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ABSTRACT

Objective: Frailty has been repeatedly associated with inferior outcomes after sur-
gical hospitalizations. However, a thorough evaluation of the impact of frailty on the
clinical and financial outcomes of patients undergoing solid-organ thoracic trans-
plantation is sparse in the literature. We evaluated the association of frailty, as
determined by an administrative tool, with postoperative outcomes and healthcare
resource use after heart or lung transplantation.

Methods: The Nationwide Readmissions Database was used to identify all adult
hospitalizations for heart or lung transplant from 2014 to 2020. Patients were
grouped as frail or nonfrail using International Classification of Diseases codes asso-
ciated with conditions in the Johns Hopkins Adjusted Clinical Groups cluster. Multi-
variable regression models were developed to evaluate the association of frailty
status on in-hospital mortality, complications, length of stay, costs, and unplanned
readmissions.

Results: Of an estimated 35,862 heart or lung transplant recipients, 7316 (20.4%)
were considered frail. After multivariable adjustment, frailty in heart transplantation
was associated with greater odds of in-hospital mortality (adjusted odds ratio, 1.54;
95% CI, 1.19-1.99) and infectious complications (adjusted odds ratio, 1.77; 95% CI,
1.45-2.15; P< .001). Frailty in lung transplantation was also associated with higher
odds of in-hospital mortality (adjusted odds ratio, 1.38; 95% CI, 1.11-1.69) and infec-
tious complications (adjusted odds ratio, 1.93; 95% CI, 1.60-2.31). In addition, frailty
in both heart transplantation and lung transplantation was associated with
increased postoperative length of stay and greater costs.

Conclusions: Among transplant recipients, those classified as frail were associated
with increased in-hospital mortality, perioperative complications, and resource use.
(JTCVS Open 2023;16:1038-48)
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Frailty status is associated with inferior outcomes
after HT and LT.
/

CENTRAL MESSAGE

Frailty is associated with inferior
outcomes in HT and LT. The in-
clusion of a frailty indicator may
optimize targeted resource allo-
cation and intensive periopera-
tive management.
PERSPECTIVE
Frailty, characterized by a decline in physiological
reserve and resilience to stressors, has consis-
tently demonstrated an association with poorer
clinical outcomes across various surgical proced-
ures. This study used a nationally representative
cohort of HT and LT recipients, and identified
frailty status to be associated with increased in-
hospital mortality and complications.
Advancements in organ preservation, pretransplant and
post-transplant care, and immunosuppression have estab-
lished solid-organ transplantation as the definitive treatment
modality for patients with end-stage organ failure.1 Based
on a comprehensive 25-year analysis, heart transplantation
(HT) and lung transplantation (LT) were estimated to yield
an average increase in life expectancy of 11 and 8.3 years
per patient, respectively.2,3 As the field of transplant
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Abbreviations and Acronyms
ACG ¼ Adjusted Clinical Group
AOR ¼ adjusted odds ratio
HT ¼ heart transplantation
ICD-9/10 ¼ International Classification of Diseases,

9th and 10th Revisions
LOS ¼ length of stay
LT ¼ lung transplantation
NRD ¼ Nationwide Readmissions Database
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medicine continues to expand, the concept of frailty
assumes increasing significance, particularly given the
potential impact of aging and immunosenescence on
post-transplantation outcomes.4

Accurate assessment of preoperative risk has been
increasingly used across surgical disciplines and is
commonly used to inform shared-decision making and
counsel patients regarding treatment options.5 In the case
of organ transplantation, such assessment may also inform
waitlist management and prioritization.6 Although factors
including chronological age and comorbidities have tradi-
tionally been used to assess operative risk, frailty has
recently garnered interest as a strong predictor of perioper-
ative outcomes.7 An exact definition lacking, frailty has
been described as a decline in physiological function and
reserve.8 Studies encompassing a broad range of operations,
including emergency general surgery and cardiothoracic
surgery, have found a strong association between frailty
and inferior clinical outcomes.9 Among 537 kidney trans-
plant recipients, McAdams-DeMarco and colleagues10

found frailty to be associated with a 200% decrease in
long-term survival.

Although single-institutional studies have explored the
association of frailty with outcomes in thoracic transplanta-
tion, a nationally representative study may provide a
comprehensive and contemporary analysis.11-16 The
present study used a nationally representative cohort to
examine the association of frailty with in-hospital clinical
and financial outcomes of HT and LT.
MATERIAL AND METHODS
This was a retrospective cohort study of the 2014-2020 Nationwide Re-

admissions Database (NRD). The NRD is the largest all-payer readmis-

sions database and produces accurate estimates for approximately 60%

of all hospitalization in the United States. By using hospital identifiers, pa-

tients can be tracked across admissions within each calendar in the NRD.17

All adult (�18 years) hospitalizations entailing HT or LT were identified

using relevant International Classification of Diseases, 9th/10th Revision

(ICD-9/10) procedural codes (Table E1). Patients who underwent both

HT and LT were excluded (0.2%). Entries missing key data for sex, age,

status of mortality, income, and payer were further excluded (1.5% for

HT, 1.7% for LT, Figure 1).

Patients were classified into frail and nonfrail groups based on the pre-

viously validated Johns Hopkins Adjusted Clinical Groups (ACG)
indicator.18 Briefly, this binary indicator identifies frailty from administra-

tive data using a cluster of diagnoses that include malnutrition, dementia,

impaired vision, decubitus ulcer, incontinence, weight loss, falls, difficulty

walking, lack of social support, and barriers to healthcare access. The ACG

has been extensively used to study associations of frailty with outcomes af-

ter various surgical procedures (Table 1).18

Patient and hospital characteristics were defined according to the NRD

Data Dictionary.19 The Van Walraven modification of the Elixhauser Co-

morbidity Index was calculated to numerically capture the overall burden

of chronic conditions.20 Specific comorbidities were further ascertained us-

ing ICD-9/10 diagnosis codes.21 Perioperative complications were catego-

rized as cardiac (cardiac arrest, ventricular fibrillation, ventricular

tachycardia, tamponade, and myocardial infarction), cerebrovascular

(intracranial hemorrhage, acute ischemic complication, and stroke), infec-

tious (sepsis and surgical site infection), renal (acute kidney injury and end-

stage renal disease), and respiratory (pneumonia, acute respiratory distress

syndrome, respiratory failure, pneumothorax, and prolonged ventilation).21

Transplant-related complications such as graft failure and rejection were

not included in this study because related ICD diagnosis codes were found

to be inaccurate.22 Hospitalization costs were calculated by applying

center-specific cost-to-charge ratios to overall index hospitalization

charges and then adjusted for inflation to 2020 using the Personal Health

Index.23

The primary outcome of interest was in-hospital mortality. Secondary

outcomes included perioperative complications, postoperative length of

stay (LOS), index hospitalization costs, and unplanned readmissions within

30 and 90 days of initial discharge.

Continuous variables are presented as means with SD if normally

distributed or medians with interquartile range if non-normally distrib-

uted. Categorical variables are reported as percentages. The adjusted

Wald, Mann–Whitney U, and Pearson’s chi-square tests were used

for comparisons of 2 groups, as appropriate. Cuzick’s nonparametric

rank-based test was used to evaluate the significance of temporal

trends (nptrend).24 Covariate selection for regression models was

guided by Elastic net regularization. This technique minimizes collin-

earity and enhances generalizability by applying a penalized least-

squares algorithm.25 The selected covariates identified through Elastic

net regularization were further used in entropy balancing to account

for intergroup differences. Unlike propensity score matching, entropy

balancing creates sample weights to meet predetermined balance

criteria while preserving the entire study population for analysis.26-28

After entropy balancing, multivariable logistic and linear regression

models were developed to assess the independent associations

between frailty and selected outcomes. Models were evaluated using

receiver operating characteristics curves and calibration plots.

Regression outputs are reported as adjusted odds ratios (AORs) or

beta coefficients (b) with 95% CI. Statistical significance was set at

an alpha of 0.05.

All statistical analyses were performed using Stata 16.1 (StataCorp

LLC). This study was considered exempt from full review by the Institu-

tional Review Board at the University of California, Los Angeles.
RESULTS
Throughout the study period, the proportion of frail pa-

tients who underwent HT increased from 10.1%
(n ¼ 237) in 2014 to 17.4% (n ¼ 609) in 2020
(nptrend<.001; Figure 2). Likewise, the proportion of frail
patients who underwent LT increased from 13.9%
(n ¼ 228) in 2014 to 30.0% (n ¼ 739) in 2020
(nptrend<.001). For both HTand LT, the proportion of frail
patients with malnutrition decreased while those with de-
mentia has increased significant (nptrend ¼ .02; Table E2).
JTCVS Open c Volume 16, Number C 1039



Heart or Lung Transplantation

39,819 transplantations were
identified in the 2014-2020

National Readmissions Database

Patients excluded if:
1) Age < 18 years

(N = 3304)
2) Missing key data on

3) Received both heart and
lung transplantation (N = 15)

• Mortality (N = 5)
• Sex (N = 0)
• Income (N = 490)
• Payer (N = 143)

35,862 Patients underwent HT or LT

20,404 (56.9%) HT

17,088,
(85.7%)

Non-Frail

11,458
(77.4%)

Non-Frail

3316,
(16.3%)

Frail

4000
(25.9%)

Frail

15,458 (43.1%) LT

FIGURE 1. Study flowchart of survey-weighted estimates. Of 20,404 HTs and 15,458 LTs identified in the 2014-2020 NRD, 3316 patients (16.3%) and

4000 patients (25.9%) were considered frail, respectively. All estimates represent survey-weighted methodology. HT, Heart transplantation; LT, lung trans-

plantation.

Thoracic: Lung Transplantation Kim et al
Of an estimated 20,404 patients undergoing HT, 3316
(16.3%) were considered frail. Frail HT recipients were
on average older (58 [48-64] years vs 56 years [46-63],
P ¼ .004), of similar sex distribution (26.5% vs 26.7%
TABLE 1. Johns Hopkins Adjusted Clinical Groups frailty-defining

diagnosis clusters

Cluster

Percentage of frail cohort, %

Lung Heart

Malnutrition or catabolic illness 68.3 62.8

Dementia 21.9 23.7

Severe vision impairment 0.2 0.2

Decubitus ulcer 5.0 8.9

Incontinence of urine 0 0

Weight loss 2.6 1.8

Fecal incontinence 0.3 0.2

Social support needs 0.1 0.1

Difficulty walking 1.5 2.2

Fall 0 0.2
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female, P ¼ .85), and had a greater burden of chronic med-
ical conditions, as defined by the Elixhauser Comorbidity
Index (5 [4-6] vs 5 [4-6], P<.001; Table 2). Frail patients
more frequently presented with dialysis dependence
(10.2% vs 5.7%, P < .001), liver disease (16.1% vs
9.9%, P < .001), and weight loss (73.5% vs 5.6%,
P<.001) compared with nonfrail patients.

Of an estimated 15,458 patients undergoing LT, 4000
(25.9%) were considered frail. Frail LT recipients were
on average younger (59 [45-65] years vs 61 years [53-66],
P < .001), were more commonly female (43.8% vs
39.7% female, P ¼ .006), and had a higher median
Elixhauser Comorbidity Index (4 [3-5] vs 3 [2-4],
P<.001; Table 2). Frail patients demonstrated comparable
rates of liver disease (6.0% vs 5.0%, P ¼ .10) and coagul-
opathy (31.9% vs 29.5%, P ¼ .08), but more often faced
dialysis dependence (2.8% vs 1.0%, P<.001) and weight
loss (80.8% vs 10.5%, P<.001) compared with nonfrail
patients. Of note, frail patients less frequently underwent
single LT (23.5% vs 35.1%, P<.001) compared with nonf-
rail patients.



TABLE 2. Comparison of baseline patient and hospital characteristics between nonfrail and frail patients

Characteristics

Lung transplantation Heart transplantation

Nonfrail (N ¼ 11,458) Frail (N ¼ 4000) P value Nonfrail (N ¼ 17,088) Frail (N ¼ 3316) P value

Age (y, median, IQR) 61 [53-66] 59 [45-65] <.001* 56 [46-63] 58 [48-64] .004*

Female (%) 4548 (39.7) 1753 (43.8) .006* 4568 (26.7) 879 (26.5) .85

Elixhauser score (median, IQR) 3 [2-4] 4 [3-5] <.001* 5 [4-6] 5 [4-6] <.001*

Income quartile (%) .16 .57

0-25th 2199 (19.2) 844 (21.1) 3978 (23.3) 714 (21.5)

26th-50th 2903 (25.3) 906 (22.6) 4516 (26.4) 887 (26.7)

51st-75th 3155 (27.5) 1074 (26.9) 4378 (25.6) 883 (26.6)

76th-100th 3201 (27.9) 1176 (29.4) 4216 (24.7) 833 (25.1)

Primary payer (%) .03* .31

Private 5153 (45.0) 1716 (42.9) 7507 (43.9) 1445 (43.6)

Medicare 5051 (44.1) 1793 (44.8) 6473 (37.9) 1333 (40.2)

Medicaid 632 (5.5) 315 (7.9) 2023 (11.8) 358 (10.8)

Other payer 621 (5.4) 177 (4.4) 1085 (6.4) 180 (5.4)

Single LT (%) 4017 (35.1) 941 (23.5) <.001*

Comorbidities (%)

Anemia 255 (2.2) 90 (2.3) .94 601 (3.5) 66 (2.0) .002*

Cerebrovascular disease 756 (6.6) 469 (11.7) <.001* 1362 (8.0) 485 (14.6) <.001*

Coagulopathy 3377 (29.5) 1277 (31.9) .08 6740 (39.4) 1184 (35.7) .01*

Diabetes 1429 (12.5) 310 (7.8) <.001* 3457 (20.2) 435 (13.1) <.001*

Dialysis dependence 113 (1.0) 111 (2.8) <.001* 968 (5.7) 339 (10.2) <.001*

Hypothyroidism 799 (7.0) 180 (4.5) <.001* 1192 (7.0) 136 (4.1) <.001*

Liver disease 575 (5.0) 241 (6.0) .10 1691 (9.9) 534 (16.1) <.001*

Obesity 695 (6.1) 117 (2.9) <.001* 980 (5.7) 73 (2.2) <.001*

Peripheral vascular disorders 345 (3.0) 98 (2.5) .28 4533 (26.5) 711 (21.4) <.001*

Pulmonary circulation disorders 3998 (34.9) 1073 (26.8) <.001* 3535 (20.7) 436 (13.1) <.001*

Weight loss 1198 (10.5) 3232 (80.8) <.001* 961 (5.6) 2437 (73.5) <.001*

IQR, Interquartile range; LT, lung transplant. *P<.05.
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Compared with nonfrail recipients, frail HT recipients
faced greater unadjusted rates of in-hospital mortality
(9.8% vs 4.6%, P< .001; Table 3), as well as infectious
(8.1% vs 6.4%, P ¼ .04), renal (65.3% vs 58.0%,
P < .001), and respiratory complications (39.1% vs
28.2%, P < .001). The frail cohort also demonstrated
greater duration of postoperative hospitalization (23 [15-
42] days vs 15 days [11-22], P<.001) and increased median
hospitalization costs ($268,000 [171,000-446,000] vs
181,000 [126,000-279,000], P<.001). The frail and nonf-
rail cohorts experienced similar rates of 90-day (23.4% vs
21.7%, P ¼ .14) nonelective readmissions.

After risk adjustment, frailty in HT remained
independently associated with greater odds of in-hospital
mortality (AOR, 1.54; 95% CI, 1.19-1.99, P ¼ .001).
Further, frailty was linked with greater odds of infectious
(AOR, 1.77; 95% CI, 1.46-2.15, P< .001), renal (AOR,
1.23; 95% CI, 1.05-1.45, P ¼ .01), and respiratory com-
plications (AOR, 1.59; 95% CI, 1.38-1.84, P < .001;
Figure 3). In addition, the frail cohort demonstrated a
13-day increase in LOS (95% CI, 10.9-15.2 days,
P < .001) and an $86,000 incremental increase in per-
patient expenditures (95% CI, 69,000-105,000,
P < .001). Frailty in HT was associated with more than
a 2-fold increase in odds of nonhome discharge (AOR,
2.40; 95% CI, 1.96-2.95, P < .001). Odds of 30- and
90-day nonelective readmissions were similar between
groups (Figure 3). Risk-adjusted predictors of increase in
postoperative length of stay and nonhome discharge are
shown in supplementary tables (Tables E3 and E4).
Among those who underwent LT, the frail cohort ex-

hibited greater unadjusted rates of mortality (6.1% vs
4.3%, P ¼ .004) as well as cardiac (9.1% vs 6.2%,
P < .001), infectious (18.1% vs 8.5%, P < .01), renal
(44.3% vs 34.1%, P<.001), and respiratory complications
(50.9% vs 38.3%, P<.001; Table 3). The frail cohort also
exhibited longer postoperative LOS (26 [16-47] days vs
16 days [11-26], P<.001) and higher median hospitaliza-
tion costs ($231,000 [$156,000-$379,000] vs $159,000
[$118,000-$235,000], P<.001). Frail and nonfrail patients
had similar rates of 30 (24.1% vs 23.0%, P ¼ .31) and 90-
day (30.7% vs 29.2%, P ¼ .22) nonelective readmission.
After risk adjustment, frailty in LT remained associated

with greater odds of in-hospital mortality (AOR, 1.38;
JTCVS Open c Volume 16, Number C 1041
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95% CI, 1.11-1.69, P ¼ .004). Frailty was further associ-
ated with greater odds of cardiac (AOR, 1.47; 95% CI,
1.18-1.83, P ¼ .001), infectious (AOR, 1.93; 95% CI,
1.60-2.31, P < .001), renal (AOR, 1.36; 95% CI, 1.19-
1.55, P < .001), and respiratory complications (AOR,
1.75; 95% CI, 1.49-2.05, P<.001; Figure 3). In addition,
frailty was linked with a 14-day increase in LOS (95%
CI, 10.9-15.2, P< .001) and a $79,000 increase in risk-
adjusted costs (95% CI, 59,000-99,000, P < .001), but
similar odds of 30-day and 90-day nonelective readmissions
(Figure 3).

DISCUSSION
In the present nationally representative study, we exam-

ined the association of frailty with several clinical and finan-
cial end points after thoracic transplantation. The
proportion of transplant recipients identified as frailty
through at least one frailty domain increased significantly
over the study period, reaching approximately 17% and
30% of HT and LT recipients, respectively. After adjusting
for patient and hospital characteristics, frailty remained
associated with increased odds of mortality and periopera-
tive complications. Frailty was associated with greater post-
operative LOS and hospitalization costs but did not alter the
odds of unplanned readmissions. Although several dated
single-institution studies have previously considered frailty
in HT and LT,11-16 the present work provides a
comprehensive and contemporary analysis of acute
clinical and financial outcomes. With implications for
more accurate risk stratification and shared decision-
making, our findings merit further discussion.

In the present work, we found an association between
frailty and greater in-hospital mortality after HT and LT.
1042 JTCVS Open c December 2023
In a single institution study of 100 LT recipients, Montgom-
ery and colleagues29 found frailty, evaluating using physical
features, to be associated with increased odds of 1-year
mortality. Throughout analysis solely evaluating
in-hospital outcomes, frailty likely has an effect on mid-
and long-term outcomes. Consistent with this notion, in a
prospective cohort study of 386 LT recipients, frailty,
defined using physical features, was associated with a
with a 10-fold increase in risk of mortality within the first
year after transplantation.11 Likewise, among 140 HT recip-
ients, frailty was associated with mortality not just at
1 month but also at 12 months post-transplantation.12 On
the other hand, Singer and colleagues11 reported frail and
nonfrail patients face similar survival beyond the first
post-transplantation year. The present analysis builds on
the literature by using a large, nationally representative
cohort and a readily available frailty tool to evaluate the
impact of frailty on thoracic transplantation. Our data sug-
gest that frail patients face greater mortality even during
the transplantation hospitalization. Although it might be
tempting to consider deprioritizing frail patients for trans-
plantation, the central question should revolve around
how to support and optimize their candidacy. Recent studies
suggest that certain elements commonly associated with
frailty are modifiable, such as malnutrition, sarcopenia,
and chronic deconditioning.13 Such efforts have been
commonly used in thoracic transplantation and may consist
of preoperative rehabilitation and participation in nutrition
programs, among others.14 Particularly for frail patients un-
dergoing thoracic transplantation, prehabilitation interven-
tions may improve muscle strength, endurance, and
overall physical function, potentially mitigating the severity
of frailty. Addressing malnutrition through dietary



TABLE 3. Unadjusted and risk-adjusted clinical outcomes and resource use stratified by frailty

Outcomes

Lung transplantation

Unadjusted Risk adjusted

Nonfrail Frail P value Frail 95% CI P value

Clinical outcomes (%) (%) (AOR/b)

In-hospital mortality 4.3 6.1 .004* 1.38 1.11-1.69 .004*

Major complications

Cardiac 6.2 9.1 <.001* 1.47 1.18-1.83 .001*

Cerebrovascular 1.4 2.0 .13 1.09 0.62-1.90 .77

Infectious 8.5 18.1 <.001* 1.93 1.60-2.31 <.001*

Renal 34.1 44.3 <.001* 1.36 1.19-1.55 <.001*

Respiratory 38.3 50.9 <.001* 1.75 1.49-2.05 <.001*

Resource use

Length of stay (d, median [IQR]) 16 [11-26] 26 [16-47] <.001* 13.7 11.4-16.1 <.001*

Costs (USD $1000, median [IQR]) 159 [118-235] 231 [156-379] <.001* 79.2 59.2-99.2 <.001*

Nonhome discharge 8.7 16.1 <.001* 1.81 1.42-2.32 <.001*

30-d nonelective readmission 23.0 24.1 .31 1.02 0.89-1.17 .79

90-d nonelective readmission 29.2 30.7 .22 1.06 0.92-1.21 .42

Heart transplantation

Unadjusted Risk adjusted

Nonfrail Frail P value Frail 95% CI P value

Clinical outcomes (%) (%) (AOR/b)

In-hospital mortality 4.6 9.8 <.001* 1.54 1.19-1.99 .001*

Major complications

Cardiac 39.0 40.1 .45 1.14 0.98-1.32 .09

Cerebrovascular 2.1 2.6 .33 1.04 0.68-1.58 .86

Infectious 6.4 8.1 .04* 1.77 1.46-2.15 <.001*

Renal 58.0 65.3 <.001* 1.23 1.05-1.45 .01*

Respiratory 28.2 39.1 <.001* 1.59 1.38-1.84 <.001*

Resource use

Length of stay (d, median [IQR]) 15 [11-22] 23 [15-42] <.001* 13.0 10.9-15.2 <.001*

Costs (USD $1000, median [IQR]) 181 [126-279] 268 [171-446] <.001* 86.3 67.7-104.9 <.001*

Nonhome discharge 9.1 24.5 <.001* 2.40 1.96-2.95 <.001*

30-d nonelective readmission 15.9 18.6 .01* 1.14 0.97-1.35 .12

90-d nonelective readmission 21.7 23.4 .14 1.09 0.93-1.28 .26

CI, Confidence interval; AOR, adjusted odds ratio; b, beta coefficient; IQR, interquartile range. *P<.05.
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interventions can also ameliorate patient’s nutritional status
and optimize their preoperative condition.13 Although pre-
operative measures may influence elements of physical
strength, undergoing HT or LT may also improve physical
strength and functional status. For example, Rozenberg
and colleagues15 found frail candidates to demonstrate sig-
nificant improvements in both physical strength and quality
of life within just 6 months after transplantation. Therefore,
there is a pressing need for novel interventions aimed at
optimizing this cohort of patients for transplantation pro-
cess. Ultimately, programs that seek to enhance patient
function and both prevent and ameliorate sequelae in the
peritransplantation period hold the potential to prolong sur-
vival among these patients.

In our analysis, we found frailty to be associated with
greater odds of perioperative complications, with an
approximately 2-fold increase in odds of infection. Frailty
is commonly associated with a chronic, gradual immune
dysfunction,16 wherein patients experience a low-grade
proinflammatory state, characterized by elevated levels of
interleukin-6, tissue necrosis factor alpha, and C-reactive
protein, among other inflammatory markers.30 Neutrophil
chemotactic activity is thought to be particularly impaired,
leading to reduced defense against bacterial infections.30

Likewise, a recent work by Singer and colleagues31 demon-
strated frailty, as measured by the short physical perfor-
mance battery, to be associated with chronic lung
allograft dysfunction after LT. Such inflammatory factors
may render frail patients more susceptible to post-
transplant infections, given their weakened immune
response.32 Further, frail patients frequently exhibit sarco-
penia, generalized weakness, and slow gait.13 For example,
in an Australian study of 395 LT candidates, frailty was
associated with decreased 6-minute walk distance.33 These
JTCVS Open c Volume 16, Number C 1043
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physical aspects may yield reduced mobility in the immedi-
ate post-transplant period, leading to postoperative atelec-
tasis, respiratory congestion, and prolonged recovery.
Inadequate mobilization of secretions due to sarcopenia,
chronic fatigue, and deconditioning may increase the likeli-
hood for development of pneumonia. Such factors may lead
to aspiration and ineffective aeration of lungs, and may in-
crease the probability of acute respiratory distress syn-
drome, as seen in our analysis study. Finally, frailty has
been associated with impaired hemodynamic function and
fluid balance, contributing to chronic dehydration and
greater predisposition to AKI.34 Of note, incidence of
AKI among frail patients has been independently linked
with greater short-termmortality.34 Therefore, implementa-
tion of targeted strategies to prevent post-transplant AKI
incidence among this complex population may be particu-
larly relevant for future study.

Lastly, we found transplant recipient frailty to be linked
with longer postoperative LOS, as well as increased hospital-
ization costs and likelihood of nonhome discharge. This
finding is in disagreement with 2 single-institution studies
of 50 and 144 LT recipients, respectively, which reported
similar LOS irrespective of frailty status.15,33 However, these
studies relied on exclusively physical measures of frailty and
may have been underpowered to detect a significant effect.
Moreover, the present work relies on administrative data
and coding of various comorbidities to deduce the presence
of frailty. Nonetheless, mechanistic studies to better delineate
the role of frailty in transplantation are needed to develop
directed interventions for this group. Moreover, we noted
1044 JTCVS Open c December 2023
an approximately 2-fold increase in the likelihood of
nonhome discharge in the presence of frailty. Nonhome
discharge has been linked with increased risk for unplanned
readmissions and greater long-termhospitalization costs after
several operations.35 The incorporation of frailty in pretrans-
plant risk assessment, prehabilitation when feasible, and
development of home-health programs for frail patients
may help reduce rates of nonhome discharge. Of note, we
found a similar likelihood of nonelective readmission among
frail patients, relative to others. This observation can be due to
several factors, including the notion that patients considered
frail may undergo rehabilitation programs after successful
transplantation, potentially improving physical health and
decreasing the readmission risk.14 Additionally, the trans-
plantation process itself has been found to enhance physical
strength and functional status, as supported by Rozenberg
and colleagues,15 who found frail candidates demonstrated
significant improvements shortly after transplantation. These
findings emphasize that frail patients who survive the imme-
diate transplantation hospitalization may perform similarly
with regard to postdischarge care relative to their nonfrail
counterparts. Ultimately, given the increasing prevalence of
frailty, novel approaches are needed to reduce the growing
resource use burden and develop specific and informed care
pathways for frail patients undergoing transplantation.
Study Limitations
Our study has several important limitations. Because of

its administrative nature, the NRD lacks access to labora-
tory and imaging studies, as well as the recipient’s
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transplant status and waiting times before the transplanta-
tion. It is important to recognize that there is a significant
overlap between the concepts of frailty and comorbidity.
A crucial distinction is that frailty encompasses a patient’s
overall physiological reserve, whereas comorbidity repre-
sents a specific medical condition. In addition, characteris-
tics of donors were not available for study and could not be
compared across frail and nonfrail groups. Although the
frailty indicator we used has been extensively validated
across numerous contexts, other clinical markers of frailty
such as hypoalbuminemia or sarcopenia could not be as-
sessed and warrant further study. The diagnosis of dementia
used in the present study encompasses a broad spectrum of
cognitive dysfunction, but the NRD lacks granular end
points to assess the degree of cognitive dysfunction associ-
ated with dementia. Further, the NRD does not provide fine-
grained details about the specific destination of nonhome
discharge, such as whether the patients were transferred to
a skilled nursing facility, rehabilitation center, or hospice.
The binary nature of the Johns Hopkins ACG indicator
limits the ability to analyze frailty on a continuum, which
could have provided a more insightful analysis of patient
outcomes. Nonetheless, the Johns Hopkins indicator has
been externally validated in conjunction with the Vulner-
able Elderly Scale and encompasses a multifaceted
approach to defining frailty.18 Last, our study was limited
to short-term outcomes and could not consider long-term
survival because the NRD only tracks admissions within
each calendar year. However, single-center studies have
indicated the greatest impact of frailty may occur in the im-
mediate post-transplant period. Nonetheless, we used a
large, nationally representative database to consider the
impact of frailty on acute outcomes among the largest
cohort of thoracic transplant recipients to date.

CONCLUSIONS
The present work offers the first national perspective of

the impact of frailty on short-term outcomes after thoracic
transplantation (Figure 4). We found frailty to be increasing
in prevalence among patients undergoing HTand LT. Frailty
remained associated with greater mortality, complications,
and resource use after adjustment for age and comorbid
conditions. This study underscores the significance of incor-
porating frailty into risk stratification models and candidate
selection to benefit shared decision-making among clini-
cians, patients, and their families. Additional work is
JTCVS Open c Volume 16, Number C 1045
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needed to develop interventions to prevent and treat compli-
cations among frail patients. Further, future studies should
consider novel approaches to modify frailty in the pretrans-
plantation process to better optimize patients for potentially
lifesaving transplantation.
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TABLE E1. International Classification of Diseases 10th Revision codes for identification of procedures

Procedure or complication ICD codes

Heart transplantation ICD-9: 37.51

ICD-10: 02YA0Z0, 02YA0Z1, 02YA0Z2

Lung transplantation ICD-9: 33.5, 33.50, 33.51, 33.52

ICD-10: 0BYC0Z0, 0BYC0Z1, 0BYC0Z2, 0BYD0Z0, 0BYD0Z1, 0BYD0Z2, 0BYF0Z0, 0BYF0Z1, 0BYF0Z2,

0BYG0Z0, 0BYG0Z1, 0BYG0Z2, 0BYH0Z0, 0BYH0Z1, 0BYH0Z2, 0BYJ0Z0, 0BYJ0Z1, 0BYJ0Z2, 0BYK0Z0,

0BYK0Z1, 0BYK0Z2, 0BYL0Z0, 0BYL0Z1, 0BYL0Z2, 0BYM0Z0, 0BYM0Z1, 0BYM0Z2

ICD, International Classification of Diseases.

TABLE E2. Trends in proportions of frail patients with malnutrition, dementia, or other criteria of frailty over the study period 2014-2020

Years Malnutrition* Dementia* Others

2014 70.9 19.3 9.8

2015 76.7 18.2 5.1

2016 60.5 26.5 13.0

2017 63.5 25.4 11.1

2018 64.9 27.0 8.1

2019 66.4 25.3 8.3

2020 64.4 28.1 7.5

*Nptrend ¼ .02.
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TABLE E3. Risk-adjusted predictors of increase in postoperative length of stay

Predictors

Lung transplantation Heart transplantation

LOS (b) 95% CI P value LOS (b) 95% CI P<.001

Elixhauser Index 1.42 [0.66-2.17] <.001* �0.11 [–0.72 to 0.49] .71

Age 0.14 [0.07-0.21] <.001* 0.11 [0.06-0.16] <.001*

Payer

Private Insurance (ref)

Medicare 1.87 [0.17-3.57] .03* 2.43 [1.21-3.65] <.001*

Medicaid 2.82 [–0.03 to 5.68] .05 1.98 [0.44-3.52] .01*

Self/other payer 0.02 [–5.64 to 5.69] .99 �3.48 [–5.15 to �1.80] <.001*

Bed

Large (ref)

Medium 13.5 [1.61-25.4] .03* �0.56 [–3.44 to 2.33] .71

Small 15.7 [0.34-30.1] .05* �0.58 [–5.15 to �1.80] <.001*

Comorbidities

Anemia �6.17 [–8.64 to �3.70] <.001* �4.38 [–6.15 to �2.61] <.001*

Congestive heart failure 3.48 [1.22-5.73] .003* �12.4 [–17.9 to �6.88] <.001*

Coronary artery disease �7.96 [–9.64 to �6.29] <.001* �3.95 [–5.14 to �2.76] <.001*

Peripheral vascular disease 1.81 [–2.88 to 6.50] .45 �2.89 [–4.10 to �1.68] <.001*

Diabetes �5.89 [–7.60 to �4.18] <.001* �3.76 [–4.92 to �2.59] <.001*

Chronic kidney disease 87.0 [73.5-100.4] <.001* 25.2 [19.5-30.9] <.001*

Liver disease 1.70 [–1.68 to 5.08] .32 3.84 [1.66-6.03] .001*

LOS, Length of stay; CI, confidence interval. *P<.05.

TABLE E4. Risk-adjusted predictors of nonhome discharge

Predictors

Lung transplantation Heart transplantation

AOR 95% CI P value AOR 95% CI P<.001

Elixhauser Index 1.25 1.13-1.39 <.001* 1.26 1.15-1.38 <.001*

Age 1.04 1.03-1.05 <.001* 1.05 1.04-1.05 <.001*

Payer

Private Insurance (ref)

Medicare 0.90 0.74-1.09 .29 1.16 0.98-1.38 .08

Medicaid 0.64 0.40-1.03 .06 0.92 0.67-1.26 .60

Self/other payer 7.66 3.41-17.2 <.001* 4.15 2.48-6.94 <.001*

Bed

Large (ref)

Medium 1.10 0.52-2.34 .81 1.23 0.92-1.65 .17

Small 1.51 0.59-3.90 .39 1.13 0.62-2.07 .69

Comorbidities

Anemia 0.74 0.36-1.48 .39 0.44 0.24-0.79 .006*

Congestive heart failure 1.22 0.96-1.56 .11 0.51 0.34-0.75 .001*

Coronary artery disease 0.76 0.54-1.07 .12 0.69 0.57-0.83 <.001*

Peripheral vascular disease 0.66 0.40-1.11 .11 0.78 0.64-0.94 .009*

Diabetes 0.69 0.52-0.90 .008* 0.53 0.42-0.67 <.001*

Chronic kidney disease 4.34 2.47-7.61 <.001* 2.53 2.02-3.15 <.001*

Liver disease 1.17 0.83-1.64 .36 1.34 1.05-1.71 .02*

AOR, Adjusted odds ratio; CI, confidence interval. *P<.05.
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