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Abstract

Background: Observational studies suggest that valvular surgery can reduce
mortality in selected patients with infective endocarditis (IE). However, the
benefit of this intervention according to frailty levels remains unclear. Our study
aims to assess the effect of valvular surgery according to frailty status in this
population.

Methods: We performed a retrospective study using the 2016-2019 National
Inpatient Sample database. Adult patients with a primary diagnosis of IE were
included. Frailty was assessed using the Hospital Frailty Risk Score. Inverse
probability of treatment weighting (IPTW) was used to balance baseline differences
between groups.

Results: A total of 53,275 patients with |IE were included, with 18.3% underwent
valvular surgery. The median age was 52 (34-68) years, with 41% females.
Overall, 42.7% had low risk of frailty, 53.1% intermediate risk, and 4.2% high
risk. After IPTW adjustment, in-hospital mortality was similar both for the entire
cohort between valvular and non-valvular surgery groups (3.7% vs. 4.1%,
p =.483), and low (1% vs. 0.9%, p =.952) or moderate (5.4% vs. 6%, p = .548) risk
of frailty. However, patients at high risk of frailty had significantly lower in-
hospital mortality in the valvular surgery group (4.6% vs. 13.9%, p =.016). Renal
replacement therapy was similar between groups across frailty status. In
contrast, surgery was associated with increased use of mechanical circulatory
support and pacemaker implantation.

Conclusions: Our findings suggest that there was no difference in survival between
valve surgery and medical management in patients at low/intermediate frailty risk,

but not for high-risk individuals.
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1 | INTRODUCTION

Infective endocarditis (IE) is a disease associated with high
mortality.! In recent decades, the epidemiology of IE has changed,
with increasing patient age and complex cases associated with
invasive procedures, including structural cardiac interventions®?
and healthcare-associated cases.*

Frailty is a condition associated with increased vulnerability and
low functional reserve, resulting in a very low adaptive response to
external stressors.” Frailty can occur at any time in life, although it is
more common in older people.® However, it has been described that
the presence of frailty is associated with poor outcomes in several
clinical scenarios.”” The prevalence of frailty varies depending on the
context. In the general population, it can be more than 10%,* but in a
hospital setting, it can be much higher in patients with severe acute
pathology and previous medical conditions.

To date, no studies have examined the role of frailty in patients
with [E. In daily clinical practice, there is no systematic or
comprehensive assessment of frailty as part of the decision-making
process for the management of these patients. The decision to treat
IE surgically is based on subjective medical judgment and scales that
do not specifically reflect the value of frailty.*®'! Frailty may
therefore have an impact on both the type of treatment patients
with |E receive and their outcomes after treatment.

There are some patients with a surgical indication for IE who do
not undergo surgery because of the presence of risk factors for
complications or an unacceptably high perceived surgical risk.}?
Frailty may be one of the factors influencing treatment decisions in
the IE patient population. It is unclear whether a high degree of frailty
should determine the conservative management of patients with IE,
or whether this is a potentially salvageable group of patients with
surgical treatment.

In this study, we analyzed data from a large cohort of patients
diagnosed with |E to assess treatment received and prognosis based
on their frailty status.

2 | METHODS
2.1 | Data source

Our retrospective cohort study used the National Inpatient Sample
(NIS) database from 2016 to 2019, which is a publicly available
database developed by the Agency for Healthcare Research and
Quality (AHRQ) as part of the Healthcare Cost and Utilization Project.
Each year the NIS database contains more than 7 million hospitaliza-
tions which represents a stratified sample of 20% of all-payer hospital
admissions from US hospitals. The NIS data used in this study are
claims-based and deidentified; thus, the study did not require
Institutional Review Board approval and the requirement for written

informed consent was waived.

2.2 | Study population

Adult patients (218 years old) hospitalized with a primary diagnosis of
IE were included, using the International Classification of Disease,
Tenth Revision (ICD-10) codes 1330, 1339, 138, and 139. Patients with
missing data and those who died until the first day of admission were
excluded. Neurological events or stroke were not considered as

exclusion criteria.

2.3 | Exposure

The main exposure variable was the occurrence of valvular
surgery during hospitalization, which was identified by the
following ICD-10 procedure codes for left and/or right-side
surgery: 02QF*, 02QG*, 02QH*, 02QJ*, 02RF*, 02RG*, 02RH*,
02RJ*, and 02TH*.

2.4 | Frailty

Frailty was defined according to the Hospital Frailty Risk Score.'®
This tool has been previously validated to assess frailty using
administrative health data based on ICD-10 codes from 109
conditions. We expressed frailty as continuous data and categorized
it as low risk (<5 points), intermediate risk (5-15 points), and high risk
of frailty (>15 points).

2.5 | Covariates

Information on patient characteristics such as age, sex, race,
household income according to ZIP code, previous prosthetic
valve, type of admission, weekend admission, length of hospital
stay, expected primary payer, transfer out indicator, and total
charges were recorded. Likewise, the comorbidity burden was
assessed using the modified version of the Elixhauser Comorbidity
Index. Hospital characteristics, including hospital bed size, loca-
tion of hospital, region of hospital, and ownership of hospital were

also collected.

2.6 | Outcomes

The primary outcome was in-hospital mortality and secondary
outcomes were septic shock, need for renal replacement therapy,
mechanical circulatory support (intra-aortic balloon pump, per-
cutaneous ventricular assist device, or extracorporeal membrane
oxygenation), and transvenous pacemaker implantation. All
diagnostic and procedural ICD-10 codes for outcomes are

available in Supporting Information: Table 1.
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2.7 | Statistical analysis

Categorical data were expressed using absolute and relative
frequencies, while continuous data as median (percentile 25-per-
centile 75). The Chi-square test with the Rao-Scott correction was
used to assess the association between categorical data and the
Wilcoxon rank-sum test to compare continuous and categorical
data. Inverse probability of treatment weighting (IPTW) was used
to address confounding bias on the effect of valvular surgery on
all outcomes. We compared the balance with and without
weighting of covariates between valvular surgery and nonvalvular
surgery groups using the standardized mean difference (SMD),
considering an appropriate balance when the SMD < 0.1. Using a
binary logistic regression model, the effect of valvular surgery was
assessed by estimating the odds ratio (OR) with its 95%
confidence interval (Cl). All analyses were stratified according to
frailty levels (low risk, intermediate risk, and high risk), using
sampling weights to represent national estimates as recom-
mended by AHRQ. In addition, we conducted a restricted cubic
spline regression model (using three knots) to assess the
association between valvular surgery and in-hospital mortality
according to frailty score (as continuous data), adjusting for
demographics, comorbidity burden, and hospital characteristics.
We used the R 4.3.2 software (R Foundation for Statistical
Computing, Vienna, Austria) for all analyses. A two-tailed p <.05

was considered statistically significant.

National inpatient sample
2016-2019

A

Patients with infective
endocarditis
(n=56,015)

W1 LEY— "

3 | RESULTS

3.1 | Patient and hospital characteristics

Of 56,015 patients with IE, 53 275 were included in the final analysis
(Figure 1). Characteristics of the total population and for each level of
frailty risk are shown in Table 1. The median age was 52 years (IQR:
34-68), 59% were male, and 74% were white. Operated patients
were younger overall and for intermediate and high risk of frailty.
The median length of hospital stay was 8 days (4-16). Patients in the
valvular surgery group had longer hospitalization times in the whole
population (median 17 vs. 7 days, p <.001) and for each level of
frailty risk. The most common comorbidities were valvular disease
(55%), hypertension (50%), and fluid and electrolyte disorders (41%)
(Supporting Information: Table 2). The median score of the Elixhauser
Comorbidity Index was 5 (3 - 6), with significantly higher scores in
total operated patients (median 6 vs. 4, p <.001) and in those at low
and intermediate risk of frailty. Only 9% of patients had a previous
prosthetic valve, with a lower proportion in all operated patients
compared to non-operated patients (2% vs. 11%, p <.001), and for
those at low (3% vs. 12%, p <.001) and intermediate (2% vs. 10%,
p <.001) risk of frailty. Overall, 39% of patients were identified as
intravenous drug users. The majority of patients were hospitalized in
a large-bed hospital (56%), urban teaching hospital (76%), and private
non-profit hospital (77%). The type of admission was nonelective in

90% of cases and 61% were not transferred to another hospital.

Exclusions:

A

Patients included in the final
analysis (n = 53,275)

Valvular surgery (n =9,770)

FIGURE 1 Flow diagram for the selection of study participants.

- <18 years old (n = 920)

- Death until the first day of
admission (n = 215)

- Missing data (n = 1,605)

No valvular surgery (n = 43,505)
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Valvular surgery was performed in 18.3% of cases and, in the majority
(84%), the operated valve was only on the left side. Left heart valves
were the most commonly operated on. In 15% of cases, one valve
was operated on, and in 3% two valves were intervened. Specifically,
we found that 55% of patients underwent surgery on the aortic valve,
making it the most commonly treated heart valve. This was closely
followed by the mitral valve (46%). Surgery on the pulmonary valve
was the least common, with only 1% of patients having surgery on
this valve. Tricuspid valve surgery was performed in 16% of cases.
Overall, 42.7% had low risk of frailty, 53.1% intermediate risk of
frailty, and 4.2% high risk of frailty. Baseline covariates were well
balanced after IPTW adjustment (Supporting Information: Figure 1).

3.2 | Primary outcome

After IPTW adjustment, there was no difference in in-hospital
mortality between patients with and without valve surgery (3.7%
vs. 4.1%, OR 0.89, 95% CI 0.63-1.24, p = .483) (Table 2 and Figure 2).
Similarly, the risk of in-hospital mortality was comparable in patients
with low (1% vs. 0.9%, OR 1.03, 95% Cl 0.42-2.49, p=.952) and
intermediate (5.4% vs. 6%, OR 0.89, 95% CI 0.61-1.30, p =.549) risk
of frailty, irrespective of surgery. In contrast, in patients at high risk of
frailty, in-hospital mortality was significantly lower in operated cases
compared to non-operated cases (4.6% vs. 13.9%, OR 0.30, 95% ClI
0.11-0.84, p =.022) (Table 2 and Figure 2). In addition, a nonlinear
relationship was found between the frailty score and the effect of
valve surgery on in-hospital mortality, observing that when the frailty
score was greater than 15, valvular surgery had a significant
beneficial effect (Figure 3).

3.3 | Secondary outcomes

In the adjusted analysis, patients who underwent valvular surgery had
a higher proportion of septic shock compared to those who did not

(6.4% vs. 2.6%, p <.001) (Table 2). Similarly, septic shock was more
frequent in operated patients with low (2.1% vs. 0.3%, p <.001) and
intermediate (9.1% vs. 4.1%, p <.001) risk of frailty. However, this
complication was similar in patients with high frailty risk, irrespective
of surgery status (9% vs. 7.9%, p =.727). Overall, renal replacement
therapy was not different between operated and non-operated
patients (4.2% vs. 4.7%, p = .457). This was also found in patients with
intermediate (5.9% vs. 7.3%, p=.102) and high (13% vs. 7.1%,
p=.190) risk of frailty. In addition, operated patients presented
significantly higher use of mechanical circulatory support (3.6% vs.
0.4%, p < .001) and pacemaker implantation (10.6% vs. 0.4%, p < .001)
considering the whole cohort and for each frailty risk level (Table 2).

4 | DISCUSSION

In this large study, using a nationally representative sample of
patients with IE, we have for the first time analyzed the role of frailty
in the prognosis of patients with IE in accordance with valve surgery
treatment. Frailty is very common in patients with IE, and more than
half of the patients were at intermediate or high risk of frailty.
Mortality was high in IE patients, especially in those with a high risk
of frailty. However, compared with other frailty statuses, the group of
patients with high frailty risk had a superior survival benefit from IE
surgical treatment. Frailty should be assessed, but it should not be
the sole factor in denying intervention for patients with IE who

require valve surgery.

41 | Comorbidities, frailty, and treatment
decisions

The increasing prevalence of comorbidities in patients with IE makes
it necessary to consider the role of treatment indications and the
expected benefit of invasive interventions such as cardiac surgery,
which is still controversial in many cases.>121%15 A high degree of

TABLE 2 Weighted outcomes according to valvular surgery status and stratified by risk of frailty.

Total Low risk
Valvular surgery

Characteristic No Yes p Value No Yes

In-hospital 4.1% 3.7% 483 0.9% 1.0%
mortality

Septic shock 2.6% 6.4% <.001 0.3% 2.1%

Renal replacement 4.7% 4.2% 457 1.2% 0.5%
therapy

Mechanical 0.4% 3.6% <.001 0.1% 2.2%
circulatory
support

Pacemaker 0.4% 10.6% <.001 0.3% 11.4%
implantation

Valvular surgery

Intermediate risk High risk
Valvular surgery Valvular surgery
p Value No Yes p Value No Yes p Value
952  6.0% 5.4% .548 13.9% 4.6% 016
<001 4.1% 9.1% <.001 7.9% 9.0% 727
.039 7.3% 5.9% 1102 7.1% 13.0% .190
<001 0.7% 4.5% <.001 0.0% 3.5% <.001

<001 0.5% 10.1% <.001 0.4% 9.9% <.001
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FIGURE 2 Forest plot showing the adjusted
ORs with their 95% Cls for the effect of valvular Total
surgery on in-hospital mortality according to
frailty status. Cl, confidence interval; OR, odds
ratio.

In-hospital mortality '

Low risk of frailty
Intermediate risk of frailty —eo
High risk of frailty

R W1 LEY "

OR (95% CI) p-value
e 0.89 (0.63 — 1.24) 0.483
1.03 (0.42 - 2.49) 0.952
0.89 (0.61 — 1.30) 0.549
[ — 0.30(0.11 - 0.84)  0.022

0.1 0.3 1.0 5.0

FIGURE 3 Effect of valvular surgery on
in-hospital mortality according to frailty score
using a restricted cubic spline regression model
adjusted for demographics, comorbidity burden,
and hospital characteristics. Blue line indicates
odds ratio and gray lines indicate 95% confidence
interval.
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Odds ratio

comorbidity has led to a lower indication for surgery, especially in
older patients.®> As expected, comorbidities were higher in patients
with intermediate and high frailty risk, and those with high frailty risk
were older. In addition, the level of comorbidity was higher in
patients undergoing IE valve surgery, as reflected by the Elixhauser
Comorbidity Index. Previous valvular heart disease played a signifi-
cant role, with almost three out of four patients undergoing surgery
for IE having a history of valvular heart disease. In recent decades,
degenerative valve disease has become a very common predisposing
factor for IE.*® We have found that in our cohort, prior organic valve
involvement appears to play an important role in the decision to
operate for IE. In this context, it is likely that previous comorbidities
may have played a role in the severity and presentation of IE. This
may have led to a greater indication for valve surgery in IE patients.

The proportion of women was similar in the three frailty states
(around 40%), but was significantly lower in the group of patients
undergoing valve surgery for IE, which has also been documented in

previous studies.*>17-1?

T I T T I T
5 10 15 20 25 30

Frailty score

We found a lower frequency of patients undergoing cardiac
surgery compared to other series.>*> However, it is important to
note that this is a national administrative database with a very large
number of cases (>50 000) and that previous registries probably did
not include cases of lesser severity that were managed differently,
outpatient or in less complex centers.

4.2 | Clinical outcomes according to valvular
surgery and frailty status

We found that in-hospital mortality in patients with IE was around
4%. In other studies, the mortality was variable, for example in the
EURO-ENDO registry the overall mortality was 17%.2° In our study,
about 40% of patients had a transfer to another center. These may
have been low-risk cases, or without an indication for valve surgery,
or where valve surgery was not performed because of an

unacceptably high surgical risk. This high number of transferred
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patients may have influenced the observed mortality, which was
lower than in other series.?%?2 In a previous study, Hémar V et al
found that poor functional status in elderly patients predicted
mortality in those undergoing surgery. In this sense, it would be
important to individualize each case, because in fact the highest
mortality in this cohort of patients occurred in the group of patients
who did not undergo valvular surgery.*® In addition, the functional
status of patients may be improved through targeted interventions
such as rehabilitation, nutrition and other comprehensive geriat-
ric care.

In terms of the feared risk of complications associated with
surgery and postoperative ICU care, we observed a tendency for
these to occur more often in patients with a high risk of frailty, even
in cases where conservative management was performed. However,
patients who underwent valve surgery for IE had a higher need for
permanent cardiac pacing, but this was comparable in all three frailty
states. This complication is likely to be related to the type of
indication for surgery (i.e.,, periannular extension) or the surgical
technique itself, and the incidence of this complication has been
similar in previous studies.?®

Three out of four patients with a high risk of frailty who
underwent surgery were transferred to another healthcare facility
instead of being discharged home. This is a significant finding,
highlighting the importance of assessing high frailty cases and
implementing a postcardiac surgery care plan that includes early
rehabilitation. The implementation of specialized measures, such as
physiotherapy, nutrition support, and cognitive stimulation, may
increase the likelihood of patients being discharged home, reducing
healthcare costs and improving their quality of life. Studies
specifically examining the impact of frailty on postoperative recovery

would be of interest.

4.3 | Clinical implications

Frailty means a reduced compensatory capacity to adapt to acute
stress situations,>* such as a serious illness like IE. Frailty has
been associated with increased overall mortality and hospital
complications.?>?% Valvular surgery for IE is technically complex
and associated with high mortality.?” Despite this risk, we found that
patients with IE and a high risk of frailty benefited most from valve
surgery for IE, with a risk of postoperative complications comparable
to other frailty statuses (low or moderate). It is possible that the lower
biological reserve of these patients, coupled with a potentially more
severe clinical presentation of IE due to previous comorbidities, may
make this patient population an eligible group for consideration of
valve surgery for IE. However, it is important that each case is
carefully assessed in a multidisciplinary team decision,'? taking into
account the wishes of the patient and family. Although frailty should
not be a limiting factor in indicating surgery in these patients, its
assessment may be useful in identifying a group of patients at high
risk of mortality who may benefit from closer monitoring. There are

other important questions, such as the timing of surgery in these

patients: in the acute phase or delayed intervention. Future research
should investigate this point.

It is important to consider that patients with high levels of frailty
may be deemed too high risk for surgery and referred to palliative
care instead. Conversely, patients with lower levels of frailty and
higher chances of survival may have been prioritized for surgical
intervention. Our findings may have been impacted by self-selection
bias. As mentioned, it is important to consider these limitations when
interpreting the results. It is not recommended to assume the
benefits of surgery in patients with high frailty without further
investigation. Furthermore, this study offers valuable insights into the
management of endocarditis in frail patients and emphasizes the
necessity for individualized treatment approaches based on careful
risk assessment.

Frailty can significantly contribute to overall risk, yet it is
currently not considered in widely used risk calculators such as
EUROSCORE or STS. While current risk assessment tools primarily
focus on traditional risk factors, our study emphasizes the necessity
of a more comprehensive approach that includes frailty assessment in
preoperative protocols. Our findings highlight the impact of frailty on
patient outcomes and support the integration of frailty assessment
into clinical practice to improve risk prediction and optimize patient
care strategies.

4.4 | Limitations

There are a number of limitations that need to be acknowledged.
First, our study was based on retrospective data extracted from
the NIS database, which has inherent limitations related to the
accuracy and completeness of the data and the potential for bias
in coding practices across institutions and over time. Thus, the
reliability of the observed associations could be affected by
misclassification. Second, as a clinical-administrative database,
other prognostic variables, such as medical therapies or echo-
cardiography variables, were missing. There is a lack of informa-
tion on the indication for valvular surgery, which could help to
understand the clinical scenarios where surgery could be
performed in patients with high frailty. In addition, there is no
information on causative micro-organisms. Finally, because the
database only contains information collected while hospitalized, it
was not possible to assess medium- and long-term outcomes. It is
also important to note that the number of patients in the high
frailty risk category undergoing surgery was slightly lower than in
other categories, which may have limited the statistical power of

some comparisons.

5 | CONCLUSION

In patients at high risk of frailty who are admitted with a primary
diagnosis of IE, the decision to perform valve surgery should be
made carefully, as a benefit in reducing mortality has been
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CLINICAL

observed in this category of patients. Patients with El who
underwent valve surgery had a greater need for pacemaker
implantation and mechanical circulatory support, but these
complications occurred similarly in all three frailty states.
However, prospective studies evaluating objective clinical mea-
sures of frailty and interventions that mitigate the effects on

clinical outcomes are needed.
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