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Malnutrition is associated with increased mortality in open cardiac surgery, but its impact
on transcatheter aortic valve implantation (TAVI) is unknown. This study utilized the
National Readmissions Database to evaluate the impact of malnutrition on mortality, compli-
cations, length of stay (LOS), 30-day readmission, and total charges following TAVI. Adult
patients undergoing isolated TAVI for severe aortic stenosis were identified using the 2011 to
2016 National Readmissions Database, which accounts for 56.6% of all US hospitalizations.
The malnourished cohort included patients with nutritional neglect, cachexia, protein calorie
malnutrition, postsurgical nonabsorption, weight loss, and underweight status. Multivariable
models were utilized to evaluate the impact of malnutrition on selected outcomes. Of 105,603
patients, 5,280 (5%) were malnourished. Malnourished patients experienced greater mortal-
ity (10.4% vs 2.2%, p <0.001), postoperative complications (49.2% vs 22.6%, p <0.001), 30-
day readmission rates (21.4 vs 14.9%, p <0.001), index hospitalization charges ($331,637 vs
$208,082, p <0.001), and LOS (16.4 vs 6.2 days, p <0.001) relative to their nourished coun-
terparts. On multivariable analysis, malnutrition remained a significant, independent predic-
tor of increased index mortality (Adjusted odds ratio (AOR) = 2.68, p <0.001), complications
(AOR= 2.09, p <0.001), and 30-day readmission rates (AOR= 1.34, p <0.001). Malnutrition
was most significantly associated with infectious complications at index hospitalization
(AOR= 3.88, p <0.001) and at 30-day readmission (AOR= 1.43, p <0.027). In conclusion,
malnutrition is independently associated with increased mortality, complications, readmis-
sion, and resource utilization in patients undergoing TAVI. Preoperative risk stratification
and malnutrition modification may improve outcomes in this vulnerable population. ©
2020 Elsevier Inc. All rights reserved. (Am J Cardiol 2020;125:1096−1101)
rdiac Surgery, Cardiovascular Outcomes Research Lab-

AB), David Geffen School of Medicine, University of

geles, California. Manuscript received October 29, 2019;

received and accepted December 18, 2019.

for disclosure information.

g author: Tel: (310) 206-6717; fax: (310) 206-5901.

s: pbenharash@mednet.ucla.edu (P. Benharash).

www.ajconline.orgElsevier Inc. All rights reserved.

1016/j.amjcard.2019.12.038
Transcatheter aortic valve implantation (TAVI) has
emerged as an alternative to open surgery for patients with
severe symptomatic aortic stenosis.1,2 A growing body of
research suggests that TAVI is associated with decreased
rates of acute kidney injury, atrial fibrillation, and transfu-
sion requirements relative to surgical aortic valve replace-
ment.3 Malnutrition is especially prevalent in this high-risk
population, with rates as high as 65% in adults >65 years.4

Malnutrition in older adults undergoing open surgical pro-
cedures is associated with increased rates of mortality, read-
mission, and longer lengths of hospital stay (LOS) relative
to their properly nourished counterparts.5,6 However, few
have examined the association between malnutrition and
outcomes following less invasive procedures such as TAVI.
A simple method for preoperative nutritional classification
before TAVI may allow for better risk assessment and miti-
gation. The present study utilized a national cohort to inves-
tigate the independent impact of malnutrition on mortality,
postoperative complications, discharge location, rates and
causes of 30-day readmission, LOS, and total charges fol-
lowing TAVI.
Methods

All adult patients (>18 years) admitted for TAVI were
identified using the 2011 to 2016 National Readmission
Database. As part of the Healthcare Cost and Utilization
Project maintained by the Agency for Healthcare Research
and Quality, the National Readmission Database is an all-
payer database that provides accurate national estimates for
36 million discharges per year, accounting for 56.6% of all
US hospitalizations. Patients without a preoperative diagno-
sis of aortic stenosis, and those with endocarditis, a history
of valve surgery, or a concurrent cardiac procedure, were
excluded (Figure 1).

Malnutrition, as defined in the Healthcare Cost and Utili-
zation Project, encompassed protein calorie malnutrition,
cachexia, nutritional neglect, weight loss secondary to fail-
ure to thrive, underweight status, and postsurgical nonab-
sorption.7 A patient was identified as malnourished if they
had at least one of the above diagnoses. The International
Classification of Diseases - 9/10 codes used to extract these
diagnoses are shown in Table 1. The malnourished cohort
was further stratified by admission status (elective vs non-
elective). Patient and hospital characteristics, co-morbid-
ities, and complications were derived from the database in
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Figure 1. Consort diagram for patient selection. Of 116,622 adult patients

undergoing TAVI, 105,603 met inclusion criteria and 5,280 (5%) were

malnourished. TAVI = transcatheter aortic valve implantation.

Table 1

International Classification of Diseases (ICD) - 9/10 diagnosis codes for

malnutrition

Malnutrition Type ICD-9 Codes ICD-10 Codes

Protein calorie

malnutrition

260, 261, 262, 263.0,

263.1, 263.2,

263.8, 263.9

E40, E41, E43, E440,

E441, E45, E46

Cachexia* 7994 R64

Nutritional neglecty 99584 T7401XA, T7601XA

Weight lossz 78321, 7833, 7837 R634, R633, R627

Underweightx 78322, V850, V8551 R636, T7601XA,

Z681, Z6851

Postsurgical

Non-absorption

5793 K912

*Defined as involuntary weight loss of greater than 10% of baseline

body weight characterized by atrophy of muscles and depletion of lean

body mass.
yDefined as suspected or confirmed adult neglect, abuse, or other mal-

treatment leading to neglect in nutrition.
zDefined as feeding difficulties, abnormal weight loss, and adult failure

to thrive syndrome (progressive functional deterioration of a physical and

cognitive nature at which an individual’s ability to live with multisystem

diseases, cope with ensuing problems, and manage his/her care are remark-

ably diminished).
xDefined as BMI ≤ 19.9.

Table 2

Patient and hospital characteristics by malnutrition status

Variable Nourished

(N = 100,322)

Malnourished

(N = 5,280)

p Value

Women 46,883 (46.7%) 2,718 (51.5%) <0.001
Age (years) 81.1 § 8.3 81.7 § 7.9 0.005

Nonelective admission 19,998 (21.1%) 2,120 (41.8%) <0.001
Elixhauser Comorbidity Index 5.3 § 1.7 5.9 § 1.6 <0.001
Insurance

Medicare 92,182 (91.9%) 4,946 (93.7%) 0.020

Medicaid 875 (0.9%) 40 (0.8%) 0.576

Private 5,280 (5.3%) 223 (4.2%) 0.04

Other 1,986 (2%) 72 (1.4%) 0.092

Co-morbidities

Coronary artery disease 63,702 (65.1%) 2,585 (50.6%) <0.001
Congestive heart failure 71,402 (72.5%) 4,163 (79.3%) <0.001
Prior myocardial infarction 9,628 (10.2%) 341 (6.8%) <0.001
Hypertension 72,971 (76.2%) 2,933 (57.8%) <0.001
Peripheral vascular disease 22,615 (23.8%) 954 (19.1%) <0.001
Smoker 19,955 (21%) 498 (10%) <0.001
Diabetes mellitus 32,155 (33.5%) 941 (18.8%) <0.001
Pulmonary hypertension 18,150 (19.1%) 1,052 (21%) 0.052

Chronic pulmonary disease 34,343 (36%) 1795 (35.7%) 0.804

Dialysis dependence 1,732 (1.8%) 102 (2.1%) 0.476

Chronic kidney disease 30,847 (32.2%) 1,604 (31.6%) 0.622

Anemia 3,717 (4.0%) 161 (3.3%) 0.118

Coagulopathy 15,983 (16.9%) 992 (19.8%) 0.001

Fluid and electrolyte disorders 1,848 (19.5%) 1,945 (38.5%) <0.001
Liver disease 2,787 (3%) 248 (5%) <0.001
Obesity 12,859 (13.6%) 251 (5%) <0.001
Cancer 3,360 (3.6%) 224 (4.5%) 0.026

Hypothyroidism 16,764 (17.7%) 632 (12.7%) <0.001
Substance use disorder 1,442 (1.5%) 91 (1.8%) 0.259

Hospital bed size

Small 4,309 (4.3%) 175 (3.3%) 0.087

Medium 15,838 (15.8%) 667 (12.6%) 0.013

Large 80,175 (79.9%) 4,438 (84.1%) 0.002

Hospital teaching status

Urban teaching 89,844 (89.6%) 4,838 (91.6%) 0.051

Urban Non-teaching 9,627 (9.6%) 414 (7.8%) 0.093

Rural 851 (0.8%) 28 (0.5%) 0.027
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this study (Table 2). The Elixhauser index, a widely utilized
estimate of patient co-morbidity, was calculated based on
30 common comorbidities.8

The primary outcome was mortality at index hospitaliza-
tion. Secondary outcomes included postoperative complica-
tions, discharge location, rates of 30 and 90 day
readmission, LOS, and total charges at index hospitaliza-
tion. Mortality, LOS, and hospital charges were also tabu-
lated at 30 and 90 day readmission. A composite variable
for complications considered neurological (included intra-
cerebral hemorrhage, acute ischemia, and stroke), cardio-
vascular (cardiac arrest, ventricular tachycardia, and
ventricular fibrillation), respiratory (pneumonia, pneumo-
thorax, pulmonary edema, pulmonary collapse, empyema,
prolonged ventilation, and tracheostomy), renal (acute kid-
ney injury), and infectious complications (sepsis, septice-
mia, wound infection, and mediastinitis). Of those patients
readmitted within 30 days of TAVI, the primary reason for
readmission was categorized using the Diagnosis Related
Group codes.
Using Patrick Royston’s module for trend analysis, trends
of malnutrition in TAVI patients were analyzed over the
study period by using survey weighted estimates.9 Patient
characteristics were analyzed by malnutrition status. The
adjusted Wald test was used to compare continuous variables,
while Pearson’s chi-squared was utilized for categorical vari-
ables. Multivariable logistic regression models were used to
analyze the independent impact of malnutrition on categorical
outcomes, while multivariable linear regression models were
used for continuous variables such as LOS and total charges.
Model fit was evaluated by comparing C-statistics and Akaike
information criterion for categorical outcomes, and adjusted
R-squared and Akaike information criterion values for contin-
uous ones. Covariates included in the multivariable models
were clinically relevant factors found to have a p ≤0.2 on uni-
variate analysis. Statistical significance was considered as
p value <0.05. All statistical analyses were performed using
STATA 15.1 (StataCorp LP, College Station, Texas). This
study was deemed exempt by the Institutional Review Board
at the University of California, Los Angeles.
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Results

An estimated 116,622 adult patients underwent TAVI
for severe aortic stenosis during the study period. After
application of exclusion criteria (Figure 1), 105,603 patients
remained, of which 5,280 (5%) were considered malnour-
ished. Over the course of the study period, the proportion
of patients undergoing TAVI significantly increased, as
did the proportion of TAVI patients with malnutrition
(PTREND <0.001; Figure 2).
Figure 2. National temporal trends in TAVI patients and the malnourished

cohort. While the proportion of patients undergoing TAVI significantly

increased throughout the study period from 1.3% to 32.6% (PTREND

<0.001), the proportion of malnourished patients increased as well with

a mean of 5% (PTREND <0.001). TAVI = transcatheter aortic valve

implantation.

Table 3

Univariate analysis of the effect of malnutrition on postoperative outcomes

Outcome Nourished

(N = 100,322)

Index mortality 2,199 (2.2%)

Any complication 21,381 (22.6%)

Postoperative complications

Acute kidney injury 9,343 (10%)

Cardiovascular 5,094 (5.4%)

Infectious 975 (1%)

Neurological 1,807 (1.9%)

Respiratory 8,561 (9.1%)

Index LOS (days) 6.2 § 0.6

Index charges $208,082 § $84,456

Discharge to facility 53,014 (52.8%)

Readmission within 30 Days 13,495 (14.9%)

Readmission within 90 Days 17,662 (24.6%)

30 day readmission

Mortality 583 (4.3%)

LOS (days) 5.9 § 6.5

Charges $55,305 § $28,309

Reasons for readmission at 30 days

Infectious 1,492 (11.6%)

Respiratory 1,324 (10.3%)

Cardiovascular 5,190 (40.3%)

90 day readmission

Mortality 482 (6%)

LOS (days) 6.2 § 7

Charges 57,109 § 84,488

LOS = length of stay.
On an average, malnourished patients were older and
more likely to be female, insured by Medicare, admitted
nonelectively, and have a higher Elixhauser Comorbidity
Index compared with their nourished counterparts (Table 2).
Malnourished patients had significantly higher rates of pre-
existing congestive heart failure and fluid and electrolyte
disorders, but lower rates of coronary artery disease, previ-
ous myocardial infarction, and hypertension among others
(Table 2).

Malnourished patients experienced higher rates of mortal-
ity (10.4% vs 2.2%, p <0.001) and postoperative complica-
tions (49.2% vs 22.6%, p <0.001) at index hospitalization
(Table 3). After subgroup analysis of complications, malnour-
ished patients demonstrated higher rates of respiratory, car-
diovascular, infectious, renal, and neurologic complications.
Malnourished patients also experienced increased discharge
to a skilled nursing facility. At index hospitalization, mal-
nourished patients were, on average, in the hospital 10 days
longer than their nourished peers. Furthermore, hospitals
experienced, on average, an increase of $123,555 in charges
when caring for malnourished patients compared with nour-
ished patients (Table 3).

In addition, malnourished patients experienced greater
readmission rates. Malnourished patients were more likely
to be readmitted within 30 days after TAVI (21.4% vs
14.9%, p <0.001) with greater mortality rates, LOS, and
charges (Table 3). Of surviving patients, malnourished
patients were more often readmitted within 30 days for
respiratory (14.1% vs 10.3%, p = 0.0114) or infectious
(15.2% vs 11.6%, p = 0.0362) complications. Moreover,
malnourished patients experienced greater mortality rates,
LOS, and charges within 90 days of readmission (Table 3).
Malnourished

(N = 5,280)

p Value

548 (10.4%) <0.001
2,485 (49.2%) <0.001

1,202 (24.3%) <0.001
522 (10.5%) <0.001
424 (8.5%) <0.001
238 (4.8%) <0.001

1,466 (29.2%) <0.001
16.4 § 1.4 <0.001

$331,637 § $84,589 <0.001
3,613 (68.4%) <0.001
1,018 (21.4%) <0.001
1,256 (34%) <0.001

96 (9.4%) <0.001
7.9 § 9 <0.001

$69,198 § $23,417 0.002

151 (15.2%) 0.036

140 (14.1%) 0.011

296 (29.9%) <0.001

76 (12%) <0.001
7.5 § 7.3 0.002

67,917 § 84,240 0.025
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A multivariable model adjusted for baseline differences
among groups (C = 0.79 for mortality). After accounting for
patient and hospital characteristics, malnutrition was inde-
pendently associated with increased mortality, complica-
tions, LOS, and charges, as well as 30- and 90-day
readmission rates (Table 4). Furthermore, malnutrition was
associated with increased odds of postoperative complica-
tions in every category analyzed in this study (Figure 3). At
30 days, malnutrition was associated with greater resource
utilization but not mortality (Table 4). Malnourished
patients were frequently readmitted within 30 days for
respiratory and infectious reasons when compared with
readmitted nourished patients (Table 4). At 90 days, malnu-
trition was associated with increased mortality, LOS, and
hospital charges (Table 4).
Table 4

Multivariable analysis demonstrating the impact of malnutrition on post-

operative outcomes (Reference is Nourished Peers)

Outcome Adjusted odds

ratio [95% CI]

p Value

Index mortality 2.67 [2.14−3.33] <0.001
Any complication 2.09 [1.86−2.34] <0.001
Index LOS 2.66 [2.51−2.82] <0.001
Index charges 1.35 [1.30−1.40] <0.001
Discharge to facility 1.51 [1.28−1.78] <0.001
30 day readmission 1.34 [1.16−1.54] <0.001
90 day readmission 1.34 [1.17−1.54] <0.001
30 day readmission

Mortality 1.15 [1.06−1.24] 0.309

LOS 1.19 [1.09−1.29] 0.001

Total charges 1.16 [1.04−1.28] 0.005

Reasons for readmission at 30 days

Infectious 1.43 [1.04−1.97] 0.027

Respiratory 1.35 [1.02−1.80] 0.038

Cardiovascular 0.62 [0.49−0.79] <0.001
90 day readmission

Mortality 2.12 [1.46−3.09] <0.001
LOS 1.10 [1.00−1.19] 0.033

Total charges 1.18 [1.06−1.32] 0.004

LOS = length of stay.

Figure 3. Adjusted odds ratio for postoperative complications for mal-

nourished patients at index hospitalization. After adjustment, malnour-

ished patients were more likely to experience acute kidney injury, and

cardiovascular, infectious, neurological, and respiratory complications fol-

lowing TAVI. * indicates significance at p <0.001. TAVI = transcatheter

aortic valve implantation.
When stratified by admission type, malnourished
patients with elective admission had higher rates of index
mortality, complications, 30 and 90 day readmissions, lon-
ger index LOS, and greater charges compared with their
nourished counterparts (Figure 4). Elective patients with
malnutrition had increased odds of index mortality, compli-
cations, and LOS compared with nonelective admission
patients. Furthermore, electively admitted malnourished
patients had higher odds of developing acute kidney injury
or infectious, neurologic, or respiratory complications fol-
lowing TAVI relative to the elective malnourished cohort
(Figure 5).
Discussion

TAVI has emerged as an alternative valve implantation
procedure for the elderly and frail. Given the adverse
impact of malnutrition on open surgical procedures, this
study evaluated its predictive value in patients undergoing
the less invasive TAVI. We examined a national cohort of
malnourished patients who, relative to properly nourished
patients, had significantly higher rates of mortality, longer
hospital stays, increased rates of acute kidney injury, and
more frequent pulmonary, cardiovascular, and infectious
complications. Malnutrition was also associated with
greater 30- and 90-day readmission rates, as well as an
average of $123,555 more in index hospitalization
Figure 4. Adjusted odds ratio for outcomes in malnourished patients by

admission status. Reference is nourished peers in respective subcohorts.

Figure 5. Adjusted odds ratio for complications in malnourished patients

by admission status. Reference is nourished peers in respective subcohorts.
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expenditures. These results may aid in patient selection and
preoperative optimization given the significant impact of
malnutrition in a less invasive procedure like TAVI.

Currently, multiple well-established assessment tools are
used to identify malnutrition in clinical practice, including
the Malnutrition Universal Screening Tool,10 Nutrition Risk
Screening 2002,11 Mini Nutritional Assessment12 and its
Short Form,13 and Subjective Global Assessment.14 How-
ever, these assessment tools can be subjective, complex, and
time-consuming. A previous multicenter investigation identi-
fied a number of adverse outcomes in patients who under-
went TAVI using the Mini Nutritional Assessment-Short
Form score.15 However, in our study, malnutrition was
defined as a composite of diagnoses based on the National
Readmission Database data dictionary. This definition holds
several advantages over existing methodology. First, our
study allows for a more generalizable, national-level analysis
without subjective variation in survey administration. Sec-
ond, this method utilizes a composite definition from co-mor-
bidities coded in the medical record, significantly reducing
the time required by survey methods. Third, this definition
can be generated preoperatively to allow for risk stratifica-
tion and possible mitigation of postoperative risks, including
infection. Importantly, our methodology generated findings
consistent with the existing literature, but also expanded on
adverse events independently predicted by malnutrition
within the TAVI population.15

Preoperative malnutrition portends significantly worse
postoperative morbidity and mortality. Malnutrition has
been shown to attenuate the patient’s immune response,
leading to delayed wound healing in surgical patients.6,16,17

Further evidence suggests that preoperative malnutrition
spurs T cell anergy and yields a dysfunctional immune
response that predisposes to infection and protein catabo-
lism.18 Our findings in malnourished TAVI patients are
consistent with previous studies in open surgery.19−22 Mal-
nutrition is often a modifiable risk factor that could prompt
nutritional intervention.23 Immunonutrition is one such pre-
operative intervention that may enhance the bodily response
to infection. Nutritional supplements such as arginine and
omega-3 fatty acids have been associated with reduced rates
of infection, wound complications, and lengths of stay in
malnourished surgical patients.24 The potential of this pre-
operative intervention warrants further investigation in the
TAVI population.

Beyond the index hospitalization, our results also demon-
strate malnutrition to be associated with higher readmission
rates following TAVI. Within 30 days, 19.3% of malnour-
ished patients were readmitted, notably due to infectious
causes. It is remarkable that malnourished TAVI patients
have a readmission rate comparable to that of malnourished
open general surgery counterparts, as Havens et al found that
18.9% of malnourished general surgery patients were read-
mitted within 30 days.25 Furthermore, the higher rate of read-
mission for infection observed in the malnourished cohort is
consistent with animal and human models that have linked
malnutrition to immune suppression.26,27 These readmission
rates are unlikely due to differences in discharge location, as
our study was consistent with previous literature in finding
that malnourished patients were more likely to be transferred
to a skilled nursing facility.15
Prolonged recovery time and higher readmission rates
contribute to the significant economic impact of malnutri-
tion. Our results indicate that malnutrition is associated
with an increase in hospital-based charges due to adverse
outcomes, prolonged LOS, and increased readmission.
Since hospitals are reimbursed based on diagnosis-related
groups, proper documentation of malnutrition is encouraged
to ensure adequate hospital reimbursement. In a cohort of
gastroenterology patients, identification of the appropriate
diagnosis-related group category for malnutrition resulted
in 8.3% increase in total hospital reimbursement.28 These
results highlight the importance of correct identification
and documentation of malnutrition as a potential to increase
hospital reimbursement while improving patient outcomes.

This study had several important limitations. There is no
single definition of malnutrition; thus our study may under-
represent the true extent of the malnourished population.
Given that this was a retrospective study, we are limited in
understanding the unique etiology of each malnourished
presentation. It is difficult to distinguish whether the patient
had a preexisting chronic malnutrition diagnosis, became
malnourished preoperatively during the hospital stay, or
became malnourished as a result of the procedure. Further-
more, we were unable to assess the severity of a patient’s
malnutrition diagnosis. Lastly, the National Readmissions
Database does not include sufficient data to calculate or
extract the Society of Thoracic Surgeons risk score. Given
that these traditional surgical risk scores typically do not
include frailty or malnutrition, future studies should explore
the impact of including frailty in these risk scoring systems.

In conclusion, this study confirms and further illustrates
the consequences of malnutrition on TAVI patients. Malnu-
trition independently predicts adverse events following
TAVI, including higher rates of mortality, complications,
and 30- and 90-day readmission, along with increased
resource utilization. Our findings support the use of coding-
based assessment of malnutrition and its incorporation in
risk assessment tools and policy generation.
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