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Abstract: Clinical pathways can be useful when disparate clinical-pathologic
groups converge on a common diagnostic and therapeutic trajectory. The
progressive increase in the incidence of endocarditis in the US has included
higher-risk subjects whose candidacy for aggressive cardiac surgical
intervention may be highly resource-intensive, prohibitively high risk, or
delayed and possibly deferred by comorbidities. We sought to define the
sequence, application, and resolution of multidisciplinary endocarditis team
decision-making in 4 distinct clinical groups.
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Infectious endocarditis (IE) in the US and worldwide has increased
in incidence and complexity'™ with a persistent overall mortality
rate of 30%. Contemporary estimates of the global burden of IE*
indicate that the incidence of IE has increased by about 30% from
1990 to 2017, with an unadjusted increase in IE mortality by 45%.
Contrary to earlier estimates from literature reviews (3 to 7 cases
of IE/100,000 population in the US), more robust data analysis has
found a recent (2017) incidence of IE of 19.0/100,000 in US, and
21.3/100,000 in Western Europe.* This has made IE the fourth most
common systemic infection in the US.

Although community-acquired IE still predominates in this di-
sease population, there has been an increase in nosocomial IE, due, in
part, to a rise in invasive central venous and arterial testing and thera-
pies. Both community-acquired and nosocomial infections seem to
be facilitated by a rise in incidence of age-related native and pros-
thetic valve disease, survivors of complex congenital heart disease,
implanted cardiovascular implantable electrophysiology devices, and
maintenance hemodialysis in chronic renal failure. The rise in bac-
teremia due to Staphylococcus species has enhanced the number of
cases of acute IE with a more rapid and destructive course.’

Certainly, the IE patient group most challenging to manage
acutely and chronically has been those persons with substance use dis-
order (SUD). In the last 15 years, drug-associated IE hospitalizations
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have increased about 12-fold in some areas of US, and the incidence
of IE cases associated with SUD has increased from 6% to 8% to
over 30% of cases in large urban referral centers.” Although this
population is younger, and acute survival is general better than in the
average IE population, cardiac surgery is required more often, length
of stay is more prolonged, and long-term survival is often worse, es-
pecially when addiction has not been addressed or managed.®'#

Because IE may present in nonspecific ways to a variety of
specialists and primary caregivers, there is the potential for delay in
diagnosis and treatment in a system with an unorganized approach to
management of the disease. Management of IE often suffers from a
lack of coordination and ownership.

The European experience has accumulated convincing evi-
dence that early recognition and prompt medical treatment of affected
IE patients, as well as identification of individuals who may be early
and late candidates for surgical intervention (up to 50%—60% of cases
of IE), can optimize outcomes in endocarditis. Formalizing multidis-
ciplinary endocarditis management teams with protocols endorsed
by the American College of Cardiology and the European Society of
Cardiology'*!” has resulted in achieving more uniform antibiotic treat-
ment strategies, fostered earlier diagnosis of both the primary disease
and its complications, and accelerated the timing of urgent cardiac
surgery, with improved in-hospital survival and reduced comorbidi-
ties.!820 Despite these strong recommendations, explicit clinical path-
ways for endocarditis care have yet to be published in the US.

The development and implementation of our multidiscipli-
nary endocarditis management team and pathway is the focus of this
article.

METHODS

The University of Washington medical system (UW Medicine)
is a Washington State-based not-for-profit healthcare system, which
includes 3 academic medical centers [University of Washington
Medical Center (UWMC), Harborview Medical Center (HMC), VA
Puget Sound Medical Center], Valley Medical Center, 18 neighbor-
hood clinics, Airlift Northwest (an acute care air transport service for
5 northwest states), and numerous regional hospital alliances.

The nature, patient demographics, and different specialty care
profiles of our 2 main campuses (HMC and UWMC) prompted a
more in-depth analysis of the clinical flow of our endocarditis care.
Harborview Medical Center is a King County safety net hospital com-
mitted to care of the indigent and underserved but is also a tertiary re-
ferral center as a level 1 trauma center, stroke center, heart center, and
burn center; referrals for cardiac surgery are made to UWMC. UWMC
is a regional tertiary and quaternary referral center for cardiothoracic
surgery, electrophysiology, advanced heart failure and transplantation,
and cancer care, among other specialties. Thus, our endocarditis care
pathway needed to account for both site-specific and interinstitutional
management. Our hope was that this pathway would not only serve
both University endocarditis management but also facilitate communi-
cation and referral guidelines from more distant hospitals.

Initial collaboration around IE care began in early 2017,
with core multidisciplinary champions from UWMC and HMC
represented by Cardiology, Cardiothoracic Surgery, and Infectious
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Disease; additional stakeholders from Laboratory Medicine,
Addiction Medicine, Hospital Medicine, Information Systems,
Medical Ethics, Palliative Care, and Social Services were included
for consultation and implementation.

Key Decision Points in Development and
Implementation

The committee identified as its first principal that the members
of the clinical management team have a direct relationship with both
diagnostic and therapeutic activities. In order to standardize communi-
cation among the members of the management team, we also undertook
to revise and enhance protocols for the diagnosis of endocarditis by
transthoracic and transesophageal echocardiography, and to establish
protocols for recommending transesophageal echocardiography based
on clinical and transthoracic echocardiographic findings?' 2 (Fig. 1). It
had been a long-standing practice of the infectious disease consulting
service to review daily all cases of documented bacteremia. This ac-
tivity was then linked to findings from the echocardiography lab.

Thus, the echocardiography reader and the infectious disease
specialist are charged with the responsibility of providing an initial di-
agnosis of endocarditis based on the modified Duke Li criteria, then noti-
fying the primary physician (inpatient or outpatient) of the findings. If a
definite or probable diagnosis of endocarditis were made, the severity of

the findings would be discussed with the cardiology consult team, who
was then charged with the responsibility of assuming comprehensive
cardiology care and recommendations and contacting cardiothoracic
surgery for consultation based on the urgency of the findings in accord-
ance with guidelines published by the American College of Cardiology.'?

Just as in other large urban academic medical centers, we faced
the need to put in perspective and commit to a management approach
in those patients who, while they may meet criteria for urgent or emer-
gency surgery (based on the development of heart failure or complex
endocarditis complications such as severe regurgitation, abscess, per-
sistent bacteremia or recurrent embolization), other comorbidities or
social constraints made it difficult or prohibitive to proceed with cardiac
surgery on a short-term basis. The most prominent groups facing these
limitations were persons with SUD, and those who had had a major
intracranial event, either bland or hemorrhagic stroke. In early 2018,
a larger multidisciplinary group met in two 90-minute forums with
members of the University Medical Ethics committee, to discuss and
develop approaches to the complex decision-making processes in en-
docarditis medical and cardiothoracic surgical care. As a result of these
discussions, we were successful in receiving departmental support for
expanded consultation resources in addiction medicine. We were also
able to outline a more explicit approach to defining the circumstances
under which a complex patient may proceed to cardiothoracic surgery

Endocarditis Echocardiography Algorithm

Clinical Suspicion for Endocarditis Based on Duke-Li Criteria and Clinical Risks for IE:
Community-acquired or prolonged bacteremia, embolic episodes, previous IE or IVDU
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FIGURE 1. Integrated protocol algorithm for transthoracic echocardiography, with indications for transesophageal echocardi-
ography. CHD indicates congenital heart disease; CIED, cardiac implanted electrophysiology device; IVDU, intravenous drug
use; MCS, mechanical circulatory support; TEE, transesophageal echocardiogram. Adapted with permission from Clin Infect Dis.

2000;30:633-638 and Clin Infect Dis. 2012;54:1230-1239.%1:2

188 | www.critpathcardio.com

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.



Critical Pathways in Cardiology ® Volume 19, Number 4, December 2020

Multidisciplinary Endocarditis Pathway

TABLE 1. Results of a Retrospective Chart Review of 213 Unique Patients With Discharge Diagnosis of IE Over 18 Months, 166
of Whom Had True IE by Modified Duke Li Criteria
HMC N UWMC N
Total true IE 66* Total true IE 106
Not IE as coded (excluded) 20 Not IE as coded (excluded) 21
Median age 47.0 Median age 47.5
% Male 62.3% % Male 84.9%
SUD 46 SUD 33
% SUD 69.7% % SUD 31.1%
IE valve site % IE valve site %
TV only 25 37.9% TV only 9 7.8%
MV only 12 18.2% MV only 18 15.5%
AV only 16 24.2% AV only 28 24.1%
Multiple valves 11 16.7% Multi 22 19.0%
ACHD 1 1.5% ACHD 7 6.0%
CIED 1 1.5% CIED 18 15.5%
OHT Rx for IE 2 1.7%
Cult neg 2 1.7%
Total IE 66 100.0% Total IE 106 100.0%
Eval by CTS @UWMC 21 No. of King County 53 45.7%
Underwent CTS 14 66.7% CTS 68 64.2%
CTS with SUD 11 78.6% CTS with SUD 26 38.2%
HMC N UWMC N
SUD YES 46 SUD YES 33
~TOTAL Median} ~TOTAL Medianf
Total/Indirect Charges at HMC ~ $4,883,841/$849,646  $80,477/$14,454 Total/indirect charges at UWMC  $10,562,761/$1,870,385 $255,602/$47,214
SUD NO 20 SUD NO 64
=~TOTAL Mediang =TOTAL Medianf
Total/indirect charges at HMC $2,738,833/$419,242  $90,461/816,301 Total/indirect charges at UWMC  $14,876,929/$2,273,113 $199,465/$29,105
it test SUD vs. no SUD P=0.34 Tt test SUD vs. no SUD P=0.026

ACHD indicates adult congenital heart disease; AV, aortic valve; CIED, cardiac implanted electrophysiology device; CTS, cardiothoracic surgery; MV, mitral valve; OHT, orthotopic

heart transplant; TV, tricuspid valve.
*HMC patients who underwent CTS at UWMC are included in both groups.
THMC SUD vs. no SUD.
FUWMC SUD vs. no SUD.

or have such surgery deferred to a more conservative medical approach
or to palliative care. In addition, we enlisted Information Technology
Services to construct an Electronic Medical Record-embedded IE
checklist to collate information essential to management and referral
for potential cardiac surgery and outpatient handoffs (Supplement 1,
available at http://links.lww.com/HPC/A217).

Development of an Endocarditis Management
Pathway

Tounderstand our endocarditis population more fully, we (E.EG.)
undertook a detailed direct chart review of 18 months (July 2016 to
December 2017) of endocarditis hospitalizations at HMC and UWMC.
These charts were identified by both billing and discharge coding data,
with endocarditis confirmed or refuted according to the modified Duke
Li criteria, after review of clinical, bacteriologic, and imaging data. The
results are summarized in Table 1. Key findings include:

* A total of 166 patients were identified who met criteria for true
active endocarditis; 41 patients were excluded, lacking Duke Li
criteria for current IE.

* At HMC, SUD was seen in 70% of patients versus 31% of pa-
tients at UWMC, and there was a higher percentage of women
at HMC compared with UWMC.

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.

* Isolated tricuspid valve endocarditis was seen in 38% of cases
at HMC but only 8% of cases at UWMC.

* Left-sided endocarditis or multiple valve involvement was sim-
ilar in both groups, but device infection was more common
at UWMC. Cardiac surgery (all at UWMC) was undertaken
in 21% of HMC IE cases, and 64% of UWMC total cases; of
these, 32% were in those with SUD. Referral from non-UW
Medicine providers for endocarditis surgery was seen in 54%
of cases at UWMC.

Both total and indirect median costs for endocarditis care at
UWMC were significantly higher in individuals with SUD (¢ test,
2 tailed: P = 0.014, P = 0.026, respectively), largely due to more
complex surgery and to extended postoperative care. At HMC, total
and indirect costs were not significantly different for SUD versus
non-SUD, with the majority of cases being managed without surgical
intervention.

Our discussions in the ethics forums, as well as our discussions
with addiction medicine, led our group to prioritize urgent addiction
medicine consultation at the time of IE diagnosis, and certainly before
consideration of cardiac surgery, both to initiate therapy and to en-
sure that postoperative therapy would continue. The multidisciplinary
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UW Endocarditis (IE) Care Pathway
Diagnosis and Risk Stratification
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]¢[ e ]—-[ NoTIE |»{ sBIRT OPD Referral |

L Bacteremia + Echo Findings
‘G’
|E Diagnosis Confirmed vES SBIRT
(Mod Duke-Li Criteria) Consult
Core |E Multidisciplinary Team (organized by ID) —
(ID, Caro EcHO/CoNsULT, 1° TEam, CCN) Full Addiction Med
Reviews pt <24 hr Consult/Rx
—
[ ? Cardiac Surgery Indicated Based on ACC Guidelines ] f Car diology
_[ Yes: Define Surgery Timing No CZInISI,:EIF TeaT
an eam To
Emergent Urgent 5-7 [ Elective —L Follow
<24 hrs days 1-2 wks
4 Sub-Pathways

1. CT Surgery Not (yet) Indicated. Proceed with Medical Therapy and Follow-up.
2. |IE Cardiac Surgery is Indicated and Can Proceed with Acceptable Risk and Benefit.
3. CT Surgery Indicated, but Comorbidities Need to be Addressed and Can be Resolved to
Schedule Surgery with Acceptable Risk and Benefit.
4. CT Surgery May be Indicated, but Comorbidities Need to be Addressed and Cannot Yet
be Resolved to Schedule Surgery with Acceptable Risk and Benefit

FIGURE 2. Initial diagnostic and therapeutic profiles common to all patients with IE. Subpathway categories 1-4 are listed. CT

indicates cardiothoracic.

Addiction Medicine team includes nursing, social work, and peer-
support specialists working in an screening, brief intervention, and
referral to treatment model. Formal addiction specialist physician
consultation was then provided. This, of course, required full and
frank discussion with the patient, family, and primary medical team.

Consensus on Disparate Clinical Profiles

Our multidisciplinary group determined that candidacy for
cardiac surgery in IE be determined initially based on the American
College of Cardiology/American Heart Association criteria for IE
cardiac surgery, realizing that difficult decisions and some moral dis-
tress to proceed with such surgery,® would arise in some IE cases.
We felt that the approach of “what would it take?” to proceed with
surgery, would engage the patient and family, primary care team
and consultants, and help us to address social, psychiatric, and lim-
iting medical comorbidities to achieve realistic goals in individual
patients. The common elements in setting up the remaining compo-
nents of the pathway are illustrated in Figure 2. These elements serve
the organizational requirements of IE diagnosis and Addiction medi-
cine consultation regardless of need for surgery, as well as to achieve
consensus regarding indications and urgency for IE cardiac surgery
in a clinical “team huddle.”

190 | www.critpathcardio.com

TABLE 2. Assignment of management pathways determined
by chart review. See text for interpretation of these results.

Subpathways: With

SUD,HMC+UWMC % N

1: Medical therapy 41.7 30

2: Cardiac surgery direct 15.3 11

2 CIED: Device explant 1.4 1

3: Surgery delayed by 264 19
comorbidities

Subpathways: No SUD,
HMC + UWMC % N
1: Medical therapy 234 25
2: Cardiac surgery direct 43.0 46
2 CIED: Device explant 15.0 16
3: Surgery delayed by 13.1 14
comorbidities

4: Surgery prohibitiveor 9.3 10
declined by patient

4: Surgery prohibitive or 15.3 11
declined by patient

Based on the above chart review, we identified four subpath-
ways for clinical care (Table 2) based on the severity of the patient’s
endocarditis, its complications and confounding comorbidities. A
higher proportion of medically-treated IE at HMC versus UWMC
(41.7% vs. 23.4%) reflects the higher incidence of tricuspid valve IE
at HMC. A higher proportion of delayed or deferred surgery at HMC
versus UWMC (41.7% vs. 22.4%) reflects a higher incidence of SUD,

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
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Sub-pathway (1) CT Surgery Not (Yet) Indicated.
Proceed with Medical Therapy and Follow-up
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—

Cardiology
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and ID Team to
Follow

[ Chronic Specialty F/u

]
[ Cardiology f/u ] Continue Med Rx
] CONSULT OPAT

[ Medical Abx F/U

FIGURE 3. Subpathway.! Cardiothoracic (CT) surgery not (yet) indicated. Proceed with medical therapy and follow-up. OPAT
indicates outpatient antibiotic therapy service.
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FIGURE 4. Subpathway.? |E cardiothoracic (CT) surgery is indicated and can proceed with acceptable risk and benefit.
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FIGURE 5. Subpathway.? Cardiothoracic (CT) surgery is indicated, but comorbidities need to be addressed and can be resolved
to schedule surgery with acceptable risk and benefit, based on patient stability and resolution of barriers to surgery.
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FIGURE 6. Subpathway.* Cardiothoracic (CT) surgery may be indicated, but comorbidities that are impediments to surgery
cannot readily be resolved to schedule surgery with acceptable risk and benefit. Patient is reassessed at appropriate intervals.

including neurologic, renal, and behavioral disorders, as well as pa- number of non-UW Medicine providers in the Pacific Northwest and
tient refusal of surgery. At UWMC, a higher proportion of patients Alaska, both urgency as well as resolution of barriers to cardiac sur-
proceeding directly to cardiac surgery reflects referral from a large gery prior to admission or transfer, contributed to this pattern.
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The empirically derived subpathways are as follows:

1. Cardiac surgery not (yet) indicated. Proceed with Medical Therapy
and Follow-up. Example: an individual on chronic hemodialysis
with methicillin-sensitive S. aureus and isolated tricuspid valve
IE, without significant tricuspid regurgitation (Fig. 3).

2. Cardiac surgery is indicated and can proceed with acceptable
risk and benefit. Example: an otherwise healthy individual with
IE who develops severe mitral regurgitation in the setting of S.
viridans 1E and chronic mitral valve prolapse (Fig. 4).

3. Cardiac surgery indicated, but comorbidities need to be ad-
dressed and can be resolved to schedule surgery with accepta-
ble risk and benefit. Example: a person with SUD with a non-
hemorrhagic hemispheric stroke and E. faecalis aortic valve IE,
moderate to severe aortic insufficiency without abscess or heart
failure, agreeable to and enrolled in an addiction medicine pro-
gram; surgery scheduled within 4 to 6 weeks with close fol-
low-up (Fig. 5).

4. Cardiac surgery may be indicated, but comorbidities that are
impediments to surgery cannot readily be resolved to schedule
surgery with acceptable risk and benefit. Example: a marginally
housed person with SUD and poor social support who presents
with 10 to 18 mm vegetations on aortic and mitral valves due
to methicillin-resistant S. aureus. Mitral leaflet perforation and
moderate to severe regurgitation are present. Patient has eloped
to an encampment 3 times to inject drugs and refuses addiction
medicine treatment (Fig. 6).

It must be emphasized that these 4 pathways are to be used as
guidelines for patient care and must admit to modification based on
new data or a change in patient condition.

Implementation Rollout: Linkage and Education

Our integrated clinical pathways (Supplement 2, available at
http://links.lww.com/HPC/A217) gave us the language and structure
to present our recommendations to caregivers at key forums within
the medical centers: a follow-up ethics forum, 5-noon conferences, 3
internal web-based document libraries, as well as ongoing individual
IE consultations. IE discovery and care became linked to IE clinical
pathway presentation and discussion.

CONCLUSIONS

The process of development and implementation of our endo-
carditis integrated clinical pathway has provided our institutions with
a more uniform approach to the care of both local patients and those
referred from a distance. The consensus-driven and evidence-based
criteria we adopted have facilitated communication among stake-
holders and engaged our consultants in a framework that is mutually
productive: our consultants are also those whose patients may enter
the IE population. We are in the process of assessing clinical out-
comes with the pathways to further refine their utility.

LIMITATIONS

The appropriate application and optimal timing of cardiac sur-
gery in IE remain undefined in specific high-risk populations: post-
stroke; in persons with SUD who develop recurrent endocarditis; in
those with left-sided endocarditis with large vegetations > 10 mm
but significant comorbidity, and in those with significant cognitive
impairment or lack of social support which can limit recovery and
benefit. Our pathways provide a real-time approach to call out and
address, if not resolve, these uncertainties. The inclusion of patients
referred to UWMC from non-UW Medicine providers may be sub-
ject to selection bias, as variations in external management and per-
ceived surgical candidacy likely differ from UW Medicine patterns.
Extending these pathways to referring institutions is our goal.

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
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