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Improving Care Management for Patients with 
Chronic Disease in a Transitional Care Setting Using 

Digital Health and Artificial Intelligence
Patrik Bachtiger(1), Patrick Reidy(2), Elaine Goodman(2), Trishan Panch(2)

1. Masters Candidate, Harvard T.H. Chan School of Public Health, Boston, Massachusetts
2. Wellframe Inc., Boston, Massachusetts

Summary

Digital health technologies can enhance the provision of care management. We describe 
the implementation of a digital health solution (a smartphone app, clinician dashboard, and 
adaptive care programs) for transitional care management in a commercially insured popu-
lation across one state. The population who used the digital health solution had a similar 
demographic, chronic disease, and cost profile to the general care management population. 
Messages sent on the app between patients and care managers offered timely insights into 
prevalent care management priorities. Furthermore, the data generated can be leveraged 
using AI technologies to create new and clinically useful information.

Key Points

• Digital health platforms are a valuable tool in care management, even for complex 
patients in the transitional care setting

• The patients who use these technologies are representative of the general care manage-
ment population

• Previously unattainable improvements in efficiency, clinical outcomes, and patient 
satisfaction are made possible by digital health

• Digital health enables the collection of the large, rich datasets required to take advan-
tage of artificial intelligence

INTRODUCTION

The Agency for Healthcare Research and Quality 
(AHRQ) sets benchmarks for care managers when 
dealing with patients discharged from a hospital or 
health care facility. Care managers have a broad spec-
trum of responsibilities, including patient engagement, 
patient education, and care coordination. Care manag-
ers report that it is becoming increasingly difficult to 
reach their patients through traditional means of com-
munication i.e. telephone call, which is of particular 
concern for the transitional care population given their 
high risk of complications and readmission. Digital 
health therefore represents an opportunity for care 
managers to reach more patients in the postdischarge 
setting, while facilitating good value care—namely by 

reducing costs and improving outcomes.1 And, in fact, 
the US Food and Drug Administration has recognized 
the addition of digital health to the repertoire of effec-
tive health care interventions and has encouraged the 
development and integration of these technologies.2 

While there is sometimes a perception that only 
young, healthy patients will engage with digital health, 
several published articles already exist that use cases 
in complex, high risk populations. Community mental 
health support programs are able to leverage digital 
tools to assess a patient’s transition to community 
living frequently, efficiently, and at low cost.1 Mental 
health in general has seen an explosion of commer-
cially available digital health applications covering the 
spectrum of disease type and severity.2 Participation in 
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cardiac rehabilitation has been improved through use 
of a digital tool, and digital tools have also been suc-
cessful in engaging seniors, despite common concerns 
being raised about the acceptability of digital health 
in this population.3 The advantages have also been 
highlighted in combating highly prevalent and costly 
diseases such as diabetes and obesity.4

While it is sometimes appropriate and unavoidable 
to resort to rehospitalization, conservative estimates 
suggest that up to 20% of readmissions experienced 
by chronically ill adults are theoretically preventable.5 
Preventing readmissions requires both clinical input 
from care managers and sustained patient action to 
adhere to a recommended care plan. Digital health 
solutions can amplify the work of care managers dur-
ing the post discharge period by not only presenting a 
care plan to a patient in smaller, more easily digestible 
components to promote adherence but also by extend-
ing a therapeutic relationship into a patient’s home.6 

We describe the characteristics of a commercially 
insured, midwestern population receiving transitional 
care management that integrates a digital health solu-
tion from a statewide health insurer. A similar popula-
tion receiving telephonic (phone call) transitional care 
management is used for comparison. In total, 2255 
patients completed transitional care programs over 
two years. The solution consisted of a mobile-enabled 
care management platform based around an app that 
includes a customized, interactive, daily health check-
list displayed to patients on their smartphone or tablet. 
Responses and interactions from users are collected 
as actionable day-to-day health information. The app 
serves to provide a sustained and supportive portal of 
communication between patients and their care teams. 
The app offers a concierge service to help patients 
get their benefits questions answered, navigate the 
health care system, and pursue their health goals—all 
through a single, direct channel of communication. 
The rules of the app can be configured to generate 
insights from communications received from patients, 
which are actionable into impactful decisions for 
clinical care. For example, a survey response confirm-
ing active smoking status is an insight that triggers 
a decision support tool to offer a smoking cessation 
discussion. Furthermore, we discuss how the variety 
of data obtained through this platform allows the use 
of artificial intelligence to generate clinically useful 
information.

DESCRIPTION AND FINDINGS FROM A
TRANSITIONAL CARE POPULATION
IMPACTED BY DIGITAL HEALTH

The distribution of age and gender of the postdis-
charge population receiving the digital health interven-
tion as part of their transitional care management is 
described in figure 1. Levels of education and house-
hold income (figures 2-3) in the population receiving 
the digital health application are comparable to that 
of the postdischarge population receiving telephonic 
care transitional management. Common baseline 
comorbidities e.g. essential hypertension, met-

Figure 1. Distribution of age (years) and gender (male/
female) of members. M:F 42:58, median age 54 years. 

Figure 2. Comparison of average household 
incomes between members enrolled into digital 
transitional care management (‘postdischarge 

mobile’) versus patients who received telephonic 
care management (‘postdischarge telephonic’). 
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abolic disorders, osteoarthritis were similar to disease 
profiles one might expect in the general population. 
Over the two years, 33% of patients engaged daily 
with the app, accruing a total of 25 295 messages sent 
by care managers and 14 207 messages sent by us-
ers. Care managers would send out a median of 10 
messages per patient. Patients sent a median of six 
messages to care managers. In comparison, traditional 
telephonic care management saw patients answer calls 
between one to five times over a 12 month period and 
engage with care managers an average of two times 
in the first month of discharge.7 As a result of the 
increased efficiency of the digital care management 
solution, care managers were able to increase their 
panel size by 600% during the intervention period. 

COST SAVING FROM DIGITAL
HEALTH INTERVENTION

Over three months of analysis, the difference in mean 
cost between the digital health group and a matched 
control group was $1500 per member per month (fig-
ure 4). The control group was matched with a propen-
sity score calculated from age, gender, risk score, and 
baseline inpatient cost.8

INSIGHTS FROM APP USE

Patients receiving transitional care management that 
integrated the digital health tool participated in vali-
dated patient-reported outcome measures and other 
validated health surveys through the mobile app, serv-
ing to provide insight into opportunities for improving 
care. Responses triggered 1457 such “insights” for 
these patients. For example, as described in table 1, a 
survey response confirming status as a current smoker 
would be considered an insight that should trigger 
an intervention, in this case a discussion of smoking 
cessation. A variety of patient feedback creates diverse 
insights that can trigger responses including direct 
prompts to care managers that help customize each 
user’s care to their needs. Across the population, the 
most frequent terms used in messages sent by patients 
can be extracted (figure 5). This elucidates the most 
common types of queries and concerns e.g. “pain” 
and “work” were commonly used terms, and know-

Figure 3. Comparison of educational attainment between members enrolled into digital transitional care management 
(‘postdischarge’) versus patients who received telephonic care management (‘postdischarge telephonic’). 

Figure 4. Difference over 3 months between spend-per-
month-per-member (SPMPM) between care management 
group receiving digital health tool versus propensity-score 

matched care management control group.
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ing this information allows care managers to respond 
by having support around these issues built into the 
app. Feedback from patients highlighted that they find 
the provision of educational materials useful, and that 
they are empowered with a high self-reported sense of 
control over their health (table 2). 

APPLICATION OF ARTIFICIAL
INTELLIGENCE

It is possible to analyze the content of messages being 
sent to care managers by patients using natural lan-
guage processing techniques—a subset of artificial 
intelligence. These techniques can determine the con-
tent of a message as it is sent and then tie this content 
to the relevant decision support for a clinician, thereby 

helping to improve both the quality and the timeliness 
of care. In figure 6, the 10 most common words used 
in patient messages sent to care managers are listed. In 
figure 6, all the topics that are covered in care manager 
and patient interactions are mapped out—where each 
topic consists of groups of keywords, and the closer 
topics are to each other the more similar they are.9 For 
example, topic 1 features the words “pain,” “medica-
tion,” and “pill” together and is very different from 
other topics (based on the observable distance from 
other topics); topic 2 features “doctor,” “appointment,” 
“follow-up,” and “office” together; and topic 3 fea-
tures “incision,” “operation,” “surgery,” “drainage,” 
and “discomfort” together. Depending on the topic(s) 
identified in the message the appropriate team member 
can be identified to deal with the underlying concern. 

Alert text: [Patient] has indicated that they currently smoke or use tobacco products and have
recently been in the hospital. Send [Patient] a message to encourage them to consider quitting.

Suggested message: Hi [Patient], I see that you currently use tobacco products. Letting go of
cigarettes or other tobacco products is the single most important thing you can do for your health, 
especially after your recent hospital stay. Quitting tobacco can be really hard, and I’m here to help. 
Are you ready to think about quitting?

Question: How often do you need to have someone help you when you read instructions,
pamphlets, or other written material from your doctor or pharmacy?

Alert text: [Patient] Often needs someone to help them when reading instructions, pamphlets, or 
other written material from their doctor or pharmacy. Please reach out to patient to offer any help they 
may need with these tasks and determine what specific barriers they face when reading these kinds 
of materials. 

Question: Did your doctor order home health care services?

Alert text: [Patient] has indicated that home health services have been ordered, but that no one has 
contacted them to start services. Please message the member to determine if they need assistance 
with home health services.

Question: Are you having any trouble picking up your medications regularly (either for financial
reasons or otherwise)?

Alert text: [Patient] has indicated that they are having trouble picking up their prescriptions (either 
for financial reasons or otherwise). Please message the member to assess needs and offer support/
resources as needed.

Table 1. Examples of automated message prompts triggered by ‘insights’ obtained from patient responses to surveys.
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For example, a topic identified as a surgical complica-
tion would require a different response to one posing a 
query about insurance coverage. These techniques can 
be used to tie real-time decision support for care man-
agers to inbound messages from patients and therefore 
ensure that patients get the right intervention at the 
right time, allowing the clinical team to practice at the 
top of their license. 

In addition, AI can also be used to effectively allocate 
transitional care resources to those most likely to ben-
efit. AI can identify the features of those patients who 
derive the most impact e.g. cost savings from a digital 
health intervention. This data can then be used to build 
an AI algorithm that can predict the impact of the 
intervention on subsequent patients.10 This AI tool can 
then identify which patients are most impactable by 
digital care management and therefore how to spend 
patient recruitment and clinical management resources 
most effectively. Such targeting maximizes benefits 
across a population and is a novel approach for im-
proving cost-effectiveness. 

COMMENTARY

This study population illustrates not only the utility 
of digital health in transitional care management but 
confirms that benefits can extend to those within the 
postdischarge population. These solutions can do more 
with less; impacts on efficiency are particularly at-
tractive, given the unyielding trend towards increased 
health expenditures. Cost impacts are not only directly 
measurable by comparing billing to populations with-
out the mobile technology but can be further impacted 
by predictive modelling that uses AI and by acting on 
redundancies highlighted in data. 

A key design imperative in order to achieve impact 
with digital health technology is maintaining the 
holistic relationship between patient and provider—fa-
cilitated by a direct channel of communication. Mo-
bile health applications that take a self-management 
approach without a connection to a health professional 
have extremely low retention rates.6 Secondly, scal-
ability and impact requires buy-in from both patients 
and providers; change management is therefore crucial 
for successful implementation and needs to be rooted 
in collaboration. An important observation is that 
patient adoption follows clinician adoption; there-
fore, navigation support needs to be available for both 
to maximize utility. Lastly, these technologies must 
remain patient-centered and ensure that patients see 
value in the technology, rather than focusing primarily 
on how to obtain valuable health data from patients to 
capitalize on with AI. By remaining mindful of these 
principles, we can fulfil digital health’s promise to 
improve the efficiency and effectiveness of transitional 
care management and better support patients during 
times of need. 
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Median rating 
scale, out of 10

How successful do you think 
you’ve been in using the
information you’ve read about 
in the app to improve your 
recovery?

8.0

I am in control of my health 8.5

Table 2. Patients’ self-reported rating of the impact of digital 
health tool on their agency. 
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Figure 6. Intertopic distance map (termite graph) for visualization of textual topic modelling; 30 topics (numbers 1-30 in 
circle) derived from messages sent between app users and care managers. The artificial intelligence algorithm looks 

through every message and identifies which words are commonly used together. These combinations can denote a topic 
e.g. concern about surgical wound. Termite graph shows the map of topics and how they are related to each other, where 
topics that are closer in the two dimensional space are more related. For example, topics 1 and 2 are far apart and more 

distinct than topics 6 and 13, which have significant overlap. 
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Preoperative Bathing and Surgical Site Infections
Emily Peters, BSN, RN, MSN (Student) and Annapoorna Mary, MSc(N), PhD, RN, CNE

Summary

Preoperative bathing with an antiseptic agent has been used in practice to prevent surgical 
site infections. However, the efficacy of this practice has been called into question within 
the last decade. The aim of this paper was to determine if preoperative bathing with an 
antiseptic agent was more efficacious in reducing surgical site infections than a placebo, 
standard soap and water, or standard preoperative preparation by the surgical team in adult 
surgical patients. The method was a literature review. Although the results were moder-
ately inconsistent regarding efficacy, the consensus was that this practice was unlikely to 
cause harm.

Keywords

Surgical site infections, preoperative bathing, antiseptic, infection prevention.

Preoperative Bathing and Surgical Site Infections

Surgical site infections (SSIs) have been considered a 
preventable, disparaging complication of surgical pro-
cedures and a worldwide contributor to poor patient 
outcomes, prolonged hospital stays, and rising health 
care costs. Preoperative bathing with an antiseptic 
agent has been widely used in practice to prevent 
SSIs.1 In the last decade, a growing body of literature 
has demonstrated conflicting results regarding the 
efficacy of this practice, spawning a continual debate 
within the field of research. A literature review will be 
conducted to determine if preoperative bathing with 
an antiseptic agent is representative of best practice. 
Based on the findings, recommendations for future 
research and practice will be identified.

Background

Surgical site infections are the most frequent surgical 
complication with some of the most harmful effects.2 
Treatment can be extended for months and additional 
surgical procedures may be required to eliminate the 
infection.2,3 Surgical site infection incidence increases 
tenfold when surgical revisions are required.3 Even 
minor infections can cause permanent disfigurement 

and delayed healing.4 Extended treatment, repeat sur-
geries, and consequential deformities can significantly 
impact one’s quality of life. Patients may begin to lose 
confidence in the quality care delivered by health care 
providers and the health care system, respectively.

Surgical site infections are the most common type of 
health care associated infection (HAI) in low-income 
countries and rank second in high-income countries.5 
In 2011, SSI prevalence was 157 000 according to Ma-
gill et al.’s multistate study.5 Between 2006 and 2008, 
the SSI rate was 1.9% according to Mu, Edwards, 
Horan, Berrios-Torres, and Fridkin.5 Health care costs, 
length of stay, and patient morbidity are increased by 
SSIs.6 In the United States, SSIs increased hospital 
length of stay by 406 730 days, and readmissions from 
SSIs added an additional 521 933 days.5 Annually, 
SSIs cost between $3.2—10 billion, designating SSIs 
as the costliest of all HAIs.5

It is known that preoperative bathing with an anti-
septic decreases bacterial colonization on the skin, 
but research lacks clarity as to whether this practice 
decreases SSI incidence.1,4,5,7,8 The literature lacks 
knowledge on standardization of the practice regard-
ing bath number, bath duration, and antiseptic solution 
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concentration.3 Further gaps exist in evidence-based 
guidance, as SSI prevention strategies are not inter-
nationally standardized and neglect to include more 
modern approaches.5

A common concern in the literature was a lack of 
institution-wide standard protocol for preoperative 
skin cleansing for all surgeries.2,6,9,10 This gap can be 
ethically problematic if a protocol implementation 
pertains to certain types of surgical procedures and 
excludes others. Theoretically, any surgical incision 
creates an SSI risk by compromising the protective 
mechanism of intact skin. Ethical soundness should 
be considered when withholding preoperative bathing 
with an antiseptic for any incisional procedure. The 
most recent clinical guidelines recommended preoper-
ative bathing with standard soap or antiseptic soap.5 If 
health care workers are not aware of these guidelines, 
patients may not be educated on preoperative bathing 
of any kind. If a form of preoperative skin cleansing is 
neglected in practice, patients can be at increased risk 
for SSIs.

Population, Intervention, Comparison Group, and 
Outcome Question

The Population, Intervention, Comparison Group, and 
Outcome (PICO) question format was utilized in this 
paper to form a research question relevant to an area 
of interest or clinical practice. Will preoperative bath-
ing with an antiseptic agent be more effective in reduc-
ing SSIs than a placebo, standard soap and water, or 
standard preoperative preparation by the surgical team 
in adult surgical patients? The aim of this paper was 
to answer the PICO question by reviewing the highest 
quality evidence available to guide future research and 
practice.

The population of interest was adult surgical patients 
over the age of 18 who had undergone any type of in-
vasive surgical procedure. The intervention was preop-
erative bathing with an antiseptic agent. The compari-
son group was adult surgical patients over the age of 
18 who preoperatively bathed with a placebo, standard 
soap and water, or received standard perioperative skin 
preparation by the surgical team. The outcome to be 
measured was a decreased incidence of SSIs.

Method Description of Literature Search

Four databases were searched to discover literature 
pertinent to the PICO question components. The 
databases included CINAHL Complete, EBSCO 
Discovery Service, PubMed, and Science Direct. The 
initial search terms were “preoperative bathing” and 
“surgical site infection”, which yielded five CINAHL 
Complete articles, 5058 EBSCO Discovery Service 
articles, 78 PubMed articles, and 1118 Science Direct 
articles. The search was narrowed by adding the terms 
“antiseptic” and “prevent” for all databases, which 
resulted in one CINAHL Complete article, 1701 EB-
SCO Discovery Service articles, 18 PubMed articles, 
and 301 Science Direct articles. The search was then 
restricted to publications within the last 10 years, 
which resulted in one CINAHL Complete article, 
1271 EBSCO Discovery Service articles, 11 PubMed 
articles, and 189 Science Direct articles. The EBSCO 
Discovery Service and Science Direct databases were 
narrowed further due to the large number of remain-
ing results. The EBSCO Discovery Service database 
search was restricted to academic journals, which 
achieved 363 results. The search was restricted further 
to include surgical wound infections as the subject, 
which achieved 35 results. The Science Direct data-
base search was restricted to research articles, which 
achieved 71 results. A flow diagram of the literature 
search method is depicted in Figure 1.

Inclusion and exclusion criteria were incorporated to 
determine which of the 118 articles should be selected 
for further review. Inclusion criteria included quantita-
tive studies with population characteristics of adults 
over the age of 18 of any race, gender, or geographic 
region having any type of surgical procedure, the use 
of an antiseptic agent as the intervention, and SSI oc-
currence as the outcome. Exclusion criteria included 
the pediatric population, qualitative studies, expert 
opinion pieces, and reviews of qualitative studies.

Review of Results from Research

The literature search yielded ten articles that met the 
inclusion criteria. Different quantitative methods were 
utilized for an array of surgical procedures including 
general surgery, plastic surgery, and orthopedic sur-
gery. This aided in the discovery of evidence-based 
results that can be useful for diverse practice settings 
and various surgical procedures.
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Searched databases with terms “preoperative bathing” and “surgical site infection”

CIANAHL Complete Science DirectPubMed
EBSCO

Discovery 
Service

5 results 5,058 results 78 results 1,118 results

Added search terms “antiseptic” and “prevent”

1 result 1,701 results 18 results 301 results

Restricted results to last 10 years

11 results 189 results1,271 results1 result

Restricted results to academic journals Restricted results to academic journals

71 results363 resultsRestricted subject 
to surgical wound

35 results

Figure 1. Flow diagram depicting the literature search method
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Veiga et al. (2009) conducted a randomized con-
trolled trial (RCT) to assess the effect of chlorhexidine 
gluconate (CHG) showers on preoperative bacterial 
colonization and postoperative SSIs in truncal plastic 
surgical procedures. Veiga et al. (2009) defined SSIs 
as infections that occur postoperatively in the surgi-
cal site, and bacterial colonization was defined as 
“colony- forming units per plate” (p. 78). Periopera-
tive bacterial colonization within the surgical site was 
identified as the only risk factor and cause.4 Signs, 
symptoms, and clinical presentations were not well 
defined, as elaboration was provided for superficial 
SSIs alone. Superficial SSIs presented as infections 
limited to the skin or subcutaneous tissue.4 Assessment 
of SSIs were conducted weekly by a surgeon over 30 
days, and assessment of bacterial culture growth was 
evaluated by a microbiologist after 48 hours of incu-
bation.4 Diagnosis methods were standard microbial 
methodology for bacterial colonization and physician 
observation for SSIs. The results were two superficial 
SSIs, with one in the placebo group and one in the 
intervention group.4 Microbial colonies that grew were 
enterobacteria, yeast, and staphylococcus aureus, and 
none of these participants experienced SSIs. Treatment 
for the SSIs was not specified and none of the patients 
experienced an adverse reaction.4 The relationship 
between SSIs and quality care was implied as afford-
ing patients the highest degree of infection control 
attainable.

Johnson et al. (2010) conducted a prospective cohort 
study on the effectiveness of preoperative at-home 
CHG cloth use protocol to prevent deep SSIs fol-
lowing hip arthroplasties. Deep SSIs were defined as 
those involving “the deep fascial layers or the joint 
space itself” (Johnson et al., 2010, p. 99).9 Infec-
tion risk factors were identified utilizing the National 
Nosocomial Infections Surveillance System (NNIS), 
which incorporated wound class, the American Soci-
ety of Anesthesiologists Score, and surgery length.9 
The researchers suggested that the cause of SSIs 
was inadequate preoperative preparation procedures. 
Signs and symptoms and clinical presentations were 
presumably guided by the definition of deep SSIs. A 
tracking database determined the number of patients 
who underwent hip arthroplasties, and compliance 
with the protocol was assessed by the patients bringing 
adhesive stickers from the CHG cloth package to the 

hospital on the day of surgery.9 The SSI incidence was 
compared in compliant and noncompliant participants 
and infection rates were further stratified by NNIS 
risk category and surgeon.9 There were no SSIs in the 
compliant or partially compliant group, while 14 SSIs 
were experienced in the noncompliant group.9 Treat-
ment and complications of SSIs were not specified. 
The results showed that CHG cloths have the potential 
to be a cost-effective way to decrease SSIs, implying 
that this intervention can improve patient outcomes 
and quality care.

Zywiel et al. (2010) conducted a prospective cohort 
study on deep SSI incidence in those who used an 
at-home whole body CHG protocol preoperatively 
compared to those who underwent standard in-hos-
pital perioperative preparation in knee arthroplasties. 
Zywiel et al. (2010) defined deep surgical infections 
as “either a deep incisional or joint space infection 
occurring within one year of the surgical procedure 
and with the infection appearing to be related to the 
surgical procedure (defined as an absence of a focus of 
infection or precipitating event unrelated to the index 
arthroplasty)” (Zywiel et al., 2010, p. 1003).2 The 
cause of SSIs was dermal bacterial colonization of na-
tive skin flora.2 Infection risk was identified using the 
NNIS.2 Signs and symptoms and clinical presentations 
were guided by the definition of deep SSIs. Assess-
ment of participant SSI occurrence was monitored for 
one year postoperatively.2 Zywiel et al. (2010) noted 
that serologic markers diagnose SSIs, and treatment 
consists of surgical revisions in combination with 
local and systemic antibiotic treatment. The interven-
tion group had no SSIs, while the control group had 
21 SSIs.2 The results indicated that patient outcomes 
can be improved with whole body antiseptic bathing 
versus cleansing the surgical site alone.
 
Graling and Vasaly (2013) conducted a prospective 
cohort study to determine if SSIs decreased with 
preoperative CHG cloth bathing. They defined SSIs as 
incisional or deep, with the former occurring above the 
fascia and the latter occurring below the fascia. Signs 
and symptoms as well as clinical presentations of SSIs 
included purulent drainage, abscess, or spontaneous 
dehiscence if the temperature is greater than 100.4 
degrees Fahrenheit.6 The cause of SSIs was microbial 
contamination, and risk factors were those undergoing 
cardiac, orthopedic, colorectal, or transplant surgical 
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procedures.6 Assessment took place 30 days postop-
eratively and SSI diagnosis was guided by the defini-
tion of SSIs and associated symptoms. Treatment for 
SSIs was not specified. Complications were increased 
morbidity and length of hospitalization.6 Participants 
who preoperatively bathed with 2% CHG had a statis-
tically significant reduction in SSIs (p = 0.01). A cost 
analysis was conducted based on actual CHG cloth 
cost and nurse time costs such as educating the patient 
and aiding with bathing, which totaled $7 per patient.6 
The researchers concluded that 2% CHG cloths can be 
a cost-effective means to reduce SSIs, as SSIs nega-
tively impact patient care and fuel economic burden.

Kapadia et al. (2013) conducted a prospective cohort 
study to determine if preadmission CHG cloth use de-
creased SSIs when compared to standard perioperative 
preparation by the surgical team in total hip arthro-
plasties. Kapadia et al. (2013) defined SSIs as superfi-
cial (infected cutaneous or subcutaneous areas within 
30 days of surgery) or deep (infected joint space or 
fascia). Risk factors were comorbidities, specifically 
“hypertension, hyperlipidemia, coronary artery dis-
ease, diabetes mellitus, hypothyroidism, renal disease, 
chronic obstructive pulmonary disease, sickle cell 
trait, hepatitis C, human immunodeficiency virus, and 
smoking” (Kapadia et al., 2013, p. 401).10 The cause 
of SSIs was bacterial contamination from existent 
skin flora or microbes in the air intraoperatively.10 
Signs and symptoms and clinical presentations of SSIs 
were “sinus tract communication with the prosthesis; 
increased percentage of synovial polymorphonucleo-
cytes; elevated erythrocyte sedimentation rate, C- re-
active protein, or synovial leukocyte count; pathogen 
growth from fluid or tissue culture; purulence; or 
frozen tissue over five poly-morpho-nucleocytes per 
high-powered field” (Kapadia et al., 2013, p. 491).10 
Kapadia et al. (2013) assessed SSI occurrence for one 
year postoperatively, and the diagnosis method was 
based on the SSI definition, clinical presentation, and 
signs and symptoms. Kapadia et al. (2013) found that 
participants who were compliant with preoperative 2% 
CHG cloth usage had a statistically significant de-
crease in SSIs compared to those who were noncom-
pliant (p = 0.0428). Treatment for SSIs and complica-
tions were not specified. A CHG cloth protocol can 
decrease financial burden, morbidity, and mortality by 
reducing SSI incidence.10

Chlebicki et al. (2013) conducted a meta-analysis to 
determine if preoperative bathing with CHG would 
decrease SSI incidence when compared to a placebo 
or no bath. Surgical site infections were defined as 
infections caused by existent dermal organisms or the 
introduction of organisms in the surgical site intra-
operatively.7 Risk factors were bacterial colonization 
and intraoperative surgical site contamination.7 Clini-
cal presentations and signs and symptoms were sug-
gested to be inflammation, skin breakdown, purulent 
drainage, fever, and tenderness.7 Within the articles 
included in the meta-analysis, assessment and diag-
nosis were presumably guided by the SSI definition 
and clinical presentation. Treatment for SSIs was not 
specified. Complications of SSIs were longer hospital-
ization, increased costs, and increased morbidity and 
mortality.7 In one trial, five participants experienced 
redness of the skin after application of CHG, yet five 
additional participants experienced redness of the skin 
after the application of the placebo.7 Ultimately, the 
meta-analysis showed no clear benefit from preopera-
tive bathing with an antiseptic to prevent SSIs.7 Qual-
ity care was not addressed, as the researchers focused 
more on cost effectiveness.

Webster and Osborne (2015) conducted a meta-
analysis to determine if preoperative bathing with an 
antiseptic reduced SSIs when compared to nonantisep-
tic preparations. Webster and Osborne (2015) defined 
SSIs as “wound infections that occur after invasive 
(surgical) procedures” (p. 1). Webster and Osborne 
(2015) suggested that the cause of SSIs is contamina-
tion or flora overgrowth. Signs, symptoms, and clinical 
presentations were pus, erythema, or tenderness within 
30 days postoperatively.1 Assessment and diagnosis 
methods were based on the definition, clinical presen-
tation, signs, and symptoms. Risk factors were age, 
nutrition, diabetes, increased body mass, lack of hand 
sterility of the staff and surgery length or technique, 
inadequate preoperative preparation, lack of prepro-
cedure antibiotic administration, inadequate body 
hair removal, and inadequate preoperative bathing.1 
Webster and Osborne (2015) found “no clear evidence 
that washing with chlorhexidine reduced the incidence 
of SSIs” (p. 19). Complications of SSIs were longer 
hospital stay, higher health care costs, morbidity, 
mortality, readmissions, and potential litigation.1 No 
treatment for SSIs was specified. Webster and Osborne 
(2015) indicated that antiseptic agents commonly 
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cause hypersensitivity reactions.

However, the results of the meta-analysis indicated a 
small number of hypersensitivity reactions, and more 
hypersensitivity reactions occurred in the placebo 
group than the antiseptic group, making their state-
ment questionable in credibility and reliability.

The WHO (2016) conducted a meta-analysis to estab-
lish guidelines to prevent SSIs. Surgical site infection 
was defined as an infection at the incision site within 
30 days postoperatively and can involve varying de-
grees of depth within the tissue.5 Risk factors included 
being overweight or obese, severe wounds, diabetes 
mellitus, and lengthy surgical procedures.5 The cause 
of SSIs was increased bacteria at the incision site.5 
Symptoms and clinical presentations varied depend-
ing on the study, but the common consensus across 
most studies was the presence of purulent discharge, 
tenderness, and fever greater than 38 degrees Cel-
sius. Assessment and diagnosis methods were based 
on the definition, clinical presentation, and signs and 
symptoms. Treatment of SSIs was not specified. The 
WHO (2016) found “moderate quality of evidence that 
bathing with CHG soap does not significantly reduce 
SSI rates compared to bathing with plain soap (OR: 
0.92; 95% CI: 0.80- 1.04)” (p. 60). Complications of 
SSIs were noted to be morbidity, mortality, increased 
hospital length, increased readmissions, and increased 
health care costs.5 Despite the unintentional nature of 
SSIs, these surgical complications are perceived by 
others as an indicator of poor-quality care.5

Franco et al. (2017) conducted a meta-analysis to 
determine if SSIs after clean surgeries were reduced 
by preoperative bathing with CHG when compared to 
a placebo or soap. The definition of SSI also included 
signs and symptoms and clinical presentations, as 
all studies defined SSIs as the presence of drainage 
and purulent discharge.8 Risk factors were surgical 
contamination, improper hair removal at the incision, 
surgical length, preoperative antibiotic use, and co-
morbidities.8 The principle cause of SSIs was bacte-
ria introduced in the surgical site intraoperatively.8 
The assessment of SSIs and diagnosis methods were 
guided by each study’s definition, signs and symp-
toms, and clinical presentation of SSIs. Treatment of 
SSIs was not specified. The complications of SSIs 
were amputations and financial burden.8 Quality care 

was not addressed, and this study found no significant 
difference in SSIs in those who bathed with 4% CHG 
versus a placebo.8

Wang et al. (2017) conducted a meta-analysis to 
determine if preoperative bathing with CHG would 
decrease SSI incidence after total knee arthroplasties. 
Wang et al. (2017) defined SSIs as a postoperative 
complication. Infection risk factors were identified 
using the NNIS.3 The causes of SSIs were exposure to 
bacteria in the perioperative period or transient skin 
flora.3 Signs, symptoms, clinical presentations, and 
treatment of SSIs were not specified. Assessment of 
SSIs and diagnosis methods were also not specified 
but were presumably reviewed in the studies selected 
for the meta-analysis. Wang et al. (2017) found that 
preoperative CHG bathing could decrease SSIs in 
moderate and high-risk patients. Complications of 
SSIs were prolonged treatment and subsequent surgi-
cal revisions.3 Quality care was not addressed, but it 
was implied that quality of life can be enhanced by 
eliminating the extended treatment associated with 
SSIs.

Discussion of Findings

The results from the ten articles demonstrated con-
flicting evidence. Five studies found that preoperative 
bathing with an antiseptic decreased the incidence 
of SSIs,2,3,6,9,10 and five studies found no significant 
benefit or difference in SSIs when incorporating the 
intervention.1,4,5,7,8 However, all studies were congruent 
in noting that preoperative bathing with an antiseptic 
agent decreased bacterial colonization on the skin, and 
SSIs have a devastating impact on patients physically, 
emotionally, and financially. Health care providers and 
organizations can be affected by SSIs financially in 
the form of decreased reimbursements, litigation, or 
a decrease in patient volume due to the perception of 
low-quality care. From a risk-benefit perspective, there 
was substantial evidence of benefit from the interven-
tion, as little to no risk was identified in the articles.

There were limitations in the reviewed articles. Lack 
of randomization and control was evident in several 
articles. Participants were not observed applying the 
preoperative antiseptic to verify adequate application 
in several studies, which could alter the results due to 
the lack of intervention control. There was not a speci-
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fied time window between the time of the preoperative 
bathing and the surgical procedure in several studies, 
and there was a lack of clear delineation regarding 
length of time taken to perform bathing with antiseptic 
agents. Several of the studies had a low compliance 
rate and smaller sample sizes that compromised statis-
tical significance. The impact of SSIs on quality care 
was more often implicit than explicit, and each article 
largely focused on cost-control. When considering that 
SSI occurrence can be perceived as low-quality care 
despite being unintentional, studies with a cost-control 
focus direct attention away from this stigma rather that 
address it.

An evidence leveling system by Melnyk and Fineout-
Overholt (2005) was used to grade the evidence from 
the literature review. Level I evidence included four 
meta-analyses and systematic reviews and one article 
with evidence-based guidelines. One article was an 
RCT, graded level II evidence. Four articles were 
nonrandomized prospective cohort studies graded as 
level IV evidence. More studies with higher levels of 
evidence found no clear benefit from the intervention 
contributing to reduce SSIs. However, these studies 
also did not indicate that preoperative bathing with 
an antiseptic agent caused significant harm, compro-
mised patient safety, or demonstrated poorer patient 
outcomes. Studies with lower levels of evidence found 
a clear benefit from the intervention, evidenced by a 
reduction in SSIs.

Recommendations

Due to the lack of consensus regarding the effective-
ness of the intervention, recommendation for the prac-
tice would stem from cost-effectiveness and patient 
safety. These considerations would include cost ef-
fectiveness of using an antiseptic agent preoperatively, 
resistance to the antiseptic agent over time, and possi-
ble skin irritation as a complication. It is unlikely that 
a global consensus can be achieved demonstrating the 
cost-effectiveness of the practice, as resources can be 
either scarce or abundant and are location dependent. 
The fact that standard perioperative preparation with 
an antiseptic agent by the surgical team has not dem-
onstrated evidence of resistance may be justification 
enough to use preoperative bathing with an antiseptic 
agent in practice.

Further, all studies either cited previous evidence or 
found new evidence that indicated bacterial coloniza-
tion reduction with preoperative antiseptic bathing. 
This could be especially beneficial for vulnerable 
populations such as immunocompromised persons, the 
elderly, diabetics, and tobacco users. Should preopera-
tive bathing with an antiseptic agent become standard-
ized, patients should be educated on the length of time 
to bathe, the areas to bathe, and the number of times 
to bathe to enhance application quality. Quality im-
provement measures should be implemented to ensure 
adequate patient education as well as record the inci-
dence of skin irritation. This would provide continual 
risk-benefit analysis for the practice.

Several studies supporting the practice lacked ran-
domization, and little focus was given to quality care 
overall. Future research would benefit from RCTs 
replicating the studies supporting the practice. These 
results from RCTs would yield findings most use-
ful for evidence-based practice. Patient perceptions 
of quality care after experiencing SSIs should also 
be investigated via qualitative methodology, despite 
yielding lower quality evidence results. Policymak-
ers should be exposed to the results from both highly 
controlled studies and studies that humanize the expe-
rience of SSIs to promote best practice methods and 
high-quality care.

Conclusion

Holistic health must be considered when contemplat-
ing the impact of SSIs. Patients experience physical 
and psychological effects, and health care should focus 
on preserving these aspects of health. Some studies 
continue to debate the efficacy of preoperative bathing 
with an antiseptic agent. Overall, there is little to no 
harm caused by the practice and the benefits have been 
shown to outweigh the risks. Prevention of an SSI is 
preferable and less costly than treatment for an SSI, 
thus it is recommended that the practice be used to 
improve surgical outcomes for patients.
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Association of Medicare Spending With Subspecialty 
Consultation for Elderly Hospitalized Adults

 Kira L. Ryskina, MD, MS; Yihao Yuan, MS; Rachel M. Werner, MD, PhD

Abstract

Importance High use of subspecialty care is an important source of health care spending. 
Medical subspecialty care in particular may duplicate the scope of practice of the primary 
attending physicians for patients hospitalized for medical conditions. Under value-based 
payments, which aim to control overall spending during an episode of hospitalization 
(including Part B physician fees), subspecialty consultations may be a target for hospitals 
working to reduce costs.

Objectives To measure the use of subspecialty consultation for Medicare beneficiaries hos-
pitalized for nonsurgical conditions; to compare payments for consultative and nonconsul-
tative care, adjusted for case mix and demographics; and to measure variation in payments 
across hospital referral regions (HRRs).

Design, Setting, and Participants This retrospective cross-sectional study included a 15% 
random sample of Medicare fee-for-service beneficiaries enrolled in Parts A and B and 
identified all discharges after acute care hospital stays for nonsurgical conditions from 
January 1 through December 31, 2014. A total of 735 627 discharges were included. The 
analyses were conducted from December 1, 2017, through February 12, 2019. Total Part B 
payments were extrapolated to the population of Medicare fee-for-service beneficiaries.
 
Main Outcomes and Measures Probability of any consultation during a hospitalization was 
estimated using logistic regression. The number of consultations per stay and the number 
of consultative visits per hospital day were estimated using Poisson regression. Part B pay-
ments for consultative and nonconsultative care were estimated using generalized linear 
regression with gamma-log link. All models were adjusted for patient demographics and 
case mix. Payment models also included HRR fixed effects.
 
Results A total of 735 627 discharges from 4534 hospitals in 2014 were included in the 
analysis (41.2% men and 58.8% women; mean [SD] age, 79.6 [8.9] years; 84.7% white, 
10.1% black, and 5.2% other race). After adjusting for patient case mix and demographics, 
a 6-fold variation between the top and bottom quintiles of hospitals (relative difference, 
$401 [95% CI, $368-$434]) and HRRs (relative difference, $363 [95% CI, $337-$389]) 
was found in payments per stay for consultative care. Part B payments for consultative 
care by medical subspecialists accounted for 41.3% of payments for physician visits dur-
ing hospitalization and totaled $1.3 billion in 2014.

Conclusions and Relevance The substantial variation in the use of subspecialty consulta-
tive care suggests potential opportunities for cost savings. 
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Introduction

Value-based payment models are based on the prem-
ise that health care professionals can deliver better 
care at a lower cost.1 High use of subspecialty care is 
one important source of health care spending.2,3 In the 
hospital setting, subspecialty consultations are re-
quested at the discretion of the attending physician to 
provide organ-system or procedural expertise.4 Under 
value-based payment models that focus on inpatient 
care, which aim to control overall spending during an 
episode of hospitalization (including Part B physician 
fees), subspecialty consultations may be a target for 
hospitals working to reduce costs.5 However, the costs 
of consultative care provided to hospitalized patients 
by subspecialty physicians have not been well de-
scribed.

Primary care or generalist physicians have increasing-
ly delegated more care to subspecialist physicians.6-11 
In the ambulatory setting, the number of referrals 
from primary care physicians to subspecialists grew 
94% between 1999 and 2009.10 Whether this increase 
reflects a necessary specialization of clinical practice 
in response to patient complexity or duplicative care in 
response to nonclinical pressures such as malpractice 
or productivity is not clear.12

Consultative care is even more common in the in-
patient setting than in the ambulatory care setting. A 
2010 study13 found that 90% of hospitalizations in-
cluded at least 1 subspecialty consultation, and each 
hospitalization involved 2.6 subspecialties in addition 
to the attending or the operating physician’s specialty. 

That study13 included medical and surgical hospitaliza-
tions as well as consultations with medical and surgi-
cal specialists. However, consultations with internal 
medicine subspecialists for patients hospitalized for 
medical conditions may represent a distinct category 
of consultative care from surgical consultations for 
two main reasons. First, internal medicine subspecial-
ists and generalists share similar backgrounds, includ-
ing residency training and patient population, whereas 
general surgeons and surgical subspecialists are more 
narrowly focused in terms of procedures performed 
and patient population. Thus, medical subspecialty 
care may be duplicative with the scope of practice of 
the primary attending physician for patients hospital-
ized for medical conditions. Second, reimbursement 
to surgeons is derived largely from procedures rather 
than cognitive services such as consultative care. For 
patients who undergo surgery during their hospitaliza-
tion, surgical visits are typically rolled into a global 
payment for the procedure and individual patient visits 
would not be captured in claims.

We conducted this study to evaluate inpatient consul-
tative care by internal medicine subspecialists as a po-
tential opportunity for cost-savings during an episode 
of hospitalization. Our objectives were to measure 
the use of subspecialty consultation for elderly adults 
hospitalized for nonsurgical conditions; to compare 
payments for consultative and nonconsultative care, 
adjusted for case mix and patient demographics; and 
to measure variation in payments for consultative care 
across hospitals and hospital referral regions (HRRs).

Key Points

Question Does inpatient consultative care by medical subspecialists represent a potential opportunity for 
cost savings during an episode of hospitalization for nonsurgical conditions?

Findings In this cross-sectional study of 735 627 hospital discharges among Medicare beneficiaries 65 
years or older extrapolated to the population of Medicare fee-for-service beneficiaries, substantial varia-
tion in Medicare payments for medicine subspecialty consultations suggested inefficiencies. Subspecialty 
consultative care accounted for more than $1.3 billion dollars of Medicare spending in 2014.

Meaning Although whether patients have improved outcomes as a result of these consultations remains 
unclear, efforts to constrain the unnecessary use of consultative care during a hospitalization represent a 
potential area for savings.
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Methods
The study was approved by the institutional review 
board of the University of Pennsylvania and the pri-
vacy board of the Centers for Medicare & Medicaid 
Services. Owing to the use of retrospective records, 
informed consent was waived. The reporting of this 
study conforms to the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) 
reporting guideline for cross-sectional studies.14

Data and Sample
From a 15% random sample of Medicare fee-for-
service beneficiaries enrolled in Parts A and B, we 
identified all discharges after an acute care hospital 
stay for nonsurgical conditions from January 1 through 
December 31, 2014, among beneficiaries 65 years 
and older. Discharges after hospitalization for surgical 
conditions were excluded using the diagnosis related 
group (DRG) code in the hospitalization claim.15 The 
study sample included 735 627 discharges from 4534 
hospitals in 2014. Professional claims were linked to 
hospitalization claims using dates of service and place 
of service codes. Hospital characteristics were ob-
tained from the Medicare Provider of Service file.

Identification of Subspecialty Consultations
We used two specifications to measure consultative 
care. The first specification included only those stays 
where the attending physician was a generalist (inter-
nal medicine, general/family practice, or geriatrics) 
and defined any visits by subspecialists during the hos-
pital stay as consultative care. We first identified those 
hospitalizations where the attending physician was a 
generalist based on the specialty code for the evalua-
tion and management claims corresponding to the hos-
pital visit, including claims for patients admitted under 
observational care.16,17 For those hospitalizations, we 
identified all evaluation and management services 
performed by subspecialists (in the fields of allergy/
immunology, cardiology, gastroenterology, pulmonol-
ogy, nephrology, infectious disease, endocrinology, 
rheumatology, critical care, hematology, hematology/
oncology, preventive medicine, and medical oncol-
ogy) during the hospital stay. Hospital stays without 
any generalist visits were excluded from this analysis 
(9.4% of discharges).

Although most attending physicians for patients hospi-
talized for medical conditions are generalists, patients 
can be hospitalized on a subspecialist service where 

the attending physician is a subspecialist who could 
consult other subspecialists. To account for this pos-
sibility, we conducted a second set of analyses that in-
cluded hospitalizations where the attending physician 
was a specialist. To do this, we identified hospitaliza-
tions without any generalist visits and counted the 
number of visits by each medicine subspecialty. Next, 
we assigned the hospitalization to the subspecialty that 
submitted a plurality of claims for patient visits as the 
attending subspecialty. Physicians who belonged to 
other subspecialties were considered consultants, and 
their services and payments were summed to measure 
use of consultative care and costs for these hospitaliza-
tions.

Variables
To measure the use of subspecialty consultation, we 
counted the number of hospital visits by physicians 
in each subspecialty. This variable was defined as any 
line items for hospital-based evaluation and manage-
ment services submitted during the hospital stay by 
physicians in each subspecialty. We measured use 
of consultative care in two ways. First, we measured 
the number of consultations per hospital stay as the 
number of distinct subspecialties with at least one con-
sultation day during a hospital stay. Second, because 
generalist and subspecialty physicians have broad 
discretion about how frequently they see patients 
during the hospital stay, we calculated the number of 
consultative visits per hospital day as the total number 
of consultation days for all specialties divided by the 
length of hospital stay.

We also measured Medicare payments associated with 
consultative care. To do so, Part B payments associ-
ated with the consultative visits were aggregated at 
the hospital-stay level. Nonconsultative visits and Part 
B payments for the primary attending services were 
similarly measured at the hospital-day and hospital-
stay levels. In the first set of analyses, generalists 
provided nonconsultative services by definition. In the 
second set of analyses, which included stays where 
the primary attending physician was a subspecialist, 
nonconsultative services were provided by a generalist 
or by the subspecialist with the plurality of claims.

Statistical Analysis
The analyses were conducted from December 1, 2017, 
through February 12, 2019. We compared discharge 
characteristics using χ2 tests for categorical variables 
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and unpaired t tests for continuous variables. P < .05 
was considered statistically significant; all hypothesis 
tests were 2-sided. The total payments for consultative 
and nonconsultative care from the 15% random sam-
ple were extrapolated to the entire Medicare fee-for-
service population of Medicare beneficiaries 65 years 
and older.
 
Probability of any consultation during a hospitaliza-
tion was estimated using logistic regression. The num-
ber of consultations per stay and the number of con-
sultative visits per hospital day were estimated using 
Poisson regression. Payments were estimated using 
generalized linear regression with gamma-log link. All 
models were adjusted for patient demographics (age 
at admission, sex, and race), Elixhauser comorbidities, 
any time spent in the intensive care unit,18 and whether 
the patient died in the hospital. We also included 
dummies for the primary DRG for the hospitaliza-
tion (DRGs of different severity levels were coded 
separately). Payment models also included HRR fixed 
effects to account for geographic differences in reim-
bursement rates. We omitted observations with 1 or 
more missing variables from analysis (33 discharges 
were missing hospital characteristics [<0.001% of 
observations]). The Huber-White sandwich estimator 
was used in all regressions to account for clustering of 
observations within hospitals.19

To describe variation in consultative care by hospital 
and market characteristics, we used logistic regression 
to estimate mean adjusted probability of a subspecialty 
consultation as a function of hospital and market char-
acteristics. In addition to the patient demographic and 
clinical characteristics, independent variables included 
in this model were hospital size (<100, 100-399, or
>400 beds), ownership (private for-profit, private 
not-for-profit, religious organization, federal, state, or 
local government, or other [eg, physician]), rural vs 
urban location, and teaching status (any residents), as 
well as 2 market characteristics. Markets were char-
acterized at the HRR level by measuring the health 
maintenance organization (HMO) penetration rate 
and hospital market competition within each HRR. 
The HMO penetration rate was estimated by calculat-
ing the proportion of all Medicare beneficiaries who 
were enrolled in Medicare Advantage using the Medi-
care Beneficiary Summary file. The hospital market 
competitiveness within each HRR was measured by 
calculating the Herfindahl-Hirschman index, which 

is the sum of the squares of each hospital’s share of 
patients in the HRR. The HRRs were categorized into 
quartiles for HMO penetration rate and Herfindahl-
Hirschman index for ease of interpretation. Statistical 
analyses were performed using Stata software (version 
15; StataCorp).

Results

A total of 735 627 discharges from 4534 hospitals in 
2014 were analyzed (41.2% men and 58.8%
women; mean [SD] age, 79.6 [8.9] years; 84.7% 
white, 10.1% black, and 5.2% other race) (Table 1). 
Compared with stays without consultative care, a larg-
er proportion of hospital stays with consultative care 
took place in hospitals located in the Northeast (22.1% 
vs 16.2%; P < .001) and those that were large (38.9% 
vs 28.3%; P < .001), urban (90.0% vs 71.5%; P < 
.001), and teaching (42.9% vs 34.0%; P < .001). The 
median hospital length of stay was 5 days (interquar-
tile range [IQR], 4-8 days) for stays with consultative 
care and 4 days (IQR, 3-5 days) for stays without
consultative care.

In 2014, 52.8% of all discharges after hospitalization 
for nonsurgical conditions and 54.5% of discharges 
where the attending was a generalist included at least 
1 consultation with a medicine subspecialist. Of all 
hospitalizations for nonsurgical conditions, 31.7% 
included a consultation with 1 subspecialty; 13.5%, 
2 subspecialties; and 7.6%, 3 or more subspecialties 
(Table 1).

Table 2 shows the use of specialties consulted per 
stay, consultative visits per hospital day, and Medicare 
Part B payments. Substantial variation across stays 
occurred in the use of consultative care. For stays 
with a generalist attending, a median of 0.78 differ-
ent specialties was consulted per hospital stay (IQR, 
0.51-1.13), with a median of 0.40 consultative care 
visits per day (IQR, 0.26-0.57). On the other hand, 
little variation across stays occurred in the number of 
nonconsultative care visits per hospital day (median, 
0.87; IQR, 0.85-0.88). These finding were stable to 
including stays where the attending physician was a 
specialist (Table 2).

Table 3 shows the adjusted probability and odds of 
consultation by hospital and market characteristics. 
After adjusting for case mix, stays at hospitals in the 
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Table 1. Patient and Hospital Characteristics of Discharges After Hospitalization for Nonsurgical Conditions by Medicare 
Fee-for-Service Beneficiaries in 2014a

Abbreviations: IQR, interquartile range; NA, not applicable.
a Percentages have been rounded and may not total 100.
b All comparisons between stays with and without consultative care are significant at P < .001.
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Northeast had higher odds of a subspecialty consulta-
tion compared with hospitals located in the Midwest 
(odds ratio [OR], 0.74; 95% CI, 0.67-0.83), South 
(OR, 0.81; 95% CI, 0.73-0.90), or West (OR, 0.41; 
95% CI, 0.36-0.47). Stays at small hospitals had lower 
odds of a subspecialty consultation (OR, 0.35; 95% 
CI, 0.31-0.39) compared with large hospitals. Stays at 
hospitals with private not-for-profit ownership (OR, 
0.74; 95% CI, 0.68-0.81) or government hospitals 
(OR, 0.62; 95% CI, 0.55-0.69) had lower odds of con-
sultation compared with hospitals owned by private 
for-profit organizations. Stays at hospitals in urban 
locations had higher odds of consultative care (OR, 
2.53; 95% CI, 2.31-2.78) compared with hospitals in 
rural locations. The odds of consultation were not sig-
nificantly different between teaching and nonteaching 
hospitals (OR, 0.97; 95% CI, 0.90-1.05). These find-
ings were generally stable to including stays where the 
attending was a subspecialist (Table 3).

Hospitalizations in HRRs in the highest 2 quartiles 
of HMO penetration rate had higher odds of consul-
tative care (OR for the third quartile, 1.19 [95% CI, 
1.08-1.32]; OR for the highest quartile, 1.29 [95% 
CI, 1.17-1.43]) compared with the lowest quartile of 
HMO penetration rate (Table 3). The highest 2 quar-
tiles of hospital market concentration were associated 
with lower odds of consultative care (OR for the third 
quartile, 0.84 [95% CI, 0.77-0.92]; OR for the highest 
quartile, 0.80 [95% CI, 0.73- 0.87]) compared with 
the lowest quartile of market concentration (Table 
3). These findings were also stable to including stays 

where a subspecialist was the primary attending physi-
cian (Table 3).

Medicare Part B payments were more variable for 
consultative care than for nonconsultative care. The 
median adjusted Part B payment for consultative care 
was $156 (IQR, $75-$324) per stay and $28 per hospi-
tal day (IQR, $15-$53) (Table 2). The median adjusted 
Part B payments for nonconsultative care were $357 
(IQR, $294-$441) per stay and $73 per hospital day 
(IQR, $55-$88) (Table 2). Adjusted for case mix, con-
sultative care accounted for 41.3% of total Medicare 
Part B payments for internal medicine physician visits 
during acute care hospitalizations. In 2014, total Part 
B payments for consultative care provided to Medicare 
fee-for-service beneficiaries during hospitalization for 
nonsurgical conditions were $1.3 billion, whereas total 
Part B payments for nonconsultative care provided 
during these hospitalizations were $1.8 billion (Figure 
1).

Substantial variation occurred across hospitals and 
HRRs in payments for consultative care. Across 
HRRs, the risk-adjusted Part B payments for consul-
tative care varied approximately 6-fold between the 
top and bottom quintiles of payments (Figure 2). The 
relative difference in payments per stay between the 
HRRs in the highest vs lowest quintiles of Part B pay-
ments for consultative care was $363 (95% CI, $337-
$389). Payments for consultative care varied similarly 
(6-fold) between the top and bottom quintiles of 
hospitals. The relative difference in payments per stay 

Abbreviations: IQR, interquartile range; NA, not applicable.
a Based on a 15%random sample of 666 388 stays in 4528 hospitals where the attending physician was a generalist and 
735 627 stays in 4534 hospitals where the attending physician was a generalist or a specialist.
b Indicates the number of distinct subspecialties with at least 1 consultation visit during a hospital stay.
c Indicates the total number of consultation days for all specialties divided by the length of stay.

Table 2. Number of Specialists Consulted per Stay, Number of Consultative Visits per Hospital Day, and Medicare Part B 
Payments, Adjusted for Case Mix and Demographics, 2014
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Table 3. Probability of Consultation by Hospital and Market Characteristics, Adjusted for Case Mix and Demographics, 2014

Abbreviations: HMO, health maintenance organization; OR, odds ratio.
a Adjusted for patient case mix and demographics.
b Measured as the proportion of Medicare beneficiaries in each hospital referral region who were enrolled in Medicare 
Advantage in 2014. The mean rate in each quartile was 13.7% in the lowest quartile, 23.3% in the second quartile, 30.9% 
in the third quartile, and 43.1% in the highest quartile.
c Measured using Herfindahl-Hirschman Index (calculated as the sum of each hospital’s share of the patient population in 
the hospital referral region). The mean Herfindahl-Hirschman Index in each quartile was 0.04 in the lowest quartile of hos-
pital market concentration, 0.08 in the second quartile, 0.14 in the third quartile, and 0.32 in the highest quartile of market 
concentration.
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between the hospitals in the highest vs lowest quintiles 
of Part B payments for consultative care was $401 
(95% CI, $368-$434).

Discussion

We found substantial variation in Medicare payments 
for medicine subspecialty consultations. The regional 
variation in the use of consultative care suggests that 
the practice of consulting subspecialists during a 
hospitalization could be optimized. Overall, we found 
that subspecialty consultative care accounted for $1.3 
billion dollars of Medicare spending in 2014.

Our estimate of Medicare spending is large but is 
likely an underestimate, because we include only 
admissions for medical DRGs. In addition, likely 
substantial downstream costs are associated with these 
inpatient subspecialty consultations, including addi-
tional diagnostic testing conducted during or after the 
hospitalization and subsequent outpatient follow-up 
visits. A recent study found that inpatient consultation 
after total joint arthroplasty was associated with higher 
total use of services compared with cases with similar 
comorbidities, complication rates, and length of stay 

that did not involve a consultation.20 Furthermore, 
consultative care may prolong length of stay if patients 
are required to remain hospitalized while awaiting 
results of diagnostic tests requested by the consultant 
and to make arrangements for the additional outpatient 
follow-up appointments. Aggregating prospective pay-
ments that do not account for length of stay does not 
fully capture costs to hospitals from prolonged hospi-
talization.
 
Consistent with prior studies,11 we observed consider-
able variation in consultation rates by regional and 
hospital characteristics. However, identifying poten-
tially unnecessary consultations can be challenging 
due to a lack of universal guidelines for consulta-
tion.21,22 Prior literature also suggests that some con-
sultations save money in the long run. For example, 
inpatient palliative care consultation programs have 
been shown to save hospitals money and to provide 
improved care to patients with serious illness.23 Fur-
thermore, some variation in consultation rates may 
stem from underuse as well as overuse. For instance, 
regional variation in physician supply results in rural 
hospitals having trouble attracting physicians in some 
subspecialties. Consistent with other analyses of re-
gional variation in Medicare spending, regional differ-
ences in specialist involvement in care were attenuated 
after adjusting for patient case-mix.24,25

At the HRR level, higher rates of HMO penetration 
and more competitive markets for hospital care were 
associated with the use of consultative care. These 
findings are somewhat counterintuitive. Medicare 
Advantage plans receive lump sum payments from 
Medicare to encourage more efficient use of health 
care resources, such as consultative care. Similarly, 
one might expect lower rates of use of consultative 
care in more competitive markets, as hospitals attempt 
to reduce costs to increase market share. One pos-
sible explanation is that hospitals are primarily reim-
bursed on a fee-for-service basis measured by DRG. 
Thus, the incentive to reduce length of stay outweighs 
other cost considerations. If hospitals (or the attend-
ing physicians who act as hospital agents in the use 
of consultations and length of stay) view consultative 
care as a potential way to reduce length of stay, then 
we would expect higher consultation rates in regions 
with higher HMO penetration and market competition. 
In general, physician services are much less costly to 
hospitals than the opportunity cost of another inpatient 

Participants include Medicare fee-for-service beneficiaries 
hospitalized for nonsurgical conditions, adjusted for case 
mix and demographics, January 1 through December 31, 
2014. Total payments are extrapolated to the Medicare fee-
for-service population. In 2014, total Part B payments for 
patients who were hospitalized for nonsurgical conditions 
were $1.3 billion for consultative care and $1.8 billion for 
nonconsultative care.

Figure 1. Difference in Total Part B Spending for Inpatient 
Consultative vs Nonconsultative Care
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Data include Medicare fee-for-service beneficiaries hospitalized for nonsurgical conditions, January 1 through December 
31, 2014. Mean payments by hospital referral region are adjusted for case mix and demographics.

Figure 2. Mean Medicare Part B Payments for Consultative Care per Stay by Hospital Referral Region
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stay. Other possible explanations include variation in 
physician supply across HRRs, which may confound 
the association between market characteristics and use 
of consultative care. Moreover, an inverse relation-
ship may occur between high consultative care use 
(or overuse) and higher rates of HMO penetration and 
market competition.

Nevertheless, optimizing use of consultative care 
may be an attractive strategy for hospitals seeking to 
constrain costs during an episode of hospitalization. 
This situation may be particularly true for physician-
led accountable care organizations that may be better 
able to achieve efficiencies by identifying and elimi-
nating unnecessary consultations and optimizing use 
of subspecialists during an episode of care. Although 
ambulatory subspecialty care can originate from pa-
tient self-referral and is associated in part with patient 
insurance coverage and income,26 inpatient consulta-
tion is typically under the control of the attending phy-
sician. More direct involvement of those physicians 
with value-based payments (such as via physician-led 
accountable care organizations) may more effectively 
counteract the considerations that lead to overuse of 
consultative care (eg, malpractice concerns or clinical 
inertia).

Whether hospitals transitioning to value-based pay-
ment can reduce spending on consultative care without 
detrimentally affecting quality of care is unknown. 
Well-designed value-based payments align financial 
incentives across a diverse group of health care pro-
viders, including physicians, hospitals, and post–acute 
care providers. Such alignment should encourage 
health care organizations to shift resources from more 
expensive settings (eg, hospitals) to less expensive 
settings (eg, physician offices) and help limit overused 
services. However, value-based payments based on 
episodes of care also lead providers to avoid high-risk 
patients or focus care away from high-cost services. 
Recent evaluations found little empirical evidence of 
adverse effects of value-based payments on the quality 
of hospital care,27,28 Nevertheless, quality and out-
comes of consultative care may be difficult to evalu-
ate. For example, the association between inpatient 
consultative care use and existing measures of hospital 
quality, such as 30-day mortality and readmissions, is 
not well understood. On the one hand, more liberal use 
of inpatient consultative care may improve these out-
comes by expediting patient access to higher-intensity 

care, quicker diagnostic workup, and more advanced 
techniques. On other hand, involvement of multiple 
subspecialty consultants may increase risks associated 
with care fragmentation and iatrogenic risks owing to 
prolonged hospitalization. Future studies should evalu-
ate outcomes associated with different levels of use of 
inpatient consultative care.

Limitations
This study has several limitations. First, we measured 
direct payments to physicians and did not consider 
other costs to the hospital and payers associated with 
consultative care, such as downstream costs of ad-
ditional diagnostic testing, secondary consultations, 
and prolonged length of stay. As a result, our cost 
estimates of consultative care likely underestimate the 
total costs. Second, we did not measure quality of the 
care or associated outcomes and were therefore un-
able to evaluate the relative value of consultative care 
during the hospitalization. Third, variation in spend-
ing on generalist care was limited in part by Medicare 
regulations that require attending physicians to submit 
no more than one visit claim per hospital day, whereas 
different specialists can bill separately on the same 
day.
 
Conclusions

Direct costs to Medicare attributable to inpatient sub-
specialty consultations for medical conditions account-
ed for $1.3 billion in 2014. Whether patients have 
improved outcomes as a result of these consultations 
remains unclear, but the substantial variation in the use 
of subspecialty consultative care suggests potential 
opportunities for cost savings. Efforts to identify and 
constrain the unnecessary use of consultative care dur-
ing a hospitalization may represent a potential area for 
savings under value-based reimbursement.

This article first appeared in Health Policy, JAMA 
Network and is republished here under
a Creative Commons license. https://jamanetwork.
com/journals/jamanetworkopen/fullarticle/2729802
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Abstract

Importance The existing readmission quality metric does not meaningfully distinguish readmis-
sions associated with surgical quality from those that are not associated with surgical quality and 
thus may not reflect the quality of surgical care.

Objective To compare a quality metric that classifies readmissions associated with surgical qual-
ity with the existing metric of any unplanned readmission in a surgical population.
 
Design, Setting, and Participants Cohort study using US nationwide administrative data collected 
on 4 high-volume surgical procedures performed at 103 Veterans Affairs hospitals from October 
1, 2007, through September 30, 2014. Data analysis was conducted from October 1, 2017, to 
January 24, 2019.

Main Outcomes and Measures Hospital-level rates of unplanned readmission (existing metric) 
and surgical readmissions associated with surgical quality (new metric) in the 30 days following 
hospital discharge for an inpatient surgical procedure.
 
Results The study population included 109 258 patients who underwent surgery at 103 hospitals. 
Patients were majority male (94.1%) and white (78.2%) with a mean (SD) age of 64.0 (10.0) 
years at the time of surgery. After case-mix adjustment, 30-day surgical readmissions ranged from 
4.6% (95% CI, 4.5%-4.8%) among knee arthroplasties to 11.1% (95% CI, 10.9%-11.3%) among 
colorectal resections. The new surgical readmission metric was significantly correlated with 
facility-level postdischarge complications for all procedures, with ρ coefficients ranging from 
0.33 (95% CI, 0.13-0.51) for cholecystectomy to 0.52 (95% CI, 0.38-0.68) for colorectal resec-
tion. Correlations between postdischarge complications and the new surgical readmission metric 
were higher than correlations between complications and the existing readmission metric for all 
procedures examined (knee arthroplasty: 0.50 vs 0.48; hip replacement: 0.44 vs 0.18; colorec-
tal resection: 0.52 vs 0.42; and cholecystectomy: 0.33 vs 0.10). When compared with using the 
existing readmission metric, using the new surgical readmission metric could change hip replace-
ment–associated payment penalty determinations in 28.4% of hospitals and knee arthroplasty–as-
sociated penalties in 26.0% of hospitals.

Conclusions and Relevance In this study, surgical quality–associated readmissions were more 
correlated with postdischarge complications at a higher rate than were unplanned readmissions. 
Thus, a metric based on such readmissions may be a better measure of surgical care quality. This 
work provides an important step in the development of future value-based payments and pro-
motes evidence-based quality metrics targeting the quality of surgical care.
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Key Points

Question Does inpatient consultative care by medical subspecialists represent a potential opportunity for 
cost savings during an episode of hospitalization for nonsurgical conditions?

Findings In this cross-sectional study of 735 627 hospital discharges among Medicare beneficiaries 65 
years or older extrapolated to the population of Medicare fee-for-service beneficiaries, substantial varia-
tion in Medicare payments for medicine subspecialty consultations suggested inefficiencies. Subspecialty 
consultative care accounted for more than $1.3 billion dollars of Medicare spending in 2014.

Meaning Although whether patients have improved outcomes as a result of these consultations remains 
unclear, efforts to constrain the unnecessary use of consultative care during a hospitalization represent a 
potential area for savings.

Introduction

In 2012, the Hospital Readmissions Reduction Pro-
gram (HRRP) of the Centers for Medicare & Medicaid 
Services (CMS) targeted admissions for 3 medical 
conditions: acute myocardial infarction, heart failure, 
and pneumonia. Payment penalties were imposed on 
hospitals with high risk-adjusted readmission rates. In 
2014, CMS excluded planned readmissions from the 
program, and in 2015, added 2 surgical procedures—
total hip replacement and total knee arthroplasty—to 
the targeted index admissions.1 No changes were made 
to the definition of an unplanned readmission. The 
current metrics include all unplanned readmissions 
following a surgical procedure and ignore the quality 
of surgical care. With the addition of 2 new surgical 
readmission measures, hospital executives called on 
their surgical staff to reduce readmissions associated 
with surgery. Current research has shown that surgical 
readmissions are not fully explained by factors avail-
able from the hospital discharge summary.2-8 Since the 
elimination of planned readmissions from the read-
mission quality metric, no effort has been made, to 
our knowledge, to improve the relationship between 
unplanned readmissions and surgical quality.

Some of our group developed a potential definition of 
a surgical quality–associated readmission in a prior 
study using a modified Delphi process.8,9 In the cur-
rent study, we operationalize and compare the new 
surgical quality–associated readmission metric to the 
unplanned readmission metric that is currently in use. 
We assess the correlation of both with postdischarge 

complication rates, a measure that is widely believed 
to reflect surgical quality. We hypothesize that the new 
surgery quality–associated readmission metric will be 
more highly correlated than the existing readmission 
metric with postdischarge complication rates. Sup-
port for our hypothesis would provide evidence that 
the new quality metric is more representative of the 
quality of surgical care. As a secondary objective, we 
examine how the new metric would change hospital 
payment penalties as assessed by HRRP if it were used 
in lieu of the current readmission metric.

Methods

This study uses a prospective study design and admin-
istratively collected data from a national cohort of pa-
tients. This article adheres to the current Strengthening 
the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) reporting guideline for cohort studies. 
The study protocol was reviewed and approved by the 
Veterans Affairs Central Institutional Review Board, 
which also waived the need to obtain informed con-
sent.

Setting and Participants
The study population included patients who underwent 
surgery at 103 Veterans Health Administration (VHA) 
hospitals between October 1, 2007, and September 30, 
2014. Surgical procedures were identified from the 
Veterans Administration Surgical Quality Improve-
ment Program (VASQIP). The VASQIP captures ap-
proximately 83% of all eligible major noncardiac sur-
gical procedures.10 Only the 4 most common inpatient 
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surgical procedures were included. These procedures 
were (1) knee arthroplasty, (2) total and partial hip 
replacement, (3) colorectal resection, and (4) chole-
cystectomy or common bile duct exploration. Patients 
with a length of stay less than 2 days and patients who 
died in the hospital were excluded from this analysis.

Defining Readmission Quality Metrics
Readmissions were defined as any inpatient admission 
to a VHA hospital in the 30 days following hospital 
discharge from the index surgical admission. Inpatient 
admissions were queried from the VHA Corporate 
Data Warehouse inpatient domain. Planned readmis-
sions were excluded using the current CMS coding 
algorithm.1 The final unplanned readmission quality 
metric was defined as any unplanned readmission to a 
VHA hospital in the 30 days following hospital dis-
charge from the index surgical admission.
 
Surgical quality–associated readmissions (surgical 
readmissions) were identified by International Clas-
sification of Diseases, Ninth Revision (ICD-9) codes 
using a definition reached by consensus of a panel 
of experts on readmission.8,9 Prior to this analysis, a 
modified Delphi process was used to assess whether 
a subsequent 30-day readmission was associated with 
the quality of a surgical procedure occurring during 
the index hospitalization. Reasons for readmission 
were determined by a review of the primary and sec-
ondary ICD-9 codes. Panelists were presented with the 
top 50 reasons for readmission, representing 90% of 
all reasons for readmission in the sample.
Panelists were asked, “Does the readmission reason 
reflect possible surgical quality of care problems in 
the index admission?” Readmissions were considered 
surgical readmissions if the panel agreed that they 
were “likely related” or “directly related to index 
quality.” After 3 rounds, the expert panel identified 
16 reasons for readmission that were associated with 
the quality of the index surgical procedure (eTable 1 
in the Supplement). These reasons included wound-
associated readmission, hemorrhage or hematoma, 
ostomy complication, and other infectious outcomes.8,9 
After further review by the study team (all authors), 
readmissions associated with all device complications 
and device malfunctions were also included in the 
definition of surgical readmissions for this analysis. 
The top 10 readmission reasons that were not classi-
fied as associated with surgery are shown in eTable 2 

in the Supplement.

Additional Variables
Postdischarge complications were used as an indica-
tor of surgical quality for this analysis. Complications 
were defined as any VASQIP nurse–identified post-
operative complication. Since VASQIP only collects 
postoperative complications up to 30 days after the 
operation date, a time frame of 14 days postdischarge 
was chosen to minimize the effect of right censoring 
among patients with longer postoperative stays.

Patient age, sex, race, functional status, American 
Society of Anesthesiologist physical status classifica-
tion, history of acute myocardial infarction, history 
of peripheral vascular disease, recent diagnosis of 
depression, and current diabetes were included in the 
case-mix adjustment to account for variation across 
patient populations. Operative time, work relative 
value unit (RVU), and emergent surgery status were 
also included in the case-mix adjustment to account 
for variations within procedure type. Work RVU is a 
measure of surgical procedure complexity defined by 
CMS for each specific procedure code. When deter-
mined by VASQIP, this measure represents the high-
est work RVU Current Procedural Terminology code 
coded for the procedure, not just the work RVU for the 
principal Current Procedural Terminology code.

In addition to the VASQIP-assessed comorbidities and 
surgery characteristics, the hospital-level excess re-
admission ratio for each facility was calculated using 
the CMS HRRP formulas for fiscal year 2014.11 The 
excess readmission ratio is used to determine CMS 
payment penalties due to excess readmission rates. 
This was calculated as the case-mix adjusted predicted 
readmissions divided by the case-mix adjusted ex-
pected readmissions. The excess readmission ratio was 
calculated for both the unplanned readmission metric 
and the surgical readmission metric. Facilities with 
excess readmission ratios less than 1.00 were assumed 
to have no CMS payment penalty. Facilities with 
excess readmission ratios between 1.00 and 1.03 were 
assumed to have CMS payment penalties equivalent 
to the excess readmission ratio (eg, 1.021 = 2.1%). 
Penalties were capped at 3% for an excess readmission 
ratio of 1.03 or greater. The potential change in penal-
ties experienced by each facility was determined by 
comparing the estimated penalty for the hospital when 
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the current unplanned readmission metric was used 
and the estimated penalty for the hospital when the 
surgical-quality readmission metric was used.

Statistical Analysis
All analyses were stratified by surgical procedure type 
because surgical procedures vary in indication, predic-
tors, and outcomes. All patient and operative charac-
teristics were aggregated to the facility level for each 
procedure. Years during which facilities had fewer 
than 25 inpatient surgical procedures were excluded 
from the analysis, consistent with CMS methods for 
assessing hospital quality.4 Unadjusted outcomes 
were calculated as aggregated hospital-level rates of 
readmission, surgical readmission, and postdischarge 
complications for each procedure. Case-mix adjusted 
outcomes were then determined using mixed-effects 
logistic regression with random intercepts for the 
hospitals and fixed effects for patient and operative 
characteristics.

Spearman rank correlation coefficients (ρ) were used 
to examine associations among the case-mix adjusted 
metrics. Bootstrapping with 1000 repetitions was used 
to calculate 95% CIs for the Spearman rank correla-
tion coefficients. Two-sided tests were used throughout 
all analyses, and an α level of .05 determined statisti-
cal significance. Data management was conducted in 
SAS, version 9.4 (SAS Institute Inc). All statistical 
analyses and plots were constructed in R, version 3.4.1 
(The R Foundation). Mixed models were output using 
the glmer function in the lme4 package, and plots were 
constructed using the ggplot2 package.12,13 Data analy-
ses were conducted from October 1, 2017, to January 
24, 2019.

Results

The final analytic sample consisted of 103 VHA hos-
pitals accruing patients across a 7-year study period. 
Thirty-one hospitals were excluded because of low 
procedure volume across all study years (ie, <25 cases 
per year). The study population included 109 258 
patients who underwent inpatient surgery at these 103 
hospitals. Most patients were male (94.1%), white 
(78.2%), and older (mean [SD] age, 64.0 [10.0] years) 
individuals. The most prevalent procedures occurred 
in the orthopedic and general surgery specialties: knee 
arthroplasty, hip replacement, colorectal resection, 

and inpatient cholecystectomy. Orthopedic procedures 
were most prevalent across the 7-year study period 
with means (SDs) of 477.4 (237.0) knee arthroplas-
ties per hospital and 255.2 (112.1) hip replacements 
per hospital. There was a mean (SD) of 234.4 (95.9) 
colorectal resections per hospital and a mean (SD) of 
146.0 (66.5) inpatient cholecystectomy procedures per 
hospital (Table 1).

As shown in Table 1, patient characteristics, comor-
bidities, and operative characteristics varied
not only by procedure type but also within specialty 
(orthopedic vs general). Patients who underwent 
colorectal resection were older and had longer op-
erative times and higher work RVUs. By contrast, 
those who underwent inpatient cholecystectomy were 
younger with lower work RVU procedures but were 
more commonly identified as emergent procedures 
(13.0%) within VASQIP. General surgery procedures 
(colorectal resection and cholecystectomy) were more 
likely to be performed on sicker patients as assessed 
by American Society of Anesthesiologist classifica-
tion (classification >3: colorectal resection 11.4% and 
cholecystectomy 10.0% vs knee arthroplasty 2.6% and 
hip replacement 5.7%).

Overlap of Readmission Metrics With Postdischarge 
Complication Rates
Although the number of readmissions categorized as 
surgical quality–associated was always smaller than 
the number categorized as unplanned, this difference 
varied by procedure, with small differences for knee 
arthroplasty (4.6% [95% CI, 4.5%-4.8%] vs 5.0% 
[95% CI, 4.9%-5.2%]), hip replacement (5.3% [95% 
CI, 5.2%-5.5%] vs 5.4% [95% CI, 5.3%-5.5%]), and 
colorectal resection (11.1% [95% CI, 10.9%-11.3%] 
vs 13.1% [95% CI, 12.8%-13.4%]) but larger differ-
ences for cholecystectomy procedures (6.0% [95% CI, 
5.9%-6.0%] vs 9.7% [95% CI, 9.6%-9.7%]) (Table 2). 
There was substantial overlap between the two defini-
tions. More than two-thirds of unplanned readmissions 
(71.6%) following surgery were also categorized as 
surgical quality–associated by our definition, whereas 
84.5% of surgical quality–associated readmissions 
were also categorized as unplanned.

The overall postdischarge complication rate was 
3.7%. Most postdischarge complications identified 
by VASQIP were wound associated (29.6% superfi-
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Table 1. Characteristics of 109 258 Patients Undergoing the 4 Most Common Inpatient Surgical Procedures

Abbreviations: ASA, American Society of Anesthesiologists; MI,myocardial infarction; PVD, peripheral vascular disease; 
RVU, relative value unit.

Table 2. Variation in Outcomes by Surgical Procedure Type Across 103 Facilities

Case-mix adjusted outcomes were determined using mixed-effects logistic regression models with random intercepts for 
the hospitals, and with patient and operative characteristics as the independent variables. Models were adjusted for patient 
age, sex, race/ethnicity, functional status, American Society of Anesthesiologist classification, history of acute myocardial 
infarction, history of peripheral vascular disease, recent diagnosis of depression, current diabetes diagnosis, operative time, 
work relative value unit, and emergent surgery status.
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cial infections, 12.4% wound dehiscence, 8.1% deep 
wound infection, and 9.2% organ/space surgical site 
infections). Postdischarge complication rates varied 
widely across procedure types, from a mean (95% CI) 
of 1.8% (1.6%-2.0%) for knee arthroplasty to 7.9% 
(7.2%-8.6%) for colorectal resection (Table 2). Case-
mix adjustment decreased the within-procedure varia-
tion as shown by the smaller confidence intervals, but 
variation across surgical procedure types remained, 
highlighting the importance of stratified analyses.

Figure 1 displays the overlap between the readmis-
sion metrics and postdischarge complication rates after 
case-mix adjustment. Overall, both the unplanned 
and surgical readmission metrics were correlated with 
14-day postdischarge complication rates (surgical: 
ρ = 0.40; 95% CI, 0.23-0.56; unplanned: ρ = 0.35; 
95% CI, 0.17-0.53). The new surgical readmission 
metric was significantly correlated with 14-day post-
discharge complication rates for all procedures, with 
ρ coefficients ranging from 0.33 (95% CI, 0.13-0.51) 
for cholecystectomy to 0.52 (95% CI, 0.38-0.68) for 
colorectal resection. The correlation between the sur-
gical-quality readmission metric and 14-day postdis-
charge complication rates was consistently higher than 
the correlation between the current unplanned read-
mission metric and 14-day postdischarge complication 
rates for all types of procedures (knee arthroplasty: 
0.50 vs 0.48; hip replacement: 0.44 vs 0.18; colorectal 
resection: 0.52 vs 0.42; and cholecystectomy: 0.33 vs 
0.10). This was particularly notable for hip replace-

ment procedures and cholecystectomy procedures, in 
which 14-day postdischarge complication rates were 
not significantly associated with the current unplanned 
readmission metric (hip replacement: ρ = 0.18; 95% 
CI, −0.03 to 0.40; P = .08 and cholecystectomy: ρ = 
0.10; 95% CI, −0.09 to 0.29; P = .33) (Figure 1).

We also observed significant correlations between 
both readmission metrics for knee arthroplasty (ρ = 
0.77; 95% CI, 0.69-0.87) and colorectal resection (ρ = 
0.82; 95% CI, 0.75-0.90) and a significant correlation 
between these metrics for hip replacement (ρ = 0.39; 
95% CI, 0.22-0.58). For cholecystectomy procedures, 
there was no significant correlation between the two 
readmission metrics (ρ = 0.17; 95% CI, −0.04 to 0.39; 
P = .09). For every procedure, postdischarge compli-
cations were significantly correlated with surgical-
quality readmission rates (Figure 1).

Changes to Hospital Payment Penalties
Figure 2 displays scatterplots of the final HRRP excess 
readmission ratios for each readmission quality metric. 
These were examined to understand the distribution 
and variation of excess readmission rates across all 
hospitals. There was large variation across hospitals 
in the ratio of excess unplanned readmissions for both 
knee arthroplasty and colorectal resection. In addition, 
few facilities had excess surgical readmission ratios 
more than 2 SDs outside the excess unplanned read-
mission ratio distribution for these procedures (4.2% 
for knee arthroplasty and 0.0% for colorectal resec-
tion, Figure 2). By contrast, there was very little varia-
tion across facilities in excess unplanned readmissions 
for hip replacement procedures but large variation in 
the excess surgical readmission ratio. The estimated 
excess readmission ratios for hip replacement proce-
dures differed by more than 2 SDs in 28.4% of facili-
ties. Trends among cholecystectomy procedures were 
similar to those among hip replacement procedures 
except for smaller variation in excess surgical read-
missions (Figure 2).

Payment penalties experienced by facilities varied by 
the readmission quality metric used (Table 3).
Changes were more frequent for cholecystectomy 
procedures (65.0%) compared with knee arthro- plasty 
procedures (26.0%), hip replacement procedures 
(28.4%), and colorectal resections (18.4%). Among 
cholecystectomy procedures, 30.1% of hospitals 

Figure 1. Magnitude of Correlation Between Readmission 
Metrics and 14-Day Postdischarge Complications by
Procedure Type

Data points represent mean; error bars, 95%CIs.
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Figure 2. Scatterplots for Adjusted Facility-Level Observed/Expected Readmission Ratios

Orange line indicates perfect correlation; black lines, agreement to within 1 SD; blue lines, agreement to within 2 SDs.

Table 3. Changes to Hospital Readmissions Reduction Program Penalties If the Surgical Quality–Associated
Readmissions Metric Is Used in Lieu of the Current Unplanned Readmission QualityMetric
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would see a decreased penalty if the surgical readmis-
sion metric were used in lieu of the current unplanned 
readmission metric, and 34.9% would see an increased 
or added penalty. Twenty facilities (39.1%) with no 
cholecystectomy-associated penalty under the current 
readmission metric would be penalized if the surgical 
readmission metric were used. Among the 52 facilities 
that would be penalized for excess unplanned readmis-
sion rates following chole- cystectomy, 31 facilities 
(59.6%) would see a reduction in the penalty amount 
if the surgical readmission metric were used in lieu of 
the current unplanned readmission metric.
 
Discussion

The current unplanned readmission metric used by the 
HRRP was developed for a medical population but is 
being applied to a surgical population. Although pro-
viding some indication of the overall quality of inpa-
tient care, the existing unplanned readmission metric 
overestimates the contribution of readmissions to 
surgical quality. Our proposed surgical quality–associ-
ated readmission metric was correlated with postdis-
charge surgical complications in all procedures. The 
correlation was higher than the correlation between 
the current readmission metric and postdischarge com-
plications for all procedures assessed. This finding in-
dicates that our new surgical readmission metric may 
be a better measure of surgical quality than the current 
readmission metric. This study highlights some of the 
issues with using the existing readmission metric to 
gauge the quality of surgical care.

Consistent with prior research,14,15 we found variation 
in surgical readmissions across procedures types, with-
in surgical specialties, and across hospitals, further 
stressing the importance of accurate case-mix adjust-
ment and procedure-specific models. Our findings 
of an unplanned readmission rate of 5.0% for knee 
arthroscopy and 5.4% for hip replacement match the 
2014 CMS HRRP–reported unplanned readmission 
rate for knee arthroscopy or hip replacement (5.3%).16 

Although no studies to our knowledge have examined 
the overlap of the current unplanned readmission met-
ric with surgical quality, a few studies have attempted 
to estimate the number of unplanned readmissions 
that are potentially associated with the index surgical 
procedure.1,17-21 We found that 71.6% of unplanned 
readmissions were associated with the index surgical 

procedure. Rosen and colleagues estimated a smaller 
number (ie, 42%) that were deemed “clinically re-
lated.”17 Another recent study in an English population 
found that only 53% of unplanned readmissions were 
“surgical readmissions” associated with the index hip 
replacement or knee arthroscopy.22 Compared with 
that for current research, our surgical readmission 
metric is more conservative, classifying more readmis-
sions as surgical quality–associated.

This brings to light an important limitation of the cur-
rent research: the lack of a consistent definition of sur-
gical readmission. To accurately assess and improve 
the quality of surgical care, surgical quality metrics 
should be appropriately designed. There is little guid-
ance on how to define a surgical quality–associated 
readmission.23 The previous Delphi panel identified 
nonquality readmission reasons, such as mental health 
diagnoses, cardiac arrhythmias, peripheral vascular 
disease, and hematuria.9 Despite this rigorous method, 
we still overestimate the proportion of surgical read-
missions compared with other studies.17,18,22 Design-
ing a surgical quality–associated readmission metric 
is necessary before additional surgical procedures are 
targeted by the CMS HRRP. Without a readmission 
metric tailored to surgical quality, we are only mea-
suring the same outcome in different settings. This 
contributes to the increasing burden of quality metric 
assessment experienced by our health care profes-
sionals without shedding light on potential areas for 
improvement in services.24

The current definition of any unplanned readmission 
following surgery may also be contributing to our in-
ability to accurately predict readmissions after surgery. 
As with all predictive models, outcome specification 
is extremely important. Consistent with the HRRP 
hospital quality metric, surgical readmission studies 
typically identify any unplanned readmission after dis-
charge from surgery as a surgical readmission.25 This 
is not the case, as our results and other studies show. 
Before building accurate models to predict surgical 
readmissions, it is important that we correctly identify 
the subset of readmissions that are associated with the 
quality of care delivered during the index surgery (ie, 
“surgical quality–associated readmissions”). As our 
findings suggest, the effect of this definition may vary 
across surgical procedure types, necessitating proce-
dure-specific methods.
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Limitations
As with all studies in the VHA, we are limited in gen-
eralizability outside of the veteran population owing 
to the unique population characteristics. Our definition 
of readmission is also limited to readmissions to VHA 
hospitals. We suspect that we are missing approxi-
mately 10% to 15% of readmissions occurring in this 
cohort when the patient is readmitted to a non-VHA 
hospital.26 It is also important to keep in mind that we 
have limited our sample of eligible surgical procedures 
to inpatient procedures with a length of stay greater 
than 2 days and in which the patient was discharged 
alive. Although cholecystectomy procedures and 
common bile duct explorations were the fourth most 
frequent procedure in our cohort, these procedures are 
often performed with a length of stay shorter than 2 
days; thus, the results for cholecystectomies suggest 
that those performed in our sample likely represented 
a more complicated procedure or sicker patients than 
is typical of cholecystectomies.

Although not a limitation, it is important to keep in 
mind that our definition of surgical quality– associated 
readmission is the result of a consensus-building pro-
cess and still requires further development.9 To ensure 
the most accurate definition, we convened a group of 
14 medical and surgical professionals that our study 
team identified as experts in surgical readmissions. 
The resulting readmission reasons determined to be 
likely associated or directly associated with the quality 
of surgical care are provided in eTable 1 in the Supple-
ment. The top 10 reasons for readmissions that were 
not associated with surgical quality in 4 procedure 
samples are presented in eTable 2 in the Supplement. 
Although we used rigorous qualitative methods to 
develop this definition, further work may refine it.

Conclusions

Postdischarge complication rates were more highly 
correlated with the new surgical-quality readmission 
metric than with the current readmission metric for 
all procedures assessed. These findings suggest that 
the currently used readmission metric may not be an 
appropriate measure of the quality of surgical care for 
these procedures, two of which are already being as-
sessed by the CMS HRRP. These findings have impli-
cations for the design, use, and interpretation of read-

mission- targeted quality metrics when assessing the 
quality of surgical care. They represent the next steps 
in appropriately measuring surgical quality in our mis-
sion to provide value-based care. Future research on 
surgical readmissions should focus on defining read-
missions following discharge from surgery in associa-
tion with the surgery or the episode of hospitalization 
associated with the surgery.

This article first appeared in Health Policy, JAMA 
Network and is republished here under a Creative 
Commons license. https://jamanetwork.com/journals/
jamanetworkopen/fullarticle/2730777
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Managed Care UPDATES

CMS Modernizes Care for Frail, Elderly Individuals Enrolled in PACE

Programs of All-Inclusive Care for the Elderly (PACE) Final Rule will provide seamless, customized care to 
meet individual patients’ needs. The Centers for Medicare & Medicaid Services (CMS) finalized a rule today to 
update and modernize requirements for the Programs of All-Inclusive Care for the Elderly (PACE). The PACE 
program provides comprehensive medical and social services to certain frail, elderly individuals who qualify for 
nursing home care but, at the time of enrollment, can still live safely in the community. The policies finalized 
in this rule reflect the latest standards in caring for PACE participants – many of whom are “dually eligible” 
for both Medicare and Medicaid – and will strengthen patient protections, improve care coordination, and 
provide administrative flexibilities and regulatory relief for PACE organizations. Read more at https://go.cms.
gov/2HINH8t

CMS Announces New Opportunities to Test Innovative Integrated Care Models for Dually Eligible 
Individuals

Letter to State Medicaid Directors invites states to partner with CMS to improve outcomes for those dually 
eligible for Medicare and Medicaid. Today, the Centers for Medicare & Medicaid Services (CMS) sent a letter 
to State Medicaid Directors inviting states to partner with CMS to test innovative approaches to better serve 
those who are dually eligible for Medicare and Medicaid.  Many of the 12 million dually eligible beneficiaries 
have complex healthcare issues, including multiple chronic conditions, and often have socioeconomic risk 
factors that can lead to poor outcomes. CMS and states spend over $300 billion per year on the care of dually 
eligible individuals, yet still do not achieve acceptable health outcomes. Today’s letter opens new ways to 
address those complex needs, align incentives, encourage marketplace innovation through the private sector, 
lower costs, and reduce administrative burdens for dually eligible individuals and the providers who serve them. 
Read more at https://go.cms.gov/2HINH8t

CMS Takes Action to Lower Prescription Drug Prices and Increase Transparency

Final rule modernizes the Medicare Advantage & Medicare Part D programs. On May 16, 2019, the Trump 
Administration finalized improvements to Medicare Advantage and Medicare Part D, which provide seniors 
with medical and prescription drug coverage through competing private insurance plans. These changes will 
ensure that patients have greater transparency into the cost of prescription drugs, so patients can compare 
options and demand value from pharmaceutical companies.

“The improvements we are making to Medicare Advantage and Medicare Part D deliver on the promises in the 
President’s blueprint to provide more negotiating tools and more transparency for patients,” said HHS Secretary 
Alex Azar. “They are significant steps toward a Medicare program, a drug pricing marketplace, and a healthcare 
system where the patient is at the center and in control.” Read more at https://go.cms.gov/2WnwUkm

https://go.cms.gov/2HINH8t
https://go.cms.gov/2HINH8t
https://go.cms.gov/2WnwUkm
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Managed Care UPDATES

CMS Advances Agenda to Re-think Rural Health and Unleash Medical Innovation

Proposed changes to Inpatient Prospective Payment System (IPPS) and Long-Term Care Hospital (LTCH) 
Prospective Payment System would improve quality, expand access. On April 23, 2019, the Trump 
Administration proposed changes that build on the progress made over the last two years and further the 
agency’s priority to transform the healthcare delivery system through competition and innovation while 
providing patients with better value and results. The proposed rule would update Medicare payment policies for 
hospitals under the Inpatient Prospective Payment System (IPPS) and the Long-Term Care Hospital (LTCH) 
Prospective Payment System (PPS) for fiscal year 2020 and advances two key CMS priorities, “Rethinking 
Rural Health” and “Unleashing Innovation,” by proposing historic changes to the way Medicare pays hospitals. 
Read more at https://go.cms.gov/2DsBcvi

FDA approves innovative gene therapy to treat pediatric patients with spinal muscular atrophy, a rare 
disease and leading genetic cause of infant mortality

The U.S. Food and Drug Administration approved Zolgensma (onasemnogene abeparvovec-xioi) on May 24, 
2019, the first gene therapy approved to treat children less than two years of age with spinal muscular atrophy 
(SMA), the most severe form of SMA and a leading genetic cause of infant mortality.

“Today’s approval marks another milestone in the transformational power of gene and cell therapies to treat a 
wide range of diseases,” said Acting FDA Commissioner Ned Sharpless, M.D. “With each new approval, we 
see this exciting area of science continue to move beyond the concept phase into reality. The potential for gene 
therapy products to change the lives of those patients who may have faced a terminal condition, or worse, death, 
provides hope for the future. The FDA will continue to support the progress in this field by helping to expedite 
the development of products for unmet medical needs through the use of review pathways designed to advance 
innovative, safe and effective treatment options.” Read more at https://bit.ly/2VN6hQs

FDA approves new treatment for osteoporosis in postmenopausal women at high risk of fracture

The U.S. Food and Drug Administration today approved Evenity (romosozumab-aqqg) to treat osteoporosis 
in postmenopausal women at high risk of breaking a bone (fracture). These are women with a history of 
osteoporotic fracture or multiple risk factors for fracture, or those who have failed or are intolerant to other 
osteoporosis therapies.

More than 10 million people in the U.S. have osteoporosis, which is most common in women who have gone 
through menopause. People with osteoporosis have weakened bones that are more likely to fracture. Read more 
at https://bit.ly/2Ho01e9

UHS partners with primary-care firm to serve plan enrollees

Universal Health Services has become the latest health system to partner with a primary-care specialty company 
to provide intensive primary care services to its health plan enrollees. The company announced May 29, 2019 
that it signed one of its first value-based payment deals with Seattle-based Vera Whole Health to operate two 
new primary care centers in Reno and Carson City, Nevada, serving members of UHS’ 100,000-member 
Prominence Health Plan. Prominence serves both Medicare Advantage and commercial members. Vera’s centers 
in Reno are already up and running. Read more at https://bit.ly/2WoeqzU

https://go.cms.gov/2DsBcvi
https://bit.ly/2VN6hQs
https://bit.ly/2Ho01e9
https://bit.ly/2WoeqzU
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