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Reviews Reenvisioned:  
Supporting Enhanced Practice Improvement for Hospitalists

Erin Shaughnessy, MD, MSHCM1*, Samir S Shah, MD, MSCE2,3, Read G Pierce, MD4

1Division of Hospital Medicine, Phoenix Children’s Hospital, University of Arizona College of Medicine, Phoenix, Arizona; 2Division of Hospital 
Medicine, Cincinnati Children’s Hospital Medical Center , Cincinnati, Ohio; 3Department of Pediatrics, University of Cincinnati College of Medicine, 
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A s part of the Journal of Hospital Medicine’s® com-
mitment to our readership, we are excited to an-
nounce innovative new review formats, designed 
for busy hospitalists. The state of knowledge in our 

field is changing rapidly, and the 21st century poses a conun-
drum to clinicians in the form of increasingly complex studies 
and guidelines amidst ever-decreasing time to digest them. As 
a result, it can be challenging for hospitalists to access and in-
terpret recently published research to inform their clinical prac-
tice. Because we are committed to practical innovation for hos-
pitalists, starting in 2019, JHM will offer focused yet informative 
content that places important advances into relevant clinical or 
methodological context and provides our readers with infor-
mation that is accessible, meaningful, and actionable—all in a 
more concise format. 

Our new Clinical Guideline Highlights for the Hospitalist is 
a brief, targeted review of recently published clinical guide-
lines, distilling the major recommendations relevant to hospi-
tal medicine and placing them in context of the available evi-
dence. This review format also offers a critique of gaps in the 
literature and notes areas ripe for future study. In this issue, 
we debut two articles using this new approach—one aimed at 
adult hospitalists and the other at pediatric hospitalists—re-
garding recently published studies and guidelines about main-
tenance intravenous fluids.1-5 

In 2019, we will also introduce a second new format, called 
Progress Notes. These reviews will be shorter than JHM’s tra-
ditional review format, and will accept two types of articles: 
clinical and methodological. The clinical Progress Notes will 
provide an update on the last several years of evidence related 
to diagnosis, treatment, risk stratification, and/or prevention of 
a clinical problem highly pertinent to hospitalists. The meth-

odological Progress Notes will provide our readers with insight 
into the application of quantitative, qualitative, and quality im-
provement methods commonly used in work published in this 
journal. Our aim is to use Progress Notes as a way to enhance 
both clinical practice and scholarship efforts by our readers.

Finally, we will introduce “Hospital Medicine: The Year in Re-
view,” an annual feature that concisely compiles and critiques 
the top articles in both adult and pediatric hospital medicine 
over the past year. The “Year in Review” will serve as a written 
corollary to the popular “Updates in Hospital Medicine” pre-
sentation at the Society of Hospital Medicine annual meeting, 
and will highlight important research that advanced our field or 
provided us a fresh perspective on hospitalist practice.

As we introduce these new review formats, it is important to 
note that JHM will continue to accept traditional, long-form 
reviews on any topic relevant to hospitalists, with a preference 
for rigorous systematic reviews or meta-analyses. Equally im-
portant is that JHM’s overarching commitment remains un-
changed: support clinicians, leaders, and scholars in our field 
in their pursuit of delivering evidence-based, high-value clini-
cal care. We hope you enjoy these new article formats and we 
look forward to your feedback. 

Disclosures: The authors declare they have no conflicts of interest/competing 
interests.
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that Precede Critical Deterioration
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Patients at risk for clinical deterioration in the inpatient 
setting may not be identified efficiently or effectively 
by health care providers. Early warning systems that 
link clinical observations to rapid response mecha-

nisms (such as medical emergency teams) have the potential 
to improve outcomes, but rigorous studies are lacking.1 The 
pediatric Rothman Index (pRI) is an automated early warning 
system sold by the company PeraHealth that is integrated with 
the electronic health record. The system incorporates vital 
signs, labs, and nursing assessments from existing electronic 
health record data to provide a single numeric score that gen-
erates alerts based on low absolute scores and acute decreas-
es in score (low scores indicate high mortality risk).2 Automated 

alerts or rules based on the pRI score are meant to bring im-
portant changes in clinical status to the attention of clinicians. 

Adverse outcomes (eg, unplanned intensive care unit [ICU] 
transfers and mortality) are associated with low pRI scores, and 
scores appear to decline prior to such events.2 However, the 
limitation of this and other studies evaluating the sensitivity of 
early warning systems3-6 is that the generated alerts are assigned 
“true positive” status if they precede clinical deterioration, re-
gardless of whether or not they provide meaningful information 
to the clinicians caring for the patients. There are two potential 
critiques of this approach. First, the alert may have preceded 
a deterioration event but may not have been clinically relevant 
(eg, an alert triggered by a finding unrelated to the patient’s 
acute health status, such as a scar that was newly documented 
as an abnormal skin finding and as a result led to a worsening 
in the pRI). Second, even if the preceding alert demonstrated 
clinical relevance to a deterioration event, the clinicians at the 
bedside may have been aware of the patient’s deterioration for 
hours and have already escalated care. In this situation, the alert 
would simply confirm what the clinician already knew. 

To better understand the relationship between early warning 
system acuity alerts and clinical practice, we examined a cohort 

*Corresponding Author: Meredith Winter, MD, E-mail: meredith.winter 
@gmail.com. Dr. Winter is currently with Department of Anesthesia/Critical Care 
Medicine, Children’s Hospital Los Angeles, California. 

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

Received: January 21, 2018; Revised: April 26, 2018; Accepted: May 16, 2018

© 2019 Society of Hospital Medicine DOI 10.12788/jhm.3066

BACKGROUND: Clinical deterioration is difficult to detect 
in hospitalized children. The pediatric Rothman Index 
(pRI) is an early warning score that incorporates vital signs, 
laboratory studies, and nursing assessments to generate 
deterioration alerts.

OBJECTIVES: (1) Evaluate the timing of pRI alerts and 
clinicians recognizing deterioration or escalating care prior 
to critical deterioration events (CDEs) and (2) determine 
whether the parameters triggering alerts were clinically 
related to deterioration.

DESIGN: CDEs are unplanned transfers to the intensive 
care unit with noninvasive ventilation, tracheal intubation, 
and/or vasopressor infusion in the 12 hours after transfer. 
Using one year of data from a large freestanding children’s 
hospital without the pRI, we analyzed CDEs that would 
have been preceded by pRI alerts. We (1) compared the 
timing of pRI alerts to time-stamped notes describing 

changes in patient status and orders reflecting escalations 
of care and (2) identified score component(s) that caused 
alerts to trigger and determined whether these were 
clinically related to CDE etiology.

RESULTS: Fifty CDEs would have triggered pRI alerts 
if the pRI had been in use (sensitivity 68%). In 90% of 
CDEs, the first clinician note reflecting change in patient 
status and/or the first order reflecting escalation of care 
preceded the first pRI alert. All of the vital sign and 
laboratory components of the pRI and 51% of the nursing 
components were clinically related to the etiology of the 
CDE.

CONCLUSIONS: Evidence that clinicians were aware 
of deterioration preceded pRI alerts in most CDEs that 
generated alerts in the preceding 24 hours. Journal of 
Hospital Medicine 2019:14:138-143. Published online first 
August 29, 2019. © 2018 Society of Hospital Medicine.



Early Warning Score Relevance   |   Winter et al

An Official Publication of the Society of Hospital Medicine	 Journal of Hospital Medicine®    Vol 14  |  No 3  |  March 2019          139

of hospitalized patients who experienced a critical deterioration 
event (CDE)7 and who would have triggered a preceding pRI 
alert. We evaluated the clinical relationship of the alert to the 
CDE (ie, whether the alert reflected physiologic changes relat-
ed to a CDE or was instead an artifact of documentation) and 
identified whether the alert would have preceded evidence that  
clinicians recognized deterioration or escalated care.

METHODS
Patients and Setting
This retrospective cross-sectional study was performed at 
Children’s Hospital of Philadelphia (CHOP), a freestanding 
children’s hospital with 546 beds. Eligible patients were hos-
pitalized on nonintensive care, noncardiology, surgical wards 
between January 1, 2013 and December 31, 2013. The CHOP 
Institutional Review Board (IRB) approved the study with waiv-
ers of consent and assent. A HIPAA Business Associate Agree-
ment and an IRB Reliance Agreement were in place with Pera-
Health to permit data transfer.

Definition of Critical Deterioration Events
Critical deterioration events (CDEs) were defined according to 
an existing, validated measure7 as unplanned transfers to the ICU 
with continuous or bilevel positive airway pressure, tracheal intu-
bation, and/or vasopressor infusion in the 12 hours after transfer. 
At CHOP, all unplanned ICU transfers are routed through the 
hospital’s rapid response or code blue teams, so these patients 
were identified using an existing database managed by the 
CHOP Resuscitation Committee. In the database, the elements 
of CDEs are entered as part of ongoing quality improvement ac-
tivities. The time of CDE was defined as the time of the rapid 
response call precipitating unplanned transfer to the ICU.

The Pediatric Rothman Index
The pRI is an automated acuity score that has been validated 
in hospitalized pediatric patients.2 The pRI is calculated using 
existing variables from the electronic health record, including 
manually entered vital signs, laboratory values, cardiac rhythm, 
and nursing assessments of organ systems. The weights as-
signed to continuous variables are a function of deviation from 
the norm.2,8 (See Supplement 1 for a complete list of variables.) 

The pRI is integrated with the electronic health record and 
automatically generates a score each time a new data obser-
vation becomes available. Changes in score over time and low 
absolute scores generate a graduated series of alerts ranging 
from medium to very high acuity. This analysis used PeraHealth’s 
standard pRI alerts. Medium acuity alerts occurred when the pRI 
score decreased by ≥30% in 24 hours. A high acuity alert oc-
curred when the pRI score decreased by ≥40% in 6 hours. A very 
high acuity alert occurred when the pRI absolute score was ≤ 30. 

Development of the Source Dataset
In 2014, CHOP shared one year of clinical data with PeraHealth 
as part of the process of deciding whether or not to implement 
the pRI. The pRI algorithm retrospectively generated scores 
and acuity alerts for all CHOP patients who experienced CDEs 

between January 1, 2013 and December 31, 2013. The pRI 
algorithm was not active in the hospital environment during 
this time period; the scores and acuity alerts were not visible 
to clinicians. This dataset was provided to the investigators at 
CHOP to conduct this project.

Data Collection
Pediatric intensive care nurses trained in clinical research data 
abstraction from the CHOP Critical Care Center for Evidence 
and Outcomes performed the chart review for this study. Chart 
abstraction comparisons were completed on the first 15 charts 
to ensure interrater reliability, and additional quality assurance 
checks were performed on intermittent charts to ensure con-
sistency and definition adherence. We managed all data using 
Research Electronic Data Capture.9

To study the value of alerts labeled as “true positives,” we 
restricted the dataset to CDEs in which acuity alert(s) within the 
prior 72 hours would have been triggered if the pRI had been 
in clinical use at the time. 

To identify the clinical relationship between pRI and CDE, 
we reviewed each chart with the goal of determining whether 
the preceding acuity alerts were clinically associated with the 
etiology of the CDE. We determined the etiology of the CDE 
by reviewing the cause(s) identified in the note written by rapid 
response or code blue team responders or by the admitting 
clinical team after transfer to the ICU. We then used a tool pro-
vided by PeraHealth to identify the specific score components 
that led to worsening pRI. If the score components that wors-
ened were (a) consistent with a clinical change as opposed to 
a documentation artifact and (b) an organ system change that 
was plausibly related to the CDE etiology, we concluded that 
the alert was clinically related to the etiology of the CDE. 

We defined documentation artifacts as instances in nursing 
documentation in which a finding unrelated to the patient’s 
acute health status, such as a scar, was newly documented as 
abnormal and led to worsening pRI. Any cases in which the 
clinical relevance was unclear underwent review by additional 
members of the team, and the determination was made by 
consensus. 

To determine the temporal relationship among pRI, CDE, 
and clinician awareness or action, we then sought to systemat-
ically determine whether the preceding acuity alerts preceded 
documented evidence of clinicians recognizing deterioration 
or escalation of care. We made the a priori decision that acuity 
alerts that occurred more than 24 hours prior to a deterioration 
event had questionable clinical actionability. Therefore, we re-
stricted this next analysis to CDEs with acuity alerts during the 
24 hours prior to a CDE. We reviewed time-stamped progress 
notes written by clinicians in the 24 hours period prior to the 
time of the CDE and identified whether the notes reflected 
an adverse change in patient status or a clinical intervention. 
We then compared the times of these notes with the times of 
the alerts and CDEs. Given that documentation of change in 
clinical status often occurs after clinical intervention, we also 
reviewed new orders placed in the 24 hours prior to each CDE 
to determine escalation of care. We identified the following 
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orders as reflective of escalation of care independent of spe-
cific disease process: administration of intravenous fluid bo-
lus, blood product, steroid, or antibiotic, increased respiratory 
support, new imaging studies, and new laboratory studies. We 
then compared the time of each order with the time of the 
alert and CDE. 

RESULTS
During the study period, 73 events met the CDE criteria and 
had a pRI alert during admission. Of the 73 events, 50 would 
have triggered at least one pRI alert in the 72-hour period 
leading up to the CDE (sensitivity 68%). Of the 50 events, 39 
generated pRI alerts in the 24 hours leading up to the event, 
and 11 others generated pRI alerts between 24 and 72 hours 
prior to the event but did not generate any alerts during the 24 
hours leading up to the event (Figure).

Patient Characteristics
The 50 CDEs labeled as true positives occurred in 46 unique 
patients. Table 1 displays the event characteristics. 

Acuity Alerts
A total of 79 pRI alerts preceded the 50 CDEs. Of these acuity 
alerts, 44 (56%) were medium acuity alerts, 17 (22%) were high 
acuity alerts, and 18 (23%) were very high acuity alerts. Of the 
50 CDEs that would have triggered pRI alerts, 33 (66%) would 

have triggered a single acuity alert and 17 (34%) would have 
triggered multiple acuity alerts.

Of the 50 CDEs, 39 (78%) had a preceding acuity alert within 
24 hours prior to the CDE. In these cases, the alert preceded 
the CDE by a median of 3.1 hours (interquartile range of 0.7 to 
10.3 hours).

We assessed the score components that caused each alert 
to trigger. All of the vital sign and laboratory components were 
assessed as clinically related to the CDE’s etiology. By contrast, 
about half of nursing assessment components were assessed 
as clinically related to the etiology of the CDE (Table 2). Ab-
normal cardiac, respiratory, and neurologic assessments were 
most frequently assessed as clinically relevant. 

Escalation Orders
To determine whether the pRI alert would have preceded the 
earliest documented treatment efforts, we restricted evalua-
tion to the 39 CDEs that had at least one alert in the 24-hour 
window prior to the CDE. When we reviewed escalation orders 
placed by clinicians, we found that in 26 cases (67%), the first 
clinician order reflecting escalation of care would have preced-
ed the first pRI alert within the 24-hour period prior to the CDE. 
In 13 cases (33%), the first pRI alert would have preceded the 
first escalation order placed by the clinician. The first pRI alert 
and the first escalation order would have occurred within the 
same 1-hour period in 6 of these cases. 

FIG. CDEs selected for inclusion and temporal relationships among escalation orders, clinician notes, and acuity alerts. 

Abbreviation: CDEs, critical deterioration event; pRI, pediatric Rothman Index.

CDEs with ≥1 pRI alert  
during admission (n= 73)

True positives: CDEs with ≥1 
pRI alert within 72h prior to CDE (n = 50)

CDEs with pRI alert 24-72h prior to CDE (n = 11) 
• No pRI alert within 24h of CDE

CDEs with ≥1 pRI alert within 24h  
prior to CDE (n = 39)

Order and note before 
pRI alert (n = 21)

Order only before 
pRI alert (n = 5)

Note only before 
pRI alert (n = 9)

Alert before order 
or note (n = 4)

Excluded (n = 23)

• pRI alert >72h prior to CDE (n = 2) 
• pRI alert after CDE (n = 16) 
• pRI alert same time as CDE (n = 1) 
• �CDE within 6 hours of admission and insufficient 

data to calculate pRI (n = 4)
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Provider Notes
When we reviewed clinician notes for the 39 CDEs that had 
at least one alert in the 24-hour window prior to the CDE, we 
found that in 36 cases, there were preceding notes document-
ing adverse changes in patient status consistent with signs of 
deterioration or clinical intervention. In 30 cases (77%), the first 
clinician note preceded the first pRI alert within the 24-hour 
period prior to the CDE. In nine cases (23%), the first pRI alert 
would have preceded the first note. The first pRI alert and the 
first note would have occurred within the same 1-hour period 
in 4 of these cases.

Temporal Relationships 
In Supplement 2, we present the proportion of CDEs in which 
the order or note preceded the pRI alert for each abnormal 
organ system. 

The Figure shows the temporal relationships among esca-
lation orders, clinician notes, and acuity alerts for the 39 CDEs 
with one or more alerts in the 24 hours leading up to the event. 
In 21 cases (54%), both an escalation order and a note preced-
ed the first acuity alert. In 14 cases (36%), either an escalation 
order or a note preceded the first acuity alert. In four cases 
(10%), the alert preceded any documented evidence that clini-
cians had recognized deterioration or escalating care.

DISCUSSION
The main finding of this study is that 90% of CDE events that 
generated “true positive” pRI alerts had evidence suggest-
ing that clinicians had already recognized deterioration and/
or were already escalating care before most pRI alerts would 
have been triggered. 

The impacts of early warning scores on patient safety out-
comes are not well established. In a recent 21-hospital clus-
ter-randomized trial of the BedsidePEWS, a pediatric early 
warning score system, investigators found that implementing 
the system does not significantly decrease all-cause mortality 
in hospitalized children, although hospitals using the Bedside-
PEWS have low rates of significant CDEs.10 In other studies, 
early warning scores were often coimplemented with rapid re-
sponse teams, and separating the incremental benefit of the 
scoring tool from the availability of a rapid response team is 
usually not possible.11 

Therefore, the benefits of early warning scores are often 
inferred based on their test characteristics (eg, sensitivity and 
positive predictive value).12 Sensitivity, which is the propor-
tion of patients who deteriorated and also triggered the early 
warning score within a reasonable time window preceding the 
event, is an important consideration when deciding whether 
an early warning score is worth implementing. A challenging 
follow-up question that goes beyond sensitivity is how often 
an early warning score adds new knowledge by identifying 
patients on a path toward deterioration who were not yet rec-
ognized. This study is the first to address that follow-up ques-
tion. Our results revealed that the score appeared to precede 
evidence of clinician recognition of deterioration in 10% of 
CDEs. In some patients, the alert could have contributed to 

TABLE 1. True Positive Critical Deterioration Event 
Characteristics

Characteristic n (%)

Total events 50

Patient age 

   < 6 months 1 (2)

   6 months to < 1 year 2 (4)

   1 year to < 4 years 12 (24)

   4 years to < 12 years 18 (36)

   12 years to < 18 years 12 (24)

   ≥ 18 years 5 (10)

Length of stay 

   < 7 days 3 (6)

   7 days to < 14 days 10 (20)

   14 days to < 30 days 10 (20)

   ≥ 30 days 27 (54)

Transferring service 

   Oncology 14 (28)

   Pulmonary 10 (20)

   General Pediatrics 9 (18)

   Surgical 5 (10)

   Adolescent 4 (8)

   Other 8 (16)

Etiology of Critical Deterioration Event*

   Respiratory insufficiency 40 (80)

   Concern for sepsis 39 (78)

   Hemodynamic instability 21 (42)

   Electrolyte derangements 16 (32)

   Altered mental status/Neurological changes 8 (16)

   Cardiopulmonary arrest 1 (2)

   Heart failure 1 (2)

Highest level of support after transfer to the ICU

   Invasive ventilation with vasopressor 6 (12)

   Invasive ventilation without vasopressor 12 (24)

   CPAP or BiPAP with vasopressor 3 (6)

   CPAP or BiPAP without vasopressor 22 (44)

   Vasopressor alone 7 (14)

*Total exceeds 100% because some CDEs were documented as having multiple etiologies

Abbreviations: BiPAP, bilevel positive airway pressure; CPAP, continuous positive airway 
pressure; ICU, intensive care unit
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a detection of deterioration that was not previously evident. 
In the portion of CDEs in which the alert and escalation or-
der or note occurred within the same one-hour window, the 
alert could have been used as confirmation of clinical sus-
picion. Notably, we did not evaluate the 16 cases in which 
a CDE preceded any pRI alert because we chose to focus 
on “true positive” cases in which pRI alerts preceded CDEs. 
These events could have had timely recognition by clinicians 
that we did not capture, so these results may provide an 
overestimation of CDEs in which the pRI preceded clinician  
recognition.

Prior work has described a range of mechanisms by which 
early warning scores can impact patient safety.13 The results 
of this study suggest limited incremental benefit for the pRI 
to alert physicians and nurses to new concerning changes at 
this hospital, although the benefits to low-resourced com-
munity hospitals that care for children may be great. The pRI 
score may also serve as evidence that empowers nurses to 
overcome barriers to further escalate care, even if the process 
of escalation has already begun. In addition to empowering 
nurses, the score may support trainees and clinicians with 
varying levels of pediatric expertise in the decision to esca-
late care. Evaluating these potential benefits would require 
prospective study.

We used the pRI alerts as they were already defined by Per-
aHealth for CHOP, and different alert thresholds may change 
score performance. Our study did not identify additional vari-
ables to improve score performance, but they can be investi-
gated in future research.

This study had several limitations. First, this work is a sin-
gle-center study with highly skilled pediatric providers, a ma-
ture rapid response system, and low rates of cardiopulmonary 

arrest outside ICUs. Therefore, the results that we obtained 
were not immediately generalizable. In a community environ-
ment with nurses and physicians who are less experienced in 
caring for ill children, an early warning score with high sensitiv-
ity may be beneficial in ensuring patient safety. 

Second, by using escalation orders and notes from the pa-
tient chart, we did not capture all the undocumented ways in 
which clinicians demonstrate awareness of deterioration. For 
example, a resident may alert the attending on service or a 
team may informally request consultation with a specialist. We 
also gave equal weight to escalation orders and clinician notes 
as evidence of recognition of deterioration. It could be that 
either orders or notes more closely correlated with clinician 
awareness. 

Finally, the data were from 2013. Although the score compo-
nents have not changed, efforts to standardize nursing assess-
ments may have altered the performance of the score in the 
intervening years. 

CONCLUSIONS
In most patients who had a CDE at a large freestanding chil-
dren’s hospital, escalation orders or documented changes in 
patient status would have occurred before a pRI alert. Howev-
er, in a minority of patients, the alert could have contributed to 
the detection of deterioration that was not previously evident.

Disclosures: The authors have nothing to disclose

Funding: The study was supported by funds from the Department of Biomed-
ical and Health Informatics at Children’s Hospital of Philadelphia. PeraHealth, 
the company that sells the Rothman Index software, provided a service to the 
investigators but no funding. They applied their proprietary scoring algo-
rithm to the data from Children’s Hospital of Philadelphia to generate alerts 

TABLE 2. Clinical Relevance of Nursing Assessment pRI Score Components

Nursing Assessment Component
Total Number of Abnormal  

Assessments, n
Nursing Assessments  

Clinically Related to CDE, n (%)
Nursing Assessments  

Not Clinically Related to CDE, n (%)

Cardiac 10 10 (100) 0 (0)

Food 11 3 (27) 8 (72)

Gastrointestinal 8 1 (12) 7 (88)

Genitourinary 9 2 (22) 7 (78)

Musculoskeletal 4 1 (25) 3 (75)

Neurologic 11 10 (91) 1 (9)

Peripheral vascular system 4 2 (50) 2 (50)

Psychosocial 4 1 (25) 3 (75)

Respiratory 8 7 (88) 1 (12)

Safety 0 0 (0) 0 (0)

Skin 4 0 (0) 4 (100)

Total 73 37 (51) 36 (49)

Abbreviations: CDE, critical deterioration event; pRI, pediatric Rothman Index.
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retrospectively. This service was provided free of charge in 2014 during the time 
period when Children’s Hospital of Philadelphia was considering purchasing 
and implementing PeraHealth software, which it subsequently did. We did not 

receive any funding for the study from PeraHealth. PeraHealth personnel did 
not influence the study design, the interpretation of data, the writing of the 
report, or the decision to submit the article for publication.
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E levated blood pressure (BP) is common among hospital-
ized adults, with prevalence estimates between 50% and 
70%.1 Many factors can cause or exacerbate BP eleva-
tions in the setting of acute illness, such as pain, anxiety, 

medication withdrawal, and volume status, among others.2  While 
there are clear evidence-based recommendations for treating 
hypertension (HTN) in the ambulatory setting,3 guidelines for the 
management of elevated BP in the hospital are lacking.4,5 

Hypertensive crises are generally recognized as warranting 
rapid reduction in BP;6-8 however, these represent the minority 
of cases.9,10 Far more common in the hospital are patients with 
asymptomatic elevated BP, a population for which there is no 

high-quality evidence and no guidelines supporting the use of 
intravenous (IV) antihypertensives.11,12 Treatment with such medi-
cations has been associated with highly variable clinical respons-
es13-15 and may result in adverse events, such as hypotension.10 

To date, only a small number of studies have investigated the 
treatment of asymptomatic elevated BP among hospitalized 
adults.10,13-15 These have suggested that IV antihypertensives 
are utilized frequently in this setting, often for only modestly 
elevated BPs; however, the studies have tended to be small, 
not racially diverse, and limited to noncritically ill patients. Fur-
thermore, while it is generally accepted that reducing the use 
of IV antihypertensives among asymptomatic patients would 
have no adverse impact, to our knowledge there have been no 
published studies which have instituted such an initiative while 
measuring balancing outcomes.

The purpose of this study was to further the existing literature 
by defining the prevalence and effects of IV antihypertensive 
medication utilization among a medically complex, multiracial 
population of asymptomatic medical inpatients using a large 
electronic dataset and to evaluate the impact of a division-wide, 
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BACKGROUND: Asymptomatic elevated blood pressure 
(BP) is common in the hospital. There is no evidence 
supporting the use of intravenous (IV) antihypertensives in 
this setting.

OBJECTIVE: To determine the prevalence and 
effects of treating asymptomatic elevated BP with IV 
antihypertensives and to investigate the efficacy of a 
quality improvement (QI) initiative aimed at reducing 
utilization of these medications. 

DESIGN: Retrospective cohort study.

SETTING: Urban academic hospital.

PATIENTS: Patients admitted to the general medicine 
service, including the intensive care unit (ICU), with ≥1 
episode of asymptomatic elevated BP (>160/90 mm Hg) 
during hospitalization.

INTERVENTION: A two-tiered, QI initiative.

MEASUREMENTS: The primary outcome was the monthly 
proportion of patients with asymptomatic elevated BP 

treated with IV labetalol or hydralazine. We also analyzed 
median BP and rates of balancing outcomes (ICU transfers, 
rapid responses, cardiopulmonary arrests). 

RESULTS: We identified 2,306 patients with ≥1 episode 
of asymptomatic elevated BP during the 10-month 
preintervention period, of which 251 (11%) received IV 
antihypertensives. In the four-month postintervention 
period, 70 of 934 (7%) were treated. The odds of being 
treated were 38% lower in the postintervention period 
after adjustment for baseline characteristics, including 
length of stay and illness severity (OR = 0.62; 95% CI 0.47-
0.83; P = .001). Median SBP was similar between pre- and 
postintervention (167 vs 168 mm Hg; P = .78), as were the 
adjusted proportions of balancing outcomes.

CONCLUSIONS: Hospitalized patients with 
asymptomatic elevated BP are commonly treated with 
IV antihypertensives, despite the lack of evidence. A QI 
initiative was successful at reducing utilization of these 
medications. Journal of Hospital Medicine 2019;14:144-
150. © 2019 Society of Hospital Medicine
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two-tiered quality improvement (QI) initiative on the rates of IV 
antihypertensive utilization and patient outcomes.

METHODS
Setting
The study was conducted at the University of California, San 
Francisco (UCSF), an 800-bed tertiary care, academic medical 
center. It was approved by the UCSF Institutional Review Board. 
General medicine patients at UCSF are distributed between 
teaching and direct-care (hospitalist) services. The intensive 
care unit (ICU) is “open,” meaning the medicine service acts 
as the primary team for all nonsurgical ICU patients. This study 
included all adult general medicine patients admitted to UCSF 
Medical Center between January 1, 2017 and March 1, 2018, 
including those in the ICU. 

Study Population and Data Collection
The UCSF Medical Center uses the electronic health record 
(EHR) Epic (Epic 2017, Epic Systems Corporation, Verona, Wis-
consin) for all clinical care. We obtained computerized EHR 
data from Clarity, the relational database that stores Epic’s 
inpatient data in thousands of tables, including orders, med-
ications, laboratory and radiology results, vital signs, patient 
demographics, and notes. We identified all adult patients hos-
pitalized on the general medicine service with ≥1 episode of 
elevated BP (>160/90 mm Hg) at any point during their hos-
pitalization who were not on a vasopressor medication at the 
time of the vital sign recording. 

We further identified all instances in which either IV labetalol 
or hydralazine were administered to these patients. These two 
agents were chosen because they are the only IV antihyper-
tensives used commonly at our institution for the treatment of 
asymptomatic elevated BP among internal medicine patients. 
Only those orders placed by a general medicine provider or 
reconciled by a general medicine provider upon transfer from 
another service were included. For each medication adminis-
tration timestamp, we collected vital signs before and after the 
administration, along with the ordering provider and the clini-
cal indication that was documented in the electronic order. To 
determine if a medication was administered with concern for 
end-organ injury, we also extracted orders that could serve as 
a proxy for the provider’s clinical assessment—namely electro-
cardiograms, serum troponins, chest x-rays, and computerized 
tomography scans of the head—which were placed in the one  
hour preceding or 15 minutes following administration of an IV 
antihypertensive medication. 

To assess for comorbid conditions, including a preexisting di-
agnosis of HTN, we collected International Classification of Dis-
eases (ICD)-9/10 diagnosis codes. Further, we also extracted All 
Patient Refined Diagnosis-Related Group (APR-DRG) weights, 
which are a standardized measure of illness severity based on 
relative resource consumption during hospitalization.16,17

Patients were categorized as having either “symptomatic” 
or “asymptomatic” elevated BP. We defined symptomatic el-
evated BP as having received treatment with an IV medication 
with provider concern for end-organ injury, as defined above. 

We further identified all patients in which tight BP control may 
be clinically indicated on the basis of the presence of any of 
the following ICD-9/10 diagnosis codes at the time of hospital 
discharge: myocardial infarction, ischemic stroke, intracranial 
hemorrhage, subarachnoid hemorrhage, subdural hematoma, 
aortic dissection, hypertensive emergency, or hypertensive 
encephalopathy. All patients with symptomatic elevated BP or 
any of the above ICD-9/10 diagnoses were excluded from the 
analysis, since administration of IV antihypertensive medica-
tions would plausibly be warranted in these clinical scenarios. 

The encounter numbers from the dataset were used to link 
to patient demographic data, which included age, sex, race, 
ethnicity, primary language, and insurance status. Finally, we 
identified all instances of rapid response calls, ICU transfers, 
and code blues (cardiopulmonary arrests) for each patient in 
the dataset.

Blood Pressure Measurements
BP data were collected from invasive BP (IBP) monitoring de-
vices and noninvasive BP cuffs.  For patients with BP measure-
ments recorded concomitantly from both IBP (ie, arterial lines) 
in addition to noninvasive BP cuffs, the arterial line reading was 
favored. All systolic BP (SBP) readings >240 mm Hg from arte-
rial lines were excluded, as this has previously been described 
as the upper physiologic limit for IBP readings.18

Primary Outcome
The primary outcome for the study was the proportion of pa-
tients treated with IV antihypertensive medications (labeta-
lol or hydralazine). Using aggregate data, we calculated the 
number of patients who were treated at least once with an IV 
antihypertensive in a given month (numerator), divided by the 
number of patients with ≥1 episode of asymptomatic elevated 
BP that month (denominator). The denominator was consid-
ered to be the population of patients “at risk” of being treated 
with IV antihypertensive medications. For patients with multi-
ple admissions during the study period, each admission was 
considered separately. These results are displayed in the upper 
portion of the run chart (Figure).

Secondary Outcomes
To investigate blood pressure trends over time, we analyzed 
BP in three ways. First, we analyzed the median SBP for the 
entire population. Second, to determine clinical responses 
to IV antihypertensive medications among patients receiving 
treatment, we calculated the population medians for the pre-
treatment SBP, the change in SBP from pretreatment baseline, 
and the posttreatment SBP. Third, we calculated the average 
median SBP on a monthly basis for the duration of the study. 
This was achieved by calculating the median value of all SBPs 
for an individual patient, then averaging across all patients in a 
given month. The average monthly median SBPs are displayed 
in the lower portion of the Figure.

To investigate whether the intervention was associated with 
negative patient outcomes, the proportions of several balanc-
ing outcomes were compared between pre- and postinterven-
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tion periods, including ICU transfers, rapid response calls, and 
code blues (cardiopulmonary arrests).

Development and Implementation of an Interven-
tion to Reduce Excessive IV Antihypertensive Use
After establishing the baseline prevalence of IV antihyperten-
sive medication use at our institution, we developed a QI initia-
tive with the goal of reducing IV antihypertensive medication 
utilization by the general medicine service for the treatment 
of asymptomatic patients. We hypothesized that potential 
contributors to overutilization might include lack of educa-
tion, provider/nursing discomfort, and a system designed to 
mandate provider notification for even modestly elevated BPs. 
The QI initiative, which took place between October 2017 and 
December 2017, was designed to address these potential con-
tributors and was comprised of a division-wide, two-tiered, 
bundled intervention. Our choice of a two-tiered approach 
was based on the fact that successful culture change is chal-
lenging, along with the existing evidence that multifaceted 
QI interventions are more often successful than single-tiered 
approaches.19 

The first tier of the initiative included an educational cam-
paign referred to colloquially as “NoIVForHighBP,” which tar-
geted residents, hospitalists, and nursing staff. The campaign 
consisted of a series of presentations, best practice updates, 
handouts, and posters displayed prominently in shared work-
spaces. The educational content focused on alternative ap-

proaches to the management of asymptomatic elevated BP 
in the hospital, such as identification and treatment of pain, 
anxiety, volume overload, or other contributing factors (see 
supplemental materials). These educational outreaches oc-
curred periodically between October 4, 2017 and November 
20, 2017, with the bulk of the educational efforts taking place 
during November. Therefore, November 1, 2017 was designat-
ed the start date for the intervention period.

The second tier of the intervention included the liberaliza-
tion of the EHR BP notification parameters on the standard in-
patient admission order set from >160/90 mm Hg to >180/90 
mm Hg. This change took effect on 12/6/2017. The decision 
to modify the BP notification parameters was based on the 
hypothesis that mandatory notifications for modestly elevated 
BPs may prompt providers to reflexively order IV antihyperten-
sive medications, especially during times of cross-coverage or 
high clinical workload. 

Statistical Analysis
All statistical analyses were performed using Stata software 
version 15 (StataCorp. 2017. Stata Statistical Software: Release 
15. College Station, Texas: StataCorp LLC). Baseline patient 
characteristics were compared using nonparametric tests of 
significance. Population median SBPs were compared be-
tween pre- and postintervention periods using Mood’s Medi-
an Test, which was selected because the data were distributed 
nonnormally, and variances between samples were unequal. 

FIG. Percentage of patients with asymptomatic elevated blood pressure receiving intravenous antihypertensive medications, and average median SBP, per month. 

Abbreviations: EHR, electronic health record; SBP, systolic blood pressure.
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Among patients treated with IV antihypertensive medica-
tions, we compared the proportion of pretreatment SBPs fall-
ing into each of three specified ranges (SBP <180 mm Hg, SBP 
180-199 mm Hg, and SBP >200 mm Hg) between baseline and 
intervention periods using chi-squared tests.

Using aggregate data, we compared the unadjusted pro-
portion of patients treated with IV antihypertensive medi-
cations between pre- and postintervention periods using a 
chi-squared test. Next, using patient-level data, a logistic 
regression analysis was performed to examine the associa-
tion between receipt of IV antihypertensive medications and 
time (dichotomized between pre- and postintervention peri-
ods) while adjusting for age, sex, race, ethnicity, primary lan-
guage, insurance status, preexisting HTN, length of stay, and  
APR-DRG weight. 

Rates of balancing outcomes were compared using chi-
squared tests. A logistic regression analysis using patient-level 
data was also performed to investigate the association be-
tween each of these outcomes and the intervention period 
(pre vs post) while adjusting for age, sex, race, ethnicity, prima-
ry language, insurance status, preexisting HTN, length of stay, 
and APR-DRG weight. 

RESULTS
Baseline Period
We identified 2,306 patients with ≥1 episode of asymptomatic 

elevated BP during the 10-month preintervention period. Pa-
tients on average experienced 9 episodes of elevated BP per 
hospitalization, representing 21,207 potential opportunities for 
treatment. Baseline characteristics are summarized in Table 1. 
In general, this represents an older population that was medi-
cally complex and multiracial. 

Of these patients, 251 (11%) received IV hydralazine and/or 
labetalol at least once during their hospitalization, with a total 
of 597 doses administered. Among those treated, a median of 
2 doses were given per patient (IQR: 1-4), 64% of which were 
hydralazine. The majority (380 [64%]) were ordered on an “as 
needed” basis, while 217 (36%) were administered as a one-
time dose. Three-quarters of all doses were ordered by the 
teaching service (456 [76%]), with the remaining 24% ordered 
by the direct-care (hospitalist) service. 

During the baseline period among patients receiving IV 
antihypertensive medications, the median SBP of the popu-
lation prior to treatment was 187 mm Hg (IQR 177-199; Table 
2). Treatment was initiated in 30% of patients for an SBP <180 
mm Hg and in 75% for an SBP <200 mm Hg. The median time 
to follow-up BP check was 34 minutes (IQR 15-58). The medi-
an decrement in SBP was 20 mm Hg (IQR 5-37); however, the 
response to treatment was highly variable, with 2% of patients 
experiencing no change and 14% experiencing an increase 
in SBP. Seventy-nine patients (14%) had a decrement in SBP 
>25% following treatment. 

TABLE 1. Comparison of Baseline Patient Characteristics between Pre- and Postintervention Periods

Preintervention, 
n = 2,306 

Postintervention, 
n = 934 P Value

Age, median (IQR) 67 (55-80) 69 (57-83) .01

Sex, n (%)
   Male
   Female

1,186 (51)
1,120 (49)

450 (48)
485 (52)

.09

Race, n (%)
   White
   Black
   Asian
   Hispanic
   Other

917 (40)
442 (19)
523 (23)
216 (9)
199 (9)

372 (40)
149 (16)
237 (25)
88 (9)
88 (9)

.22

Primary language, n (%)
   Non-English 475 (21) 222 (24) .05

Insurance, n (%)
   Commercial
   Medicaid
   Medicare
   Othera

314 (14)
532 (23)

1,439 (62)
21 (0.9)

119 (12)
184 (20)
625 (67)
6 (0.6)

.09

Hypertension present on admission, n (%) 1,732 (75) 659 (71) .01

APR-DRG Weight, median (IQR) 1.34 (0.99-1.77) 1.48 (1.00-1.82) < .001

Inpatient length of stay, median (IQR) 4.6 (2.8-8.0) 5.1 (2.9-9.2) .004

aIncludes uninsured, workers’ compensation, and other unspecified government insurance plans

Abbreviations: APR-DRG, all patient refined diagnosis-related groups; IQR, interquartile range.
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Description of Quality Improvement Results
Following the QI initiative, a total of 934 patients experienced 
9,743 episodes of asymptomatic elevated blood pressure over 
a 4-month period (November 1, 2017 to February 28, 2018). As 
shown in Table 1, patients in the postintervention period had a 
slightly higher median age (67 [IQR 55-80] vs 69 [IQR 57-83]; P = 
.01), a higher median APR-DRG weight (1.34 [IQR 0.99-1.77] vs 
1.48 [1.00-1.82]; P < .001), and a longer median length of stay 
(4.6 [2.8-8.0] days vs 5.1 [2.9-9.2] days; P = .004). There was also a 
higher proportion of nonEnglish speakers, fewer Black patients, 
and a lower proportion of preexisting HTN, in the postinterven-
tion period.

Of the 934 patients with ≥1 episode of asymptomatic elevat-
ed BP, 70 (7%) were treated with IV antihypertensive medica-
tions, with a total of 196 doses administered. The proportion of 
patients treated per month during the postintervention period 

ranged from 6% to 8%, which was the lowest of the entire study 
period and below the baseline average of 10% (Figure).  

In a patient-level logistic regression pre-post analysis adjust-
ing for age, sex, race, ethnicity, primary language, insurance 
status, preexisting HTN, length of stay, and APR-DRG weight, 
patients admitted to the general medicine service during the 
postintervention period had 38% lower odds of receiving IV 
antihypertensive medications than those admitted during the 
baseline period (OR = 0.62; 95% CI 0.47-0.83; P = .001). In this 
adjusted model, the following factors were independently as-
sociated with increased odds of receiving treatment: APR-DRG 
weight (OR 1.13; 95% CI 1.07-1.20; P < .001), Black race (OR 
1.81; 95% CI 1.29-2.53; P = .001), length of stay (OR 1.02; 95% 
CI 1.01-1.03; P < .001), and preexisting HTN (OR 4.25; 95% CI 
2.75-6.56; P < .001). Older age was associated with lower odds 
of treatment (Table 2).

Among patients who received treatment, there were no 
differences between pre- and postintervention periods in the 
proportion of pretreatment SBP <180 mm Hg (29% vs 32%; P 
= .40), 180-199 mm Hg (47% vs 40%; P = .10), or >200 mm Hg 
(25% vs 28%; P = .31; Table 3).

Population-level median SBP was similar between pre- and 
postintervention periods (167 mm Hg vs 168 mm Hg, P = .78), 
as were unadjusted rates of rapid response calls, ICU transfers, 
and code blues (Table 3). After adjustment for baseline char-
acteristics and illness severity at the patient level, the odds of 
rapid response calls (OR 0.84; 95% CI 0.65-1.10; P = .21) and 
ICU transfers (OR 1.01; 95% CI 0.75-1.38; P = .93) did not dif-
fer between pre- and postintervention periods. A regression 
model was not fit for cardiopulmonary arrests due to the low 
absolute number of events. 

CONCLUSIONS
Our results suggest that treatment of asymptomatic elevated 
BP using IV antihypertensive medications is common practice 
at our institution. We found that treatment is often initiated 
for only modestly elevated BPs and that the clinical response 
to these medications is highly variable. In the baseline period, 
one in seven patients experienced a decrement in BP >25% 
following treatment, which could potentially cause harm.11 
There is no evidence, neither are there any consensus guide-
lines, to support the rapid reduction of BP among asymptom-
atic patients, making this a potential valuable opportunity for 
reducing unnecessary treatment, minimizing waste, and avoid-
ing harm. 

While there are a few previously published studies with 
similar results, we add to the existing literature by studying a 
larger population of more than 3,000 total patients, which was 
uniquely multiracial, including a high proportion of non-En-
glish speakers. Furthermore, our cohort included patients in 
the ICU, which is reflected in the higher-than-average APR-
DRG weights. Despite being critically ill, these patients argu-
ably still do not warrant aggressive treatment of elevated BP 
when asymptomatic. By excluding symptomatic BP elevations 
using surrogate markers for end-organ damage in addition to 
discharge diagnosis codes indicative of conditions in which 

TABLE 2. Patient-Level Logistic Regression Analysis 
of the Association between Receipt of Intravenous 
Antihypertensive Medication and Exposure to QI 
Interventiona   

Variable
Odds of Treatment

(95% CI) P Value

Postintervention period 0.62 (0.47-0.83) .001

Race
   White
   Asian
   Hispanic
   Black
   Other/unknown

ref.
1.33 (0.92-1.93)
1.49 (0.96-2.20)
1.81 (1.29-2.53)
1.38 (0.86-2.20)

ref.
.13
.08
.001
.18

Age
   18-53
   54-66
   67-77
   78-116

ref.
0.68 (0.48-0.97)
0.55 (0.35-0.84)
0.80 (0.51-1.24)

ref.
.03
.01
.32

Sex
   Male
   Female

ref.
1.10 (0.86-1.40)

ref.
.46

Language
   English
   Non-English

ref.
0.98 (0.68-1.40)

ref.
.90

Insurance
   Commercial
   Medicaid  
   Medicare
   Other

ref.
0.97 (0.63-1.51)
1.26 (0.81-1.95)
0.34 (0.04-2.82)

ref.
.89
.31
.32

Preexisting hypertension 4.25 (2.75-6.56) <.001

APR-DRG weight 1.13 (1.07-1.20) <.001

Inpatient length of stay 1.02 (1.01-1.03) <.001

aExposure dichotomized to pre- and postintervention time periods. Model adjusts for age, 
sex, race, ethnicity, primary language, insurance status, preexisting HTN, length of stay, and 
APR-DRG weight.

Abbreviation: APR-DRG, all patient refined diagnosis related-groups; HTN, hypertension.
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tight BP control may be warranted, we were able to study a 
more critically ill patient population. We were also able to de-
scribe which baseline patient characteristics convey higher ad-
justed odds of receiving treatment, such as preexisting HTN, 
younger age, illness severity, and black race.

Perhaps most significantly, our study is the first to demon-
strate an effective QI intervention aimed at reducing unnec-
essary utilization of IV antihypertensives. We found that this 
can feasibly be accomplished through a combination of ed-
ucational efforts and systems changes, which could easily be 
replicated at other institutions. While the absolute reduction 
in the number of patients receiving treatment was modest, if 
these findings were to be widely accepted and resulted in a 
wide-spread change in culture, there would be a potential for 
greater impact. 

Despite the reduction in the proportion of patients receiving 
IV antihypertensive medications, we found no change in the 
median SBP compared with the baseline period, which seems 
to support that the intervention was well tolerated. We also 
found no difference in the number of ICU transfers, rapid re-
sponse calls, and cardiopulmonary arrests between groups. 

While these findings are both reassuring, it is impossible to 
draw definitive conclusions about safety given the small ab-
solute number of patients having received treatment in each 
group. Fortunately, current guidelines and literature support 
the safety of such an intervention, as there is no existing ev-
idence to suggest that failing to rapidly lower BP among as-
ymptomatic patients is potentially harmful.11

There are several limitations to our study. First, by utilizing 
a large electronic dataset, the quality of our analyses was reli-
ant on the accuracy of the recorded EHR data. Second, in the 
absence of a controlled trial or control group, we cannot say 
definitively that our QI initiative was the direct cause of the 
improved rates of IV antihypertensive utilization, though the 
effect did persist after adjusting for baseline characteristics in 
patient-level models. Third, our follow-up period was relatively 
short, with fewer than half as many patients as in the preinter-
vention period. This is an important limitation, since the im-
pact of QI interventions often diminishes over time. We plan 
to continually monitor IV antihypertensive use, feed those data 
back to our group, and revitalize educational efforts should 
rates begin to rise. Fourth, we were unable to directly measure 

TABLE 3. Treatment Characteristics, Response to Treatment, and Outcomes Compared between Pre- and 
Postintervention Periods

Treatment Characteristics

Baseline Period Postintervention

P Valuen = 597 doses n = 196 doses

Choice of medication, n (%) 
   Hydralazine
   Labetalol

380 (64%)
217 (36%)

97 (50%)
99 (50%)

<.001

Hour of medication administration, n (%)
   Daytime (9AM – 5PM)
   Cross-cover (5PM – 9AM)

185 (31%)
412 (69%)

72 (37%)
124 (63%)

.14

Pre-treatment SBP, n (%)
   <180 mmHg
   180-199 mmHg
   >200 mmHg

170 (29%)
281 (47%)
146 (24%)

62 (32%)
79 (40%)
55 (28%)

.40

.10

.31

Medication Effects n = 597 doses n = 196 doses

Median SBP, mmHg (IQR)
   Pre-treatment
   Post-treatment

187 (177-199)
165 (150-185)

186 (175-203)
171 (154-186)

.45

.18

Magnitude of blood pressure decrease, n (%)
   SBP decreased <10%
   SBP decreased 10-25%
   SBP decreased >25%

186 (48%)
223 (38%)
79 (14%)

61 (41%)
67 (45%)
20 (14%)

.99

.42

.27

Outcomes n = 2,306 patients n = 934 patients

Receipt of IV antihypertensive, n (%) 251 (11%) 70 (7%) .003

Balancing outcomes, n (%)
   Rapid response calls
   ICU transfers
   Code blue

294 (12%)
188 (8%)

17 (0.74%)

114 (11%)
81 (9%)

9 (0.96%)

.72

.65

.51

Abbreviations: ICU, intensive care unit; IV, intravenous; SBP, systolic blood pressure.
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which patients had true end-organ injury and instead used or-
ders placed around the time of medication administration as a 
surrogate marker. While this is an imperfect measure, we feel 
that in cases where a provider was concerned enough to even 
test for end-organ injury, the use of IV antihypertensives was 
likely justified and was therefore appropriately excluded from 
the analysis. Lastly, we were limited in our ability to describe 
associations with true clinical outcomes, such as stroke or myo-
cardial infarction, which could theoretically be propagated by 
either the use or the avoidance of IV antihypertensive medica-
tions. Fortunately, based on clinical guidelines and existing evi-
dence, there is no reason to believe that reducing IV antihyper-
tensive use would result in increased rates of these outcomes.

Our study reaffirms the fact that overutilization of IV anti-

hypertensive medications among asymptomatic hospitalized 
patients is pervasive across hospital systems. This represents 
a potential target for a concerted change in culture, which we 
have demonstrated can be feasibly accomplished through ed-
ucation and systems changes.
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W ith the presence of hypertension in 25% of patients 
admitted to the hospital,1 its proper management 
is imperative. A hypertensive crisis is a severe ele-
vation of blood pressure, defined as systolic ≥180 

mm Hg and/or diastolic ≥120 mm Hg. It is further classified as 
either a hypertensive emergency which includes the presence of 
end-organ damage,2 or hypertensive urgency, defined as asymp-
tomatic blood pressure elevation.3 Although hypertensive emer-
gencies account for only 1%-2% of patients with hypertension,4 
they are associated with a high one-year mortality rate (>79%).5 
Hypertensive emergency requires immediate reduction of blood 
pressure with IV antihypertensive drugs to limit organ damage. In 
contrast, as per national guidelines, inpatient management of hy-
pertensive urgency requires gradual reductions of blood pressure 
over hours to days using oral antihypertensives.2 It is also recom-
mended that alternative etiologies, such as anxiety or pain, be 
considered before treatment is initiated.1

Clinicians often inappropriately treat asymptomatic hyper-
tension in the inpatient setting,6,7 using intravenous (IV) anti-
hypertensive medications despite evidence showing potential 
harm.5,8 This can lead to unpredictable reductions in blood 
pressure.7,9 A recent retrospective analysis demonstrated that 
32.6% of patients had a blood pressure reduction greater than 
25% after the use of an IV antihypertensive.7 Reductions great-
er than 25% lead to shifts in autoregulation, which may result in 
patient harm, such as hypotension, decreased renal perfusion, 
and stroke.9 IV medications are also more expensive than oral 
agents, due to the additional cost of administration.

Although overtreatment of asymptomatic hypertension with 
IV antihypertensive medications is common,7 initiatives to ad-
dress this in inpatient settings are lacking in the literature. The 
aim of this quality improvement initiative was to reduce unnec-
essary IV antihypertensive treatment for hypertensive urgency 
in the inpatient setting.

METHODS
Setting
An interdisciplinary quality improvement intervention was ini-
tiated on two inpatient medicine units at an urban, 1,134-bed 
tertiary medical center affiliated with the Icahn School of Med-
icine at Mount Sinai. Members of the Mount Sinai High Value 
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BACKGROUND: Asymptomatic blood pressure elevation 
is common in the inpatient setting. National guidelines 
recommend treating with oral agents to slowly decrease 
blood pressure; however, many clinicians use intravenous 
antihypertensive medications, which can lead to 
unpredictable changes in blood pressure.

OBJECTIVE: To decrease the number of inappropriate 
orders (without symptoms of hypertensive emergency 
or order for NPO) of intravenous antihypertensives and 
adverse events associated with intravenous orders.

DESIGN: Quasi-experimental study with multidisciplinary 
intervention.

PARTICIPANTS: Inpatients with a one-time order for an 
intravenous antihypertensive agent from January 2016 to 
February 2018.

MAIN MEASURES: The main outcomes were the total 
numbers of orders and inappropriate orders, adverse 
events, and alternate etiologies per 1,000 patient-days. As 
a balancing measure, patients were monitored for adverse 
events when blood pressure was elevated and not treated.

KEY RESULTS: There were a total of 260 one-time orders 
of intravenous antihypertensives on two medical units. 
Inappropriate orders decreased from 8.3 to 3.3 per 1,000 
patient days (P = .0099). Adverse events associated with 
intravenous antihypertensives decreased from 3.7 to 0.8 
per 1,000 patient days (P = .0072).

CONCLUSION: This initiative demonstrated a significant 
reduction in inappropriate use of IV antihypertensives 
and an associated reduction in adverse events. Journal of 
Hospital Medicine 2019;14:151-156. © 2019 Society of 
Hospital Medicine
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Care Committee and the Student High Value Care Initiative10 
developed this project. The intervention was implemented in 
stages from March 2017 to February 2018. It targeted nurses, 
housestaff, nurse practitioners, and attendings on general 
medical teaching and nonteaching services. The components 
of the intervention included education, a treatment algorithm, 
audit and feedback, and electronic medical record (EMR) 
change. This project was submitted to the Quality Committee 
in the Department of Medicine and determined to be a qual-
ity improvement project rather than research and thus, an IRB 
submission was not required.

Treatment Algorithm and Education
A clinical algorithm was designed with nursing and cardiology 
representatives to provide guidance for nurses regarding the 
best practice for evaluation of inpatient hypertension, focusing 
on assessing patients before recommending treatment (“As-
sess Before Rx”; Figure 1). Educational sessions reinforcing the 
clinical algorithm were held monthly at nursing huddles. These 
involved an introduction session providing the background 
and purpose of the project, with follow-up sessions includ-
ing interactive mock cases on the assessment of hypertensive  
urgency.

A second treatment algorithm was designed, with houses-
taff and cardiology input, to provide guidance for the internal 
medicine housestaff and nurse practitioners. It utilized a similar 
approach regarding identification, evaluation, and assessment 
of alternate etiologies but included more detailed treatment 
recommendations with a table outlining the oral medications 
used for hypertensive urgency (Figure 2). The flowchart and ta-
ble were uploaded to an existing mobile application used by 
housestaff and nurse practitioners for quick access. The mobile 
application is frequently used by housestaff and contains many 
clinical resources. Additionally, e-mails including the purpose 
of the project and the treatment algorithm were sent to rotat-
ing housestaff at the start of each new medicine rotation.

Audit and Feedback
Monthly feedback was e-mailed to the nurses, which rein-
forced the goals and provided positive feedback on outcomes 
with an announcement of the “Nurse of the Month.” The win-
ners were selected based on the most accurate and appropri-
ate documentation of their assessments determined through 
retrospective chart review.

Targeted e-mail feedback was also sent to providers who 
ordered IV antihypertensives without the appropriate indica-
tion. The e-mails included the medical record number, date 
and time of the order, any alternate etiologies that were doc-
umented, and any adverse events that occurred as a result of 
the medication.

Systems Change: Electronic Medical Record Orders
EMR advisory warnings were placed on IV antihypertensive or-
ders of labetalol and hydralazine. The alerts served to nonin-
trusively remind providers to assess for symptoms before plac-
ing the order to ensure that the order was appropriate.

Data Collection and Assessment
Seven-month preintervention (January-July 2016) and 
12-month postintervention (March 2017-February 2018) data 
were compared. The months prior to intervention were ex-
cluded to account for project development and educational 
lag. Data were obtained from EMR utilization reports of one-
time orders of IV labetalol and hydralazine, and retrospective 
chart review. Patients who were pregnant, less than 18 years of 
age, or postoperative were excluded. Orders were designat-
ed as inappropriate if there was no evidence of hypertensive 
emergency through documentation in progress notes, or if the 
patient was able to take oral medication (not NPO). Adverse 
events were defined as a blood pressure drop of more than 
25%, a change in the heart rate by more than 20 beats per 
minute, or the need for IV fluids, based on previous studies.7 
Although decreased blood pressure is not necessarily danger-
ous in and of itself, adverse events arising from blood pressure 
decreasing too rapidly from IV antihypertensives are well docu-
mented.9,11 The presence of alternate etiologies of high blood 
pressure that were documented in progress notes, including 
pain, anxiety, agitation, and holding of home blood pressure 
medications, were recorded. The numbers of inappropriate or-
ders pre- and postintervention were compared. Confounding 
factors of patient age and length of stay (LOS) were compared 
pre- and postintervention in order to rule out other factors to 
which the intervention’s effect could be attributed. Addition-
ally, as a balancing measure, a random sample of patients 
with elevated blood pressure were monitored on a biweekly 
basis for adverse events that occurred as a result of not receiv-
ing IV treatment, including stroke, myocardial infarction, and  
pulmonary edema.

For this study, orders were reported on the standardized 
form of orders per 1,000 patient days. This was calculated as 
the number of orders divided by the total number of patient 
days from the two medicine units.  For the univariate analysis, 
pre- and postintervention orders were compared for the dif-
ferent order categories using a t-test. Results were considered 
statistically significant at P < .05. Data analysis was conducted 
using SAS v. 9.4 (SAS Institute, Cary, North Carolina).

Additionally, a cost analysis was performed to estimate the 
hospital-wide annual cost of inappropriate orders. The analysis 
used the cost per dose12 and included nurse-time derived from 
the median salary of those on our units. The hospital-wide cost 
was extrapolated to estimate the potential annual savings for 
the institution.

RESULTS
A total of 260 one-time orders of IV antihypertensives were 
analyzed in this study, 127 in the seven-month preinterven-
tion period and 133 in the 12-month postintervention period. 
The majority, 67.3% (n = 175), were labetalol orders. Inappro-
priate orders (ie, neither NPO nor hypertensive emergency) 
decreased from 8.3 to 3.3 orders per 1,000 patient days (P = 
.0099; Figure 3).

In total, there were 86 adverse events (33.1%), the majority of 
which (94.2%, n = 81) were a >25% decrease in blood pressure 
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(Table 1). The number of adverse events per 1,000 patient days 
decreased from 4.4 in the preintervention period to 1.9 postin-

tervention, P = .0112. Of the inappropriate orders, adverse 
events decreased from 3.7 to 0.8 per 1,000 patient days, P = 

FIG 1. Nurse Inpatient Hypertension Guideline

Abbreviations: BP, blood pressure; HTN, hypertension; MD/NP, doctor of medicine/nurse practitioner.

Assess before Rx

Did you know...

Evaluation Criteria Alternative Etiologies

Aggressive treatment of asymptomatic hypertension can lead to:
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• Missing home BP meds

• Drug withdrawal

• Anxiety/Pain

• Delirium

• Volume overload (especially with renal/cardiac patients)

Guideline Flowchart

Presence of symptoms? 
(see evaluation criteria)

Review for home BP 
medication

Is the patient’s blood pressure 
> 180 mm Hg 

or >> baseline BP?

Hypertensive 
Emergency 

Report HTN, 
assessment of 

symptoms and/or 
other etiologies to 

MD/NP

Assess alternative 
etiologies 

(see below)

Report HTN to 
MD/NP

Have you 
factored in other 

etiologies

Hypertensive 
Urgency

Is current BP >> 
baseline BP?

No immediate 
Action needed.

Review for home 
BP medication

Report HTN, 
assessment of 

symptoms 
and/or other 
etiologies to

MD/NP

Immediate 
treatment not 

necessary

Monitor patient

Report HTN to MD/NP

Yes

Yes Yes

Yes

No

No No

No



Pasik et al   |   Assess before Rx: Urgency is not an Emergency

154          Journal of Hospital Medicine®    Vol 14  |  No 3  |  March 2019� An Official Publication of the Society of Hospital Medicine

.0072. Overall, there were 76 orders (29.2%) with documented 
alternate etiologies. The number of orders per 1,000 patient 
days with an alternate etiology decreased from 4.7 in the pre-
intervention period to 1.2 postintervention, P =.0044 (Table 2). 
Descriptive analysis of patient characteristics pre-  and postin-
tervention were not statistically significant; for age 68.4 vs 70.7, 
P = .0823 and for LOS 14.8 vs 15.4, P = .0769. As a balancing 
measure, 111 patients with elevated blood pressure were mon-
itored for adverse events during the postintervention period. 
Among patients who did not receive IV medication based on 
our algorithm, there were no adverse events.

Cost analysis estimated a $17,890 annual hospital-wide cost 
for unnecessary IV antihypertensive medications before the 

intervention. The estimate was calculated using the number 
of orders on the two medical units observed during the sev-
en-month preintervention period, extrapolated to a 12-month 
period and to the total number of 15 medical units in the hos-
pital. The intervention on the two studied medical units them-
selves led to an estimated $1,421 cost reduction (59.6%). Had 
the intervention been implemented hospital-wide with similar 
results, the resulting cost reduction would have amounted to 
$10,662.

DISCUSSION
Our initiative successfully demonstrated a significant reduction 
of 60% in inappropriate one-time orders of IV antihyperten-

FIG 2. Housestaff Inpatient Hypertension Management Guidelines

Abbreviations: AKI, acute kidney injury; AMS, acute mountain syndrome; BP, blood pressure; IV, intravenous; NPO, nothing by mouth; PO, by mouth; SOB, shortness of breath.

Management of Inpatient Hypertension Hypertensive Urgency

IV agents should be reserved for Hypertensive Emergancy only,  
or if patient is NPO as it leads to unpredictable and rapid drops in BP, 
among other adverse events

Does the patient have symptoms?

(new AMS, vision changes, chest pain, SOB,  
change in neuro exam, AKI)

Are there alternate etiologies?

(pain, anxiety, withdrawal,  
off of home BP meds)
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release as may cause 
hypotension, use 
sustained release 
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sives per 1,000 patient days. Accordingly, the number of ad-
verse events per 1,000 patient days decreased by 57%. There 
was also a decrease in the number and percentage of IV orders 
with documented alternate etiologies. We hypothesize that 
this was due to nurses and physicians assessing and treating 
these conditions prior to treating hypertension in the interven-
tion period, consequently avoiding an IV order.

The goal of the intervention was to have nurses assess for 
end-organ damage and alternate etiologies and include this 
information on their assessment provided to the physician, 
which would result in appropriate treatment of elevated blood 
pressure. By performing an interdisciplinary intervention, we 
addressed the knowledge deficit of both nurses and physi-
cians, improved the triage of elevated blood pressure, and 
likely decreased the number of pages to providers.

To our knowledge, this is the first intervention addressing 
the inpatient overuse of IV antihypertensive medications for 
the treatment of asymptomatic hypertension. Additionally, this 
study bolsters prior evidence that the use of IV antihyperten-
sives in asymptomatic patients leads to a large number of ad-
verse events.7 A third of patients in the preintervention period 
had documented alternate etiologies of their blood pressure 
elevation, highlighting the need to assess and potentially treat 
these causes prior to treating blood pressure itself.

Reducing unnecessary treatment of asymptomatic blood 

FIG 3. U-Control Chart, Pre- and Postintervention Inappropriate Orders per 1,000 Patient Days
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TABLE 1. Adverse Events and Alternative Etiology of IV 
Antihypertensive Medications

Adverse Events n (%)

Blood Pressure Drop >25% 81 (94.2)

Bradycardia 6 (7.0)

Tachycardia 2 (2.3)

Symptomatic Dizziness 2 (2.3)

Need for IV Fluids 0 (0.0)

Alternative Etiologya n (%)

Anxiety 22 (28.9)

Pain 38 (50.0)

Steroids 5 (6.6)

Withdrawal 1 (1.3)

Off Home Antihypertensives 10 (13.2)

aNot mutually exclusive

Abbreviation: IV, intravenous.
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pressure elevation is challenging. Evidence shows that both 
clinicians and patients overestimate the benefits and under-
estimate the harms of medical interventions.13,14 This unfortu-
nately leads to unjustified enthusiasm for medical treatments, 
which can worsen outcomes.15 Additionally, there may be a 
lack of knowledge of the guidelines, as well as the amount of 
time required in the full assessment of hypertensive urgency, 
that creates a culture of “treating the number.”

Changing physician behavior is difficult.16 However, active 
forms of continuing education and multifaceted interventions, 
such as ours, are most effective.17 Our message focused on 
patient safety and harm reduction, addressed clinicians’ safety 
concerns, and included stories of real cases where this overuse 
led to adverse events—all of which are encouraged in order to 
facilitate clinician engagement.18

There were limitations to this study. Only blood pressure 
elevations associated with an IV antihypertensive order and 
not all blood pressure elevations meeting the criteria for hy-

pertensive urgency in general were examined. Additionally, 
our documentation of symptoms of hypertensive emergency 
and alternate etiologies was based only on documentation in 
the medical record. Ideally, we would have liked to conduct 
an interrupted time series analysis to assess the effect of the 
intervention over time; however, there were not enough orders 
of IV antihypertensives to perform such an analysis.

CONCLUSION
Treatment of asymptomatic blood pressure with IV antihyper-
tensive medications can lead to patient harm. To reduce in-
appropriate treatment, our Student High Value Care team set 
out to challenge this common practice. Our interdisciplinary 
intervention successfully reduced unnecessary IV antihyperten-
sive treatment. This may serve as a model for other institutions.

Disclosures: There are no relevant conflicts of interest to disclose for any authors.

TABLE 2. Analyses of One-Time Orders of IV Antihypertensive Medications

  Pre Intervention (7 months) Post Intervention (12 months) P  Value

Overall Orders / 1,000 patient days 11.4 6.8 .0345

Inappropriate Orders / 1,000 patient days 8.3 3.3 .0099

Adverse Events / 1,000 patient days

   From All Orders

   From Inappropriate Orders

4.4

3.7

1.9

0.8

.0112

.0072

Alternate Etiology Orders / 1,000 patient days 4.7 1.2 .0044
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C linical guidelines are periodically released by medi-
cal societies with the overarching goal of improving 
deliverable medical care by standardizing disease 
management according to best available published 

literature and by reducing healthcare expenditure associated 
with unnecessary and superfluous testing.1 Unfortunately, non-
adherence to guidelines is common in clinical practice2 and 
contributes to the rising cost of healthcare.3 Health resource 
utilization is particularly relevant in management of cirrhosis, 
a condition with an annual healthcare expenditure of $13 bil-
lion.4 Hepatic encephalopathy (HE), the most common compli-
cation of cirrhosis, is characterized by altered sensorium and is 
the leading indication for hospitalization among cirrhotics. The 
joint guidelines of the European Association for the Study of 
the Liver (EASL) and the American Association for the Study of 
Liver Diseases (AASLD) for diagnostic workup for HE recom-
mend identification and treatment of potential precipitants.5 
The guidelines also recommend against checking serum am-
monia levels, which have not been shown to correlate with di-
agnosis or severity of HE.6-8 Currently, limited data are available 
on practice patterns regarding guideline adherence and un-
necessary serum ammonia testing for initial evaluation of HE in 
hospitals. To overcome this gap in knowledge, we conducted 
the present study to provide granular details regarding the di-
agnostic workup for hospitalized patients with HE. 

METHODS
This study adopted a retrospective design and recruited pa-
tients admitted to the Virginia Commonwealth University Med-
ical Center between July 1, 2016 and July 1, 2017. The institu-
tional review board approved the study, and the manuscript 
was reviewed and approved by all authors prior to submission. 
All chart reviews were performed by hepatologists with access 
to patients’ electronic medical record (EMR).

Patient Population
Patients were identified from the EMR system by using ICD-9 
and ICD-10 codes for cirrhosis, hepatic encephalopathy, and 
altered mental status. All consecutive admissions with these 
diagnosis codes were considered for inclusion. Adult patients 
with cirrhosis resulting from any etiology of chronic liver diseas-
es with primary reason for admission of HE were included. If 
patients were readmitted for HE during the study period, then 
only the data from index HE admission was included in the 
analysis and data from subsequent admissions were excluded. 
The other exclusion criteria included non-HE causes of confu-
sion, acute liver failure, and those admitted with a preformu-
lated plan (eg, direct hepatology clinic admission or outside 
hospital transfer). Patients who developed HE during their 
hospitalization where HE was not the indication for admission 
were also excluded. Finally, all patients admitted under the di-
rect care of hepatology were excluded. 

Diagnostic Workup
The recommendations of the AASLD and the EASL for workup 
for HE include obtaining detailed history and physical exam-
ination supplemented by diagnostic evaluation for potential 
HE precipitants including infections, electrolyte disturbances, 
dehydration, renal failure, glycemic disturbances, and toxin 
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Hepatic encephalopathy (HE) is characterized by 
altered sensorium and is the most common indication 
for hospitalization among patients with cirrhosis. 
Liver societal guidelines for inpatient HE revolve 
around identification of potential precipitants. In this 
retrospective study, we aimed to determine adherence to 
societal guidelines for evaluation of HE in 78 inpatients. 
The adherence rate to societal recommended guidelines 
for workup of HE was low, with only 17 (22%) patients 
having complete diagnostic workup within 24 hours of 
admission. Notably, 23 (30%) patients were not subjected 

to blood culture analysis, 16 (21%) were missing 
urinalysis, and 15 (20%) were missing chest radiograph. 
In patients with ascites (N = 34), 26 (77%) did not have a 
diagnostic paracentesis to exclude spontaneous bacterial 
peritonitis. In contrast, serum ammonia determination, 
a laboratory test not endorsed by societal guidelines for 
workup of HE, was ordered in 74 (95%) patients. These 
findings underscore the limited adherence to societal 
guidelines in hospitalized patients with HE. Journal of 
Hospital Medicine 2019;14:157-160. © 2019 Society of 
Hospital Medicine
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ingestion (eg, alcohol, illicit drugs).5 Based on the guideline 
recommendation, this study defined a “complete workup” as 
including all of the following elements: infection evaluation 
(blood culture, urinalysis/urine culture, chest radiograph, di-
agnostic paracentesis in the presence of ascites), electrolyte/
renal evaluation (serum sodium, potassium, creatinine, and 
glucose), and toxin evaluation (urine drug screening). Any HE 
admission that was missing elements from the aforementioned 
battery of tests was defined as “incomplete workup.” In pa-
tients admitted with decompensated cirrhosis, serum ammo-
nia testing was considered inappropriate unless there was a 
nuanced explanation supporting its use documented within 

the EMR. The frequency and specialty of the physician order-
ing serum ammonia level tests were determined. The financial 
burden of unnecessary ammonia testing was estimated by as-
signing a laboratory charge ($258) for each patient.

Statistical Analysis
Continuous and categorical variables are reported as means 
(± standard deviation), median (interquartile range or IQR), or 
proportion (%) as appropriate. Across-group differences were 
compared using Student t-test for normally distributed con-
tinuous variables and Mann-Whitney U test for skewed data. 
Fisher’s exact test was used to compare proportion. HE evalua-

TABLE. Baseline Clinical Characteristics of Patients (N = 78) Admitted with Hepatic Encephalopathy

Characteristic

Entire Cohort

(N = 78)

Complete Workup

(n = 17)

Incomplete Workup

(n = 61) P Value

Age (years) 59.3 ± 9 60.1 ± 11 59.1 ± 8 .36

Male gender (%) 53 (68) 13 (77) 40 (66) .56

Ethnicity (%)

   Caucasian

   Black

   Other

54 (69)

22 (28)

2 (23)

10 (59)

7 (41)

0 (0)

44 (72)

15 (25)

2 (3)

.53

BMI (kg/m2) 28.8 ± 7 29.8 ± 10 28.5 ± 6 .49

Etiology of Cirrhosis (%)

    Hepatitis C

    Alcohol

    Nonalcoholic steatohepatitis

    Other

41 (53)

14 (18)

13 (17)

10 (13)

9 (53)

4 (24)

2 (12)

2 (12)

32 (53)

10 (16.4)

11 (18)

8 (19)

.52

Complications of Cirrhosis (%)

    History of HE

    Ascites

    Esophageal Varices 

    TIPS 

    Hepatocellular carcinoma

53 (68)

34 (44)

42 (54)

14 (18)

4 (5)

13 (77)

0 (0)

10 (59)

3 (18)

2 (12)

40 (66)

34 (56)

32 (53)

11 (18)

2 (3)

.56

<.001

.79

1.00

.21

Pertinent Laboratory Values

   AST (IU/L) 79.1 ± 52 111.7 ± 75 71 ± 39 <.01

ALT (IU/L) 41.2 ± 33 57.4 ± 55 36.8 ± 22 .02

Bilirubin (mg/dL) 3.3 ± 5 5.4 ± 10 2.8 ± 2 .05

Albumin (g/mL) 2.9 ± 1 2.9 ± 1 2.9 ± 1 .64

Creatinine (mg/dL) 1.5 ± 1 1.3 ± 1 1.6 ± 2 .52

Sodium (mg/dL) 136.8 ± 6 136.8 ± 4 136.8 ± 7 .99

Platelet Count (x1012) 110.3 ± 79 101.1 ± 80 112.9 ± 80 .59

INR 1.7 ± 1 1.6 ± 1 1.7 ± 0.6 .69

MELD Score 17 ± 8 16.1 ± 10 17.0 ± 8 .71

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; HE, hepatic encephalopathy; INR, international normalized ratio; MELD, model for end 
stage liver disease; TIPS, intrahepatic portosystemic shunt
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tions were quantified by the number of patients with complete 
workup and by the number of patients with missing compo-
nents of the workup. A nominal P value of less than .05 was 
considered statistically significant. All statistical analyses were 
performed using SPSS Statistics version 24.0 (IBM Corporation, 
Armonk, New York). 

RESULTS
Cohort Characteristics
The baseline cohort demographics are listed in the Table. Of 
the 145 patients identified using diagnostic codes for cirrhosis, 
78 subjects met the study criteria. The most common exclu-
sion criteria included non-HE etiology of altered mental status  
(n = 37) and patients with readmissions for HE during the study 
period (n = 30). The mean age of the study cohort was 59.3 
years, and the most common etiology of cirrhosis was hepatitis 
C (n = 41), alcohol induced (n = 14), and nonalcoholic steato-
hepatitis (n = 13). 

Initial Diagnostic Evaluation
The major precipitants of HE in the study cohort were ineffec-
tive lactulose dosing (n = 43), infections (n = 25), and electro-
lyte disturbances/renal injury (n = 6). At the time of admission, 
53 patients were on therapy for HE. Only 17 (22%) patients had 
complete diagnostic workup within 24 hours of hospital admis-
sion. The individual components of the complete workup are 
shown in the Figure. Notably, 23 (30%) patients were missing 
blood cultures, 16 (21%) were missing urinalysis, 15 (20%) were 
missing chest radiograph, and 34 (44%) were missing urine 
drug screening. Of the 34 patients with ascites on admission, 
only eight (23%) had diagnostic paracentesis performed on ad-
mission to rule out spontaneous bacterial peritonitis.

Serum Ammonia Testing
Serum ammonia testing was performed on 74 patients (94.9%), 
and no patient met the criteria for appropriate testing. Forty 
patients already had a known diagnosis of HE prior to index 
admission. Furthermore, 10 (14%) patients had serum ammo-
nia testing repeated after admission without documentation 
in the EMR to justify repeat testing. Emergency Department 
(ED) physicians ordered ammonia testing in 57 cases (77%), in-
ternists ordered the testing in 11 cases (15%), and intensivists 
ordered the testing in two cases (3%). The patient’s charges 
for serum ammonia testing at the time of admission and for 
repeat testing were $19,092 and $2,580, respectively. 

DISCUSSION
This study utilized HE in patients with decompensated cirrho-
sis as a framework to analyze adherence to societal guidelines. 
The adherence rate to AALSD/EASL recommended inpatient 
evaluation of HE is surprisingly low, and most patients are miss-
ing key essential elements of the diagnostic work up. While the 
diagnostic tests that are ordered as part of a panel are complet-
ed universally (renal function, electrolytes, and glucose testing), 
individual testing is less inclined to be ordered (blood cultures, 
urine culture/urinalysis, CXR, UDS) and procedural testing, such 
as diagnostic paracentesis, is often missed. This last finding is in 
line with published literature showing that 40% of patients ad-
mitted with ascites or HE did not have diagnostic paracentesis 
during hospital admission despite 24% reduction of inhospital 
mortality among patients undergoing the procedure.9

Although serum ammonia testing is not endorsed by the 
AASLD/EASL guidelines for HE,5 it is ordered nearly universally. 
The cost of an individual test is relatively low, but the cumula-
tive cost of serum ammonia testing can be substantial because 

FIG. Adherence to the Recommended Diagnostic Evaluation of HE Precipitants
Abbreviation: HE, hepatic encephalopathy
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HE is the most common indication for hospitalization among 
patients with cirrhosis.4 Initiatives, such as the Choosing Wise-
ly® campaign, encourage high-value and evidence-based care 
by limiting excessive and unnecessary diagnostic testing.10 
The Canadian Choosing Wisely campaign specifically includes 
avoidance of serum ammonia testing for diagnosis of HE to 
provide high-value care in hepatology.11 

Although the exact reasons for nonadherence to recom-
mended HE evaluations are unclear, a potential method to 
mitigate excessive testing is to utilize the EMR and ordering 
system.3 EMR-based strategies can curb unnecessary testing in 
inpatient settings.12 The use of HE order sets, the inclusion of 
clinical decision support systems, and the restriction of access 
to specialized testing can be readily incorporated into the EMR 
to encourage adherence to guideline-based care while limit-
ing unnecessary testing. 

This study should be interpreted in the context of study lim-
itations. Given the retrospective design of the study, salient 
factors in decisions behind diagnostic testing cannot be as-
sessed. Future studies should utilize mixed-model methodol-
ogy to elucidate reasons behind these decisions. The present 
study used a strict definition of complete workup including 
all the mentioned elements of the diagnostic workup for HE; 
however, in clinical practice, providers could be justified in not 
ordering certain tests if the specific clinical scenario does not 
lead to its use (eg, chest X-ray deferred in a patient with clear 
lung exam, no symptoms, or hypoxia). Similarly, UDS was in-
cluded as a required element for a complete workup. While it 
may be ordered in a case-by-case basis to screen for illicit drug 
abuse, UDS is also a critical element of the workup to screen 
for opioid use as a precipitant of HE. Finally, considering the 
strict study entry criteria, we excluded repeated admissions for 
HE during the study period and therefore likely underestimate 
the cost burden of serum ammonia testing. 

In conclusion, valuable guideline-based diagnostic testing 
is often missing in patients admitted for HE while serum am-
monia testing is nearly universally ordered. These findings un-

derscore the importance of implementing educational strate-
gies, such as the Choosing Wisely® campaign, and EMR-based 
clinical decision support systems to improve health resource 
utilization in patients with cirrhosis and HE. 	

Disclosures: The authors have nothing to disclose. 
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Ensuring the delivery of safe and cost-effective care is 
the core mission of hospitals,1 but nearly 90% of un-
planned patient transfers to critical care may be the 
result of a new or worsening condition.2 The cost of 

treatment of sepsis, respiratory failure, and arrest, which are 
among the deadliest conditions for hospitalized patients,3,4 are 
estimated to be $30.7 billion annually (8.1% of national hospital 
costs).5 As many as 44% of adverse events may be avoidable,6 
and concerns about patient safety have motivated hospitals 
and health systems to find solutions to identify and treat dete-

riorating patients expeditiously. Evidence suggests that many 
hospitalized patients presenting with rapid decline showed 
warning signs 24-48 hours before the event.7 Therefore, ample 
time may be available for early identification and intervention 
in many patients.

As early as 1997, hospitals have used early warning systems 
(EWSs) to identify at-risk patients and proactively inform clini-
cians.8 EWSs can predict a proportion of patients who are at risk 
for clinical deterioration (this benefit is measured with sensitivity) 
with the tradeoff that some alerts are false (as measured with 
positive predictive value [PPV] or its inverse, workup-to-detec-
tion ratio [WDR]9-11). Historically, EWS tools were paper-based 
instruments designed for fast manual calculation by hospital 
staff. Many aggregate-weighted EWS instruments continue to 
be used for research and practice, including the Modified Early 
Warning Systems (MEWS)12 and National Early Warning System 
(NEWS).13,14 Aggregate-weighted EWSs lack predictive preci-
sion because they use simple addition of a few clinical param-
eter scores, including vital signs and level of consciousness.15 
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BACKGROUND: The clinical deterioration of patients 
in general hospital wards is an important safety issue. 
Aggregate-weighted early warning systems (EWSs) may 
not detect risk until patients present with acute decline.

PURPOSE: We aimed to compare the prognostic test 
accuracy and clinical workloads generated by EWSs using 
statistical modeling (multivariable regression or machine 
learning) versus aggregate-weighted tools.

DATA SOURCES: We searched PubMed and CINAHL 
using terms that described clinical deterioration and use of 
an advanced EWS.

STUDY SELECTION: The outcome was clinical 
deterioration (intensive care unit transfer or death) of adult 
patients on general hospital wards. We included studies 
published from January 1, 2012 to September 15, 2018.

DATA EXTRACTION: Following 2015 PRIMSA 
systematic review protocol guidelines; 2015 TRIPOD 
criteria for predictive model evaluation; and the 
Cochrane Collaboration guidelines, we reported model 

performance, adjusted positive predictive value (PPV), and 
conducted simulations of workup-to-detection ratios.

DATA SYNTHESIS: Of 285 articles, six studies reported 
the model performance of advanced EWSs, and five 
were of high quality. All EWSs using statistical modeling 
identified at-risk patients with greater precision than 
aggregate-weighted EWSs (mean AUC 0.80 vs 0.73). 
EWSs using statistical modeling generated 4.9 alerts to 
find one true positive case versus 7.1 alerts in aggregate-
weighted EWSs; a nearly 50% relative workload increase 
for aggregate-weighted EWSs.

CONCLUSIONS: Compared with aggregate-weighted tools, 
EWSs using statistical modeling consistently demonstrated 
superior prognostic performance and generated less 
workload to identify and treat one true positive case. 
A standardized approach to reporting EWS model 
performance is needed, including outcome definitions, 
pretest probability, observed and adjusted PPV, and workup-
to-detection ratio. Journal of Hospital Medicine 2019;14:161-
169. © 2019 Society of Hospital Medicine 
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Recently, a new category has emerged, which use multivariable 
regression or machine learning; we refer to this category as 
“EWSs using statistical modeling”. This type of EWS uses more 
computationally intensive risk stratification methods to predict 
risk16 by adjusting for a larger set of clinical covariates, thereby 
reducing the degree of unexplained variance. Although these 
EWSs are thought to be more precise and to generate fewer 
false positive alarms compared with others,14,17-19 no review to 
date has systematically synthesized and compared their perfor-
mance against aggregate-weighted EWSs.

Purpose
The purpose of this systematic review was to evaluate the re-
cent literature regarding prognostic test accuracy and clinical 
workloads generated by EWSs using statistical modeling ver-
sus aggregate-weighted systems.

METHODS
Search Strategy
Adhering to PRISMA protocol guidelines for systematic re-
views, we searched the peer-reviewed literature in PubMed 
and CINAHL Plus, as well as conference proceedings and on-
line repositories of patient safety organizations published be-
tween January 1, 2012 and September 15, 2018. We selected 
this timeframe because EWSs using statistical modeling are 
relatively new approaches compared with the body of evi-
dence concerning aggregate-weighted EWSs. An expert PhD 
researcher confirmed the search results in a blinded indepen-
dent query.

Inclusion and Exclusion Criteria	
We included peer-reviewed articles reporting the area under 
the receiver operator curve (AUC),20 or the equivalent c-sta-
tistic, of models predicting clinical deterioration (measured 
as the composite of transfer to intensive care unit (ICU) and/
or mortality) among adult patients in general hospital wards. 
We excluded studies if they did not compare an EWS using 
statistical modeling with an aggregate-weighted EWS, did not 
report AUC, or only reported on an aggregate-weighted EWS. 
Excluded settings were pediatrics, obstetrics, emergency de-
partments, ICUs, transitional care units, and oncology. We also 
excluded studies with samples limited to physiological moni-
toring, sepsis, or postsurgical subpopulations.

Data Abstraction
Following the TRIPOD guidelines for the reporting of predic-
tive models,21 and the PRISMA and Cochrane Collaboration 
guidelines for systematic reviews,22-24 we extracted study char-
acteristics (Table 1), sample demographics (Appendix Table 
4), model characteristics and performance (Appendix Table 5), 
and level of scientific evidence and risk of bias (Appendix Table 
6). To address the potential for overfitting, we selected model 
performance results of the validation dataset rather than the 
derivation dataset, if reported. If studies reported multiple 
models in either EWS category, we selected the best-perform-
ing model for comparison.

Measures of Model Performance
Because predictive models can achieve good case identifi-
cation at the expense of high clinical workloads, an assess-
ment of model performance would be incomplete without 
measures of clinical utility. For clinicians, this aspect can be 
measured as the model’s PPV (the percentage of true posi-
tive alerts among all alerts), or more intelligibly, as the WDR, 
which equals 1/PPV. WDR indicates the number of patients 
requiring evaluation to identify and treat one true positive 
case.9-11 It is known that differences in event rates (prevalence 
or pretest probability) influence a model’s PPV25 and its re-
ciprocal WDR. However, for systematic comparison, PPV and 
WDR can be standardized using a fixed representative event 
rate across studies.24,26 We abstracted the reported PPV and 
WDR, and computed standardized PPV and WDR for an event  
rate of 4%.

Other measures included the area under the receiver op-
erator curve (AUC),20 sensitivity, and specificity. AUC plots a 
model’s false positive rate (x-axis) against its true positive rate 
(y-axis), with an ideal scenario of very high y-values and very 
low x-values.27 Sensitivity (the model’s ability to detect a true 
positive case among all cases) and specificity (the model’s abil-
ity to detect a true noncase among all noncases28) are influ-
enced by chosen alert thresholds. It is incorrect to assume that 
a given model produces only one sensitivity/specificity result; 
for systematic comparison, we therefore selected results in the 
50% sensitivity range, and separately, in the 92% specificity 
range for EWSs using statistical modeling. Then, we simulated 
a fixed sensitivity of 0.51 and assumed specificity of 0.87 in ag-
gregate-weighted EWSs.

RESULTS
Search Results
The PubMed search for “early warning score OR early warn-
ing system AND deterioration OR predict transfer ICU” re-
turned 285 peer-reviewed articles. A search on CINAHL Plus 
using the same filters and query terms returned 219 articles 
with no additional matches (Figure 1). Of the 285 articles, we 
excluded 269 during the abstract screen and 10 additional 
articles during full-text review (Figure 1). A final review of the 
reference lists of the six selected studies did not yield addi-
tional articles.

Study Characteristics
There were several similarities across the selected studies (Ta-
ble 1). All occurred in the United States; all compared their 
model’s performance against at least one aggregate-weighted 
EWS model;14,17-19,29 and all used retrospective cohort designs. 
Of the six studies, one took place in a single hospital;29 three 
pooled data from five hospitals;17,18,30 and two occurred in a 
large integrated healthcare delivery system using data from 14 
and, subsequently, 21 hospitals.14,19 The largest study14 includ-
ed nearly 650,000 admissions, while the smallest study29 report-
ed slightly less than 7,500 admissions. Of the six studies, four 
used multivariable regression,14,17,19,29 and two used machine 
learning techniques for outcome prediction.18,30
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Outcome Variables
The primary outcome for inclusion in this review was clinical 
deterioration measured by the composite of transfer to ICU 
and some measure of mortality. Churpek et al.10,11 and Green 
et al.30 also included cardiac arrest, and Alvarez et al.22 included 
respiratory compromise in their outcome composite.

Researchers used varying definitions of mortality, including 
“death outside the ICU in a patient whose care directive was 
full code;”14,19 “death on the wards without attempted resus-
citation;”17,18 “an in-hospital death in patients without a DNR 
order at admission that occurred on the medical ward or in ICU 
within 24 hours after transfer;”29 or “death within 24 hours.”30

Predictor Variables
We observed a broad assortment of predictor variables. All 
models included vital signs (heart rate, respiratory rate, blood 
pressure, and venous oxygen saturation); mental state; labora-
tory data; age; and sex. Additional variables included comor-
bidity, shock index,31 severity of illness score, length of stay, 
event time of day, season, admission category, and length of 
stay,14,19 among others.

Model Performance
Reported PPV ranged from 0.16 to 0.42 (mean = 0.27) in EWSs 
using statistical modeling and 0.15 to 0.28 (mean = 0.19) in 

TABLE 1. Characteristics of Six Early Warning System Studies Using Statistical Modeling for the Detection  
of Deterioration Risk

Study Setting; Location
No. of Hospitals; Time Period;  
Hospitalizations; Event Rate Study Purpose; Outcome

Research Design; 
Model; Missing Data

Escobar et al., 201219 Health system

Northern California, 
United States

14 hospitals with EHRs deployed

November 2006-December 2009

39,782 shift units

4,036 events

Event rate: 0.102

Evaluation of EDIP multivariable regression model 
using EHR data and comparing results against MEWS 
(an aggregate-weighted tool)

Composite outcome: transfer to ICU, death on ward 
when patient was full code

Retrospective case-control study

Multivariable logistic regression

Alvarez et al., 201329 Academic medical 
center

Dallas, Texas, United 
States

One hospital

May 2009-March 2010

7,466 hospitalizations

585 events

Event rate: 0.078

Comparison of multivariable regression model vs 
MEWS

Composite outcome: cardiopulmonary arrest, acute 
respiratory compromise, unexpected death, transfer 
to ICU

Retrospective cohort study

Multivariable logistic regression

Management/adjustment of missing data not 
discussed

Churpek et al., 201417 University health 
system

Illinois, United States

Five medical centers (One tertiary academic, 
four from a university health system)

November 2008-January 2013

269,999 hospitalizations

16,452 events

Event rate: 0.061

Development and validation of a deterioration 
risk score using EHR data, comparison of model 
performance against VitalPAC EWS

Composite outcome: cardiac arrest, ICU transfer, 
death on ward

Retrospective cohort study

Multivariable survival analysis

Management/adjustment of missing data: 
carried previous value forward or imputed 
median value if no previous value was available

Churpek et al., 201618 University health 
system

Illinois, United States

Five medical centers (one tertiary academic, 
four from a university health system)

November 2008-January 2013

269,999 hospitalizations

16,452 events

Event rate: 0.061

Comparison of different machine learning algorithms, 
multivariable regression model, and MEWS

Composite outcome: cardiac arrest, ICU transfer, 
death on ward without attempted resuscitation

Retrospective cohort study

Machine learning (random forest was the best-
performing model)

Management/adjustment of missing data: 
carried previous value forward or imputed 
median value if no previous value was available

Kipnis et al., 201614 Health system

Northern California, 
United States

21 hospitals

January 2010-December 2013

649,418 hospitalizations

19,153 events

Event rate: 0.030

Comparison of AAM an automated electronic early 
warning system using EHR data, eCART (Churpek et 
al., 2014) and NEWS (Kovacs et al. 2016)

Composite outcome: transfer to ICU,

death on ward when patient was full code

Retrospective cohort study, predictive risk for 
death, unanticipated ICU transfer followed/not 
followed by a surgical intervention

Multivariable logistic regression

Missing data were imputed

Green et al., 201830 University health 
system

Illinois, United States

Five medical centers (one tertiary academic, 
four from a university health system)

November 2008-August 2013

107,868 hospitalizations

6,142 events

Event rate: 0.057

Comparison of eCART machine learning model 
(random forest), “Between the Flags” calling criteria, 
MEWS, and NEWS

Composite outcome: cardiac arrest, ICU transfer, 
death on ward within 24 hours

Retrospective cohort study

Machine learning (random forest)

(excluded patients used for model derivation in 
previous work by Churpek et al.)

Abbreviations: AAM, advance monitor alarm; EDIP, early detection of impending physiologic deterioriation; EHR, electronic health record; EWS, early warning system; ICU, intensive care unit; 
MEWS, modified early warning system; NEWS, national early warning system.
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aggregate-weighted EWS models. The weighted mean stan-
dardized PPV, adjusted for an event rate of 4% across studies 
(Table 2), was 0.21 in EWSs using statistical modeling versus 
0.14 in aggregate-weighted EWS models (simulated at 0.51 
sensitivity and 0.87 specificity).

Only two studies14,19 reported the WDR metric (alerts gener-
ated to identify one true positive case) explicitly. Based on the 
above PPV results, EWSs using statistical modeling generated 
a standardized WDR of 4.9 in models using statistical model-
ing versus 7.1 in aggregate-weighted models (Figure 2). The 
delta of 2.2 evaluations to find and treat one true positive case 
equals a 45% relative increase in RRT evaluation workloads us-
ing aggregate-weighted EWSs.

AUC values ranged from 0.77 to 0.85 (weighted mean = 0.80) 

in EWSs using statistical modeling, indicating good model dis-
crimination. AUCs of aggregate-weighted EWSs ranged from 
0.70 to 0.76 (weighted mean = 0.73), indicating fair model dis-
crimination (Figure 2). The overall AUC delta was 0.07. How-
ever, our estimates may possibly be favoring EWSs that use 
statistical modeling by virtue of their derivation in an original 
research population compared with aggregate-weighted EWSs 
that were derived externally. For example, sensitivity analysis 
of eCART,18 an EWS using machine learning, showed an AUC 
drop of 1% in a large external patient population,14 while NEWS 
AUCs13 dropped between 11% and 15% in two large external 
populations (Appendix Table 7).14,30 For hospitals adopting an 
externally developed EWS using statistical modeling, these re-
sults suggest that an AUC delta of approximately 5% can be ex-

FIG 1. PRISMA Flow Diagram of Study Selection. Adapted from Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle P, Stewart LA. Preferred 
Reporting Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P) 2015 statement. Syst Rev. 2015;4(1):1. doi: 10.1186/2046-4053-4-1.

Abbreviations: AHRQ, Agency for Healthcare Research and Quality; EWS, early warning system; IHI, Institute for Healthcare Improvement.
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pected and 7% for an internally developed EWS.
The models’ sensitivity ranged from 0.49 to 0.54 (mean 

= 0.51) for EWSs using statistical modeling and 0.39 to 0.50 
(mean = 0.43). These results were based on chosen alert vol-
ume cutoffs. Specificity ranged from 0.90 to 0.94 (mean = 0.92) 
in EWSs using statistical modeling compared with 0.83 to 0.93 
(mean = 0.89) in aggregate-weighted EWS models. At the 0.51 
sensitivity level (mean sensitivity of reported EWSs using statis-
tical modeling), aggregate-weighted EWSs would have an es-
timated specificity of approximately 0.87. Conversely, to reach 
a specificity of 0.92 (mean specificity of reported EWSs using 
statistical modeling, aggregate-weighted EWSs would have a 
sensitivity of approximately 0.42 compared with 0.50 in EWSs 
using statistical modeling (based on three studies reporting 
both sensitivity and specificity or an AUC graph).

Risk of Bias Assessment
We scored the studies by adapting the Cochrane Collabora-
tion tool for assessing risk of bias 32 (Appendix Table 5). Of the 
six studies, five received total scores between 1.0 and 2.0 (in-
dicating relatively low bias risk), and one study had a score of 
3.5 (indicating higher bias risk). Low bias studies14,17-19,30 used 
large samples across multiple hospitals, discussed the choice 
of predictor variables and outcomes more precisely, and re-
ported their measurement approaches and analytic methods 
in more detail, including imputation of missing data and mod-
el calibration.

DISCUSSION
In this systematic review, we assessed the predictive ability of 
EWSs using statistical modeling versus aggregate-weighted 
EWS models to detect clinical deterioration risk in hospitalized 
adults in general wards. From 2007 to 2018, at least five sys-
tematic reviews examined aggregate-weighted EWSs in adult 
inpatient settings.33-37 No systematic review, however, has syn-
thesized the evidence of EWSs using statistical modeling.

The recent evidence is limited to six studies, of which five had 
favorable risk of bias scores. All studies included in this review 
demonstrated superior model performance of the EWSs using 
statistical modeling compared with an aggregate-weighted 
EWS, and at least five of the six studies employed rigor in de-
sign, measurement, and analytic method. The AUC absolute 
difference between EWSs using statistical modeling and ag-
gregate-weighted EWSs was 7% overall, moving model per-
formance from fair to good (Table 2; Figure 2). Although this 
increase in discriminative power may appear modest, it trans-
lates into avoiding a 45% increase in WDR workload generat-
ed by an aggregate-weighted EWS, approximately two patient 
evaluations for each true positive case.

Results of our review suggest that EWSs using statistical 
modeling predict clinical deterioration risk with better preci-
sion. This is an important finding for the following reasons: (1) 
Better risk prediction can support the activation of rescue; (2) 
Given federal mandates to curb spending, the elimination of 
some resource-intensive false positive evaluations supports 
high-value care;38 and (3) The Quadruple Aim39 accounts for 

clinician wellbeing. EWSs using statistical modeling may offer 
benefits in terms of clinician satisfaction with the human–sys-
tem interface because better discrimination reduces the daily 
evaluation workload/cognitive burden and because the reduc-
tion of false positive alerts may reduce alert fatigue.40,41

Still, an important issue with risk detection is that it is un-
known which percentage of patients are uniquely identified 
by an EWS and not already under evaluation by the clinical 
team. For example, a recent study by Bedoya et al.42 found 
that using NEWS did not improve clinical outcomes and nurs-
es frequently disregarded the alert. Another study43 found 
that the combined clinical judgment of physicians and nurs-
es had an AUC of 0.90 in predicting mortality. These results 
suggest that at certain times, an EWS alert may not add new 
useful information for clinicians even when it correctly iden-
tifies deterioration risk. It remains difficult to define exactly 
how many patients an EWS would have to uniquely identify 
to have clinical utility.

Even EWSs that use statistical modeling cannot detect 
all true deterioration cases perfectly, and they may at times 
trigger an alert only when the clinical team is already aware 
of a patient’s clinical decline. Consequently, EWSs using sta-
tistical modeling can at best augment and support—but not 
replace—RRT rounding, physician workup, and vigilant front-
line staff. However, clinicians, too, are not perfect, and the 
failure-to-rescue literature suggests that certain human factors 
are antecedents to patient crises (eg, stress and distraction,44-46 
judging by precedent/experience,44,47 and innate limitations of 
human cognition47). Because neither clinicians nor EWSs can 
predict deterioration perfectly, the best possible rescue re-
sponse combines clinical vigilance, RRT rounding, and EWSs 
using statistical modeling as complementary solutions.

Our findings suggest that predictive models cannot be 
judged purely on AUC (in fact, it would be ill-advised) but 
also by their clinical utility (expressed in WDR and PPV): How 
many patients does a clinician need to evaluate?9-11 Precision 
is not meaningful if it comes at the expense of unmanageable 
evaluation workloads, and our findings suggest that clinicians 
should evaluate models based on their clinical utility. Hospi-
tals considering adoption of an EWS using statistical modeling 
should consider that externally developed EWSs appear to 
experience a performance drop when applied to a new pa-
tient population; a slightly higher WDR and slightly lower AUC 
can be expected. EWSs using statistical modeling appear to 
perform best when tailored to the targeted patient population 
(or are derived in-house). Model depreciation over time will 
likely require recalibration. In addition, adoption of a machine 
learning algorithm may mean that original model results are 
obscured by the black box output of the algorithm.48-50

Findings from this systematic review are subject to several 
limitations. First, we applied strict inclusion criteria, which led 
us to exclude studies that offered findings in specialty units 
and specific patient subpopulations, among others. In the 
interest of systematic comparison, our findings are limited to 
general wards. We also restricted our search to recent stud-
ies that reported on models predicting clinical deterioration, 
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which we defined as the composite of ICU transfer and/or 
death. Clinically, deteriorating patients in general wards either 
die or are transferred to ICU. This criterion resulted in exclusion 
of the Rothman Index,51 which predicts “death within 24 hours” 
but not ICU transfer. The AUC in this study was higher than 
those selected in this review (0.93 compared to 0.82 for MEWS; 
AUC delta: 0.09). The higher AUC may be a function of the out-
come definition (30-day mortality would be more challenging 
to predict). Therefore, hospitals or health systems interested in 
purchasing an EWS using statistical modeling should carefully 
consider the outcome selection and definition.

Second, as is true for systematic reviews in general,52 
the degree of clinical and methodological heterogeneity 
across the selected studies may limit our findings. Studies 
occurred in various settings (university hospital, teaching 
hospitals, and community hospitals), which may serve di-
verging patient populations. We observed that studies in 
university-based settings had a higher event rate ranging 

from 5.6% to 7.8%, which may result in higher PPV results in 
these settings. However, this increase would apply to both 
EWS types equally. To arrive at a “true” reflection of model 
performance, the simulations for PPV and WDR have used 
a more conservative event rate of 4%. We observed heter-
ogenous mortality definitions, which did not always account 
for the reality that a patient’s death may be an appropriate 
outcome (ie, it was concordant with treatment wishes in the 
context of severe illness or an end-of-life trajectory). Stud-
ies also used different sampling procedures; some allowed 
multiple observations although most did not. The variation 
in sampling may change PPV and limit our systematic com-
parison. However, regardless of methodological differences, 
our review suggests that EWSs using statistical modeling per-
form better than aggregate-weighted EWSs in each of the  
selected studies.

Third, systematic reviews may be subject to the issue of pub-
lication bias because they can only compare published results 

TABLE 2. Early Warning System Model Performance in Five Studies Using Statistical Modeling versus Aggregate-
Weighted Scores from January 1, 2012 to September 15, 2018

Alvarez et al.  
(2013)

Churpek et al. 
(2014)

Churpek et al. 
(2016)

Kipnis et al.  
(2016)

Green et al.  
(2018)

Total Simulated estimate

Early Warning Systems Using Statistical Modeling

AUC (95% CI) 0.85 (0.82-0.87) 0.77 (0.76-0.77) 0.8 (0.80-0.80) 0.82 (0.81-0.83) 0.8 (0.80-0.80) 0.80a 0.80a

Sensitivity 0.52 0.54 0.50 0.49 0.50 0.51b 0.51b

Specificity 0.94 0.90 0.93 0.92 0.90 0.92b 0.92b

PPV 0.42 0.20 0.32 0.16 0.23 0.27b 0.21b

Standardized PPV 0.27 0.18 0.23 0.20 0.17 0.21b 0.21b

WDR 2.4 4.9 3.2 6.3 4.3 4.2b 4.9b

Standardized WDR 3.8 5.4 4.4 4.9 5.8 4.9b 4.9b

Aggregate-Weighted Early Warning Systems

AUC (95% CI) 0.75 (0.71-0.78) 0.73 (0.72-0.73) 0.7 (0.70-0.70) 0.76 (0.75-0.78) 0.72 (0.72-0.72) 0.73a 0.73a

Sensitivity 0.42 0.39 0.50 0.40 0.42 0.43b 0.51

Specificity 0.91 0.90 0.83 0.93 0.90 0.89b 0.87

PPV 0.28 0.16 0.16 0.15 0.20 0.19b 0.14

Standardized PPV 0.16 0.14 0.11 0.19 0.15 0.15b 0.14

WDR 3.5 6.4 6.2 6.7 4.9 5.6b 7.1

Standardized WDR 6.1 7.2 9.2 5.2 6.7 6.9b 7.1

Deltas

AUC delta 0.10 0.04 0.10 0.06 0.08 0.07 0.07

Standardized WDR delta 2.4 1.7 4.8 0.3 0.9 2.0 2.2

Note: We removed Escobar et al. (2012) from analysis because Kipnis et al. (2016) used the same model.
a Weighted
b Mean

Abbreviations: AUC, area under the curve; PPV, positive predictor value; WDR, workup to detection ratio.
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and could possibly omit an unknown number of unpublished 
studies. However, the selected studies uniformly demonstrat-
ed similar model improvements, which are plausibly related 
to the larger number of covariates, statistical methods, and 
shrinkage of random error.

Finally, this review was limited to the comparison of observa-
tional studies, which aimed to answer how the two EWS classes 
compared. These studies did not address whether an alert had 
an impact on clinical care and patient outcomes. Results from 
at least one randomized nonblinded controlled trial suggest 

that alert-driven RRT activation may reduce the length of stay 
by 24 hours and use of oximetry, but has no impact on mortal-
ity, ICU transfer, and ICU length of stay.53

CONCLUSION
Our findings point to three areas of need for the field of pre-
dictive EWS research: (1) a standardized set of clinical deterio-
ration outcome measures, (2) a standardized set of measures 
capturing clinical evaluation workload and alert frequency, and 
(3) cost estimates of clinical workloads with and without deploy-

FIG 2. Early Warning System Model Discrimination and Standardized Workup to Detection Ratios in 6 Studies Using Statistical Modeling vs Aggregate-Weighted 
Scores from January 1, 2012 to September 18, 2018

Note: AUC describes the models’ ability to predict an outcome accurately, with 0.50 indicating no ability to predict an outcome. For AUC higher is better. Standardized WDR: Number needed 
to find one true deterioration case. For WDR, lower is better. 

Abbreviations: AUC, area under the curve; EWS, early warning system;  WDR, workup to detection ratio.
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ment of an EWS using statistical modeling. Given the present 
divergence of outcome definitions, EWS research may benefit 
from a common “clinical deterioration” outcome standard, in-
cluding transfer to ICU, inpatient/30-day/90-day mortality, and 
death with DNR, comfort care, or hospice. The field is lacking a 
standardized clinical workload measure and an understanding 
of the net percentage of patients uniquely identified by an EWS.

By using predictive analytics, health systems may be better 
able to achieve the goals of high-value care and patient safety 
and support the Quadruple Aim. Still, gaps in knowledge exist 
regarding the measurement of the clinical processes triggered 
by EWSs, evaluation workloads, alert fatigue, clinician burnout 
associated with the human-alert interface, and costs versus 
benefits. Future research should evaluate the degree to which 
EWSs can identify risk among patients who are not already un-
der evaluation by the clinical team, assess the balanced treat-
ment effects of RRT interventions between decedents and 
survivors, and investigate clinical process times relative to the 
time of an EWS alert using statistical modeling.

Acknowledgments
The authors would like to thank Ms. Jill Pope at the Kaiser Permanente Center 
for Health Research in Portland, OR for her assistance with manuscript prepa-
ration. Daniel Linnen would like to thank Dr. Linda Franck, PhD, RN, FAAN, 
Professor at the University of California, San Francisco, School of Nursing for 
reviewing the manuscript.

Disclosures: The authors declare no conflicts of interest.

Funding: The Maribelle & Stephen Leavitt Scholarship, the Jonas Nurse 
Scholars Scholarship at the University of California, San Francisco, and the 
Nurse Scholars Academy Predoctoral Research Fellowship at Kaiser Perma-
nente Northern California supported this study during Daniel Linnen’s doctoral 
training at the University of California, San Francisco. Dr. Vincent Liu was funded 
by National Institute of General Medical Sciences Grant K23GM112018.

References
1.	 Institute of Medicine (US) Committee on Quality of Health Care in America; 

Kohn LT, Corrigan JM, Donaldson MS, editors. To Err is Human: Building a 
Safer Health System. Washington (DC): National Academies Press (US); 2000.

2.	 Bapoje SR, Gaudiani JL, Narayanan V, Albert RK. Unplanned transfers to a 
medical intensive care unit: causes and relationship to preventable errors in 
care. J Hosp Med. 2011;6(2):68-72. doi: 10.1002/jhm.812.

3.	 Liu V, Escobar GJ, Greene JD, et al. Hospital deaths in patients with sep-
sis from 2 independent cohorts. JAMA. 2014;312(1):90-92. doi: 10.1001/
jama.2014.5804.

4.	 Winters BD, Pham JC, Hunt EA, et al. Rapid response systems: a sys-
tematic review. Crit Care Med. 2007;35(5):1238-1243. doi: 10.1097/01.
CCM.0000262388.85669.68.

5.	 Torio C. Andrews RM (AHRQ). National inpatient hospital costs: the most 
expensive conditions by payer, 2011. HCUP Statistical Brief# 160. August 
2013. Agency for Healthcare Research and Quality, Rockville, MD. Agency for 
Healthcare Research and Quality. 2015. http://www.ncbi.nlm.nih.gov/books/
NBK169005/. Accessed July 10, 2018.

6.	 Levinson DR, General I. Adverse events in hospitals: national incidence 
among Medicare beneficiaries. Department of Health and Human Services 
Office of the Inspector General. 2010.

7.	 McGaughey J, Alderdice F, Fowler R, et al. Outreach and Early Warning 
Systems (EWS) for the prevention of intensive care admission and death of 
critically ill adult patients on general hospital wards. Cochrane Database Syst 
Rev. 2007;3(3):CD005529:Cd005529. doi: 10.1002/14651858.CD005529.pub2.

8.	 Morgan R, Williams F, Wright M. An early warning score for the early detec-
tion of patients with impending illness. Clin Intensive Care. 1997;8:100.

9.	 Escobar GJ, Dellinger RP. Early detection, prevention, and mitigation of crit-
ical illness outside intensive care settings. J Hosp Med. 2016;11(1):S5-S10. 

doi: 10.1002/jhm.2653.
10.	 Escobar GJ, Ragins A, Scheirer P, et al. Nonelective rehospitalizations and 

postdischarge mortality: predictive models suitable for use in real time. Med 
Care. 2015;53(11):916-923. doi: 10.1097/MLR.0000000000000435.

11.	 Liu VX. Toward the “plateau of productivity”: enhancing the value of ma-
chine learning in critical care. Crit Care Med. 2018;46(7):1196-1197. doi: 
10.1097/CCM.0000000000003170.

12.	 Subbe CP, Kruger M, Rutherford P, Gemmel L. Validation of a modified Ear-
ly Warning Score in medical admissions. QJM. 2001;94(10):521-526. doi: 
10.1093/qjmed/94.10.521.

13.	 Smith GB, Prytherch DR, Meredith P, Schmidt PE, Featherstone PI. The ability 
of the National Early Warning Score (NEWS) to discriminate patients at risk of 
early cardiac arrest, unanticipated intensive care unit admission, and death. 
Resuscitation. 2013;84(4):465-470. doi: 10.1016/j.resuscitation.2012.12.016.

14.	 Kipnis P, Turk BJ, Wulf DA, et al. Development and validation of an electronic 
medical record-based alert score for detection of inpatient deterioration out-
side the ICU. J Biomed Inform. 2016;64:10-19. doi: 10.1016/j.jbi.2016.09.013.

15.	 Romero-Brufau S, Huddleston JM, Naessens JM, et al. Widely used track 
and trigger scores: are they ready for automation in practice? Resuscitation. 
2014;85(4):549-552. doi: 10.1016/j.resuscitation.2013.12.017.

16.	 Bates DW, Saria S, Ohno-Machado L, Shah A, Escobar G. Big data in health 
care: using analytics to identify and manage high-risk and high-cost patients. 
Health Aff (Millwood). 2014;33(7):1123-1131. doi: 10.1377/hlthaff.2014.0041.

17.	 Churpek MM, Yuen TC, Park SY, Gibbons R, Edelson DP. Using electronic 
health record data to develop and validate a prediction model for adverse 
outcomes in the wards. Crit Care Med. 2014;42(4):841-848. doi: 10.1097/
CCM.0000000000000038.

18.	 Churpek MM, Yuen TC, Winslow C, et al. Multicenter comparison of ma-
chine learning methods and conventional regression for predicting clinical 
deterioration on the wards. Crit Care Med. 2016;44(2):368-374. doi: 10.1097/
CCM.0000000000001571.

19.	 Escobar GJ, LaGuardia JC, Turk BJ, et al. Early detection of impending phys-
iologic deterioration among patients who are not in intensive care: develop-
ment of predictive models using data from an automated electronic medical 
record. J Hosp Med. 2012;7(5):388-395. doi: 10.1002/jhm.1929.

20.	 Zweig MH, Campbell G. Receiver-operating characteristic (ROC) plots: a fun-
damental evaluation tool in clinical medicine. Clin Chem. 1993;39(4):561-577.

21.	 Collins GS, Reitsma JB, Altman DG, Moons KG. Transparent reporting of a mul-
tivariable prediction model for individual prognosis or diagnosis (TRIPOD): the 
TRIPOD statement. BMC Med. 2015;13(1):1. doi: 10.1186/s12916-014-0241-z.

22.	 Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred report-
ing items for systematic reviews and meta-analyses: the Prisma statement. 
PLOS Med. 2009;6(7):e1000097. doi: 10.1371/journal.pmed.1000097.

23.	 Higgins JP, Green S. Cochrane handbook for systematic reviews of interven-
tions version 5.1. 0. The Cochrane Collaboration. 2011;5.

24.	 Bossuyt P, Davenport C, Deeks J, et al. Interpreting results and drawing con-
clusions. In: Higgins PTJ, Green S, eds. Cochrane Handbook for Systemat-
ic Reviews of Diagnostic Test Accuracy Version 0.9. The Cochrane Collab-
oration; 2013. Chapter 11. https://methods.cochrane.org/sites/methods.
cochrane.org.sdt/files/public/uploads/DTA%20Handbook%20Chapter%20
11%20201312.pdf. Accessed January 2017 – November 2018.

25.	 Altman DG, Bland JM. Statistics Notes: Diagnostic tests 2: predictive values. 
BMJ. 1994;309(6947):102. doi: 10.1136/bmj.309.6947.102.

26.	 Heston TF. Standardizing predictive values in diagnostic imaging research. 
J Magn Reson Imaging. 2011;33(2):505; author reply 506-507. doi: 10.1002/
jmri.22466.

27.	 Hanley JA, McNeil BJ. The meaning and use of the area under a receiv-
er operating characteristic (ROC) curve. Radiology. 1982;143(1):29-36. doi: 
10.1148/radiology.143.1.7063747.

28.	 Bewick V, Cheek L, Ball J. Statistics review 13: receiver operating characteris-
tic curves. Crit Care. 2004;8(6):508-512. doi: 10.1186/cc3000.

29.	 Alvarez CA, Clark CA, Zhang S, et al. Predicting out of intensive care unit 
cardiopulmonary arrest or death using electronic medical record data. BMC 
Med Inform Decis Mak. 2013;13:28. doi: 10.1186/1472-6947-13-28.

30.	 Green M, Lander H, Snyder A, et al. Comparison of the between the FLAGS 
calling criteria to the MEWS, NEWS and the electronic Cardiac Arrest Risk 
Triage (eCART) score for the identification of deteriorating ward patients. 
Resuscitation. 2018;123:86-91. doi: 10.1016/j.resuscitation.2017.10.028.

31.	 Berger T, Green J, Horeczko T, et al. Shock index and early recognition 
of sepsis in the emergency department: pilot study. West J Emerg Med. 
2013;14(2):168-174. doi: 10.5811/westjem.2012.8.11546.

32.	 Higgins JPT, Altman DG, Gøtzsche PC, et al. The Cochrane Collaboration’s 
tool for assessing risk of bias in randomised trials. BMJ. 2011;343:d5928-d5928. 
doi: 10.1136/bmj.d5928.



Advanced Early Warning Systems Review   |   Linnen et al

An Official Publication of the Society of Hospital Medicine	 Journal of Hospital Medicine®    Vol 14  |  No 3  |  March 2019          169

33.	 Johnstone CC, Rattray J, Myers L. Physiological risk factors, early warning 
scoring systems and organizational changes. Nurs Crit Care. 2007;12(5):219-
224. doi: 10.1111/j.1478-5153.2007.00238.x.

34.	 McNeill G, Bryden D. Do either early warning systems or emergency re-
sponse teams improve hospital patient survival? A systematic review. Resus-
citation. 2013;84(12):1652-1667. doi: 10.1016/j.resuscitation.2013.08.006.

35.	 Smith M, Chiovaro J, O’Neil M, et al. Early Warning System Scores: A Sys-
tematic Review. In: Washington (DC): Department of Veterans Affairs (US); 
2014 Jan: https://www.ncbi.nlm.nih.gov/books/NBK259031/. Accessed Jan-
uary 23, 2017.

36.	 Smith ME, Chiovaro JC, O’Neil M, et al. Early warning system scores for 
clinical deterioration in hospitalized patients: a systematic review. Ann Am 
Thorac Soc. 2014;11(9):1454-1465. doi: 10.1513/AnnalsATS.201403-102OC.

37.	 Subbe CP, Williams E, Fligelstone L, Gemmell L. Does earlier detection of 
critically ill patients on surgical wards lead to better outcomes? Ann R Coll 
Surg Engl. 2005;87(4):226-232. doi: 10.1308/003588405X50921.

38.	 Berwick DM, Hackbarth AD. Eliminating waste in us health care. JAMA. 
2012;307(14):1513-1516. doi: 10.1001/jama.2012.362.

39.	 Sikka R, Morath JM, Leape L. The Quadruple Aim: care, health, cost and 
meaning in work.. BMJ Quality & Safety. 2015;24(10):608-610. doi: 10.1136/
bmjqs-2015-004160.

40.	 Guardia-Labar LM, Scruth EA, Edworthy J, Foss-Durant AM, Burgoon DH. 
Alarm fatigue: the human-system interface. Clin Nurse Spec. 2014;28(3):135-
137. doi: 10.1097/NUR.0000000000000039.

41.	 Ruskin KJ, Hueske-Kraus D. Alarm fatigue: impacts on patient safety. Curr Opin 
Anaesthesiol. 2015;28(6):685-690. doi: 10.1097/ACO.0000000000000260.

42.	 Bedoya AD, Clement ME, Phelan M, et al. Minimal impact of implement-
ed early warning score and best practice alert for patient deterioration. Crit 
Care Med. 2019;47(1):49-55. doi: 10.1097/CCM.0000000000003439.

43.	 Brabrand M, Hallas J, Knudsen T. Nurses and physicians in a medical ad-
mission unit can accurately predict mortality of acutely admitted patients: A 

prospective cohort study. PLoS One. 2014;9(7):e101739. doi: 10.1371/journal.
pone.0101739.

44.	 Acquaviva K, Haskell H, Johnson J. Human cognition and the dynamics of 
failure to rescue: the Lewis Blackman case. J Prof Nurs. 2013;29(2):95-101. 
doi: 10.1016/j.profnurs.2012.12.009.

45.	 Jones A, Johnstone MJ. Inattentional blindness and failures to rescue the 
deteriorating patient in critical care, emergency and perioperative set-
tings: four case scenarios. Aust Crit Care. 2017;30(4):219-223. doi: 10.1016/j.
aucc.2016.09.005.

46.	 Reason J. Understanding adverse events: human factors. Qual Health Care. 
1995;4(2):80-89. doi: 10.1136/qshc.4.2.80.

47.	 Bate L, Hutchinson A, Underhill J, Maskrey N. How clinical decisions 
are made. Br J Clin Pharmacol. 2012;74(4):614-620. doi: 10.1111/j.1365-
2125.2012.04366.x.

48.	 Cabitza F, Rasoini R, Gensini GF. Unintended consequences of machine learn-
ing in medicine. JAMA. 2017;318(6):517-518. doi: 10.1001/jama.2017.7797.

49.	 Stead WW. Clinical implications and challenges of artificial intelligence and 
deep learning. JAMA. 2018;320(11):1107-1108. doi: 10.1001/jama.2018.11029.

50.	 Wong TY, Bressler NM. Artificial intelligence with deep learning technology 
looks into diabetic retinopathy screening. JAMA. 2016;316(22):2366-2367. 
doi: 10.1001/jama.2016.17563.

51.	 Finlay GD, Rothman MJ, Smith RA. Measuring the modified early warning score 
and the Rothman index: advantages of utilizing the electronic medical record in 
an early warning system. J Hosp Med. 2014;9(2):116-119. doi: 10.1002/jhm.2132.

52.	 Gagnier JJ, Moher D, Boon H, Beyene J, Bombardier C. Investigating clinical 
heterogeneity in systematic reviews: a methodologic review of guidance in 
the literature. BMC Med Res Methodol. 2012;12:111-111. doi: 10.1186/1471-
2288-12-111.

53.	 Kollef MH, Chen Y, Heard K, et al. A randomized trial of real-time automat-
ed clinical deterioration alerts sent to a rapid response team. J Hosp Med. 
2014;9(7):424-429. doi: 10.1002/jhm.2193.



170          Journal of Hospital Medicine®    Vol 14  |  No 3  |  March 2019� An Official Publication of the Society of Hospital Medicine

REVIEW: CLINICAL GUIDELINE HIGHLIGHTS FOR THE HOSPITALIST

Clinical Guideline Highlights for the Hospitalist:  
Maintenance Intravenous Fluids in Infants and Children

Sonya Tang Girdwood, MD, PhD1*; Michelle W Parker, MD1,2; Erin E Shaughnessy, MD, MSHCM3 

1Division of Hospital Medicine, Cincinnati Children’s Hospital Medical Center, Cincinnati, Ohio;  2Department of Pediatrics, University of Cincinnati, 
College of Medicine, Cincinnati, Ohio;  3Division of Hospital Medicine, Phoenix Children’s Hospital, Phoenix, Arizona. 

Hospitalized children with inadequate fluid intake are 
often administered maintenance intravenous fluids 
(IVFs) to support metabolic needs and sensible loss-
es. Historically, hypotonic IVFs have been the stan-

dard, based on theoretical water and electrolyte requirements 
for estimated energy expenditure.1 However, when combined 
with increased levels of arginine vasopressin (AVP) seen in 
acutely ill children which impairs free-water excretion,2 hypo-
tonic IVF can result in hyponatremia. The recently published 
guideline by the American Academy of Pediatrics (AAP)3 is the 
first to provide an evidence-based recommendation on the 
use of maintenance IVF therapy in children.

KEY RECOMMENDATION FOR HOSPITALISTS
Patients between the ages of 28 days and 18 years should re-
ceive isotonic solutions with appropriate potassium chloride 
and dextrose for maintenance IVFs (evidence quality: high; rec-
ommendation strength: strong)

Isotonic fluids, such as 0.9% NaCl (normal saline), Hartmann 
solution and PlasmaLyte, contain a sodium concentration similar 
to that of plasma (135-144 mEq/L). Lactated Ringer solution (LR) 
is near-isotonic (sodium 130 mEq/L), but was not used in any of 
the reviewed studies and therefore not included in the recom-
mendation. Excluded are patients with neurosurgical disorders, 
congenital or acquired cardiac disease, hepatic disease, cancer, 
renal dysfunction, diabetes insipidus, voluminous watery diar-
rhea, severe burns, or patients in the neonatal intensive care unit.

The primary benefit of the AAP recommendation is the re-
duced risk of iatrogenic hyponatremia and its associated se-

quelae, including complications or impact on cost of care. The 
number needed to treat with isotonic fluids was 7.5 to prevent 
any hyponatremia and 27.8 to prevent moderate hyponatre-
mia (<130 mEq/L). Increases in readmission rates, length of 
stay, and cost of hospitalization have been reported in a recent 
meta-analysis reviewing the economic burden of hyponatre-
mia in both adults and children.4 

Potential harms from the use of isotonic fluids include hyper-
natremia, hyperchloremic metabolic acidosis, and fluid over-
load, although available data have not demonstrated an in-
creased risk of these complications. In light of a recent normal 
saline (NS) shortage in the United States, limited availability is 
also a consideration. Plasmalyte is more costly than NS and is 
currently incompatible with the addition of dextrose.

CRITIQUE
Methods in Preparing Guideline
The guideline development committee included broad repre-
sentation by pediatric experts in primary care, hospital medi-
cine, emergency medicine, critical care medicine, nephrology, 
anesthesiology, surgery and quality improvement, as well as 
a guideline methodologist/informatician and epidemiologist. 

Search strategies from recently published systematic re-
views of clinical trials comparing isotonic with hypotonic 
maintenance IVFs were used to identify studies eligible for 
inclusion. A total of 17 studies with 2,455 total patients were 
initially identified and included. One additional study meeting 
inclusion criteria was found after the committee convened and 
excluded from the guideline.5 Three reviewers from the sub-
committee performed a structured critical appraisal of each 
article. The methods of each trial were assessed for risk-of-
bias in multiple domains, including randomization, allocation 
concealment, performance, detection, attrition and reporting. 
Forest plots were generated using random-effects models and 
Mantel-Haenzel statistics with the outcome of hyponatremia. 
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The guideline underwent review by various stakeholders in-
cluding AAP councils, committees, and sections, and individu-
als considered experts in the field.

A strength of the guideline is the high quality of the evidence 
and the consistent findings.  All of the included studies were 
randomized clinical trials and the number of included patients 
was large. Of the 17 included studies, 16 reported a risk ratio 
favoring isotonic fluids over hypotonic fluids in the prevention 
of developing hyponatremia; the results of the study that fa-
vored hypotonic fluids were not statistically significant on their 
own. A sensitivity analysis was performed to exclude one study 
with a 20% weight, determined by multiple factors such as 
sample size, confidence interval, and an unusually high rate 
of hyponatremia in the isotonic and hypotonic fluids groups 
(33.3 % and 70%, respectively).6 After exclusion, there was no 
change in the overall estimated risk in hypotonic fluids leading 
to hyponatremia. Only one trial had two sources of high risk of 
bias (allocation concealment, attrition) and the remaining had 
only low or unclear risk of biases in the various domains.  

The study that was excluded due to its late identification 
similarly shows increased risk of hyponatremia in groups ad-
ministered hypotonic fluids (risk ratio 6.5-8.5), and would likely 
not affect the estimated risk.5 

Despite differences in types of patients enrolled, rate of 
administered fluids, type of IVF, frequency of lab testing, and 
study duration, the I2 (degree of heterogeneity) of the forest 
plot of all included studies remained low at 14% and the in-
creased risk of hyponatremia from hypotonic fluids remained 
consistent. 

Due to study design differences, a limitation of the guide-
line is that no recommendation is made regarding the type of 
isotonic fluids and the rate of IVF administration.  Additionally, 
due to the low frequency of clinically significant sequelae of 
hyponatremia, such as hyponatremic encephalopathy, it re-
mains uncertain how many patients would need to be treated 
with isotonic fluids to prevent a rare but potentially devastating 
event.

Sources of Potential Conflict of Interest or Bias
The guideline was developed and funded by the AAP. A formal 
conflict of interest management policy was followed, and sub-
committee members had no conflicts of interests or financial 
relationships relevant to the guideline to disclose.

Generalizability
Given the large number of patients included in the studies and 
heterogeneity of the population included, the recommenda-
tion applies to most patients cared for by pediatric hospitalists. 
Several patient exclusions relevant to the pediatric hospitalist 
deserve mention: neonates, kidney disease, and voluminous 
diarrhea. Neonates under the age of 28 days, including febrile 
neonates, are excluded from the guideline because of the im-
mature concentrating abilities of neonatal kidneys. Patients 
with renal impairment were excluded from the guideline rec-
ommendation because several studies excluded patients with 
kidney disease. Hospitalists often care for children who sustain 

prerenal acute kidney injury from severe dehydration. In this 
condition, the kidney conserves water through the release of 
AVP. While an excluded population, these patients would be 
even more susceptible to develop hyponatremia if adminis-
tered hypotonic fluids. Patients with “voluminous diarrhea” are 
excluded from the guideline because those with gastroenteritis 
with ongoing losses may require IVFs at rates higher than main-
tenance, and are particularly vulnerable to electrolyte derange-
ments. The guideline, however, does not define voluminous 
diarrhea, leaving it to the discretion of the treating clinician.

Finally, it is critical to mention that IVF should be considered 
a therapy to be judiciously used, and discontinued when pos-
sible. While the guideline addresses the choice of fluid com-
position, alternatives to orally or enterally hydrate a patient are 
always preferred.

AREAS IN NEED OF FUTURE STUDY
While the guideline strongly recommends isotonic fluids for 
maintenance therapy, the choice of isotonic fluid remains with 
the clinician. Most included studies used NS for their isotonic 
groups, but Hartmann’s solution and Plasmalyte were repre-
sented in a few studies. LR, one of the more widely used bal-
anced solutions, though slightly hypotonic (130 mEq/L), was 
not studied. The exclusion of LR from the included studies is 
unfortunate, as the benefit of balanced solutions compared to 
NS after significant fluid resuscitation has been shown in the 
setting of severe sepsis and shock.7 Hyperchloremic metabol-
ic acidosis after fluid resuscitation with NS has raised concern 
about continuing NS as maintenance fluid and possibly wors-
ening acidosis or hyperchloremia and its adverse effects.8 Fur-
ther studies on the potential benefit of LR as maintenance fluid, 
or the potential harms of unbalanced solutions as maintenance 
fluids in the setting of significant resuscitation are needed.

Disclosures: The authors have nothing to disclose.

References
1.	 Holliday MA, Segar WE. The maintenance need for water in parenteral fluid 

therapy. Pediatrics. 1957;19(5):823-832.
2.	 Moritz ML, Ayus JC. Maintenance intravenous fluids in acutely ill patients.  

N Engl J Med. 2015;373(14):1350-1360. doi: 10.12788/jhm.3177
3.	 Feld LG, Neuspiel DR, Foster BA, et al. Clinical practice guideline: mainte-

nance intravenous fluids in children. Pediatrics. 2018;142(6). doi: 10.12788/
jhm.3177

4.	 Corona G, Giuliani C, Parenti G, et al. The economic burden of hyponatre-
mia: systematic review and meta-analysis. Am J Med. 2016;129(8):823-835 
e824. doi: 10.12788/jhm.3177

5.	 Pemde HK, Dutta AK, Sodani R, Mishra K. Isotonic intravenous maintenance 
fluid reduces hospital acquired hyponatremia in young children with central 
nervous system infections. Indian J Pediatr. 2015;82(1):13-18. doi: 10.12788/
jhm.3177

6.	 Shamim A, Afzal K, Ali SM. Safety and efficacy of isotonic (0.9%) vs. hypotonic 
(0.18%) saline as maintenance intravenous fluids in children: a randomized 
controlled trial. Indian Pediatr. 2014;51(12):969-974.

7.	 Emrath ET, Fortenberry JD, Travers C, McCracken CE, Hebbar KB. Resus-
citation with balanced fluids is associated with improved survival in pe-
diatric severe sepsis. Crit Care Med. 2017;45(7):1177-1183. doi: 10.1097/
CCM.0000000000002365

8.	 Stenson EK, Cvijanovich NZ, Anas N, et al. Hyperchloremia is associated with 
complicated course and mortality in pediatric patients with septic shock. Pedi-
atr Crit Care Med. 2018;19(2):155-160. doi: 10.1097/PCC.0000000000001401.



172          Journal of Hospital Medicine®    Vol 14  |  No 3  |  March 2019� An Official Publication of the Society of Hospital Medicine

REVIEW: CLINICAL GUIDELINE HIGHLIGHTS FOR THE HOSPITALIST

Clinical Guideline Highlights for the Hospitalist:  
The Use of Intravenous Fluids in the Hospitalized Adult

Emily Gottenborg, MD1*; Read Pierce, MD1

1Division of Hospital Medicine, University of Colorado Anschutz Medical Campus, Denver, Colorado.

Hospitalized patients often receive intravenous flu-
ids (IVF) when they cannot meet physiologic needs 
through oral intake in the setting of medical or sur-
gical illness. Prescribing the optimal IVF solution to 

the appropriate patient is a complex decision and often oc-
curs without the same degree of institutionalized restrictions 
or guidance developed for other inpatient pharmacologic 
agents. There is wide variation in clinical utilization of IVF due 
to the lack of data to guide decision making.1 When data do 
exist, they typically focus on a limited number of clinical situ-
ations.2 Thus, even though IVF are often considered low-risk, 
the frequency and lack of consistency with which they are used 
can result in errors, complications, and over-use of medical  
resources.3

KEY RECOMMENDATIONS  
FOR THE HOSPITALIST
(Evidence quality: not described in the guideline, recommen-
dation strength: not described in the guideline)

Recommendation 1
To aid in fluid management and avoid complications, the 
guidelines recommend that patients on IVF require careful as-
sessment of volume status, including a detailed history, physi-
cal exam, clinical monitoring, and daily labs.2 

Clinical history should focus on understanding fluid losses 
and intake; physical exam should include vital signs, evidence 
of orthostatic hypotension, capillary refill, jugular venous pul-

sation, and assessment for pulmonary edema. Subsequent 
clinical monitoring should include fluid balance (Ins and Outs) 
and daily weights. All patients starting or continuing IVF should 
have a basic metabolic panel at least daily according to the 
guidelines, though the authors note this frequency may be too 
high for some patients and needs further study.2

Recommendation 2
The guidelines describe four types of IV fluids that can be ad-
ministered: crystalloids, balanced crystalloids, glucose solu-
tions, and non blood-product colloids.2 

Crystalloids include isotonic saline with 154 millimoles (mmol) 
of sodium and chloride. Balanced crystalloids, such as lactated 
Ringer’s solution, are more physiologic, with less sodium and 
chloride, and the addition of magnesium, potassium, and cal-
cium. Glucose solutions are quickly metabolized and, thus, are 
an effective way to deliver free water. Non blood-product col-
loids include particles that are retained within the circulation, 
including proteins such as human albumin. 

Recommendation 3
For each indication to administer IVF, the guidelines recom-
mend the following formulations and considerations:2

For general resuscitation, use crystalloids with sodium content 
of 130-154 mmol, delivered in a bolus of at least 500 milliliters 
(mL) over 15 minutes or less. For sepsis, infuse at least 30 mL/kg.4 

For routine maintenance, restrict the volume to 25-30 mL/kg/day 
of water, and include 1 mmol/kg/day of potassium, sodium, and 
chloride along with 50-100 g/day of glucose to prevent starva-
tion ketosis, though glucose should be avoided in most diabetic 
patients. With obesity, adjust the IVF to ideal body weight, and 
for patients who are older, frail, or admitted with renal or cardiac 
impairment, consider prescribing a lower range of fluid (20-25 
mL/kg/day). For redistribution or replacement, use sodium chlo-
ride or balanced crystalloids or consider colloids, which have a 
theoretical advantage in expanding intravascular volume while 
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limiting interstitial edema. Note that colloids are more expen-
sive, and definitive evidence supporting increased efficacy is 
lacking. Clinicians should monitor closely for hypovolemia, hy-
pervolemia, and electrolyte abnormalities, particularly hypo- and 
hypernatremia that carry associated mental status implications 
and risk of central pontine myelinolysis. The inadvertent overuse 
of IVF is common in hospital settings, particularly when mainte-
nance fluids are not discontinued upon patient improvement or 
when patients move between care areas. Thus, regular clinical 
reassessment of volume status is important. 

Recommendation 4
In both noncritically ill and critically ill hospitalized patients, 
there is a benefit to using balanced crystalloids compared  
to isotonic saline in preventing major adverse kidney events 
and death.5,6

Two important studies in 2018 added new information to 
the existing NICE guidelines, addressing the previously unan-
swered question of the benefits of balanced crystalloids versus 
isotonic saline, one among non-critically ill patients and the 
other among critically ill patients.5,6 Prior data suggested that 
the use of isotonic saline is associated with multiple compli-
cations, including hyperchloremic metabolic acidosis, acute 
kidney injury, and death. In the non-critically ill population, 
the use of balanced crystalloids resulted in lower incidence of 
major adverse kidney events (absolute difference of 0.9%), but 
did not change the number of hospital days (the primary out-
come).5 In the critically ill population the use of balanced crys-
talloids resulted in lower rates of death, new renal replacement 
therapy, or persistent renal dysfunction,6 and the authors found 
preferential use of balanced crystalloids could prevent one out 
of every 94 patients admitted to the ICU from experiencing 
these adverse outcomes. Given the similar cost associated 
with isotonic saline and balanced crystalloids, these new find-
ings suggest hospitalists should select balanced crystalloids if 
there is no compelling clinical reason to use isotonic saline. 

CRITIQUE
While conflicts of interest are often a concern in clinical guide-
lines due to influence by pharmaceutical, device, and special-
ty interests, the United Kingdom’s National Clinical Guideline 
Centre (NGC), which developed the NICE guidelines, is host-
ed by the Royal College of Physicians and has governance 
partnerships with the Royal College of Surgeons of England, 
Royal College of General Practitioners, and Royal College of 
Nursing. Each guideline produced by the NGC is overseen by 
an independent guideline committee comprised of healthcare 
professionals and patient representatives, and as a result, con-
cern for conflicts of interest is low. 

The NICE guidelines were created by a multidisciplinary 
team from multiple clinical specialties, and reviewed evidence 
addressing both clinical and health economic outcomes. Im-
portantly, data from randomized controlled studies was rela-
tively limited. The data excluded patients under 16 years of 
age, pregnant women, and those with severe liver or renal 
disease, diabetes or burns, as well as those in intensive care 

settings. Unfortunately, many medical patients cared for by 
hospitalists fall into one or more of these categories, limiting 
applicability of the guidelines. 

Two important studies in 2018 added new information to 
the existing NICE guidelines, as outlined in Recommendation 
4.5,6 Both of these studies occurred at a single institution, lim-
iting their generalizability, though each study included a di-
verse patient population. In the ICU study, treating clinicians 
were aware of the composition of the assigned crystalloid so 
the decision to initiate renal-replacement therapy may have 
been susceptible to treatment bias. In addition, censoring of 
data collection at hospital discharge may have underestimat-
ed the true incidence of death at 30 days and overestimated 
persistent renal dysfunction at 30 days. Importantly, the trial 
design did not allow comparison of lactated Ringer’s solution 
versus Plasma-Lyte. The non-ICU study evaluated patients who 
began treatment in the emergency department and were sub-
sequently admitted to non-ICU inpatient units—a population 
that mirrors much of hospitalist practice, however the un-blind-
ed design makes bias a concern. Finally, lactated Ringer’s solu-
tion represented more than 95% of the balanced crystalloids 
used in the trial, so additional study is required to compare 
Plasma-Lyte with both saline and lactated Ringer’s solution. 

AREAS IN NEED OF FUTURE STUDY
More evidence is needed to better understand the appropri-
ate use of IVF in specific clinical scenarios, including to deter-
mine if balanced solutions, as compared with isotonic saline, 
are superior across a spectrum of clinical conditions. For pa-
tients with an indication for maintenance fluid administration, 
determining if a higher sodium content reduces the risk of hy-
ponatremia without increasing the risk of volume overload will 
help guide practice. Finally, more comprehensive study of the 
incidence of overuse and complications as a consequence of 
IVF, as well as the optimal frequency of lab monitoring, is need-
ed to guide understanding of how practicing hospitalists and 
health systems can help reduce harm and waste 
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Hospitals and health systems are under mounting fi-
nancial pressure to shorten hospitalizations and re-
duce readmissions. These priorities have led to an 
ever-increasing focus on postacute care (PAC), and 

more specifically on improving transitions from the hospital.1,2 
According to a 2013 Institute of Medicine report, PAC is the 
source of 73% of the variation in Medicare spending3 and read-
missions during the postacute episode nearly double the aver-
age Medicare payment.4 Within the PAC landscape, discharges 
to skilled nursing facilities (SNFs) have received particular focus 
due to the high rates of readmission and associated care costs.5

Hospitals, hospital physicians, PAC providers, and payers 
need to improve SNF transitions in care. Hospitals are increas-
ingly responsible for patient care beyond their walls through 
several mechanisms including rehospitalization penalties, val-
ue-based reimbursement strategies (eg, bundled payments), 
and risk-based contracting on the total cost of care through 
relationships with accountable care organizations (ACOs) and 
Medicare Advantage plans. Similarly, hospital-employed phy-
sicians and PAC providers are more engaged in achieving val-
ue-based goals through increased alignment of provider com-
pensation models6,7 with risk-based contracting.

Current evidence suggests that rehospitalizations could be 
reduced by focusing on a concentrated referral network of pre-
ferred high-quality SNFs;8,9 however, less is known about how 
to develop and operate such linkages at the administrative or 

clinical levels.8 In this article, we propose a collaborative frame-
work for the establishment of a preferred PAC network.

SKILLED NURSING FACILITY PREFERRED PRO-
VIDER NETWORK
One mechanism employed to improve transitions to SNFs and 
reduce associated readmissions is to create a preferred provid-
er network. Increasing the concentration of hospital discharges 
to higher performing facilities is associated with lower rehos-
pitalization rates, particularly during the critical days following 
discharge.10

While the criteria applied for preferred provider networks vary, 
there are several emerging themes.10 Quality metrics are often ap-
plied, generally starting with Centers for Medicare and Medicaid 
Services (CMS) quality star ratings and Long-Term Care Minimum 
Data Set (MDS) metrics with additional criteria frequently layered 
upon those. Some examples include the extent of physician cov-
erage,11 the extent of nursing coverage (eg, nursing ratios or 24/7 
nursing care), geographic access, and flexible admission times 
(including weekends and nights).12 In addition, several outcome 
measures may be used such as 30-day readmission rates, patient/
family satisfaction ratings, ED visits, primary care follow-up within 
seven days of PAC discharge, or impact on the total cost of care.

Beyond the specified criteria, some hospitals choose to build 
upon existing relationships when developing their preferred 
network. By selecting historically high-volume facilities, they 
are able to leverage the existing name recognition amongst 
patients and providers.13 This minimizes retraining of discharge 
planners, maintains institutional relationships, and aligns with 
the patients’ geographic preferences.2,13 While the high volume 
SNFs may not have the highest quality ratings, some hospitals 
find they can leverage the value of preferred partner status to 
push behavior change and improve performance.13 
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Hospitals are under financial pressure to shorten 
hospitalizations and reduce readmissions. Current evidence 
suggests that postacute care-associated rehospitalizations 
could be reduced by focusing on a concentrated referral 
network of preferred high-quality skilled nursing facilities 
(SNFs). Hospitals, health systems, and health plans have 
taken several approaches to creating preferred provider 

networks to streamline and improve the quality of SNF 
discharges. We propose a collaborative framework for 
the establishment of a preferred postacute care network 
based on the experience of the Johns Hopkins Medicine 
Skilled Nursing Facility Collaborative and review early 
implementation challenges. Journal of Hospital Medicine 
2019;14:174-177. © 2019 Society of Hospital Medicine
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PROPOSED HEALTH SYSTEM FRAMEWORK 
FOR CREATING A SKILLED NURSING FACILITY 
COLLABORATIVE
Here we propose a framework for the establishment of a pre-
ferred provider network for a hospital or health system based 
on the early experience of establishing an SNF Collaborative 
within Johns Hopkins Medicine (JHM). JHM is a large integrat-
ed health care system, which includes five hospitals within the 
region, including two large academic hospitals and three com-
munity hospitals serving patients in Maryland and the District 
of Columbia.14

JHM identified a need for improved coordination with PAC 
providers and saw opportunities to build upon successful indi-
vidual hospital efforts to create a system-level approach with a 
PAC partnership sharing the goals of improving care and reduc-
ing costs. Additional opportunities exist given the unique Mary-
land all-payer Global Budget Revenue system managed by the 
Health Services Cost Review Commission. This system imposes 
hospital-level penalties for readmissions or poor quality mea-

sure performance and is moving to a new phase that will place 
hospitals directly at risk for the total Part A and Part B Medicare 
expenditures for a cohort of attributed Medicare patients, in-
clusive of their PAC expenses. This state-wide program is one 
example of a shift in payment structures from volume to value 
that is occurring throughout the healthcare sector.

Developing a formal collaboration inclusive of the five local 
hospitals, Johns Hopkins HealthCare (JHHC)—the managed 
care division of JHM—and the JHM ACO (Johns Hopkins Medi-
cine Alliance for Patients, JMAP), we established a JHM SNF Col-
laborative. This group was tasked with improving the continuum 
of care for our patients discharged to PAC facilities. Given the 
number and diversity of entities involved, we sought to draw on 
efforts already managed and piloted locally, while disseminating 
best practices and providing added services at the collaborative 
level. We propose a collaborative multistakeholder model (Fig-
ure) that we anticipate will be adaptable to other health systems. 

At the outset, we established a Steering Committee and a 
broad Stakeholder Group (Figure). The Steering Committee is 

FIG. Skilled Nursing Facility Collaborative Governance Structure.
Abbreviations: JHM, John Hopkins Medicine; JHHC, Johns Hopkins HealthCare; QIO, quality improvement organization; SNF, skilled nursing facility.
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comprised of representatives from all participating JHM enti-
ties and serves as the collaborative governing body. This group 
initially identified 36 local SNF partners including a mixture of 
larger corporate chains and freestanding entities. In an effort 
to respect patient choice and acknowledge geographic pref-
erences and capacity limitations, partner selection was based 
on a combination of publically available quality metrics, historic 
referral volumes, and recommendations of each JHM hospital. 
While we sought to align with high-performing SNFs, we also 
saw an opportunity to leverage collaboration to drive improve-
ment in lower-performing facilities that continue to receive a 
high volume of referrals. The Stakeholder Group includes a 
broader representation from JHM, including subject matter ex-
perts from related medical specialties (eg, Physical Medicine 
and Rehabilitation, Internal Medicine, Emergency Medicine, 
and various surgical subspecialties); partner SNFs, and the 
local CMS-funded Quality Improvement Organization (QIO). 
Physician leadership was essential at all levels of the collabora-
tive governing structure including the core Coordinating Team 
(Figure). Providers representing different hospitals were able to 
speak about variations in practice patterns and to assess the 
feasibility of suggested solutions on existing workflows.

After establishing the governance framework for the collab-
orative, it was determined that dedicated workgroups were 
needed to drive protocol-based initiatives, data, and analyt-
ics. For the former, we selected transitions of care as our ini-
tial focus area. All affiliated hospitals were working to address 
care transitions, but there were opportunities to develop a 
harmonized approach leveraging individual hospital input. 
The workgroup included representation from medical and ad-
ministrative hospital leadership, JHHC, JMAP, our home care 
group, and SNF medical leadership. Initial priorities identified 
are reviewed in the Table. We anticipate new priorities for the 
collaborative over time and intend for the workgroup to evolve 
in line with shifting priorities.

We similarly established a multidisciplinary data and analyt-
ics workgroup to identify resources to develop the SNF, and 
a system-level dashboard to track our ongoing work. While 
incorporating data from five hospitals with varied patient pop-

ulations, we felt that the risk-adjusted PAC data were critical 
to the collaborative establishment and goal setting. After ex-
ploring internal and external resources, we initially elected to 
engage an outside vendor offering risk-adjusted performance 
metrics. We have subsequently worked with the state health 
information exchange, CRISP,15 to develop a robust dashboard 
for Medicare fee-for-service beneficiaries that could provide 
similar data. 

IMPLEMENTATION
In the process of establishing the SNF Collaborative at JHM, there 
were a number of early challenges faced and lessons learned:
•	 In a large integrated delivery system, there is a need to bal-

ance the benefits of central coordination with the support 
for ongoing local efforts to promote partner engagement 
at the hospital and SNF level. The forums created within the 
collaborative governance structure can facilitate sharing of 
the prior health system, hospital or SNF initiatives to grow 
upon successes and avoid prior pitfalls.

•	 Early identification of risk-adjusted PAC data sources is cen-
tral to the collaborative establishment and goal setting. This 
requires assessment of internal analytic resources, budget, 
and desired timeline for implementation to determine the 
optimal arrangement. Similarly, identification of available 
data sources to drive the analytic efforts is essential and 
should include a health information exchange, claims, and 
MDS among others.

•	 Partnering with local QIOs provides support for facility-level 
quality improvement efforts. They have the staff and onsite 
expertise to facilitate process implementation within individ-
ual SNFs.

•	 Larger preferred provider networks require considerable 
administrative support to facilitate communication with the 
entities, coordinate completion of network agreements, and 
manage the dissemination of SNF- and hospital-specific 
performance data. 

•	 Legal and contractual support related to data sharing and 
HIPAA compliance is needed due to the complexity of the 
health system and SNF legal structure. Multiple JHM legal 

TABLE. Initial Intervention Workgroup Priorities

Priority Example

Upgrading shared EMR transitions documentation Recommend changes to the universal discharge summary template. Changes include more logical order 
such as prioritizing medications, adding advanced care planning and capacity documentation, incorporating 
functional status and standardized assessments, and added recommendations for the next phase of care

Standardizing metrics for physical, cognitive, and functional status Broadly incorporating AM-PACTM score into rehabilitation therapy assessments and discharge materials for 
objective measurement of functional status

Identifying prediction tools for optimal postdischarge locations Reviewing landscape of risk-prediction tools for specific patient populations

Developing uniform patient/caregiver education materials Draft patient education booklet on SNF basics and ‘what to expect’ to be integrated into the EMR patient 
education platform. Planning patient education video on postacute care options

Outlining strategies to increase provider communication and improve discharge handoffs In addition to improving discharge documentation, review strategies to improve the accessibility of hospital 
providers after discharge

Abbreviations: AM-PAC, activity measure for postacute care; EMR, electronic medical record..
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entities were involved in this collaborative as were a mixture 
of freestanding SNFs and corporate chains. There was a sig-
nificant effort required to execute both data-sharing agree-
ments as well as charters to enable QIO participation.

•	 Physician leadership and insight are key to implementing 
meaningful and broad change. When devising system-wide 
solutions, incorporation and respect for local processes and 
needs are paramount for provider engagement and behav-
ior change. This process will likely identify gaps in under-
standing the PAC patient’s experience and needs. It may 
also reveal practice variability and foster opportunities for 
provider education on the needs of PAC teams and how to 
best facilitate quality transitions.

CONCLUSION 
We proposed a framework for establishing a collaborative part-
nership with a preferred network of SNF providers. Depending on 
organizational readiness, significant upfront investment of time 
and resources could be needed to establish a coordinated net-

work of SNF providers. However, once established, such networks 
can be leveraged to support ongoing process improvement ef-
forts within a hospital or delivery system and can be used stra-
tegically by such health systems as they implement value-based 
health strategies. Furthermore, the lessons learned from transi-
tions to SNFs can be applied more broadly in the PAC landscape 
including transitions to home from both the hospital and SNF.
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Inspired by the ABIM Foundation’s Choosing Wisely® cam-
paign, the “Things We Do for No Reason” (TWDFNR) series 
reviews practices that have become common parts of hospi-
tal care but may provide little value to our patients. Practices 
reviewed in the TWDFNR series do not represent “black and 
white” conclusions or clinical practice standards but are meant 
as a starting place for research and active discussions among 
hospitalists and patients. We invite you to be part of that dis-
cussion.

CASE
A 67-year-old man is admitted to a telemetry ward for an acute 
myocardial infarction and treated with percutaneous coronary 
intervention. He is currently on day three of antibiotics for a 
methicillin-resistant Staphylococcus aureus (MRSA) lower ex-
tremity soft tissue infection that is healing without a draining 
wound. He is placed on contact precautions based on insti-
tutional infection control guidelines. The hospitalist overhears 
members of the team commenting on having to don gowns to 
see this patient each day and wonders aloud whether care is 
impacted by the use of contact precautions.

BACKGROUND
Contact precautions (CP) for patients with methicillin-resistant 
Staphylococcus aureus (MRSA) and vancomycin-resistant En-
terococcus (VRE) infections are common in several hospitals. 
CP pose a significant burden to health systems, with an esti-
mated 20%-25% of hospitalized patients on CP for MRSA or 
VRE alone.1 CP are becoming increasingly more prevalent with 
state laws and the Veterans Affairs (VA) hospital system requir-
ing active surveillance cultures (ASC) and subsequent CP when 
ASC are positive.2

WHY YOU MIGHT THINK CONTACT PRECAUTIONS  
ARE HELPFUL FOR MRSA AND VRE?
Supporters highlight the utility of CP in preventing the spread 
of infection, controlling outbreaks, and protecting healthcare 
workers from certain transmissible diseases. The Centers for 

Disease Control and Prevention (CDC) recommended CP 
after prior studies demonstrated their effectiveness during 
outbreaks of transmissible infections.3 CP were included in 
bundles alongside interventions such as improving hand hy-
giene, chlorhexidine gluconate (CHG) bathing, and ASC with 
targeted or universal decolonization.2 The VA MRSA bundle, 
for example, demonstrated a reduction of healthcare-associat-
ed MRSA in the ICU by 62% after implementation. The Society 
for Healthcare Epidemiology of America Research Network 
(SHEA) and the Infectious Diseases Society of America (IDSA) 
recommend CP for MRSA-infected and colonized patients in 
acute care settings to control outbreaks.4,5 The CDC also has 
broad recommendations supporting CP for all patients infect-
ed and previously identified as being colonized with target 
multidrug-resistant organisms (MDROs) without identifying 
which are considered to be “targets.”6

WHY CONTACT PRECAUTIONS MAY NOT  
BE HELPFUL FOR MRSA AND VRE
Despite current guidelines, cluster-randomized trials have not 
shown a benefit of initiating CP over usual care for the pre-
vention of acquiring MRSA or VRE in the hospital. One study 
demonstrated no change in MRSA and VRE acquisition with 
broad screening and subsequent CP.7 Another study evaluated 
a universal gown and glove policy in an ICU setting and found 
a reduction in MRSA acquisition, but no reduction in VRE ac-
quisition.8 A third study investigated hand hygiene and daily 
CHG bathing and noted a reduction in MRSA transmission 
rates, where CP for screened colonized patients had no effect 
on transmission of MRSA or VRE.9

In addition, a prospective trial at a large academic center 
over two six-month intervals utilized universal gloving with 
emollient-impregnated gloves compared with CP and found 
no difference in MRDO acquisition. Universal gloving was as-
sociated with higher hand hygiene rates than CP.10 Another 
more recent retrospective observational study compared uni-
versal contact precautions (UCP) in ICUs to a historical nine-
year baseline and concurrently to other nonuniversal CP ICUs. 
There was no significant decrease in MRDOs during the UCP 
period compared with baseline or with non-UCP units.11

Further interest in and scrutiny of CP prompted a recently 
published meta-analysis of 14 studies in which CP were elimi-
nated. The rates of transmission of MRSA, VRE, or other MDROs 
studied were not impacted by discontinuation.12 One of the 
studies included two large academic medical centers and as-
sessed the impact of discontinuing CP for endemic MRSA and 
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VRE. The bundled intervention included the discontinuation of 
CP for all carriers of MRSA and VRE, except patients with drain-
ing wounds, maintaining high hand hygiene rates, and CHG 
baths for nearly all patients. There was no significant increase in 
transmission rates, and the intervention saved the health system 
an estimated $643,776 and 45,277 hours per year in healthcare 
worker time previously spent on donning and doffing personal 
protective equipment.13 Another large academic hospital pub-
lished a time series approach of seven interventions to reduce 
healthcare-associated infections and noted no increase in MRSA 
or VRE transmission when CP were discontinued when com-
bined with other horizontal preventions.14 Results were found 
to be similar in a high-risk population of patients with hemato-
logic malignancies and hematopoietic stem cell transplantation, 
where both surveillance and CP for VRE were discontinued and 
did not impact the rates of VRE bacteremia.15

WHY CONTACT PRECAUTIONS  
MAY BE HARMFUL
Multiple studies have examined the deleterious effects of 
CP, including a comprehensive systematic literature review of 
various adverse outcomes linked with CP.16 CP decrease the 
amount of time that healthcare workers (HCW) spend with pa-
tients,17 create delays at admission and discharge,18 increase 
symptoms of anxiety and depression in patients,19,20 and de-
crease patient satisfaction with care.21,22 In a study conducted 
at the Cleveland Clinic Hospital, physician communication, 
staff responsiveness, patients’ perception of cleanliness, and 
their willingness to recommend the hospital on the Hospital 
Consumer Assessment of Healthcare Providers and Systems 
survey were lower in each category for patients on CP when 
compared with patients not on CP.22 Patients who are on CP 
are six times more likely to experience an adverse event in the 
hospital, including falls and pressure ulcers.23 A recent study 
from a large academic medical center demonstrated that non-
infectious adverse events were reduced by 72% after discontin-
uing CP for MRSA and VRE. These events included postopera-
tive respiratory failure, hemorrhage or hematoma, thrombosis, 
wound dehiscence, pressure ulcers, and falls or trauma.24

The financial costs of unnecessary CP have also been studied. 
A recent retrospective study examining a large cohort of pa-
tients on CP for MRSA demonstrated that when compared with 
nonisolated patients, those on MRSA CP had a 30% increase in 
length of stay and a 43% increase in costs of care. Patients isolat-
ed for MRSA were 4.4% more likely than nonisolated individuals 
to be readmitted within 30 days after discharge, unrelated to 
MRSA.25 These data contribute to the growing evidence that a 
conscientious, patient-centered approach to CP is preferred to 
overly broad policies that compromise patient safety.

WHEN CONTACT PRECAUTIONS  
SHOULD BE USED FOR MRSA AND VRE
Contact precautions for MRSA and VRE should be used to 
interrupt transmission during uncontrolled outbreaks, and in 
patients with open wounds, uncontained secretions, or incon-
tinent diarrhea.

In addition, there are other commonly encountered organ-
isms for which CP should be continued. CP should be used 
for active Clostridium difficile infection to prevent transmis-
sion. Due to the paucity of data regarding prevention of novel 
and highly resistant organisms and the complexity in treating 
these MDROs, it is reasonable to initiate CP in these cases.26 
Examples include active infection with multidrug resistance, 
including carbapenem-resistant Enterobacteriaceae, highly 
drug-resistant Pseudomonas aeruginosa, and other emerg-
ing MDROs such as vancomycin-resistant or -indeterminate 
S. aureus (VRSA or VISA) and Candida auris.27 Limiting CP to 
instances where there is clear evidence to support will ensure 
patient safety and limit the harms associated with CP.

WHAT YOU SHOULD DO INSTEAD
Horizontal prevention aims to reduce the burden of all micro-
organisms. This includes techniques such as hand hygiene, 
antimicrobial stewardship, CHG bathing, and environmental 
cleaning methods to decrease colonization of all MDROs in 
hospital rooms. Compared with vertical prevention strate-
gies that use active surveillance testing for colonization and 
CP, horizontal interventions are the most effective means to 
reduce transmission of MDROs.28 The simplest and the most 
well-studied method for reducing transmission of all organ-
isms in the hospital remains hand hygiene.29 High institutional 
hand hygiene rates of at least 90% are critical to the success of 
any initiative that seeks to eliminate CP.

CHG bathing has also been studied across multiple patient 
settings for reducing MRSA and VRE acquisition, catheter-as-
sociated urinary tract infections, and central line-associated 
bacterial infections.30 In addition, hospital-wide daily CHG 
bathing has been associated with decreased C. difficile infec-
tion, and the baths were well tolerated by patients.31

SHEA recently released recommendations for timing of 
discontinuation of CP for patients with MDROs and empha-
sized that hospital systems must take an individual approach 
to discontinuing CP that takes into account local prevalence, 
risk, and resources.32 The decision to not place a patient on CP 
is one side of this high-value coin. The other side is knowing 
when it is appropriate to discontinue CP.

RECOMMENDATION
•	 Discontinue the use of CP for MRSA and VRE in hospitals 

with low endemic rates and high hand hygiene compliance.
•	 Improve horizontal preventions by promoting hand hygiene, 

antimicrobial stewardship, and considering CHG bathing for 
all patients.

•	 Create a systematic approach to discontinuing CP and com-
pare transmission of MRSA and VRE rates through microbi-
ology surveillance before and after discontinuation.

CONCLUSION
Contact precautions for MRSA and VRE are another example 
of a “Thing We Do for No Reason”.  For most patients with 
MRSA and VRE, CP have not been shown to effectively reduce 
transmission. In addition, CP are expensive and associated 
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with increased rates of patient adverse events. Hospitalists can 
lead the effort to ensure optimal hand hygiene and work with 
local infection control teams to reevaluate the utility of CP for 
patients with MRSA and VRE.

Do you think this is a low-value practice? Is this truly a “Thing 
We Do for No Reason?” Share what you do in your practice 
and join in the conversation online by retweeting it on Twitter 
(#TWDFNR) and liking it on Facebook. We invite you to pro-
pose ideas for other “Things We Do for No Reason” topics by 
emailing TWDFNR@hospitalmedicine.org.
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A 69-year-old woman presented to the clinic with pain 
in the right great toe lasting several days. She was pre-

scribed colchicine and indomethacin empirically for gout. 
She took one tablet of colchicine (0.6 mg) every hour until 
her stools became loose after the eighth tablet. Her toe 
pain resolved, but two days later she developed bilateral 
lower extremity pruritus and paresthesia and presented to 
the emergency department (ED). On physical examination, 
no rash, weakness, or sensory deficits were observed, and 
she was able to ambulate without assistance. Her patellar 
reflexes were normal. The complete blood count was nota-
ble for an absolute lymphocyte count of 6,120/µL (normal: 
1,100-4,800), and the comprehensive metabolic panel was 
normal. Serum creatine kinase (CK) was 341 U/L (normal: 
24-170) and uric acid 7.7 mg/dL (normal: 2.4-6.4). Her lower 
extremity symptoms were attributed to colchicine, which 
was discontinued. She was prescribed diphenhydramine 
and discharged home. 

Monoarthritis of the hallux is the classic manifestation of gout, 
although other considerations include pseudogout, sesamoid-
itis, and trauma. The typical side effects of colchicine include 
diarrhea and myositis. Colchicine-induced muscle injury often 
results in a modest elevation of CK levels and is associated 
with myalgia. 

Paresthesia is defined as abnormal sensory symptoms that 
most commonly localize to the peripheral nerves or spinal 
cord. Acute neuropathies or myelopathies might result from 
vasculitis, heavy metal toxicity, vitamin deficiencies, and para-
neoplastic neurologic syndromes. The normal motor, sensory, 
and reflex examination, however, make these unlikely.

The neuro-anatomic localization of pruritus is poorly under-
stood but is proposed to include peripheral nerves, spinotha-

lamic tracts, and thalami. Acute pruritus (lasting <6 weeks) 
typically results from a primary dermatologic process such 
as a drug reaction, eczema, or xerosis. Less common causes 
include uremia, cholestasis, and thyroid disease. Pruritus can 
also be seen with malignancy, most commonly hematologic or 
paraneoplastic syndromes, or with connective tissue diseases. 
At this stage, it is unclear whether her pruritus and paresthesia 
are part of a unifying disease process.

Five days later she re-presented to the ED with nausea 
and emesis after eating at a restaurant. Her symptoms 

improved with intravenous fluids, and she was discharged. 
Four days later she returned with difficulty ambulating, bi-
lateral leg cramping, and continued pruritus and paresthe-
sia. The chemistry panel was normal except for a potassium 
level of 2.6 mmol/L and a bicarbonate level of 32 mmol/L. 
She was admitted to the hospital because of severe hypoka-
lemia and impaired ability to ambulate. Her potassium was 
replenished. Her CK was elevated (3,551 U/L on hospital 
day 7). She was given cyclobenzaprine, gabapentin, oxyco-
done, acetaminophen, and prednisone (40 mg); her cramp-
ing only mildly improved, and she remained unable to walk. 
On hospital day five she had visual hallucinations and confu-
sion, which did not resolve with administration of haloperi-
dol; a head CT was unremarkable. On hospital day eight the 
patient, with her family’s support, left the hospital and pre-
sented to a different ED for a second opinion. 

Difficulty ambulating often results from weakness, sensory im-
pairment, cerebellar ataxia, extrapyramidal dysfunction (eg, 
parkinsonism), and pain. In this patient, leg cramping suggests 
pain or true weakness due to a myopathic process as a con-
tributing factor. Symptoms of muscle disease include cramps, 
myalgia, and difficulty walking. Causes of elevated CK and 
myalgia include inflammatory myopathies, endocrinopathies, 
drugs, infections, and electrolyte abnormalities (eg, hypoka-
lemia). Her age and acuity of presentation decrease the like-
lihood of a metabolic myopathy due to a disorder of glyco-
gen storage, lipid metabolism, or mitochondrial function. Her 
hypokalemic metabolic alkalosis likely resulted from vomiting. 
Hypokalemic periodic paralysis is unlikely as exacerbations 
typically only last hours to days. As such, her difficulty ambu-
lating, muscle cramps, and elevated CK strongly support a 
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primary myopathic disorder, although additional information 
regarding the neurologic examination is still required. 

Acute changes in mental status without corresponding 
changes in cranial nerve, motor, or sensory function are com-
mon in the hospital setting and frequently relate to delirium, 
which is the most likely explanation for her confusion. Her age 
and exposure to muscle relaxants, opiates, and corticosteroids 
increase her risk considerably. Other possible explanations for 
isolated changes in mental status include nonconvulsive sei-
zures, central nervous system (CNS) infection, and strokes that 
involve the thalamus, nondominant parietal lobe, and reticular 
activating system. A shower of emboli resulting in small multi-
focal strokes can have the same effect.

She was re-evaluated by her new providers. Her only 
prior medical history was hypertension, which was 

treated at home with atenolol and amlodipine. She had emi-
grated from Nigeria to the US many years prior. She occa-
sionally consumed alcohol and never smoked tobacco or 
used illicit drugs. She was unsure if she had received a teta-
nus booster in the past 10 years.

On physical examination, her temperature was 36°C, blood 
pressure 149/70 mm Hg, pulse 56 beats per minute, respira-
tory rate 18 breaths per minute, and oxygen saturation 98% 
on ambient air. She was diaphoretic and appeared anxious, 
grabbing both bedrails out of fear of falling. Cardiovascular, 
pulmonary, abdominal, and skin examinations were normal. 
She was alert and oriented to her identity, her location, and 
the time. Cranial nerves II to XII were normal. Tone was nor-
mal in her upper extremities but markedly increased in her 
lower extremities and back. There were spontaneous and 
stimulus-induced painful spasms, predominantly involving 
her axial muscles and distal lower extremities. Muscle bulk 
was normal. Strength was normal in the upper extremities 
and could not be assessed in the lower extremities due to 
rigidity. Reflexes were 2+ and symmetric throughout with 
downgoing toes on Babinski testing. A sensory examination 
was normal. Gait could not be tested because of the severe 
muscle spasms. The patient was admitted to the hospital.

Localized muscle spasms may be caused by muscle overuse, 
but more generalized spasms are associated with systemic 
diseases such as electrolyte disturbances, toxidromes, teta-
nus, peripheral nerve hyperexcitability syndromes (including 
Isaacs syndrome and Morvan syndrome), or stiff person syn-
drome (SPS). Hypokalemia is unlikely the cause as its correc-
tion did not improve her symptoms. Although tetanus is rare 
in the United States, it remains endemic in the developing 
world and can cause focal as well as generalized stimulus-in-
duced spasms. The patient should be asked about potential 
exposure to Clostridium tetani infection, such as incurring a 
puncture wound. It is also important to consider neuroleptic 
malignant syndrome and serotonin syndrome, which can cause 
confusion, elevated CK, and increased muscle tone. Her confu-
sion, however, was transient and the elevated CK preceded the 
administration of haloperidol. 

SPS and progressive encephalomyelitis with rigidity and 
myoclonus (PERM) provide better explanations for her presen-
tation. Both diseases cause severe spasms, impaired ambula-
tion, and stiffness. They differ in their acuity of onset, accom-
panying symptoms, antibody associations, and responses to 
treatment. The rapid onset, paresthesia, and confusion seen 
in this patient are atypical of SPS. SPS usually presents with 
subacute-to-chronic stiffness or soreness of muscles in the 
back and lower extremities, followed by the upper extremities. 
Rigidity, stimulation-provoked spasms, hyperlordosis, and dif-
ficulty ambulating are typically later-stage findings. Her rapid 
escalation of symptoms is more consistent with PERM, which 
is often more acute and progressive than typical SPS; however, 
unlike this patient, PERM commonly causes widespread CNS 
dysfunction, including persistent encephalopathy, cranial neu-
ropathies, hyperreflexia, and autonomic instability. Both are 
rare diagnoses that can manifest as a paraneoplastic neuro-
logic syndrome.

Blood tests showed a leukocyte count of 17,350/µL, 
neutrophils 8,720/µL (normal: 1,500–7,800), lympho-

cytes 6,130/µL, hemoglobin 11.3 g/dL, and platelets 231,000/
µL. The basic metabolic panel was normal. Serum total pro-
tein was 6.7 g/dL with albumin 3.5 g/dL. Aspartate amino-
transferase (AST) was 94 U/L (normal: 0-31), alanine amino-
transferase (ALT) 56 U/L (normal: 0-31), alkaline phosphatase 
45 U/L, and total bilirubin 1.1 mg/dL. Vitamin B12 was 868 
pg/mL. Hemoglobin A1c and thyrotropin levels were normal. 
Creatine kinase was 3,757 U/L and lactate dehydrogenase 
(LDH) 435 U/L (normal: 122-220). The syphilis treponemal test 
and hepatitis B surface antigen were negative. HIV and hep-
atitis C antibodies were nonreactive. The anti-nuclear anti-
body screen was negative and complement C3 and C4 were 
normal. 

Neutrophilia likely reflects glucocorticoid-induced demargina-
tion, as opposed to an infectious process, given the temporal 
association with steroid administration. Persistent mild lym-
phocytosis is nonspecific but more likely to reflect a reactive 
rather than a clonal process. Elevated LDH and CK, as well as a 
greater increase of AST relative to ALT, suggest muscle injury, 
although mild concomitant hepatic injury cannot be excluded. 
Normal or negative serum studies for TSH, HIV, ANA, peripher-
al blood smear, and creatinine eliminate many of the systemic 
causes of her pruritus, but malignancy and associated parane-
oplastic etiologies remain considerations. 

The initial work-up for SPS includes electromyography (EMG) 
which would show spontaneous muscle activity. Her poorly lo-
calized sensory abnormalities, transient vestibular symptoms, 
and confusion warrant an MRI of the brain and spine to eval-
uate for inflammation (eg, encephalomyelitis), which could be 
consistent with PERM. 

An MRI of the brain and cervicothoracic spine without 
contrast was significantly limited by motion artifact but 

without obvious intracranial or cord signal abnormalities. 
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Electromyography demonstrated spontaneous muscle activi-
ty in both lower extremities with co-contraction of agonist 
and antagonist muscles (hamstrings and quadriceps as well 
as medial gastrocnemius and tibialis anterior). Sensory and 
motor nerve conductions were normal. Cerebral spinal fluid 
(CSF) contained six leukocytes (96% lymphocytes) and three 
red blood cells per microliter; glucose was 67 mg/dL and pro-
tein 24 mg/dL. There were two oligoclonal bands unique to 
the CSF. Cytology was negative for malignant cells. 

The EMG narrows the differential diagnosis considerably. 
Co-contraction of opposing flexor and extensor groups (with 
predominance of extensors) on EMG is a diagnostic criteri-
on for SPS and explains the myalgia and elevated CK. Her 
normal MRI studies effectively ruled out any focal lesion 
and did not show signs of encephalitis. Oligoclonal bands 
in the CSF are a sensitive marker of intrathecal inflamma-
tion, although not specific to one diagnosis. The mildly el-
evated cell count also supports CNS inflammation. In the 
setting of a lymphocytic pleocytosis and unique oligoclonal 
bands, it is important to consider infectious, neoplastic, au-
toimmune, and paraneoplastic causes of neuroinflammatory  
disorders. 

Serum analyses, including antiglutamic acid decarboxylase 
65 (GAD65) antibody and anti-amphiphysin antibody, should 
be ordered. The anti-GAD65 antibody is most commonly ele-
vated in the setting of autoimmune diabetes mellitus; the titer, 
however, is usually dramatically higher in SPS. The CSF titer of 
anti-GAD65 antibodies is more specific than the serum titer for 
SPS. Antibodies against amphiphysin are typically elevated in 
paraneoplastic SPS, and anti-glycine receptor antibodies are 
associated with PERM, which commonly does not have elevat-
ed anti-GAD65 antibodies. 

The serum GAD65 antibody level was greater than 
265,000 × 103 IU/µL (normal <5,000), and the CSF level 

was 11.2 nmol/L (normal: ≤0.02). Serum amphiphysin anti-
body testing was negative. 

Significantly elevated serum and CSF anti-GAD65 antibody 
levels are highly suggestive of SPS. Stiff person syndrome with 
rapidly progressive clinical symptoms raises the concern of a 
paraneoplastic neurologic syndrome. Although anti-amphiph-
ysin antibody – the antibody classically associated with breast 
cancer and SPS – was negative, anti-GAD65 antibody has been 
implicated in paraneoplastic SPS with thymoma, lymphoma, 
and thyroid carcinoma. Paraneoplastic neurologic syndrome 
can predate a detectable malignancy by several years. As SPS 
and lymphoma are associated with pruritus and lymphocyto-
sis, imaging is indicated to search for malignancy. Antiglycine 
receptor antibody, associated with PERM, is not routinely avail-
able commercially. 

Computed tomography of the chest, abdomen, and pel-
vis with intravenous contrast revealed a 3.9 × 8.0 × 7.0 

cm anterior mediastinal mass (Figure 1, Panel A). Biopsy of 
the mass demonstrated a thymoma. Given that the patient 
exhibited no further signs of CNS involvement, her initial 
transiently altered mental status was attributed to opioids 
and steroids. As she did not meet the clinical criteria for 
PERM, testing of antiglycine antibodies was not pursued. 

She received scheduled baclofen and diazepam with as 
needed cyclobenzaprine for continued muscle spasms. 
Over the next several days, her stiffness, spasms, and 
myoclonic jerks slowly improved, and she was able to at-
tempt physical therapy (Appendix Video 1; https://youtu.
be/d0gLpTgqaCs). She subsequently received intravenous 
immunoglobulin (IVIG) with further improvement. After five 
months of scheduled diazepam and baclofen, she was able 
to ambulate with minimal assistance (Appendix Video 2; 
https://youtu.be/I00i638u00o). Given the absence of safe 
tissue planes for resection, the patient received neoadju-
vant chemotherapy with four cycles of cyclophosphamide, 
doxorubicin, and cisplatin. Tumor size decreased to 1.7 × 
6.5 × 5.2 cm (Figure 1, Panel B), and she subsequently un-
derwent resection (Figure 2). Pathological analysis demon-
strated a type B1 thymoma. 

FIG 1. Chest CT with contrast showed a 3.9 × 8.0 × 7.0 cm anterior mediastinal mass (Panel A, asterixis), which shrunk to 1.7 × 6.5 × 5.2 cm after chemotherapy (Panel 
B, asterixis).
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COMMENTARY
SPS is a condition of muscle stiffness and spasticity. Diagnosis 
is difficult and often delayed due to its rarity, with an approxi-
mate prevalence of one to two cases per million people.1 SPS 
typically occurs in middle age, and women are diagnosed 
twice as often as men. Classic SPS is characterized by axial 
and limb muscle stiffness, episodic spasms precipitated by 
tactile or auditory stimuli, continuous motor unit activity in 
agonist and antagonist muscles on EMG, high-titer antibody 
to GAD65 or amphiphysin, and the absence of an alternate 
diagnosis.2 Variant syndromes have been described, includ-
ing a milder variant limited to the limbs, a severe variant with 
brainstem and spinal cord involvement, and a paraneoplastic 
variant.3 This patient’s clinical presentation, EMG findings, 
and extraordinarily high anti-GAD titers in the serum and CSF 
were diagnostic of SPS. 

The pathophysiology of SPS is associated with autoantibod-
ies targeting proteins such as GAD65, amphiphysin, gephyrin, 
and GABAA receptor-associated protein (GABARAP). These 
proteins are critical to gamma-aminobutyric acid (GABA) sig-
naling, the primary inhibitory neurotransmitter pathway in the 
CNS (Figure 3).4 The formation of GABA from glutamate is 
catalyzed by GAD65. Gamma-aminobutyric acid is loaded into 
secretory vesicles, and amphiphysin facilitates vesicle recycling 
from the synaptic space.5 In the postsynaptic neuron, GABA 
binds the GABAA receptor, leading to neuronal hyperpolariza-
tion and resistance to excitation. The GABAA receptor is clus-
tered on the plasma membrane through a scaffold formed by 
gephyrin. GABARAP facilitates this clustering, in part by linking 
GABAA receptors and gephyrin.6 Autoantibodies to these pro-
teins may be pathogenic; however, the direct effects on their 
targets are unclear. The end result is decreased GABAergic 
activity, leading to continuous activation of opposing muscle 
groups. The resulting stiffness is characteristic of this disorder. 
Colchicine is known to antagonize GABAA receptor signaling, 
and this may have brought the underlying diagnosis of SPS to 
clinical attention.7,8

Symptomatic treatment of SPS targets the GABAergic sys-
tem. Typically, high doses of scheduled benzodiazepines9 
and baclofen10 are necessary. When symptoms are not con-
trolled by GABAergic drugs, immunosuppression with corti-
costeroids and IVIG has been used, as have plasmapheresis 
and rituximab.11 The efficacy of the latter, however, was not 
supported by a randomized, placebo-controlled trial.12 This 
patient experienced significant improvement with benzodi-
azepines, baclofen, IVIG, and neoadjuvant chemotherapy 
prior to thymoma resection. The pruritus, paresthesia, and 
lymphocytosis also resolved with medical therapy. Interest-
ingly, GABA signaling suppresses itch, suggesting that loss of 
GABAA signaling may have contributed to the development 
of pruritus.

SPS occasionally occurs as a paraneoplastic neurologic 
syndrome. Breast cancer is the most commonly associated 
malignancy, although associations between thymomas and 
SPS13 with anti-GAD65 antibodies14 have also been described. 
The presentation of thymomas is variable, with approximately 
one-third discovered incidentally on imaging, one-third pro-
ducing symptoms of local compression, and one-third identi-
fied in the setting of another syndrome, most commonly my-
asthenia gravis. In addition to myasthenia gravis, thymomas 
have been associated with conditions such as hypogamma-
globulinemia, pure red cell aplasia, and agranulocytosis. Stiff 
person syndrome is a known, albeit infrequently associated, 
condition.15 

A critical step in arriving at the relevant differential diagnosis 
requires correctly framing the patient’s case.16 The treatment 
team’s initial frame was “a 69-year-old woman with weakness 
and elevated CK,” which prioritized causes of weakness and 
myositis. Stiff person syndrome does not cause weakness, but 
rather impaired movement from marked stiffness and spasms. 
The patient’s elevated CK was a result of continual muscle con-
tractions. The physical exam and lack of motor deficit on EMG 

FIG 2. Surgical resection revealed a 2.1 × 7.0 × 7.9 cm firm mass (short stitch 
denotes apex of the thymus; long stitch denotes the lateral aspect). 

FIG 3. The primary inhibitory neurotransmitter, gamma-aminobutyric acid 
(GABA), is produced from glutamate in a reaction catalyzed by glutamic acid 
decarboxylase (GAD). GABA is loaded into secretory vesicles for release into 
the synaptic space through fusion of the vesicles with the plasma membrane. 
Amphiphysin, gephyrin, GABAA receptor-associated protein (GABARAP), and 
glycine receptors are important to this signal transduction pathway.
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led the treatment team to reframe as “a 69-year-old woman 
with severe stiffness and spasms.” Egad! This correct frame 
was the key to diagnosis and confirmed by EMG and GAD65 
antibody testing.

KEY LEARNING POINTS
•	 Classic SPS is characterized by axial and limb muscle stiffness, 

episodic spasms precipitated by tactile or auditory stimuli, con-
tinuous motor unit activity in agonist and antagonist muscles 
on EMG, and high-titer antibody to GAD65 or amphiphysin.

•	 SPS typically occurs in middle age, and women are diag-
nosed twice as often as men.

•	 Symptomatic treatment of SPS targets the GABAergic sys-
tem. Typically, high doses of scheduled benzodiazepines 
and baclofen are necessary.

•	 SPS occasionally occurs as a paraneoplastic neurologic syn-
drome, most commonly in association with breast cancer.

Acknowledgments
The authors wish to thank Jason Kern, MD for his preparation and interpreta-
tion of the pathologic image; and the Jeremiah A. Barondess Fellowship in the 
Clinical Transaction of the New York Academy of Medicine, in collaboration 
with the Accreditation Council for Graduate Medical Education, for supporting 
Reza Manesh, MD.

Disclosures: The authors have nothing to disclose.

Appendix Video 1: This video was taken during a physical therapy session after 
1 week of scheduled benzodiazepine and 2 days of intravenous immunoglob-
ulin. It was difficult for the patient to stand without assistance due to severe 
stiffness. (https://youtu.be/d0gLpTgqaCs)

Appendix Video 2: This video was taken 5 months after scheduled diazepam 
and baclofen, and 1 week prior to thymectomy. (https://youtu.be/I00i638u00o)
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PERSPECTIVES IN HOSPITAL MEDICINE

The Complex Problem of Women Trainees in Academic Medicine

Bridget Keenan, MD, PhD1*; Lekshmi Santhosh, MD2; Vanessa Thompson, MD3; Elizabeth Harleman, MD3
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Despite media attention to gender inequality in mul-
tiple professions, medicine has only recently begun 
to identify disparities facing women in academic 
medicine, focusing primarily on women faculty rath-

er than trainees. Because of the unique and poorly understood 
juxtaposition of forces affecting their experience, focusing on 
women medical trainees may provide a representative frame-
work to understand the larger, complex problem of gender 
equity in medicine. Rather than being a complicated problem 
with component parts that can be separately addressed, gen-
der equity in medicine is a complex problem—one composed 
of a myriad of interrelated human and systemic factors. Such 
a complex problem demands innovative, open-minded, us-
er-centered interventions. Here, we outline some of the factors 
unique to women trainees, including lack of female role mod-
els in leadership, gender bias, sexual harassment, work-life 
imbalance, and few formal leadership training programs. We 
propose one potential strategy, leadership programs specif-
ically targeted to women residents and fellows. We recently 
implemented this strategy at our institution in the form of a 
day-long symposium of skill-building sessions for women resi-
dents and fellows.

Although women have achieved equal representation in sev-
eral medical training programs, there is still a dearth of women 
in high-profile leadership positions within academic medicine. 
Although women comprised 46% of United States medical 
school applicants and residents in 2015-2016, underrepresen-
tation persists at the level of associate professor (35% women), 
full professor (22%), department chair (14%), and dean (16%).1 

Many potential women leaders may not self-identify as such 
due to the limited exposure to women role models in posi-
tions of power and may in fact be ready for leadership roles 
earlier but not apply until later in their careers as compared 
with men.2,3 The lack of role models with a shared background 
is an even more severe problem for women of color and all of 
these factors contribute to the “leaky pipeline” phenomenon.4 
We aimed to address this mindset and help women see them-
selves as leaders by overcoming “second-generation gender 
bias” through our work.2

Due to the intense and inflexible nature of residency and 
fellowship training programs, many women choose to defer 
milestones such as childbearing.5 Women trainees are more 
likely than their male colleagues to avoid having a child during 
residency due to perceived threat to their career and negative 
perceptions of colleagues.5,6 Women who are in a domestic 
partnership often bear the brunt of the household work re-
gardless of the careers of the two partners, a phenomenon 
termed the “second shift.”7 This work-life imbalance has been 
shown to correlate with depressive symptoms in women inter-
nal medicine trainees.8

Recently, a trainee published on the experience of medical 
residents being asked whether they were ever called “nurse.” 
All the women in the room put up their hands; none of their 
male colleagues did.9 At issue is not the relative importance 
of the professions of medicine and nursing, but rather the 
gender stereotypes in medicine that lead to automatic cate-
gorization of women into one group. Although the majority 
of women residents likely have had personal experiences with 
bias and microaggressions, few are explicitly taught the tools 
to address these. Beyond microaggressions, women trainees 
are also subject to more sexual harassment than their male 
colleagues.10 In addition, women living at the intersections of 
race, ethnicity, and gender are faced with even higher rates 
of harassment.11 Reporting sexual assault and harassment can 
be particularly difficult as a trainee because of the risk of re-
taliation, fear of poor evaluations from superiors, and lack of 
confidence in the reporting process.10

Finally, women trainees often receive little training about 
the skills required for career advancement to achieve parity 
with their male colleagues. Women are less likely to negoti-
ate due to concerns about backlash or due to general lack of 
awareness about the importance of negotiation.12 Women are 
asked to volunteer for “nonpromotable” tasks more often than 
men by colleagues of both sexes, a barrier to women reaching 
their full career potential and a difficult workplace scenario to 
navigate.13 Unlike the fields of business, law, and technology, 
for example, women in medicine do not routinely have train-
ing courses that incorporate skills such as navigating difficult 
conversations, conflict resolution, curriculum vitae writing, and 
negotiation. Various solutions have been offered to address 
some of the barriers facing women in medicine (such as the As-
sociation of American Medical Colleges and Executive Lead-
ership in Academic Medicine leadership courses), but typically 
these focus on faculty rather than trainees. Given that women 
physicians practicing in the inpatient setting have been shown 
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to have better patient outcomes14 and organizations with fe-
male leadership outperform those led by men,15 equipping our 
women trainees to thrive in the clinical and leadership environ-
ments is an essential step in fulfilling our mission as high-qual-
ity training programs.

At our institution, we recognized the need for training in 
leadership skills for women medical trainees and designed a 
day-long symposium for internal medicine women residents 
and fellows. Before developing the curriculum, we conducted 
a needs assessment to ascertain which skills women wanted to 
develop; women overwhelmingly wanted to learn about public 
speaking skills, work-life integration, and mentoring. Based on 
these responses, a group spanning multiple levels of training 
(residency, fellowship, and faculty) designed a combination 
of large-group lectures and small-group workshops termed 
“Women in Leadership Development” (WILD). The day-long 
curriculum included sessions on public speaking skills, wom-
en as change agents, mentorship, conflict resolution, and ad-
dressing microaggressions and concluded with a networking 
event for women faculty and trainees (Table).

In total, 77 medicine residents and fellows voluntarily partici-
pated in the symposium in 2017 and 2018. The public speaking 
skills session received the highest reviews, with 98% of par-
ticipants reporting that they identified ways to change public 
speaking styles to project confidence. This session was facili-
tated by an outside consultant in public speaking, highlighting 
the benefit of seeking experts outside of academic medicine. 
Another novel session focused on responding to microaggres-
sions, defined as subtle and sometimes unintentional actions 
that express prejudice toward marginalized groups, in the 
clinical and academic environments. Microaggressions can un-
dermine the recipient’s confidence, feeling of belonging, and 
effectiveness at work.16 At our institution, trainees in graduate 
medical education report the largest single source of microag-
gressions as patients (greater than attendings, fellow trainees, 
or staff), with gender bias being responsible for the greatest 
number of microaggressions (Schaeffer, unpublished data). 
Navigating these situations to ensure good patient care and 
strong patient-provider relationships, while also establishing a 
climate of mutual respect, can be challenging for all women 
physicians, in particular for trainees who are just beginning to 
experience the clinical environment independently. Our session 
on microaggressions was purposefully led by a national expert 
in patient-provider communication and offered an opportunity 
for women trainees to reflect on their past experiences being 
the target of microaggressions, to name them as such, and then 
to brainstorm possible responses as a group. The result was a 
“toolkit” of resources for responding to microaggressions.17

Of the attendees of WILD 2017 and 2018, 91% strongly 
agreed that participation in the symposium was a useful ex-
perience. One attendee reflected that they “feel more em-
powered to discuss women-related issues in academics with 
peers, mentors, mentees” and another stated that as a re-
sult of WILD, they would “sponsor peers and mentors, speak 
out more about gender bias, seek out leadership positions.” 
Challenges for our symposium included obtaining protected 

curricular time from busy trainee schedules. Supportive lead-
ership at all levels was critical to our success; carving out ded-
icated curricular time will be essential for the sustainability of 
this leadership symposium. Our group has recently received 
funding to expand to a longitudinal course open to all women 
residents and fellows across graduate medical education.

Although the complex and unique problems facing women 
medical trainees are unlikely to be comprehensively addressed 
by a leadership course, we urge other institutions to adopt and 
expand on our model for teaching vital leadership skills. In ad-
dition to leadership skills, academic medical centers should 
adopt a multipronged approach to support their female train-
ees, including clear and confidential reporting practices of 
sexual harassment without fear of retaliation, training for all 
staff on harassment and bias, involvement of men as allies, and 
mentorship programs for women trainees. Further research is 
needed to better understand this complex problem, its impact 
on career outcomes, and a path to achieving gender equality 
in medicine.
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TABLE. WILD Symposium Agendaa

Topic Core Competency

Introduction to Issues Facing Women in Medicine Shaping Leadership Identity

Advocacy and Empowerment 

“Culture Box” Group Share Community Building

“Honing Your Voice as a Leader” Public Speaking Seminar Leadership Skills

Shaping Leadership Identity

Women as Change Agents in Academic Medicine Advocacy and Empowerment 

“Advocacy in Action” Brainstorming Session Advocacy and Empowerment 

Peer Networking Lunch Community Building

Addressing Microaggressions and Ally Skill Building Leadership Skills

Building your Mentorship Team Mentoring and Sponsorship

Navigating Difficult Conversations and Conflict Leadership Skills

Mentor/Mentee Relationships Panel Mentoring and Sponsorship

Networking with Faculty Reception Community Building

Mentoring and Sponsorship

aSessions for the WILD Symposium are listed under “Topic.” The corresponding core compe-
tencies that each “Topic” item fulfills are listed under “Core Competency.”
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LEADERSHIP & PROFESSIONAL DEVELOPMENT

The socio-adaptive (or “nontechnical”) aspects of healthcare including leadership, followership, mentorship, culture,  
teamwork, and communication are not formally taught in medical training. Yet, they are critical to our daily lives as hospitalists. 

The LPD series features brief “pearls of wisdom” that highlight these important lessons.

Leadership & Professional Development: Know Your TLR

Sanjay Saint, MD, MPH1,2; Vineet Chopra MD, MSc2,1*

1VA Ann Arbor Healthcare System, Ann Arbor, Michigan;  2Division of Hospital Medicine, University of Michigan Health System, Ann Arbor, Michigan.

“Better to remain silent and be thought a fool than to speak 
and remove all doubt..”

—Abraham Lincoln

Have you ever been in a meeting with a supervisor 
wondering when you will get a chance to speak? Or 
have you walked away from an interview not knowing 
much about the candidate because you were talking 

all the time? If so, it might be time to consider your TLR: Talking 
to Listening Ratio.  The TLR is a leadership pearl of great value. 
By keeping track of how much you talk versus how much you 
listen, you learn how and when to keep quiet.

As Mark Goulston wrote, “There are three stages of speak-
ing to other people. In the first stage, you are on task, relevant 
and concise . . . the second stage (is) when it feels so good to 
talk, you don’t even notice the other person is not listening. 
The third stage occurs after you have lost track of what you 
were saying and begin to realize you might need to reel the 
other person back in.” Rather than finding a way to re-engage 
the other person by giving them a chance to talk while you 
listen, “. . . the usual impulse is to talk even more in an effort to 
regain their interest.”1 

When you are talking, you are not listening—and when you 
are not listening, you are not learning. Executives who do all 
the talking at meetings do not have the opportunity to hear 
the ideas of others. Poor listening can make it appear as if you 
don’t care what others think. Worse, being a hypocompetent 
listener can turn you into an ineffective leader—one who does 
not have the trust or respect of others. 

The TLR is highly relevant for hospitalists: physicians and 
nurses who do all the talking are not noticing what patients or 
families want to say or what potentially mistaken conclusions 

they are drawing. Similarly, quality improvement and patient 
safety champions who do all the talking are not discovering 
what frontline clinicians think about an initiative or what barri-
ers need to be overcome for success. They are also not hear-
ing novel approaches to the problem or different priorities that 
should be addressed instead.

Your goal: ensure that your TLR is less than 1. How? Make it 
a habit to reflect on your TLR after an encounter with a patient, 
colleague, or supervisor and ask yourself, “Did I listen well?” In 
addition to its value in monitoring your own talkativeness, use 
the TLR to measure others. For example, when interviewing 
a new hire, apply TLR to discover how much patience would 
be required to work with a candidate. We once interviewed 
a physician whose TLR was north of 20 . . . we passed on hir-
ing them. The TLR is also helpful for managing meetings. If 
you find yourself in one with an over-talker (TLR >5), point to 
the agenda and redirect the discussion. If it’s a direct report 
or colleague that’s doing all the talking, remind them that you 
have another meeting in 30 minutes, so they will need to move 
things along. Better yet: share the TLR pearl with them so that 
they can reflect on their performance. If you’re dealing with 
an under-talker (eg, TLR<0.5), encourage them to voice their 
opinion. Who knows—you might learn a thing or two.

The most surprising aspect to us about TLR is how oblivious 
people tend to be about it. High TLR’ers have little idea about 
the effect they have on people while those with an extremely 
low TLR (less than 0.2) wonder why they didn’t get picked for 
a project or promotion. Aim for a TLR between 0.5 and 0.7. 
Doing so will make you a better leader and follower.
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Treatment of Inpatient Asymptomatic Hypertension:  
Not a Call to Act but to Think
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Your pager beeps. Your patient, Mrs. Jones, who was 
admitted with cellulitis and is improving, now has a 
blood pressure of 188/103 on routine vitals. Her nurse 
reports that she is comfortable and asymptomatic, 

but she met the “call parameters.” You review her chart and 
find that since admission her systolic blood pressure (SBP) 
has ranged from 149 to 157 mm Hg and her diastolic blood 
pressure (DBP) from 84 to 96 mm Hg. Her nurse asks how you 
would like to treat her.

While over half of inpatients have at least one hypertensive 
episode during their stay, evidence suggests that nearly all such 
episodes—estimates are between 98% and 99%1,2—should 
be treated over several days with oral antihypertensives, not 
acutely with intravenous medications.3-6 Current guidelines 
recommend that intravenous medications should be reserved 
for severe hypertensive episodes (SBP > 180, DBP > 120) with 
acute end-organ damage,7,8 but such “hypertensive emergen-
cies” are rare on the general medicine wards. Still, hospitalists 
regularly face the dilemma posed by Mrs. Jones, and evidence 
shows they often prescribe intravenous antihypertensives.1,4,5 
This unnecessary use can lead to unreliable drops in blood 
pressure and exposes our patients to potential harm.5,6

In this issue of the Journal of Hospital Medicine, two papers 
describe the frequency of inappropriate intravenous antihy-
pertensive use in their hospitals and the subsequent quality 
improvement efforts implemented to reduce this practice. The 
first, by Jacobs et al., found that over a 10-month period, 11% 
of patients who experienced “asymptomatic hypertension” on 
an urban academic hospital medicine service were treated in-
appropriately with intravenous antihypertensives,9 with 14% of 
those experiencing an adverse event. The second paper, by 
Pasik et al., found that in their urban academic medical center 
there were 8.3 inappropriate intravenous antihypertensive or-
ders placed per 1,000 patient days,10 with nearly half of those 
treated experiencing an adverse event. Based on these find-
ings, each group then led interventions to reduce the use of 
intravenous antihypertensives.

While both groups engaged physicians and nurses as prima-
ry stakeholders, Pasik et al.10 worked to further expand nursing 
staff roles by empowering them to assess for underlying caus-
es of hypertension, such as pain or anxiety, as well as end-or-
gan damage via specific guided algorithms prior to contacting 
physicians. In doing so, they reduced intravenous antihyper-
tensive use by 60% during the postintervention period, with a 
proportional reduction in adverse events. In addition to their 
educational initiative, Jacobs et al. aimed to limit calls by lib-
eralizing the “ceiling” on standard nursing call parameters for 
blood pressure from 160/80 to 180/90. Following their inter-
vention, intravenous antihypertensive orders were reduced by 
40%, with the mean orders per patient with asymptomatic hy-
pertension decreasing from 11% to 7% .

While these results are admirable, some caution in their inter-
pretation is needed. For example, Jacobs et al. used electronic 
health record data to retrospectively identify hypertension as 
“symptomatic” or “asymptomatic” using laboratory, electro-
cardiogram, and imaging diagnostics as surrogate markers 
for “provider concern for end-organ damage.” Although it 
appropriately focused on concern for end-organ damage as 
justification for intravenous antihypertensives, this approach 
potentially underappreciated true hypertensive emergencies, 
thereby overestimating the amount of inappropriate use of 
intravenous antihypertensives. Pasik et al. utilized chart re-
view of patients prescribed intravenous antihypertensives and 
therefore did not explore how often symptomatic hypertension 
occurred in patients who did not receive intravenous antihy-
pertensives. Subsequently, this limited their ability to evaluate 
unintended harms of their initiative. To address this limitation, 
the authors followed a group of 111 patients who had elevated 
hypertension but did not receive intravenous antihypertensives 
and found no adverse outcomes.10 Because both studies were 
retrospective in nature, they were subject to biases from pro-
viders choosing intravenous antihypertensives for reasons that 
were neither captured by their datasets nor adjusted for. Ad-
ditionally, neither study reported downstream impacts such as 
an increase in symptomatic hypertensive episodes or more rare 
events such as kidney injury, stroke, or myocardial infarction.

Given that guidelines discourage using intravenous antihy-
pertensives, why were the efforts of Jacobs et al.9 and Pasik et 
al.10 needed in the first place? In a recent installment of Choos-
ing Wisely: Things We Do For No Reason, Breu et al.11 cite two 
primary reasons: first, providers have unfounded fears that as-
ymptomatic hypertension will quickly progress to cause organ 
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damage; second, providers lack understanding of the poten-
tial harms from overtreatment. It is fitting, therefore, that both 
groups of authors focused on these topics in their education 
initiatives for physicians and nurses. Yet, as good quality im-
provement requires steps beyond education, it was promising 
to see that both authors additionally focused on intervening to 
change the systems and culture that existed around physician 
and nursing communication.

In the age of electronic health records, there has been a 
sustained focus on creating standardized order sets. While 
the value of these order sets has been widely demonstrated, 
there are downsides. For example, nursing call parameters in 
admission order sets are rarely patient-specific but account 
for a significant portion of nursing and physician communica-
tion. These one-size-fits-all orders limit nurses from using their 
clinical training and create unnecessary tensions as nurses are 
obligated to call covering hospitalists to address “abnormal” 
but clinically insignificant findings. Regular monitoring of vital 
signs is an integral part of caring for acutely ill inpatients but for 
most inpatients, the importance of vitals is to detect clinically 
meaningful changes, not to treat risk factors like hypertension 
that should be treated safely over the long term.

When inpatients become febrile, tachycardic, or hypoxic, 
hospitalists use critical thinking to diagnose the underlying 
causes. Unfortunately, high blood pressure is a vital sign that 
is treated differently. Many hospitalists see it as a number to 
fix, not a potential sign of a new underlying problem such as 
uncontrolled pain, anxiety, or medication side effects.8 Both 
groups of authors took the important first step of educating 
physicians to think critically when called about high blood pres-
sure. Even more importantly, they took steps to change the sys-
tem and culture in which providers make these decisions in the 
first place. Future work in this area would be wise to follow in 
these footsteps, by encouraging collaboration between hospi-
talist and nurses to create more logical and patient-specific call 
parameters that could potentially improve nursing-physician 
communication, and subsequently, patient care.

Changing the culture to limit the use of intravenous antihy-
pertensives will not be easy, but it is necessary. We encourage 
readers to investigate intravenous antihypertensives in their 
own hospitals and consider how better communication be-
tween nurses and physicians could change their practice. Recall-
ing Mrs. Jones above, the provider should engage her nurse to 

help confirm that her hypertension is “asymptomatic” and then 
consider underlying causes such as pain, anxiety, or withholding 
her home medications as reasons for her elevated blood pres-
sure. After all, if nothing else, it seems clear that a call about 
inpatient hypertension is not a call to act, but to think.
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In 2015, the Centers for Medicare and Medicaid Services 
(CMS) tied 42% of Medicare payments to a value-based 
model of care.1 Many of these models are designed to ex-
pand the scope of hospitals’ accountability to include care 

provided to patients postdischarge (eg, readmission pen-
alties, bundled payments, accountable care organizations). 
With such a significant change in organizational incentives, 
one would expect to see activity as it relates to hospital-skilled 
nursing facility (SNF) integration, potentially including shared 
risk among providers.2,3

Hospitals can choose from several different strategies when 
contemplating SNF integration, such as vertical integration 
with SNFs, which would involve acquiring and owning SNFs. 
However, despite the high level of incentive alignment and 
financial integration achieved through SNF acquisition, this 
strategy has not been widely adopted. Perhaps this is because 
hospitals can often attain a shorter length of stay and lower re-
admission rates without taking on the additional risk of owning 
a facility, except under particular market conditions.4 Hospitals 
can alternatively pursue virtual integration by developing pre-
ferred provider networks through contractual relationships or 
other formal processes, attempting to direct patients to SNF 
providers that have met predefined criteria, as described by 
Conway and colleagues in this issue of the Journal of Hospital 
Medicine®.5 While hospitals have adopted this form of integra-
tion more widely than vertical integration, only those with addi-
tional financial motivations, such as those employing bundled 
payments, engaged in accountable care organizations (ACOs) 
or forward-thinking organizations preparing for looming glob-
al models of payment, have implemented such action. Finally, 
hospitals can focus on relational coordination through infor-
mal person-to-person communication and transition manage-
ment. Given the high number of patients discharged to SNFs, 
the strategies above are not mutually exclusive, and enhanced 
relational coordination is most likely going to occur regardless 
of the type of—and perhaps even without—organizational-lev-
el integration.

For those hospitals choosing not to pursue integration 

with SNFs, there are several reasons to maintain the status 
quo. First, hospitals have different interpretations of provider 
choice (“beneficiary freedom to choose”), whereby many do 
not believe they can provide information to patients outside 
of facility names and addresses. As such, they will refrain from 
developing a SNF network due to their interpretation of hazy 
federal rules.6 Second, it is possible that the incremental bene-
fit of establishing a network is viewed by many hospitals as not 
worth the cost, measured by the time and effort required and 
the potential risk of not adhering to choice requirements. This 
could be especially true for hospitals without additional finan-
cial motivations, such as participation in an ACO or bundled 
payment program.

As the landscape continues to evolve, more successful sys-
tems will embrace a more concordant partnership with local 
and regional SNF providers, and several market factors will 
support the trend. First, the Medicare Payment Advisory Com-
mission (MedPAC) is discussing the idea of choice in the con-
text of postacute discharge, potentially leading to hospitals 
relaxing their strict interpretations of choice and the level of 
information provided to patients.7 Second, the evidence sup-
ports better patient outcomes when hospitals develop SNF 
networks.8,9 Finally, continued penetration of value-based pay-
ment models combined with CMS decisions regarding choice 
will continue to provide the additional motivation hospitals 
may need to change the cost-benefit calculation in favor of 
developing a network.

IMPLICATIONS FOR HOSPITALISTS
Traditionally, primary care physicians followed their patients 
through the acute- and postacute care continuum, but a vari-
ety of changes led to the growth of hospital medicine as fewer 
primary care physicians saw patients in the hospital.10,11 This 
shift has challenged efforts to ensure continuity of care across 
settings, especially since most hospitalists have ceded control 
of postdischarge placement to case managers and therapists. 
Further, there has been little incentive to connect hospitalists 
to any other component or provider along the range of care, 
and compensation models rarely, if at all, consider any ac-
countability for patient outcomes outside the hospital. Several 
factors can change this reality for hospitalists.

First, as more providers adopt team-based care approach-
es and as alternative payment models expand the scope of 
accountability, hospitalists will become an even more central 
component of the risk evaluation process for hospitalized pa-
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tients as it relates to their discharge profile. This could mean 
that hospitalists are more involved in the postdischarge fol-
low-up of patients sent home, to make sure patients adhere 
to discharge instructions. Alternatively, hospitalists may need 
to increase the level of physician-to-physician communication 
with SNF medical directors for patients discharged to SNF. 
This, in turn, could result in an increasing number of hospital-
ist groups recruiting SNFists to join their group or potentially 
assigning existing hospitalists or physician assistants to round 
on patients in the SNF. The 2018 Society of Hospital Medicine 
report showed an increase in activity among hospital medicine 
groups performing services in postacute-care facilities outside 
the hospital from 13% in 2016 to 25% in 2018.12 Similarly, a 2017 
study in JAMA Internal Medicine reported a 48.2% increase 
in the number of physicians classified as SNFists from 2007  
to 2014.13

Second, hospitalists will be more involved in the discharge 
planning process through internal interdisciplinary team com-
munications. Whereas case managers and therapists owned 
the discharge planning process historically, new teams will 
include hospitalists, case managers, physical therapists, and 
pharmacists. System leaders will task them with identifying 
the appropriate discharge destination (eg, SNF, home health), 
finalizing the medication reconciliation, scheduling follow-up 
appointments, and completing a warm handoff.

Finally, as the field matures and hospitalists learn more 
about postacute-care connections, they will continue to be 
held more accountable for patient outcomes postdischarge. 
Many hospitalists have already connected to community pro-
viders through checklists and use evidence-based discharge 
programs like ProjectRed or Project BOOST.14,15 Organizations 
will need a similar strategy for SNFs, developing process mea-
sures, with the input of hospitalists, around those noteworthy 
areas that hospitalists can control. This will require greater 
alignment among constituents around overall organizational 
goals and, more importantly, entail the hospitalist to be at-
tuned to overall patient goals beyond the care provided in the 
hospital setting.

As payment and care models continue to evolve, the status 
quo cannot be sustained. We anticipate that hospitalists will 
become more integrated into the patient discharge process, 
especially as it relates to discharge to SNFs before patients 
reconnect to their community physicians. Hospital systems will 
accelerate integration through the development of preferred 
SNF networks, and hospitalists stand to play a critical role in 
the success of these arrangements by enriching the benefits 
they create through these outward relationships.

For organizations engaged in embedded networks, they can 
realize gains via incentive alignment, trust, information transfer, 

mutual support, and coordination through virtual integration, 
without requiring vertical ownership.3,16 Thus, the opportunity 
exists for hospitalists to be critical drivers of network success, 
serving as intermediaries from which information, collabo-
ration, and shared problem-solving flow between hospitals, 
SNFs, patients, and the entire care team. Opportunities to 
rebuild our system are long past; however, like all changing 
sectors in healthcare, the disaggregate acute and postacute 
settings must move in lockstep. Hospitals and postacute care 
facilities must find ways to alter their thinking to eradicate the 
obstructive and injurious invisible wall.
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Contact precautions (CP), the use of gowns and gloves 
as personal protective equipment when caring for 
patients who are colonized or infected with one or 
more multidrug-resistant organisms (MDROs), is an 

important infection prevention intervention utilized to prevent 
pathogens from being transmitted among patients in health-
care settings. Recently, certain healthcare facilities have taken 
steps to limit the use of CP for patients colonized or infect-
ed with MDROs that are considered to be endemic, namely 
methicillin-resistant Staphylococcus aureus (MRSA) and vanco-
mycin-resistant Enterococci (VRE). In this issue of the Journal 
of Hospital Medicine, authors Young et al. argue that CP for 
MRSA and VRE is an intervention that should be eliminated as 
part of the Choosing Wisely® campaign because it is a “thing 
we do for no reason.”1 We respectfully disagree with this char-
acterization of CP for MRSA and VRE, and we assert instead 
that CP are a necessary practice that should be continued.

Young et al. refer to published studies and a recent me-
ta-analysis that did not conclusively show a benefit of CP for 
MRSA and VRE.2 The quasi-experimental studies cited have 
major methodological flaws that limit their ability to demon-
strate the effect of CP. Most importantly, these studies fail to 
account for the fact that among patients who develop an infec-
tion following hospital-acquired MRSA colonization, approxi-
mately 70% of the infections are identified after discharge.3 
When such studies do not restrict their outcome measure to 
include only those infections occurring among patients with 
hospital-acquired colonization, and do not take steps to ac-
curately identify postdischarge infections that occur in such 
patients, their results are biased toward the null and difficult to 
interpret. Due to several serious challenges to study feasibility, 
including the need for an extremely large sample size, a very 
long period of follow-up, and the need to control for a vari-
ety of other concurrent infection prevention measures, there 
may never be a study that conclusively proves that CP, apart 
from other infection prevention interventions, has a significant 
impact. However, despite these limitations, one of the recent 
multicenter randomized controlled trials, cited by the authors 

as evidence against the use of CP, was able to demonstrate 
a significant reduction in MRSA transmission using universal 
gowns and gloves for all intensive care unit patients, even in 
sites that utilized other effective strategies, including chlorhex-
idine bathing.4,5

In this issue of the Journal of Hospital Medicine®, Young et 
al. acknowledge that CP are generally utilized as part of a com-
prehensive package of infection prevention approaches that 
also includes hand hygiene, environmental cleaning, antimicro-
bial stewardship, and evidence-based interventions to prevent 
device- and procedure-related infections. This multifaceted 
approach makes it more difficult to determine the attributable 
effect of CP alone. However, there is a strong rationale for us-
ing CP to prevent transmission, and there are numerous exam-
ples where the use of bundled approaches that include CP was 
associated with success. In the Netherlands, CP were part of 
an aggressive “search and destroy” approach to MRSA asso-
ciated with almost total elimination of MRSA from hospitals in 
that country. The United Kingdom achieved an 80% decrease 
in MRSA bacteremia following a series of aggressive interven-
tion policies designed to prevent MRSA transmission, includ-
ing use of screening and CP.6 In the United States, the Veterans 
Affairs system utilizes this type of approach and reported a 
62% decrease in MRSA rates. Subsequent analysis showed that 
the downward trend of hospital-onset MRSA infections was 
observed only among patients who were not carrying MRSA 
at the time of admission, suggesting that preventing trans-
mission was an important contributor to the overall trends.7,8 
More broadly, healthcare-associated MRSA rates in the United 
States have decreased dramatically over the past decade,9,10 a 
period during which more than 81% of hospitals reported us-
ing CP for patients colonized or infected with MRSA as part of 
the bundle of infection prevention approaches.11 Given these 
decreases, and the potential role that CP played in achieving 
these results, we, along with others,12 urge caution about the 
dangers of abandoning CP prematurely and without data to 
indicate that it is safe to stop.

Although some studies report adverse events associated 
with CP, including a reduced number of visits from healthcare 
personnel and increased anxiety and depression, these stud-
ies rarely control for important confounding variables such as 
the severity of illness or the presence of anxiety and depres-
sion at the time of hospital admission.13-15 The highest-qual-
ity evidence in studies that control for severity of illness and 
the presence of depression at the time of admission suggests 
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that CP are not associated with an increased incidence of  
adverse events.16,17 

Interestingly, Young et al. acknowledge that CP are import-
ant and should be continued for patients infected or colo-
nized with certain MDROs, including carbapenem-resistant 
Enterobacteriaceae, multidrug-resistant Pseudomonas aeru-
ginosa, and Candida auris. They even suggest continuing 
CP for patients with certain types of antimicrobial-resistant 
Staphylococcus aureus isolates that are resistant or interme-
diate to vancomycin (Vancomycin-resistant Staphylococcus 
aureus [VRSA] or Vancomycin-intermediate Staphylococcus 
aureus [VISA]) and for which transmission has rarely been 
documented in the United States. It is unclear why they be-
lieve that CP are indicated and useful to prevent transmis-
sion of these multidrug-resistant pathogens while advocating 
that CP are not useful or indicated to prevent transmission of 
MRSA and VRE. One must consider whether it makes sense 
to use such a selective approach to using CP for patients with 
some, but not all, MDROs. 

The authors state that CP should be employed to help inter-
rupt outbreaks and for patients with high-risk situations such 
as open wounds, uncontained secretions, or incontinent diar-
rhea. We agree that there is appeal to a risk-based approach in 
which CP are applied based on the likelihood that an individual 
patient may be carrying and shedding an MDRO. However, to 
our knowledge, there are no validated algorithms available for 
this purpose, and it appears likely that using such algorithms 
would result in an increase in the proportion of patients cared 
for using CP, rather than a decrease.

The use of CP when caring for patients colonized or infected 
with an MDRO is considered to be a standard of care. Based on 
experimental, clinical, and epidemiologic studies and a strong 
theoretical rationale, the use of CP is currently recommended 
by the United States Centers for Disease Control and Preven-
tion (CDC), the Healthcare Infection Control Practices Advisory 
Committee (HICPAC),18 the Society for Healthcare Epidemiol-
ogy of America (SHEA),19 and the Infectious Diseases Society 
of America.20 Many healthcare facilities continue to employ 
CP for patients with a wide array of MDROs, including MRSA 
and VRE, and many infection prevention experts continue to 
support and utilize this approach. In response to the growing 
movement to discontinue CP, the CDC recently reaffirmed its 
support and recommendation for the use of CP when caring 
for patients colonized or infected with MRSA.21

In summary, a bundled, multifaceted approach to infection 
prevention and transmission of MDROs is extremely import-
ant, and we caution against stopping CP for MRSA and VRE 
before data are available on the potential harm of that ap-
proach. Study limitations make it difficult to demonstrate the 
individual contribution of CP, but CP are an important compo-
nent of a comprehensive infection prevention MDRO bundle 
that has successfully reduced healthcare-associated MRSA. 
Well-designed studies that control for confounders such as the 
severity of illness at the time of admission suggest that CP are 
not associated with an increased incidence of adverse events. 
Currently available data do not support a selective approach 

to utilizing CP for some MDROs while not using CP for others. 
Current guidelines call for the use of CP for preventing MDRO 
transmission, including MRSA and VRE. Healthcare facilities 
need to focus on how to implement CP in a patient-centered 
manner, rather than abandoning CP for some MDROs.
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