified four interventions aimed at improving follow-up of 
TPAD and found suggestive evidence indicating that individual 
education for preparers of discharge summaries improved the 
quality of discharge summary documentation of TPAD; howev-
er, this type of evidence is below the level of evidence required 
by the LMBP™ to issue a recommendation. Site variations in 
the type and timing of interventions,20 small sample size,18 short 
follow-up,18,19 lack of detail on educational content,18-20 and dif-
ferences in evaluated interventions limited the evidence quali-
ty. The long-term impact of educational interventions is also a 
concern. Oluma et al., for example, found that the benefits of 
education interventions were not sustained over time.26

Two studies21,22 evaluated aids to completing discharge 
summaries. The aids, which include a list of TPADs21 and an 
electronic template,22 resulted in a substantial increase in the 
completeness of the documentation of TPAD. Because of the 
differences in the interventions and the limited number of 
studies obtained, the evidence was rated as suggestive.

Suggestive evidence that automated e-mail notifications in-
creased awareness of TPAD results by inpatient attending phy-
sicians and primary care providers was found. A limitation of 
this evidence is that both studies23,24 retrieved were conducted 
at the same institution; thus, the findings may not be general-
izable to other institutions. Only one paper25 examined the im-
pact of patient or parental access to laboratory tests results on 
the primary care physician’s awareness and follow-up of TPAD; 
as such, we consider the available evidence insufficient to eval-
uate the intervention.

Limitations
The evidence regarding interventions to improve follow-up of 
TPAD is limited. The interventions evaluated varied consider-
ably in design and implementation. Most studies were con-
ducted at a single medical center. Few studies had concurrent 
controls, and even fewer were randomized trials. Some studies 
included multiple interventions, thereby rendering the isolation 
of the impact of any single intervention difficult to accomplish.

Comparison to Other Literature
We found no other reviews of interventions to improve fol-
low-up of TPAD. A review of interventions to improve infor-
mation transfer found that computer-generated discharge 
summaries improved the timeliness and, less consistently, com-
pleteness of the summary.13 The authors of this review13 rec-
ommended computer-generated structured summaries that 
highlight the most pertinent information for follow-up care, as 
supported by a recent qualitative exploration of care coordina-
tion between hospitalists and primary care physicians.27

CONCLUSIONS
Successful follow-up of TPAD during care transition is a mul-
tistep process requiring identification and documentation of 
TPAD, notification of person responsible for follow-up, and 
their recognition and execution of the appropriate follow-up 
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actions. We found suggestive evidence that individual educa-
tion and tools, such as automated templates or abstraction, 
can improve documentation of TPADs and that automated 
alerts to the physician responsible for follow-up can improve 
awareness of TPAD results. The interventions were distinct; ev-
idence from one intervention and outcome should be applied 
cautiously to other interventions and outcomes.

None of the interventions completely resolved the prob-
lems of documentation, awareness, or follow-up of TPAD. 
New interventions should consider the barriers to coordina-
tion identified by Jones et al.27 and Callen et al.7 Both studies 
identified a lack of systems, policies, and practices to support 
communication across different settings, including lack of ac-
cess or difficulty navigating electronic medical records at other 
institutions; unclear or varied accountability for follow-up care; 
and inconsistent receipt of discharge documents after initial 
follow-up visit. These systemic problems were exacerbated by 
a lack of personal relationships between the community phy-
sicians, hospital, and ED clinicians, and between acute care 
clinicians and patients. In EDs, high patient throughput and 
short length of stay were found to contribute to these barriers. 
Although laboratories have a responsibility, required by CLIA 
regulations, to ensure the accurate and complete transmission 
of test reports,28 none of the interventions appeared to include 
laboratorians as stakeholders during the design, implemen-
tation, or evaluation of the interventions. Incorporating labo-
ratory personnel and processes into the design of follow-up 
solutions may increase their effectiveness.

Medical informatics tools have the potential to improve pa-
tient safety during care transitions. Unfortunately, the evidence 
regarding informatics interventions to improve follow-up 
of TPAD was limited by both the number and the quality of 
the published studies. In addition, better-designed studies 
in this area are needed. Studies of interventions to improve 
follow-up of TPAD need to include well-chosen comparator 
populations and single, well-defined interventions. Evaluation 
of the interventions would be strengthened if the studies mea-
sured both the targeted outcome of the intervention, such as 
physician awareness of TPAD, and its impact on patient out-
comes. Evaluation of the generalizability of the interventions 
would be strengthened by multi-site studies and, where ap-
propriate, application of the same intervention to multiple 
study populations. As failure to communicate or follow up on 
abnormal laboratory tests is a critical threat to patient safety, 
more research and interventions to address this problem are  
urgently needed.
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The “Things We Do for No Reason” series reviews practices 
which have become common parts of hospital care but which 
may provide little value to our patients. Practices reviewed in 
the TWDFNR series do not represent “black and white” con-
clusions or clinical practice standards, but are meant as a start-
ing place for research and active discussions among hospital-
ists and patients. We invite you to be part of that discussion.

Hypotonic intravenous (IV) fluids have historically been the 
maintenance IV fluid of choice for hospitalized children. Iatro-
genic hyponatremia is a common phenomenon among hos-
pitalized patients and hypotonic IV fluids significantly increase 
the risk for hyponatremia. Although infrequent, hyponatremic 
encephalopathy can have catastrophic complications, making 
the avoidance of iatrogenic hyponatremia a priority in the hos-
pital. Multiple studies have demonstrated that compared with 
hypotonic IV fluids, isotonic IV fluids decrease the risk of hypo-
natremia without significant untoward side effects. Therefore, 
clinicians should preferentially treat most children with isotonic 
maintenance IV fluids instead of hypotonic IV fluids. 

CASE PRESENTATION
A 12-month-old female is admitted for acute bronchiolitis with 
increased work of breathing and decreased oral intake. She 
is mildly dehydrated upon exam with a sodium level of 139 
mEq/L and is given a 20 mL/kg bolus of 0.9% saline. Given the 
patient’s poor oral intake, the admitting intern orders mainte-
nance intravenous (IV) fluids and asks her senior resident which 
IV fluid should be used. The medical student on the team won-
ders if a different IV fluid would be selected for a 2-week-old 
with a similar presentation. 

INTRODUCTION
Maintenance IV fluids are continuously infused to preserve ex-
tracellular volume and electrolyte balance when fluids cannot 
be taken orally. In contrast, resuscitation IV fluids are given as 

a bolus to patients in states of hypoperfusion to restore ex-
tracellular volume. The given IV fluid concentration can be 
categorized as approximately equal to (isotonic) or less than 
(hypotonic) the plasma sodium concentration. Refer to Table 
1 for the electrolyte composition of commonly used IV fluids. 
Dextrose is rapidly metabolized upon infusion and does not 
affect tonicity. 

WHY YOU MIGHT THINK HYPOTONIC MAIN-
TENANCE IV FLUIDS ARE THE RIGHT CHOICE 
A 1957 publication by Holliday and Segar laid the foundation 
for maintenance IV fluid and electrolyte requirements in chil-
dren and was the initial catalyst for the use of hypotonic main-
tenance IV fluids.1 This manuscript contended that hypotonic 
IV fluids could supply the water and sodium needed to meet 
maintenance dietary requirements. This claim led to the pre-
dominant use of hypotonic maintenance IV fluids in children. 
By contrast, isotonic IV fluids have been avoided given the ap-
prehension over electrolytes exceeding maintenance needs. 

Concerns about the unintended consequences of fluid over-
load – edema, hypernatremia, and hypertension secondary to 
increased sodium load – have led some to avoid isotonic IV 
fluids.2 When presented with common clinical scenarios of pa-
tients at risk for excess antidiuretic hormone (ADH; also known 
as arginine vasopressin), pediatric residents chose hypotonic 
(instead of isotonic) IV fluids 78% of the time.3

WHY ISOTONIC MAINTENANCE IV FLUIDS ARE 
USUALLY THE RIGHT CHOICE FOR CHILDREN
General recommendations for hypotonic IV fluids are primar-
ily based on theoretical calculations from the fluid and elec-
trolyte requirements of healthy individuals, and studies have 
not validated the use of hypotonic IV fluids in clinical practice.1 
Acutely ill patients are at risk for excessive levels of ADH from 
numerous causes (see Table 2).2 As a result, nearly every hos-
pitalized patient is at risk for excess ADH release, thus making 
them vulnerable to the development of hyponatremia. The 
syndrome of inappropriate secretion of ADH (SIADH) occurs 
when nonosmotic/nonhemodynamic stimuli trigger ADH re-
lease, which leads to excessive free-water retention and resul-
tant hyponatremia. Schwartz and Bartter reported the first two 
cases of SIADH in 1957 when hyponatremia developed in the 
setting of bronchogenic carcinoma.4 Although the publication 
by Holliday and Seger did acknowledge the potential for water 
intoxication, it was written before this report and before the 
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effects of ADH on the sodium levels of hospitalized patients 
were clearly understood.2 SIADH is now recognized as one of 
the most common causes of hyponatremia in hospitalized pa-
tients.5, 6

Numerous studies have demonstrated that patients who re-
ceive hypotonic IV fluids have a significantly higher risk of de-
veloping hyponatremia than patients who receive isotonic IV 
fluids.7,8 An infrequent, yet serious, complication of iatrogenic 
hyponatremia is hyponatremic encephalopathy, which carries 
a high rate of morbidity or mortality.9 The prevention of hypo-
natremia is essential as the early symptoms of hyponatremic 
encephalopathy are nonspecific and can be easily missed.2 

More than 15 prospective randomized controlled trials (RCTs) 
involving over 2,000 children have demonstrated that isotonic 
IV fluids are more effective in preventing hospital-acquired hy-
ponatremia than hypotonic IV fluids and are not associated with 
the development of fluid overload or hypernatremia. A 2014 
metaanalysis comprising 10 RCTs and involving over 800 children 
found that when compared with isotonic IV fluids, hypotonic IV 
fluids present a relative risk of 2.37 for sodium levels to drop be-
low 135 mEq/L and a relative risk of 6.1 for levels to drop below 
130 mEq/L. The numbers needed to treat (NNT) with isotonic 
IV fluids to prevent hyponatremia in each group were 6 and 17, 
respectively.7 A Cochrane review published in 2014 presented 
comparable findings, demonstrating that hypotonic IV fluids had 
a 34% risk of causing hyponatremia; by comparison, isotonic IV 
fluids had a 17% risk of causing hyponatremia and a NNT of six 
to prevent hyponatremia.8 In a large RCT conducted in 2015 with 
676 pediatric patients, McNabb et al. found that when compared 
with patients receiving isotonic IV fluids, those receiving hypoton-
ic IV fluids had a higher incidence of developing hyponatremia 
(10.9% versus 3.8%) with a NNT of 15 to prevent hyponatremia 
with the use of isotonic fluids.10 Published trials have likely been 
underpowered to detect a difference in the infrequent adverse 
hyponatremia outcomes of seizures and mortality.

On the basis of these data, patient safety alerts have rec-
ommended the avoidance of hypotonic IV fluids in the United 
Kingdom (UK) and Australia, and the 2015 UK guidelines for 
children now recommend isotonic IV fluids for maintenance 
needs.11 Although many of the aforementioned studies in-
cluded predominantly critically ill or surgical pediatric pa-
tients, the risk of hyponatremia with hypotonic IV fluids seems 
similarly increased in nonsurgical and noncritically ill pediatric 
patients.10

For patients at risk for excess ADH release, some have sup-
ported the use of hypotonic IV fluids at a lower than mainte-
nance rate to theoretically decrease the risk of hyponatremia, 
but this practice has not been effective in preventing hypona-
tremia.2,12 Unless a patient is in a fluid overload state, such as 
in congestive heart failure, cirrhosis, or renal failure; isotonic 
maintenance IV fluids should not result in fluid overload.3 Avail-
able evidence for guiding maintenance IV fluid choice in neo-
nates or young infants is limited. Nevertheless, given the afore-
mentioned reasons, we generally recommend the prescription 
of isotonic IV fluids for most in this population.

WHICH ISOTONIC IV FLUID SHOULD BE USED?
The sodium concentration (154 mmol/L) of 0.9% saline, an 
isotonic IV fluid, is approximately equal to the tonicity of the 
aqueous phase of plasma. The majority of studies evaluating 
the risk of hyponatremia with maintenance IV fluids have used 
0.9% saline as the studied isotonic IV fluid. Plasma-Lyte and 
Ringer’s lactate are low-chloride, buffered/balanced solutions. 
Plasma-Lyte ([Na] = 140 mmol/L) has been demonstrated to 
be effective in preventing hyponatremia. Ringers’ lactate is 
slightly hypotonic ([Na] = 130 mmol/L), and its administration is 
associated with a decrease in serum sodium.13  A resultant dilu-
tional and hyperchloremic metabolic acidosis is more likely to 
develop with the use of large volumes of 0.9% saline in resus-
citation than with the use of balanced solutions.2 Whether the 

TABLE 1. Composition of Commonly Used Maintenance Intravenous Fluids

IV Fluid Sodium Chloride Potassium Calcium Magnesium Buffer Osmolaritya

mmol/L mOsm/L

Human Plasma 135-144 95-105 3.5-5.3 2.2-2.6 0.8-1.2 23-30 bicarbonate   308b

Isotonic/Near Isotonic Solutions

5% dextrose in 0.9% Saline 154 154 0 0 0 0 308

Plasma-Lyte  140 98 5 0 1.5 27 acetate &
23 gluconate

294

5% dextrose in Ringer’s Lactate 130 109 4 1.5 0 28 lactate 273

Hypotonic Solutions

5% dextrose in 0.45% Saline 77 77 0 0 0 0 154

5% dextrose in 0.2% Saline 34 34 0 0 0 0 78

aThis osmolarity calculation excludes the dextrose in the solutions as dextrose is rapidly metabolized upon infusion. 
bThe osmolality for plasma is 275-295 mOsm/kg.
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prolonged use of 0.9% saline maintenance IV fluids can lead to 
this same side effect remains unknown given insufficient evi-
dence.2 Retrospective studies using balanced solutions have 
shown an association with decreased rates of acute kidney 
injury (AKI) and mortality when compared with 0.9% saline. 
However, a RCT with over 2,000 adult ICU patients showed no 
change in rates of AKI in those that received Plasma-Lyte com-
pared with those who received 0.9% saline.14

Two recent, single-center, prospective studies compared 
the use of Ringer’s lactate or Plasma-Lyte for resuscitation with 
that of 0.9% saline. One study was comprised of 15,802 crit-
ically ill adults, and the other was comprised of 13,347 non-
critically adults. Both studies showed that balanced solutions 
decreased the rate of major adverse kidney events (defined as 
a composite of death from any cause, new renal-replacement 
therapy, or persistent renal injury) within 30 days.15,16 Available 
published pediatric studies indicate that 0.9% saline is an ef-
fective maintenance IV fluid for the prevention of hyponatre-
mia that is not associated with hypernatremia or fluid overload. 
Further pediatric studies comparing 0.9% saline with balanced 
solutions are needed. 

WHEN SHOULD WE USE HYPOTONIC IV FLUIDS?
Hypotonic IV fluids may be needed for patients with hyperna-
tremia and a free-water deficit or a renal-concentrating defect 
with ongoing urinary free-water losses.2 Special care should be 
taken when choosing maintenance IV fluids for patients with 
renal disease, liver disease, or heart failure given that these 
groups have been excluded from some studies.12 These pa-
tients may be at risk for increased salt and fluid retention with 
any IV fluid, and fluid rates need to be restricted. The fluid in-
take of patients with hyponatremia secondary to SIADH needs 
close management; these patients benefit from total fluid re-
striction instead of standard maintenance IV fluid rates.2 

WHAT WE SHOULD DO INSTEAD?
Maintenance IV fluids should only be used when necessary and 
should be stopped as soon as they are no longer required, es-
pecially in light of the recent shortages in 0.9% saline.17 Similar 
to all medications, maintenance IV fluids should be individual-
ized to the patient’s needs on the basis of the indication for IV 
fluids and the patient’s comorbidities.2 Consideration should 
be given to checking the patient’s electrolyte levels to monitor 
response to IV fluids, especially during the first 24 hours of ad-
mission when risk of hyponatremia is highest. Isotonic IV fluids 
with 5% dextrose should be used as the maintenance IV fluid in 
the majority of hospitalized children given its proven benefit in 
decreasing the rate of hospital-acquired hyponatremia.7,8 Hypo-
tonic IV fluids should be avoided as the default maintenance IV 
fluid and should only be utilized under specific circumstances.

RECOMMENDATIONS
•	 When needed, maintenance IV fluids should always be tai-

lored to each individual patient.
•	 For most acutely ill hospitalized children, isotonic IV fluids 

should be the maintenance IV fluid of choice. 
•	 Consider monitoring electrolytes to determine the effects of 

maintenance IV fluids. 

CONCLUSION 
Enteral maintenance fluids should be used first-line if possi-
ble. Although hypotonic IV fluids have historically been the 
maintenance IV fluid of choice, this class of IV fluids should be 
avoided for most hospitalized children to decrease the signifi-
cant risk of iatrogenic hyponatremia, which can be severe and 
have catastrophic complications. When necessary, isotonic IV 
fluids should be used for the majority of hospitalized children 
given that these fluids present a significantly decreased risk for 
causing hyponatremia. Returning to our case presentation, to 
decrease the risk of hyponatremia, the senior resident should 
recommend starting isotonic IV fluids in the 12-month-old and 
theoretical 2-week-old until oral intake can be maintained. 

Do you think this is a low-value practice? Is this truly a “Thing 
We Do for No Reason”? Let us know what you do in your prac-
tice and propose ideas for other “Things We Do for No Rea-
son” topics. Please join in the conversation online at Twitter 
(#TWDFNR)/Facebook and don’t forget to “Like It” on Face-
book or retweet it on Twitter.
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CLINICAL CARE CONUNDRUM

A Tough Egg to Crack

The approach to clinical conundrums by an expert clinician is revealed through the presentation of an actual patient’s case in an 
approach typical of a morning report. Similar to patient care, sequential pieces of information are provided to the clinician, who is 
unfamiliar with the case. The focus is on the thought processes of both the clinical team caring for the patient and the discussant.

 This icon represents the patient’s case. Each paragraph that follows represents the discussant’s thoughts.

Rabih M. Geha, MD1,2*, Gurpreet Dhaliwal, MD1,2, Marion G. Peters, MD,1 Reza Manesh, MD3
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A 68-year-old woman presented to the emergency de-
partment with altered mental status. On the morning 

prior to admission, she was fully alert and oriented. Over the 
course of the day, she became more confused and somno-
lent, and by the evening, she was unarousable to voice. She 
had not fallen and had no head trauma.

Altered mental status may arise from metabolic (eg, hypona-
tremia), infectious (eg, urinary tract infection), structural (eg, 
subdural hematoma), or toxin-related (eg, adverse medication 
effect) processes. Any of these categories of encephalopathy 
can develop gradually over the course of a day.

One year prior, the patient was admitted for a similar 
episode of altered mental status. Asterixis and elevated 

transaminases prompted an abdominal ultrasound, which re-
vealed a nodular liver and ascites. Paracentesis revealed a 
high serum-ascites albumin gradient. The diagnosis of cirrho-
sis was made based on these findings. Testing for viral hepa-
titis, autoimmune hepatitis, hemochromatosis, and Wilson’s 
disease were negative. Although steatosis was not detected 
on ultrasound, nonalcoholic fatty liver disease (NAFLD) was 
suspected based on the patient’s risk factors of hypertension 
and type 2 diabetes mellitus. She had four additional presen-
tations of altered mental status with asterixis; each episode 
resolved with lactulose.

Other medical history included end-stage renal disease 
(ESRD) requiring hemodialysis. Her medications were 
labetalol, amlodipine, insulin, propranolol, lactulose, and 
rifaximin. She was originally from China and moved to the 
United States 10 years earlier. Given concerns about her 

ability to consistently take medications, she had moved to a 
long-term facility. She did not use alcohol, tobacco, or illicit 
substances.

The normalization of the patient’s mental status after lactulose 
treatment, especially in the context of recurrent episodes, is 
characteristic of hepatic encephalopathy, in which ammonia 
and other substances bypass hepatic metabolism and impair 
cerebral function. Hepatic encephalopathy is the most com-
mon cause of lactulose-responsive encephalopathy, and may 
recur in the setting of infection or nonadherence with lactulose 
and rifaximin. Other causes of lactulose-responsive encepha-
lopathy include hyperammonemia caused by urease-produc-
ing bacterial infection (eg, Proteus), valproic acid toxicity, and 
urea cycle abnormalities.

Other causes of confusion with a self-limited course should 
be considered for the current episode. A postictal state is 
possible, but convulsions were not reported. The patient is 
at risk of hypoglycemia from insulin use and impaired gluco-
neogenesis due to cirrhosis and ESRD, but low blood sugar 
would have likely been detected at the time of hospitaliza-
tion. Finally, she might have experienced episodic encepha-
lopathy from ingestion of unreported medications or toxins, 
whose effects may have resolved with abstinence during hos-
pitalization.

The patient’s temperature was 37.8°C, pulse 73 beats/
minute, blood pressure 133/69 mmHg, respiratory rate 

12 breaths/minute, and oxygen saturation 98% on ambient 
air. Her body mass index (BMI) was 19 kg/m2. She was som-
nolent but was moving all four extremities spontaneously. 
Her pupils were symmetric and reactive. There was no facial 
asymmetry. Biceps and patellar reflexes were 2+ bilaterally. 
Babinski sign was absent bilaterally. The patient could not 
cooperate with the assessment for asterixis. Her sclerae were 
anicteric. The jugular venous pressure was estimated at 13 
cm of water. Her heart was regular with no murmurs. Her 
lungs were clear. She had a distended, nontender abdomen 
with caput medusae. She had symmetric pitting edema in her 
lower extremities up to the shins.
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The elevated jugular venous pressure, lower extremity edema, 
and distended abdomen suggest volume overload. Jugular 
venous distention with clear lungs is characteristic of right ven-
tricular failure from pulmonary hypertension, right ventricular 
myocardial infarction, tricuspid regurgitation, or constrictive 
pericarditis. However, chronic biventricular heart failure often 
presents in this manner and is more common than the afore-
mentioned conditions. ESRD and cirrhosis may be contribut-
ing to the hypervolemia.

Although Asian patients may exhibit metabolic syndrome 
and NAFLD at a lower BMI than non-Asians, her BMI is unchar-
acteristically low for NAFLD, especially given the increased 
weight expected from volume overload. There are no signs of 
infection to account for worsening of hepatic encephalopathy.

Laboratory tests demonstrated a white blood cell count 
of 4400/µL with a normal differential, hemoglobin of 

10.3 g/dL, and platelet count of 108,000 per cubic millimeter. 
Mean corpuscular volume was 103 fL. Basic metabolic panel 
was normal with the exception of blood urea nitrogen of 46 
mg/dL and a creatinine of 6.4 mg/dL. Aspartate aminotrans-
ferase was 34 units/L, alanine aminotransferase 34 units/L, 
alkaline phosphatase 289 units/L (normal, 31-95), gamma-glu-
tamyl transferase 104 units (GGT, normal, 12-43), total biliru-
bin 0.8 mg/dL, and albumin 2.5 g/dL (normal, 3.5-4.5). Pro-
brain natriuretic peptide was 1429 pg/mL (normal, <100). 
The international normalized ratio (INR) was 1.0. Urinalysis 
showed trace proteinuria. The chest x-ray was normal. A non-
contrast computed tomography (CT) of the head demon-
strated no intracranial pathology. An abdominal ultrasound 
revealed a normal-sized nodular liver, a nonocclusive portal 
vein thrombus (PVT), splenomegaly (15 cm in length), and 
trace ascites. There was no biliary dilation, hepatic steatosis, 
or hepatic mass.

The evolving data set presents a mixed picture about the state 
of the liver. The distended abdominal wall veins, thrombocyto-
penia, and splenomegaly are commonly observed in advanced 
cirrhosis, but these findings reflect the associated portal hyper-
tension and not the liver disease itself. The normal bilirubin 
and INR suggest preserved liver function and decrease the 
likelihood of cirrhosis being responsible for the portal hyper-
tension. However, the elevated alkaline phosphatase and GGT 
levels suggest an infiltrative liver disease, such as lymphoma, 
sarcoidosis, or amyloidosis. 

Furthermore, while a nodular liver on imaging is consistent 
with cirrhosis, no steatosis was noted to support the presumed 
diagnosis of NAFLD. One explanation for this discrepancy is 
that fatty infiltration may be absent when NAFLD-associated 
cirrhosis develops. In summary, there is evidence of liver dis-
ease, and there is evidence of portal hypertension, but there 
is no evidence of liver parenchymal failure. The key features of 
the latter – spider angiomata, palmar erythema, hyperbiliru-
binemia, and coagulopathy – are absent.

Noncirrhotic portal hypertension (NCPH) is an alternative 
explanation for the patient’s findings. NCPH is an elevation in 

the portal venous system pressure that arises from intrahepatic 
(but noncirrhotic) disease or from extrahepatic disease. Hepat-
ic schistosomiasis is an example of intrahepatic but noncirrhot-
ic portal hypertension. PVT that arises on account of a hyper-
coagulable condition (eg, abdominal malignancy, pancreatitis, 
or myeloproliferative disorders) is a prototype of extrahepatic 
NCPH. At this point, it is impossible to know if the PVT is a 
complication of NCPH or a cause of NCPH. PVT as a complica-
tion of cirrhosis is less likely.

An abdominal CT scan would better assess the hepatic pa-
renchyma and exclude abdominal malignancies such as pan-
creatic adenocarcinoma. An echocardiogram is indicated to 
evaluate the cause of the elevated jugular venous pressure. A 
liver biopsy and measurement of portal venous pressure would 
help distinguish between cirrhotic and noncirrhotic portal hy-
pertension.

Hepatitis A, B, and C serologies were negative as were 
antinuclear and antimitochondrial antibodies. Ferritin 

and ceruloplasmin levels were normal. A CT scan of the abdo-
men with contrast demonstrated a nodular liver contour, 
splenomegaly, and a nonocclusive PVT (Figure 1). A transtho-
racic echocardiogram showed normal biventricular systolic 
function and size, normal diastolic function, a pulmonary ar-
tery systolic pressure of 57 mmHg (normal, < 25), moderate 
tricuspid regurgitation, and no pericardial effusion or thicken-
ing. The patient’s confusion and somnolence resolved after 
two days of lactulose therapy. She denied the use of other 
medications, supplements, or herbs.

Pulmonary hypertension is usually a consequence of cardio-
pulmonary disease, but there is no exam or imaging evidence 
for left ventricular failure, mitral stenosis, obstructive lung dis-
ease, or interstitial lung disease. Portopulmonary hypertension 
(a form of pulmonary hypertension) can develop as a conse-
quence of end-stage liver disease. The most common cause 
of hepatic encephalopathy due to portosystemic shunting is 

FIG 1. CT of the abdomen and pelvis with contrast demonstrating a nodular 
liver, ascites, and splenomegaly
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cirrhosis, but such shunting also arises in NCPH.   
Schistosomiasis is the most common cause of NCPH world-

wide. Parasite eggs trapped within the terminal portal venules 
cause inflammation, leading to fibrosis and intrahepatic portal 
hypertension. The liver becomes nodular on account of these 
changes, but the overall hepatic function is typically preserved. 
Portal hypertension, variceal bleeding, and pulmonary hyper-
tension are common complications. The latter can arise from 
portosystemic shunting, which leads to embolization of schis-
tosome eggs into the pulmonary circulation, where a granulo-
matous reaction ensues.

A percutaneous liver biopsy showed granulomatous in-
flammation and dilated portal venules consistent with 

increased resistance to venous inflow (Figure 2). There was 
no sinusoidal congestion to indicate impaired hepatic venous 
outflow. Mild sinusoidal and portal fibrosis and increased iron 
in Kupffer cells were noted. There was no evidence of cirrho-
sis or steatohepatitis. Stains for acid-fast bacilli and fungi 
were negative. 16S rDNA (a test assessing for bacterial DNA) 
and Mycobacterium tuberculosis polymerase chain reactions 
were negative. The biopsy confirmed the diagnosis of noncir-
rhotic portal hypertension.

Hepatic granulomas can arise from infectious, immunologic, 
toxic, and malignant diseases. In the United States, immuno-
logic disorders, such as sarcoidosis and primary biliary cholan-
gitis, are the most common causes of granulomatous hepati-
tis. The patient lacks extrahepatic features of the former. The 
absence of bile duct injury and negative antimitochondrial 
antibody exclude the latter. None of the listed medications 
are commonly associated with hepatic granulomas. The ultra-
sound, CT scan, and biopsy did not reveal a granulomatous 
malignancy such as lymphoma.

Infections, such as brucellosis, Q fever, and tuberculosis, are 
common causes of granulomatous hepatitis in the developing 
world. Tuberculosis is prevalent in China, but the test results do 
not support tuberculosis as a unifying diagnosis.

Schistosomiasis accounts for the major clinical features (por-
tal and pulmonary hypertension and preserved liver function) 
and hepatic pathology (ie, portal venous fibrosis with granu-
lomatous inflammation) in this case and is prevalent in Chi-
na, where the patient emigrated from. The biopsy specimen 
should be re-examined for schistosome eggs and serologic 
tests for schistosomiasis pursued.

Antibodies to human immunodeficiency virus, Brucella, 
Bartonella quintana, Bartonella henselae, Coxiella bur-

netii, Francisella tularensis, and Histoplasma were negative. 
Cryptococcal antigen and rapid plasma reagin were negative. 
IgG antibodies to Schistosoma were 0.21 units (normal, < 
0.19 units). Based on the patient’s epidemiology, biopsy find-
ings, and serology results, hepatic schistosomiasis was diag-
nosed. Praziquantel was prescribed. She continues to receive 
daily lactulose and rifaximin and has not had any episodes of 
encephalopathy in the year after discharge.

COMMENTARY
Portal hypertension arises when there is resistance to flow in 
the portal venous system. It is defined as a pressure gradient 
greater than 5 mmHg between the portal vein and the in-
tra-abdominal portion of the inferior vena cava.1 Clinicians are 
familiar with the manifestations of portal hypertension – por-
tosystemic shunting leading to encephalopathy and variceal 
hemorrhage, ascites, and splenomegaly with thrombocytope-
nia – because of their close association with cirrhosis. In de-
veloped countries, cirrhosis accounts for over 90% of cases of 
portal hypertension.1 In the remaining 10%, conditions such as 
portal vein thrombosis primarily affect the portal vasculature 
and increase resistance to portal blood flow while leaving he-
patic synthetic function relatively spared (Figure 3). Therefore, 
cirrhosis cannot be inferred with certainty from signs of portal 
hypertension alone.

Liver biopsy is the gold standard for the diagnosis of cirrho-
sis, but this method is increasingly being replaced by nonin-
vasive assessments of liver fibrosis, including imaging and 
scoring systems.2 Clinicians often infer cirrhosis from the com-
bination of a known cause of liver injury, abnormal liver bio-
chemical tests, evidence of liver dysfunction, and signs of por-
tal hypertension.3 However, when signs of portal hypertension 
are present, but liver dysfunction cannot be established on 
physical exam (eg, palmar erythema, spider nevi, gynecomas-
tia, and testicular atrophy) or laboratory testing (eg, low albu-
min, elevated INR, and elevated bilirubin), noncirrhotic causes 
of portal hypertension should be considered. In this case, the 
biopsy showed vascular changes that suggested impaired ve-
nous inflow without bridging fibrosis, which pointed to NCPH.

NCPH is categorized based on the location of resistance 
to blood flow: prehepatic (eg, portal vein thrombosis), intra-
hepatic (eg, schistosomiasis), and posthepatic (eg, right-sided 
heart failure).1 In our patient, the dilated portal venules (inflow) 
in the presence of normal hepatic vein outflow suggested 
an increased intrahepatic resistance to blood flow. This find-
ing excluded a causal role of the portal vein thrombosis and 

FIG 2. Liver biopsy specimen demonstrating granulomatous inflammation 
and dilated portal venules in the absence of hepatic congestion suggests an 
intrahepatic portal venous inflow disorder.
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prompted testing for schistosomiasis.
Schistosomiasis affects more than 200 million people world-

wide and is prevalent in Sub-Saharan Africa, South America, 
Egypt, China, and Southeast Asia.4,5 Transmission occurs in 
fresh water, where the infectious form of the parasite is re-
leased from snails.4,6 Schistosome worms are not found in the 
United States, but as a result of immigration and travel, more 
than 400,000 people in the United States are estimated to be 
infected.5

Chronic schistosomiasis develops from the host’s granu-
lomatous reaction to schistosome eggs whose location (de-
pending on the species) leads to genitourinary, intestinal, he-
patic, or rarely, neurologic disease.6 Hepatic schistosomiasis 
arises when eggs released in the portal venous system lodge in 
small portal venules and cause granulomatous inflammation, 
periportal fibrosis, and microvascular obstruction.6 The resul-
tant portal hypertension develops insidiously, but the architec-
ture and synthetic function of the liver is maintained until the 
very late stages of disease.6,7 Pulmonary hypertension can arise 
from the embolization of eggs to the pulmonary arterioles via 
portosystemic collaterals.

The demonstration of eggs in stool is the gold standard for 
the diagnosis of hepatic schistosomiasis, which is most com-
monly caused by Schistosoma mansoni and S. japonicum.7 Se-
rologic assays provide evidence of infection or exposure but 
may cross-react with other helminths. Liver biopsy may reveal 
characteristic histopathologic findings, including granuloma-
tous inflammation, distorted vasculature, and the deposition of 
collagen deposits in the periportal space, leading to “pipestem 
fibrosis.”8,9 If eggs cannot be detected on stool or histology, 
then serology, secondary histologic changes, and sometimes 
PCR are used to diagnose hepatic schistosomiasis. In our pa-
tient, the epidemiology, Schistosoma antibody titer, pulmonary 

hypertension, and liver biopsy with granulomatous inflamma-
tion, periportal fibrosis, and intrahepatic portal venule dilation 
were diagnostic of hepatic schistosomiasis.

The recurrent episodes of confusion which resolved with 
lactulose therapy were suggestive of hepatic encephalopathy, 
which results from shunting and accumulation of neurotoxic 
substances that would otherwise undergo hepatic metabo-
lism.10 Clinicians are most familiar with hepatic encephalopathy 
in cirrhosis, where multiple liver functions – synthesis, excre-
tion, metabolism, and circulation – simultaneously fail. NCPH 
represents a scenario where only the circulation is impaired, 
but this is sufficient to cause the portosystemic shunting that 
leads to encephalopathy. Our patient’s recurrent hepatic en-
cephalopathy, despite adherence to lactulose and rifaximin 
and its resolution after praziquantel treatment, underscores 
the importance of addressing the underlying cause of porto-
systemic shunting.

Associating portal hypertension with cirrhosis is efficient and 
accurate in many cases. However, when specific manifestations 
of cirrhosis are lacking, clinicians must decouple this associ-
ation and pursue an alternative explanation for portal hyper-
tension. The presence of some intrahepatic pathology (from 
schistosomiasis) but no cirrhosis made this case a particularly 
tough egg to crack.

TEACHING POINTS
•	 In the developed world, 90% of portal hypertension is due to 

cirrhosis. Hepatic schistosomiasis is the most common cause 
of NCPH worldwide.

•	 Chronic schistosomiasis affects the gastrointestinal, hepat-
ic, and genitourinary systems and causes significant global 
morbidity and mortality.

•	 Visualization of schistosome eggs is the diagnostic gold 

FIG 3. (A) In a normal liver, hepatocytes and adjacent connective tissue do not obstruct the blood flow of the portal venous system. (B) In cirrhosis, parenchymal 
fibrosis leads to loss of endothelial fenestrations and intrahepatic portal venous compression, which causes portal hypertension and proximal venous dilation. (C) In 
hepatic schistosomiasis, eggs that are lodged in the portal venous system cause granulomatous inflammation and portal venous fibrosis. The resultant obstruction to 
venous inflow leads to portal hypertension and proximal venous dilation. However, the hepatic architecture and function are usually maintained.

A B C
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standard. Indirect testing such as schistosoma antibodies 
and secondary histologic changes may be required for the 
diagnosis in patients with a low burden of eggs.
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EDITORIAL

Postdischarge Emergency Department Visits: Good, Bad, or Ugly?

Rahul Banerjee, MD1,2*, S. Ryan Greysen, MD, MHS, MA, FHM2

1Department of Medicine, Corporal Michael J. Crescenz VA Medical Center, Philadelphia, Pennsylvania; 2Department of Medicine, Perelman 
School of Medicine, University of Pennsylvania, Philadelphia, Pennsylvania.

Once upon a time, discharges were easy to catego-
rize: good, bad, or ugly. Good discharges allowed 
the patient to leave before noon, while bad dis-
charges allowed the patient to leave without fol-

low-up appointments. The worst discharges were defined by 
the two ugly cousins of acute care re-escalation: return emer-
gency department (ED) visits and readmissions. Recently, how-
ever, much of this conventional wisdom has been turned on its 
head. For example, pre-noon discharges and provider-sched-
uled follow-up appointments may lead to unintended negative 
consequences and futility.1,2 In contrast, weekend discharges, 
which were often viewed to be unsafe, may reduce lengths of 
stay without compromising care even in high-risk patients.3

Having obfuscated the line between good and bad, we can 
now turn our attention to the ugly. Comparing return ED vis-
its with readmissions, hospitalists may be forgiven for judging 
the latter cousin as uglier – and not just for reimbursement 
reasons. Readmitted patients are sicker, more vulnerable, and 
have poorer outcomes. In our healthcare system’s resultant 
quest to eliminate readmissions, return ED visits that do not 
end in readmission are generally either ignored or grouped 
with readmissions. Ignoring these treat-and-discharge ED vis-
its is problematic because of their incidence, which rivals that 
of ED visits ending in readmission.4 On the other hand, group-
ing these visits with readmissions only makes sense if the two 
are considered to be equally ugly outcomes. Is this a valid as-
sumption to make?

In this issue of the Journal of Hospital Medicine, Venkatesh 
et al5 tackle that question by studying Medicare beneficiaries 
hospitalized for acute myocardial infarction, heart failure, or 
pneumonia over a 1-year period. The authors differentiate 30-
day treat-and-discharge ED visit rates from 30-day readmission 
rates before risk-standardizing these rates based on visit codes 
and hospital characteristics. Similar to the results of prior stud-
ies, the authors observe an 8%–9% overall incidence of treat-
and-discharge ED visits within 30 days of hospital discharge.6 
Mapping treat-and-discharge ED visit rates versus readmission 
rates for each hospital, the authors detect modest but notice-
able inverse correlations between the two. Among hospitals 

discharging heart failure patients, for example, every 10% in-
crease in postdischarge ED visit rates corresponds to a roughly 
2% decrease in readmission rates.

The authors are correct to tread cautiously with their interpre-
tation of this correlation. Dispositions for ED patients exist on a 
continuum, so hospitals with higher propensities to discharge 
patients from EDs (whether directly or from observation units) 
will inherently have lower admission rates. The authors hint at 
a causal relationship nonetheless, suggesting that ED provid-
ers may be able to intervene on high-risk patients earlier before 
Readmission Road becomes a one-way street. Proving this hy-
pothesis will require careful research that controls for patient, 
disease, and ED factors as well as their complex interactions 
in the postdischarge timeline. That being said, most analyses 
of outpatient follow-up visits (except for heart failure patients) 
have failed to find any anti-readmission correlation analogous to 
that identified by Venkatesh et al. What powers do ED providers 
have that outpatient providers lack? Many, admittedly: stat phle-
botomy services, on-demand consultations, and observation 
units. Additionally, while ED visits invariably require a patient’s 
presence in person, 25% of provider-scheduled posthospital-
ization outpatient visits end in no-shows.2 Whether patient-trig-
gered follow-up through rapid access clinics or even urgent care 
centers can replicate ED functionality in recently discharged pa-
tients is unknown and warrants further study.

Venkatesh et al5 also find that reasons for postdischarge ED 
visits bear only a slight resemblance to reasons for index hospi-
talizations. For example, of all ED visits by patients recovering 
from hospitalizations for pneumonia, only 20% involve respira-
tory or pulmonary complaints. What explains the other 80%? 
Some variability may be attributable to the study’s use of visit 
codes instead of chart reviews or stakeholder interviews; in sur-
veys of patients and ED physicians during these postdischarge 
visits, the two groups may have very different perceptions of 
why the encounter is occurring and whether it is preventable.7 
Regardless of who is “right,” the heterogeneity of reasons 
that prompt care re-escalation lends further credence to the 
existence of a distinct posthospitalization syndrome:8 in the 
immediate postdischarge interval, patients experience many 
transient but real physiological risks for which they may identify 
the ED as their best recourse.

Whether the ED actually provides secondary prophylaxis 
against the posthospitalization syndrome is highly debatable, 
and Venkatesh et al wisely refrain from assigning a positive or 
negative valence to treat-and-discharge ED visits. Ultimately, 
postdischarge ED visits are neither inherently good nor bad 
(nor ugly, for that matter). Their unique nature is attracting 
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newfound appreciation, and their potential ability to prevent 
readmission merits further research. If hospitals with high post-
discharge ED visit rates can deliver high-quality care while truly 
arresting or reversing readmission-bound trajectories, then the 
strategies employed by these hospitals should inspire emula-
tion, innovation, and dissemination.

Disclosures: The authors have nothing to disclose.
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EDITORIAL

Relative Weights for Pediatric Inpatients:  
Children Now Have a Scale of Their Own

Evan Fieldston, MD, MBA, MS*
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For the last 35 years, Medicare’s prospective payment 
system has transformed reimbursement for hospi-
tal-based care of patients. This “revolutionary” system 
shifted payment from being retrospective – the gov-

ernment paid hospitals for what they did – to prospective – 
the government paid hospitals against a predetermined fee 
schedule based on a patient’s condition and other factors.1 
When the system started in 1983, the then-new payment sys-
tem classified patients into 467 Diagnosis-Related Groups 
(DRGs). In those early days, Medicare paid hospitals “an aver-
age price for an average patient within the DRG.”2 Not surpris-
ingly, early critics were concerned that this average payment 
would disadvantage hospitals that cared for more complex pa-
tients, such as teaching hospitals; studies then demonstrated 
that theoretical concern.3 The Severity of Illness (SOI) index, 
which was developed in the 1980s, attempted to correct this 
problem by using SOI-stratified DRGs as a payment mecha-
nism. By adding SOI to DRGs, the homogeneity of resource 
consumption in each group increased, resulting in more accu-
rate comparisons about complexity, outcomes, resource utili-
zation, and ultimately payment. Eventually, along with the risk 
of mortality, the SOI made its way into the All Patients Refined 
(APR) DRG system, which is more representative of non-Medi-
care populations and thus could be applied to children.

The ongoing challenge with SOI classification is that its 
4-level categories (1-mild, 2-moderate, 3-severe, 4-extreme) is 
not comparable across DRGs; that is, a “moderate” patient in 
one DRG may be sicker and use more resources than an “ex-
treme” patient in another DRG. For this reason, more than a 
decade ago, Medicare replaced the DRG/SOI approach with 
the Medicare Severity (MS)-DRG for Medicare payments to 
hospitals. The distinguishing feature of MS-DRGs is that they 
represent a complete relative scale; the relative weights are 
not categorical but can be lined up and payments assigned 
relative to the average Medicare patient. For example, a look 
at the 2015 tables shows that heart transplant has the highest 
relative weight and is the most expensive one, whereas false 
labor has the lowest relative weight and is the least expensive.4 
Due to its exclusive intent for use on Medicare patients, the 

system could not be used for pediatrics. Interestingly, New 
York State developed a Service Intensity Weight (SIW) in 2009 
by using 3 years of Medicaid and commercial payer data to 
create a relative scale for payment within the state.5 

Thanks to Richardson, et al, in this issue of Journal of Hos-
pital Medicine, pediatrics has its first relative weight system 
for hospitalized children across the United States.6 Similar to 
the MS-DRG system, those with the interest or need can line 
up the APR-DRGs into a relative scale and see that a normal 
newborn has a relative weight on their H-RISK scale of 0.18, 
while a heart transplant patient has a weight of 91.66. This is 
a welcome and much-needed addition to the world of pedi-
atric health services and health service research. Stakeholders 
can use this system for comparative analyses, risk adjustment, 
resource utilization comparison, and payment. For those in-
clined, one can explore the comparisons of relative weights on 
different scales; for example, the ratio between simple pneu-
monia and heart transplant is 21 on the MS-DRG, 60 on the NY 
State SIW scale,7 and 187 on H-RISK. A generation of health 
service researchers and economists may find great satisfaction 
in elucidating why this relativity in relative scales exists!

There are limitations to all weighting and relative weighting 
systems. The H-RISK is based on DRG and SOI, which rely on 
accurate coding. In addition, as the authors note, iatrogenic 
complications are not differentiated from naturally occurring 
ones. Thus, a hospital may obtain a higher relative weight ap-
plied to a patient who did not enter the hospital as sick as the 
final score suggests. Researchers noted this problem from the 
start of the DRG/SOI journey, and all systems that rely on post 
hoc scoring based on coded diagnoses and activities, without 
differentiation of presence on admission, have this limitation.8 
Furthermore, children’s hospitals have far more variable use of 
observation status than in Medicare, and many DRG analyses 
exclude observation-status patients. 

Despite these limitations, this is an important first step for 
children’s hospitals to be better able to do comparative analy-
ses and benchmarking with a true relative weight scale that is 
appropriate for use among hospitalized children.
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F ifteen years ago, beepers with 5-digit call-back num-
bers were the norm. Pushing a call light button out-
side the patient’s room to flag the desk clerk that a 
new order had been hand-written was all part of the 

lived experience of residency. Using that as our baseline, we 
have clearly come a long way in the way that we communicate 
with other clinicians in hospitals. Communication among the 
patient care team in the digital age predominantly involves 
bidirectional messaging using mobile devices. The approach 
is both immediate and convenient. Mobile devices can im-
prove work efficiency, patient safety, and quality of care, but 
their main advantage may be real-time bedside decision sup-
port.1,2 However, the widespread use of mobile devices for 
communication in healthcare is not without its concerns. First 
and foremost, there has been abundant literature around short 
message service (SMS) use in the healthcare setting, and there 
are concerns surrounding both threats to privacy and the prev-
alence and impact of interruptions in clinical care. 

The first SMS was sent in 1992.3 Text messaging since then has 
become ubiquitous, even in healthcare, raising concerns around 
the protection of patient health information under the Health 
Insurance Portability and Accountability Act (HIPAA). Interest-
ingly, the United States Department of Health and Human Ser-
vices Office for Civil Rights, enforcer of HIPAA, is tech neutral on 
the subject.3 Multiple studies have assessed physician stances 
on SMS communication in the healthcare setting using routine, 
non-HIPAA-compliant mobile phones. Overall, 60%-80% of re-
spondents admitted to using SMS in patient care, while in anoth-
er study, 72% and 80% of Internal Medicine residents surveyed 
found SMS to be the most efficient form of communication and 
overall preferred method of communication, respectively.3,4 In-
terestingly, 82.5% of those same residents preferred the hospi-
tal-based alphanumeric paging system for security purposes, 
even though Freundlich et al. make a compelling argument that 
unidirectional alphanumeric paging systems are most certainly 
less HIPAA compliant, lacking encryption and password protec-
tion.5 Newer platforms that enable HIPAA-compliant messaging 
are promising, although they may not be fully adopted by clini-
cal teams without full-scale implementation in hospitals.6

In addition to privacy concerns with SMS applications on 
mobile phones, interruptions in healthcare – be it from phone 
calls, emails, text messages, or in-person conversations – are 
common. In fact, famed communication researcher Enrico 
Coeira has notoriously described healthcare communication 
as ”interrupt-driven.”7 Prior work has shown that frequent in-
terruptions in the healthcare setting can lead to medication 
prescription errors, errors in computerized physician order en-
try, and even surgical procedural errors.8-10 

While studies have focused on interruptions in clinical care in 
the healthcare setting, little is known about how education may 
be compromised by interruptions due to mobile devices. Text 
messaging during dedicated conference time can lead to inad-
equate learning and a sense of frustration among residents. In 
this issue of the Journal of Hospital Medicine, Mendel et al. per-
formed a quality improvement study involving eight academic 
inpatient clinical training units with the aim of reducing nonur-
gent text messages during education rounds.11 Their unique 
interventions included learning sessions, posters, adding alerts 
to the digital communication platform, and alternative messag-
ing options. Of four sequential interventions, a message alerting 
the sender that they will be interrupting educational rounds and 
suggesting a “delayed send” or “send as an FYI” showed the 
greatest impact, reducing the number of text interruptions per 
team per educational hour from 0.81 to 0.59 (95% CI 0.51-0.67). 
When comparing a four-week pre-intervention sample with a 
four-week end-intervention sample, the percentage of nonur-
gent messages decreased from 82% to 68% (P < .01). 

While these results are promising, challenges to large-scale 
implementation of such a program exist. Buy-in from the ancil-
lary healthcare team is critical for such interventions to succeed 
and be sustained. It also places a burden of “point triage” on 
the healthcare team members, who must assess the patient 
situation and determine the level of urgency and whether to 
immediately interrupt, delay interrupt or send an FYI message.  
For example, in the study by Mendel et al.,11 it is noteworthy 
that urgent patient care issues were mislabeled as “FYI” in 
2% of patients. While this is a seemingly low rate, even one of 
these mislabeled messages could result in significant adverse 
patient outcomes and should be considered a “never event.” 
Finally, the study used a messaging platform with program-
ming flexibility and IT personnel to assist. This could be cost 
prohibitive for some programs, especially if rolled out to an 
entire institution. 

Communication is critical for effective patient care and un-
fortunately, the timing of such communication is often not 
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orderly but rather, chaotic. Text message communication can 
introduce interruptions into all aspects of patient care and ed-
ucation, not only dedicated learning conferences. If the goal is 
for all residents to attend all conferences, it seems impossible 
(and likely dangerous) to eliminate all messaging interruptions 
during conference hours. Nevertheless, it is worth noting that 
Mandel et al. have moved us creatively toward that goal with 
a multifaceted approach.11 Future work should address more 
downstream outcomes, such as objective resident learning re-
tention and adverse patient events relative to the number of 
interruptions per educational hour. If such studies showed im-
proved learning outcomes and fewer adverse patient events, 
the next step would be to further strengthen and refine their 
protocol with real-time and scheduled feedback sessions 
between providers and other patient care team members in 
addition to the continued search for additional innovative ap-
proaches. In addition, combining artificial intelligence or pre-
dictive modeling may help us delineate when an interruption 
is warranted, for example, when a patient is at high clinical risk 
without intervention. Likewise, human factors research may 
help us understand the best way to time and execute an inter-
ruption to minimize the risk to clinical care or education. After 
all, the ideal system would not eliminate interruptions entirely 
but allow clinicians to know when someone should be inter-
rupted and when they do not need to be interrupted. 

Disclosures: The authors have no financial relationships relevant to this article 
to disclose.
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Jeffrey G. Wiese, MD, MHM, FACP1

1Tulane University Health Sciences Center, New Orleans, Louisiana.

This issue of the Journal of Hospital Medicine address-
es an emerging trend in internal medicine graduate 
medical education: the hospitalist rotation. 

In the article, Training Residents in Hospital Medi-
cine: The Hospitalist Elective National Survey (HENS). by Lud-
win et al., the authors present a descriptive overview of the 
composition of hospital medicine rotations, as described by 
program directors from some of the largest training programs. 

1 It can be said for sure that hospital medicine rotations exist: 
half of the 82 programs that replied to the survey noted that a 
hospital medicine rotation was already in place. That is where 
the certainty ends. Although there are common themes across 
these rotations, there is no one clear definition of such a rota-
tion. Like all good contributions to the medical literature, this 
study inspires more questions than it answers.

The Mark Twain-inspired cynic would be quick to make an 
interpretation of the hospital medicine rotation: Is this not just 
a clever way to coax residents into using their elective time 
to cover the service needs left over from Accreditation Coun-
cil for Graduate Medical Education (ACGME)-mandated shift 
limits and admission caps? Seventy-one percent of these ro-
tations were involved in “admitting new patients.” And since 
forty-six percent were tasked with taking hold-over admissions, 
it is reasonable to surmise that these rotations are playing a 
role in covering patient care duties left over from traditional 
ward services. 

But is there anything wrong with that? Within the confines of 
reasonable intensity, caring for more patients usually benefits a 
resident’s education. And if the resident is learning knowledge, 
skills and attitudes that are unique from those that are acquired 
on a traditional ward service, painting the fence for free might 
not be that bad. The question is: “Does the hospitalist rota-
tion help in the acquisition of those unique knowledge, skills 
and attitudes?” Although this study alludes to such unique 
components via its qualitative analysis (i.e., more autonomy, 
co-management of non-medicine services, etc.), it does not 
fully answer that question. It does, however, inspire the next 
study: How do residents perceive the unique and additional 
value (if any) of the hospital medicine rotation?

For the sake of argument, let’s say that residents’ perception 
of the hospital medicine rotation is one of meaning and value. 
Does that matter? It is great if they do, but equally important is 
the question of whether or not hospital medicine rotations are 
effective in preparing resident graduates for a career in hospital 
medicine. This study suggests that those who have designed 
these rotations have tried to anticipate and address this need. 
Components such as quality, patient safety, co-management, 
and billing and compliance are all clearly a part of a hospitalist’s 
practice, and all are elements that have not been traditionally 
emphasized in residency training. The question is: ”Are these 
elements the knowledge, skills and attitudes that are most lack-
ing in the residency graduate as he/she enters the practice of 
hospital medicine?” The unfortunate answer is that we do not 
know for sure, and this uncertainty has been the Achilles heel of 
our current residency-training infrastructure. Not unique to hos-
pital medicine, there is simply not a well-defined feedback loop 
between practice requirements and residency training require-
ments. A structured and regular gap analysis comparing the res-
idents’ areas of competence at the end of training to what they 
need in practice, would go a long way in answering questions 
such as this one, and would most certainly inform the compo-
nents of a hospital medicine elective going forward.  

Even if the components of a hospital medicine rotation are 
valuable, and even if they do align with what the practice needs, 
there is still the question of whether a month-long hospital 
medicine rotation can even come close to closing the gap of 
what is needed versus what is delivered. One can surmise that 
the answer to that question is what has extended the “hospital 
medicine rotation” to the “hospital medicine track,” comprised 
of a multiple of such rotations. Like all discussions on time-con-
strained medical education curricula, what will be discarded to 
make room for these rotations? In thirty-six months of training, 
there is opportunity cost: every month spent on a hospital med-
icine elective is a month that could have been spent on some-
thing else (rheumatology, nephrology, etc.). Again, this is not 
unique to hospital medicine; the same could be said of the res-
ident who does too many cardiology electives at the exclusion 
of learning about endocrinology. It would be overly dramatic to 
say that devoting a month to a hospital medicine rotation, or 
any elective for that matter, meaningfully compromises the res-
ident’s overall competence as an internist. It is, instead, a ques-
tion of degree: an excessive number of these electives would 
likely compromise the resident’s overall competence. The like-
lihood of this happening is proportional to the size of the gap 
between what is required to effectively enter hospital medicine 
practice and what can be delivered in a month-long hospital 
medicine rotation. We return, then, to the question: How much 
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hospital medicine training in residency would be required to 
fully prepare a resident for the current practice of a hospitalist? 

Whatever the answer might be, that question takes us to a 
difficult dilemma that has lurked in the background of residen-
cy training for some time now; one that is not at all unique 
to hospital medicine. Should residency training be “voc-tech” 
or “liberal arts”? A purist would argue that an understanding 
and appreciation of all things not hospital medicine is what 
truly makes for the great hospitalist. An understanding of pri-
mary care, for example, would seem to optimize a hospitalist’s 
performance with respect to transitions of care. Adding to the 
gravity of such an argument is that residency might be the last 
time to acquire such “nonhospital-medicine” experiences. 

Noting that the practice of hospital medicine being so dy-
namic and heterogeneous, the realist might pile on by saying 
that it is simply impossible to fully prepare a resident for the 
actual practice of hospital medicine. Further, many of these 
skills might be impossible to fully master outside of being fully 
immersed in the practice of hospital medicine (i.e., billing and 
coding). The best that can be done is to set a solid foundation 
that would enable them to learn further as they practice; there 
will be opportunities to learn the specific components of the 
field later on.

On the other hand, it is hard to justify residency training if the 
graduate is unprepared to practice, and without the fundamen-
tal knowledge, skills and attitudes specific to their career as they 
practice. For example, it is reasonable to suspect that a new 

hospitalist who has had no prior training in quality improvement 
will, because of the inertia that comes with engaging in any new 
and foreign skill, find it much harder to engage in quality im-
provement as a part of her career. It is also worth considering the 
role that mastery, autonomy and purpose have upon the overall 
residency experience. Engaging in electives that have a palpa-
ble purpose for the resident’s eventual career, and engender an 
opportunity to begin developing a sense of mastery in that field, 
could be an effective antidote in mitigating the burn-out that is 
far too common in residency training today.    

For residents engaged in a future practice of hospital medi-
cine, the hospital medicine rotation seems like a promising way 
out of this dilemma. An effectively designed elective approach 
could enable maintaining a core foundational education, while 
getting an early start on the specific components necessary for 
a promising career in hospital medicine. The operative words, 
of course, are “effectively designed.”  What exactly does that 
entail? That is why this study is so important; even if we do 
not fully know what it should look like, we now have our first 
glimpse of what it is. 
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For more than 75 years, pediatrics has sought sound 
guidelines for prescribing maintenance intravenous 
fluid (mIVF) for children. In 1957, Holliday and Segar 
(H&S)1 introduced a breakthrough method for estimat-

ing mIVF needs. Their guidelines for calculating free-water and 
electrolyte needs for mIVF gained wide-spread acceptance 
and became the standard of care for decades.

Over the last two decades, awareness has grown around the 
occurrence of rare, life-threatening hyponatremic conditions, 
especially hyponatremic encephalopathy, in hospitalized chil-
dren. Concomitantly, an increasing awareness shows that se-
rum levels of antidiuretic hormone (ADH) are often elevated 
in sick children and triggered by nonosmotic conditions (pain, 
vomiting, perioperative state, meningitis, and pulmonary dis-
ease). This situation led to heightened concern of clinicians and 
investigators who assumed that hospitalized patients would 
exhibit reduced tolerance for hypotonic mIVF the mainstay of 
the H&S method. The possibility that the H&S method could 
be a significant contributing factor to the development of hy-
ponatremic encephalopathy in hospitalized children became 
a research topic. This research speculated that even mildly re-
duced serum sodium levels might be a marker for the much 
rarer condition of hyponatremic encephalopathy. A number of 
hospitalists also switched from quarter-normal to half-normal 
saline in mIVF.

The substitution of hypotonic fluids with isotonic fluids (eg, 
0.9% normal saline or lactated Ringer’s) is the current front-run-
ner alternative to increase sodium delivery. The hypothesis is 
that the delivery of additional sodium, while maintaining the 
same H&S method volume/rate of fluid delivery, will protect 
against life-threatening hyponatremic events.

The challenge we face is whether we are moving from mIVF 
therapy, which features a long track record of success and an 
excellent safety profile, to a safer or more effective therapeu-
tic approach. We should consider the burden of proof which 
should be satisfied to support creating new guidelines which 
center on changing from hypotonic mIVF to isotonic mIVF.

Is there sufficient scientific proof that isotonic mIVF is saf-
er and/or more effective than hypotonic mIVF in preventing 
life-threatening hyponatremic events?

Is there compelling biologic plausibility for this change for 

patients with risk factors that are associated with elevated se-
rum ADH levels?

What is the magnitude of the benefit?
What is the magnitude of unintended harms?
We offer our perspective on each of these questions.
The primary difficulty with addressing the adverse events 

of catastrophic hyponatremia (encephalopathy, seizures, ce-
rebral edema, and death) is their rarity. The events stand out 
when they occur, prompting mortality and morbidity (M&M) 
conferences to blunder into action. But that action is not ev-
idence-based, even if a rationale mentions a meta-analysis, 
because the rationales lack estimates of the number needed 
to treat (NNT) to prevent one catastrophic event. Estimates of 
the NNT to prevent mild hypernatremia are not useful. Fur-
thermore, estimates of the number needed to harm (NNH) via 
unintended consequences of infusing extra sodium chloride 
are unavailable. True evidence-based medicine (EBM) is rig-
orous in requiring NNT and NNH. Anything less is considered 
M&M-based medicine masquerading as EBM.

No technical jargon distinguishes the profound and cat-
astrophic events from the common, mild hyponatremia fre-
quently observed in ill toddlers upon admission. As an analo-
gy, in dealing with fever, astute pediatricians recognize that a 
moderate fever of 103.4 °F is not halfway to a heatstroke of 108 
°F. Fever is not a near miss for heatstroke. Physicians do not 
recommend acetaminophen to prevent heatstroke, although 
many parents act that way.

No published randomized controlled trials (RCTs) showed 
the incidence of these catastrophic hyponatremic events. In 
the meta-analysis of 10 disparate and uncoordinated trials in 
2014,2 no serious adverse events were noted among the 1,000 
patients involved. Since then, newer RCTs have added another 
1,000 patients to the meta-analysis pool, but still no serious 
adverse event has been observed.

The H&S method features 60 years of proven safety and re-
mains the appropriate estimate when composing long-term 
parenteral nutrition. No recommendation is perfect for all sit-
uations. Many hospitalized children will exhibit an increased 
level of ADH. A very small fraction of those children will present 
a sufficiently elevated ADH level long enough to risk creating 
profound hyponatremia. An approximation is in the order of 
magnitude of 1 per 100,000 pediatric medical admissions and 1 
per 10,000 postoperative patients. With 3 million pediatric ad-
missions yearly in the United States, such numbers mean that 
large children’s hospitals might see one or two catastrophic 
adverse events each decade due to mIVF in previously healthy 
children. The risk in chronically ill children and in the ICU will 
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be higher. The potential for causing unintended greater harm 
amongst the other millions of patients is high, requiring appli-
cation of the precautionary principle.

Thus, EBM and RCTs are poor methodologies for quality im-
provement of this issue. Assigning surrogate measures, such 
as moderate hyponatremia or even mild hyponatremia, to 
increase sensitivity and incidence for research purposes lacks 
a validated scientific link to the much rarer profound hypona-
tremic events. The resulting nonvalid extrapolation is precisely 
what true EBM seeks to avoid. A serum sodium of 132 mEq/L 
is not a near miss. The NNT to prevent the catastrophic events 
is unknown. Indeed, no paper advocating adoption of isotonic 
mIVF has even ventured an approximation.

The RCTs are also, therefore, underpowered to identify 
harms from using normal saline as a maintenance fluid. A few 
studies mention hypernatremia, but serum sodium is not a 
statistical variable. Renal physiology predicts that kidneys can 
easily handle excess infused sodium and can protect against 
hypernatremia. However, the extra chloride load risks creating 
hyperchloremic acidosis, particularly when a patient with re-
spiratory insufficiency cannot compensate by lowering pCO2 
through increased minute ventilation. Edema is another risk. 
Both respiratory insufficiency and edema already occur more 
frequently (by orders of magnitude) in hospitalized patients 
on any mIVF than the profound hyponatremia events in hospi-
talized patients on hypotonic mIVF. For instance, about 1% of 
hospitalized infants with bronchiolitis are ventilated for respira-
tory failure. If hyperchloremic acidosis unintentionally caused 
by isotonic mIVF slightly increases the frequency of intuba-
tion, then such result far outweighs any benefit from reduc-
ing catastrophic hyponatremic events. Difficulty will also arise 
in detecting this unintended increase in the rate of intubation 
compared with the current background frequency. Detecting 
these unintended harms becomes impossible if the RCT is un-
derpowered by 100-fold due to utilizing a surrogate measure, 
such as serum sodium <135 mEq/L, as the dependent variable 
instead of measuring serious hyponatremic adverse events.

All claims that “no evidence of harm” was found from using 
normal saline as mIVF are type II statistical errors. There is lit-
tle chance of detecting any harm with a grossly underpowered 
study or a meta-analysis of 10 such studies. Simply put, EBM is 
impossible to use for events that occur less than 1 per 10,000 
patients using RCTs with 1,000 patients. No usable safety data 
are available for normal saline as mIVF in any published RCT. 
As the RCTs are underpowered, one should rely on science to 
guide therapy, rather than on invalid statistics.

Using the precautionary principle, hypothetically, adding ex-
tra sodium chloride to maintenance fluids should be considered 
in the same manner as adding any other drug. Based on the 
current evidence, would the Food and Drug Administration ap-
prove the drug intravenous sodium chloride for the prevention 
of hyponatremia induced by maintenance fluids? An increasing 
evidence of a minimal beneficial effect is observed, but no evi-
dence of safety nor physiology is available. A new drug applica-
tion for using normal saline as a default maintenance fluid would 
be soundly rejected by an FDA panel, just as it has been reject-

ed by the majority of pediatric hospitalists throughout the past 
15 years since the idea was proposed in 2003.

With the lack of compelling statistical evidence to guide 
practice, clinicians often rely on biologic plausibility. Relatively 
recent studies have revealed that many sick children develop 
elevated blood levels of ADH due to nonosmotic and nonhe-
modynamic triggers. Fortunately, we also possess a strong body 
of knowledge around management of children with syndrome 
of inappropriate secretion of antidiuretic hormone (SIADH). We 
understand that elevated levels of ADH in the blood causes an 
increase in the resorption of free water from the renal collect-
ing tubules. No increase in loss of renal sodium nor chloride is 
associated with this hormonal influence. The resultant hypona-
tremia is due to excess free-water retention and not the excess 
loss of sodium or chloride. To manage this condition, patients 
are not given a salt shaker and then allowed to drink ad libitum. 
The standard and well-accepted management of patients with 
SIADH is the restriction of free-water intake because this step 
addresses the dysfunctional renal process. Administering sodi-
um chloride to a child with SIADH might possibly slow down 
the progression of hyponatremia but would also expand the to-
tal fluid volumes of the patient and would indirectly deal with a 
problem that could be addressed directly.

Understandably, in an intensive care setting, when hemody-
namics is dicey, and when fluid-restriction could risk hypovolemia, 
employing a volume-expanding solution for mIVF therapy might 
be reasonable. However, in an ICU setting, SIADH is routinely 
treated with free-water restriction, and careful calculations of an in-
dividual patient’s fluid and electrolyte losses and needs are made.

In conclusion, we recognize the motivation for questioning the 
H&S method for mIVF as our field surveilles more than a half-cen-
tury of accumulated experience with this method and the ad-
vances in our understanding of physiology and pathophysiology. 
However, we believe that the current body of evidence fails to 
substantiate the proposed recommendations.3 The avoidance 
of laboratory-detectable decreases in serum sodium levels is an 
unproven marker for the development of life-threatening hypo-
natremic events. Concerns for untoward effects (eg, excessive 
volume expansion and effects of hyperchloremia toward acido-
sis) and the exploration of alternative approaches (eg, modifica-
tions in volumes/rates of fluid delivery) have been inadequately 
explored. The proposed changes in practice may provide no mit-
igation in the rare events we hope to avoid, may fail to serve all 
subpopulations within the proposed scope of patients, and will 
likely create unintended new problems.

Disclosures: Dr. Powell and Dr. Zaoutis have nothing to disclose.
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The Division of Hospital Medicine at Northwestern 
University Feinberg School of Medicine seeks a full-time 
tenure track Investigator at the rank of Assistant or Associate 
Professor. This recruitment is in collaboration with the 
Northwestern University Institute for Public Health and Medicine 
(IPHAM). Responsibilities include contributing to Northwestern’s 
research production, including submission of grants and 
publications to further strengthen national program recognition 
as a leader in innovative, collaborative and high quality patient 
care. Research interests should be in an area related to hospital 
medicine, including (but not limited to) health services, patient 
centered outcomes, and patient safety. Qualified candidates 
will have their MD and are expected to have a strong record of 
independent extramurally-funded research and publications.  
The start date is negotiable and the position will remain open  
until filled.

Northwestern is an Equal Opportunity, Affirmative Action Employer 
of all protected classes, including veterans and individuals with 
disabilities.  Women, racial and ethnic minorities, individuals 
with disabilities, and veterans are encouraged to apply.  Hiring is 
contingent upon eligibility to work in the United States.

Application URL:  
https://facultyrecruiting.northwestern.edu/apply/MTA1

Academic Hospitalist (3-309-971) - The General Internal Medicine 
Division in the Department of Medicine at the University of 
Maryland School of Medicine has an opening for an academic 
hospitalist at the University of Maryland Medical Center-Midtown 
Campus beginning early November, 2018. This service provides 24/7 
coverage for inpatient medicine floors at our affiliated hospital located 
in downtown Baltimore.  The bulk of the service will be in a teaching 
capacity with UMMC Midtown Campus house-staff, as well as non-
teaching responsibilities with attending responsibilities on the Post-Acute 
Unit, Orthopedic pre-op evaluation, consultation on the inpatient 
Psychiatry Unit, and non-designated service patients.
Candidates must be board certified/eligible in internal medicine and 
eligible for an unrestricted license in the State of Maryland. Ideal 
candidates will possess outstanding clinical and teaching skills and a 
strong commitment to patient care.  Expected faculty rank is Assistant 
Professor or higher, however, rank, tenure status and salary will be 
dependent upon selected candidate’s qualifications and experience. We 
offer an excellent salary and benefits package.

QUALIFIED CANDIDATES MUST SUBMIT APPLICATIONS 
USING THE FOLLOWING LINK:  
https://umb.taleo.net/careersection/jobdetail.ftl?job=1800015Y&lang=en

When applying, please submit a CV and names of three references.  
For additional questions after application, please email facultypostings@
medicine.umaryland.edu

The University of Maryland, Baltimore is an Equal Opportunity,  
Affirmative Action employer. Minorities, women, individuals  

with disabilities, and protected veterans are encouraged to apply.
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