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ORIGINAL RESEARCH

Association between Red Blood Cell Transfusion and 30-day Readmission Following
Transcatheter Aortic Valve Replacement
Eirini Apostolidou, MD, MSc a, Afshin Ehsan, MDa, Charles E. Beale, MDa, Dhaval Kolte, MD, PhDa, Kevin F. Kennedy, MSb,
Frank W. Sellke, MDa, Paul C. Gordon, MDa, Barry Sharaf, MDa, and Herbert D. Aronow, MD, MPHa

aDivision of Cardiology and Cardiothoracic Surgery, Alpert Medical School of Brown University, Providence, Rhode Island, USA; bStatistical
Consultant to the Cardiovascular Institute, Providence, Rhode Island, USA

ABSTRACT
Background: We sought to evaluate the association between post-procedural packed red blood cell (PRBC) transfusion following
transcatheter aortic valve replacement (TAVR) and 30-day all-cause readmission. We assessed incidence, causes and predictors of
30-day readmission.

Methods: We retrospectively analyzed 417 patients who underwent TAVR and survived the index hospitalization. A propensity-
score adjusted multivariable logistic regression model was utilized to relate PRBC transfusion to 30-day readmission and to
identify predictors of 30-day readmission.

Results: The overall 30-day readmission rate was 19.4% and was for non-cardiac causes in 54.3% of patients. Of patients who
received PRBC transfusion and those who were not transfused, 30.9% and 21.7% were readmitted within 30 days, respectively
(p = 0.08). After propensity adjustment, the odds of readmission were not different among transfused and non-transfused patients
(1.33 [95% CI 0.74, 2.40, p = 0.34]). However, among non-anemic patients, transfusion was associated with a greater likelihood of
readmission (50% vs. 11.8%, OR 4.92 [95% CI 1.74, 13.91], p = 0.003), in contrast to anemic patients in whom it was not (OR 0.96,
[95% CI 0.53, 1.73], p = 0.89; interaction p = 0.002). Independent predictors of 30-day readmission included history of atrial
fibrillation (OR: 2.06; CI: 1.23, 3.46, p = 0.006), urgent TAVR procedure (OR: 2.29; CI: 1.20, 4.38, p = 0.020), discharge to nursing
home or rehabilitation facility (OR: 1.95; CI: 1.11, 3.44, p = 0.014) and any post-operative complication (OR: 2.08; CI: 1.19, 3.63,
p = 0.007).

Conclusions: Pre-procedure atrial fibrillation and urgent procedures are novel predictors of early readmission following TAVR.
PRBC transfusion did not independently predict 30-day readmission following TAVR.
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Introduction

Thirty-day readmission after hospitalization for cardiovascular
conditions and procedures such as acute myocardial infarction
(MI), heart failure and coronary artery bypass graft surgery
(CABG) is common and adversely impacts health care costs.1–7

Since rates of 30-day readmission are considered a marker of
quality and hospital performance,8,9 identifying predictors of
early, unplanned readmission has been the subject of research.
Transcatheter aortic valve replacement (TAVR) is increasingly
performed in patients with symptomatic severe aortic stenosis
(AS) who are deemed to be at prohibitive, high or intermediate
surgical risk,10 and 30-day readmission rates following TAVR
range from 14.6% to 20.9%.11–15 Readmission predictors
include multiple baseline comorbidities, including anemia
and lower left ventricular ejection fraction (LVEF) and proce-
dural and post-procedural factors such as transapical access,
peri-procedural bleeding, acute kidney injury (AKI), prolonged
index hospitalization (> 5 days) and discharge to a nursing

home.14,15 Interestingly, while packed red blood cell (PRBC)
transfusion following surgical aortic valve replacement (SAVR)
is associated with higher readmission rates at 1 and 3 months,16

no study has investigated whether post-TAVR PRBC transfu-
sion is associated with readmission. PRBC transfusion has
previously been associated with increased mortality and
major adverse events in the setting of acute coronary
syndrome,17 percutaneous coronary intervention (PCI),18 and
cardiac surgery.19 Different pathophysiologic mechanisms may
explain the association of PRBC transfusion with mortality,
including impaired oxygen delivery, decreased deformability
of stored red blood cells, prothrombotic effects from increased
release of procoagulant factors and transfusion-related
immunosuppression.18 The purpose of our study was to relate
post-procedural PRBC transfusion with 30-day readmission
following TAVR. Additionally, we sought to determine the
incidence and causes of early readmission following TAVR
and identify independent readmission predictors.
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Materials and methods

Data collection

All relevant demographic, clinical, procedural and follow-up
variables were obtained from our institutional Transcatheter
Valve Therapy (TVT) and Society of Thoracic Surgeons (STS)
quality registries. Additional chart review was performed to
address missing data. After hospital discharge, follow-up data,
including vital status, was entered into the database after
abstraction from hospital or office follow-up and referring
physician encounters.

Study population

Consecutive patients with severe, symptomatic AS, who were
deemed inoperable, high- or intermediate-risk for SAVR and
treated with TAVR from March 2012 to December 2017 in a
single center were eligible for inclusion. We excluded patients
who died during index hospitalization (n = 12), resulting in a
final population of 417 patients. Of note, of the 12 patients
who died during index hospitalization, 10 (83.3%) received at
least one unit of PRBC transfusion and 9 received three or
more units. The study was approved by our Institutional
Review Board and performed in accordance with the ethical
standards defined in the 1964 Declaration of Helsinki. The
need for informed consent was waived.

TAVR procedure

A multidisciplinary structural heart team performed patient
screening and selection. Two interventional cardiologists and
three cardiac surgeons performed the procedures using either
the Edwards Sapien, Edwards Sapien XT, Edwards Sapien 3 or
Medtronic CoreValve prosthesis. Vascular access sites included
transfemoral, transapical, subclavian, and direct aortic. The
procedures were performed under general anesthesia or con-
scious sedation. Our institutional practice has been to offer
TAVT to inpatients presenting with a heart failure hospitaliza-
tion, especially if multiple such admissions have occurred. The
TVT registry considers TAVR procedures to be urgent when
performed in patients hospitalized non-electively.

PRBC transfusion

Blood transfusion was defined as any red blood cell product
given to a patient after the TAVR, during index hospitaliza-
tion. We defined pre-operative anemia according to the
World Health Organization (WHO) criteria as Hg< 12 g/dL
in females and < 13 g/dL in males. In our institution, patients
with Hg< 7 g/dL undergoing TAVR, routinely received PRBC
transfusion before or after the procedure. Patients may have
been transfused at higher levels of Hg earlier during the study
period, in the presence of bleeding or vascular complications,
or in the setting of hypotension or shock. In all instances, the
decision to transfuse was left to the discretion of the treating
physicians.

Outcomes

The primary outcome was the association between post-
operative PRBC transfusion and 30-day unplanned readmis-
sion following TAVR. We also sought to determine predictors
of 30-day readmission, independent of PRBC transfusion. All
clinical end-points were defined as stipulated by the Valve
Academic Research Consortium-2 (VARC-2).20 Readmission
included hospital ward or intensive care unit admissions
within 30 days following index hospital discharge for TAVR.
Time to readmission was calculated as the number of days
between hospital discharge after index TAVR and the day of
hospital readmission. For patients who had multiple readmis-
sions within 30 days, only the first readmission was included.
Causes of readmission were grouped as cardiac and noncar-
diac. Cardiac causes included: heart failure, acute coronary
syndrome (unstable angina or MI), arrhythmia, conduction
abnormalities, hypertension, pericardial effusion/tamponade
and valve-related (endocarditis and prosthesis-related
mechanical complications). Noncardiac causes included: cere-
brovascular (ischemic or hemorrhagic stroke, transient
ischemic attack), bleeding, respiratory (including pneumonia),
infections, peripheral vascular complications, gastrointestinal,
metabolic, trauma/falls, and other.

Statistical analysis

Continuous variables are presented as mean ± standard devia-
tion (SD) in cases of a normal distribution or median with
interquartile range in cases of a skewed distribution; these
were compared with Student’s t or Wilcoxon rank sum tests,
respectively. Categorical data are presented as frequencies and
percentages and were compared with Chi-square test or
Fisher’s exact test, as appropriate. Baseline patient character-
istics, procedural characteristics and in-hospital complications
were compared between patients who received and did not
receive PRBC transfusion. Variables that differed at a signifi-
cance level of p < 0.2 on univariate analysis were entered into
multivariable regression models, to identify independent pre-
dictors of 30-day readmission. In order to minimize selection
bias and confounding, we developed a propensity model to
match patients on the likelihood of post-TAVR PRBC trans-
fusion. The following variables were included in the propen-
sity model: age, sex, race, body mass index (BMI), history of
diabetes, prior stroke, history of peripheral artery disease
(PAD), history of coronary artery disease (CAD), New York
Heart Association (NYHA) functional class, LVEF before the
procedure, access site, fluoroscopy time, platelets, interna-
tional normalized ratio (INR) and creatinine before the pro-
cedure, major vascular complication and anesthesiologist in
the procedure. When pre-procedure hemoglobin was
included, it dominated the propensity model, with a c-statistic
that showed near separation (c = 0.90) between those with
and without transfusion. Consequently, pre-procedure hemo-
globin was removed. The remaining variables discriminated
well between patients who did and those who did not receive
transfusion (c statistic = 0.81). A multivariable logistic regres-
sion model, adjusted for the propensity score was then con-
structed to predict the primary outcome. The results are
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presented as odds ratios (OR) with 95% confidence intervals
(CI). Statistical analysis was performed with SAS 9.2 (Cary,
NC, USA). The level of statistical significance was set at
p < 0.05.

Results

Patients

During the study period, 417 patients underwent TAVR at our
Center. Clinical characteristics appear in Table 1. The average
age of our population was 81.8 ± 8.1 years, 53% were male and
97.8% were white; 92.5% of the overall cohort had hypertension
and 36.6% were diabetics. The overwhelming majority of
patients had NYHA Class III or IV symptoms (90%). The
mean LVEF was 55 ± 13%.Most patients had anemia at baseline;
mean pre-procedure hemoglobin (g/dL) was 11.8 ± 1.8.

PRBC transfusion

PRBC transfusion post-TAVR occurred in 98 patients
(23.5%); 33.3% of patients received at least 2 PRBC units
(Figure 1). Patients who received PRBC transfusion were
older than those who did not (83.6 ± 7.5 vs. 81.2 ± 8.2,
p = 0.013), had a lower BMI (25.6 ± 6 vs. 28.8 ± 9.8,
p = 0.002) and lower LVEF (52.5 ± 13.4 vs. 55.7 ± 12.8,
p = 0.03). The transfusion rate for the transfemoral vs. trans-
apical TAVR patients was 20.2% vs. 43.1% (p < 0.001).

TAVR

Procedural characteristics appear in Table 2. The majority of
the patients in both groups underwent the procedure via a
trans-femoral approach (83.2%) and almost all patients in our
cohort received a version of the Edwards Sapien valve

Table 1. Baseline characteristics according to PRBC transfusion during index hospitalization.

All patients (n = 417) PRBC transfusion (n = 98) No PRBC transfusion (n = 319) p-value

Age (years) 81.8 ± 8.1 83.6 ± 7.5 81.2 ± 8.2 0.013

Male 221 (53%) 44 (44.9%) 177(55.5%) 0.07

White race 405 (97.8%) 97 (99.0%) 308 (97.5%) 0.69

BMI 28 ± 9.1 25.6 ± 6.0 28.8 ± 9.8 0.002

Hypertension 385 (92.5%) 92 (93.9%) 293 (92.1%) 0.57

Hyperlipidemia 371 (89.6%) 83 (85.6%) 288 (90.9%) 0.14

Diabetes 153 (36.6%) 42 (42.9%) 111 (34.8%) 0.5

Coronary artery disease 289 (69.3%) 71 (72.4%) 218 (68.3%) 0.44

Previous myocardial infarct 170 (40.9%) 46 (46.9%) 124 (39.0%) 0.16

Previous PCI 143 (34.4%) 28 (28.6%) 115 (36.1%) 0.17

Previous CABG 114 (27.3%) 26 (26.5%) 88 (27.6%) 0.84

Peripheral vascular disease 102 (24.5%) 31 (31.6%) 71 (22.3%) 0.06

COPD 134 (32.1%) 34 (34.7%) 100 (31.3%) 0.54

Previous pacemaker 41 (11.3%) 9 (10.5%) 32 (11.5%) 0.79

Previous ICD 43 (11.1%) 12 (12.2%) 31(10.7%) 0.67

Atrial fibrillation 163 (39.1%) 42 (42.9%) 121 (37.9%) 0.38

Hemodialysis 10 (2.4%) 7 (7.1%) 3 (0.9%) 0.002

Smoking 21 (5.8%) 6 (7.0%) 15 (5.4%) 0.6

Previous CVA 77 (18.4%) 15 (50.1%) 62 (19.4%) 0.22

Liver disease 17 (4.1%) 5 (5.2%) 12 (3.8%) 0.56

Cancer within 5 years 49 (12%) 11 (11.6%) 38 (12.1%) 0.90

NYHA Class III–IV 369 (90%) 94 (95.9%) 275 (88.1%) 0.02

Heart failure 403 (97.3%) 96 (99.0%) 307 (96.8%) 0.47

Angina 61 (14.6%) 19 (19.4%) 42 (13.2%) 0.13

Syncope 40 (9.7%) 14 (14.4%) 26 (8.2%) 0.07

Pre-procedure hemoglobin 11.8 ± 1.8 10.3 ± 1.5 12.2 ± 1.6 <0.001

Pre-procedure creatinine 1.2 ± 0.7 1.4 ± 0.9 1.2 ± 0.6 0.001

Pre-procedure platelets 199,619 ± 73,295 198,824 ± 76,679 199,861 ± 72,355 0.90

Pre-procedure INR 1.2 ± 0.4 1.2 ± 0.3 1.2 ± 0.4 0.49

Surgical risk:

Inoperable (extreme risk or technical reason) 60 (16.6%) 21 (24.4%) 39 (14.1%) 0.25

High 208 (57.5%) 40 (56.3%) 168 (57.7%)

Intermediate 89 (24.6%) 17 (23.9%) 72 (24.8)

Mortality STS score 7.9 ± 5.5 10.6 ± 6.6 7.1 ± 4.9 <0.001

Mean LVEF (%) 55 ± 13 52.5 ± 13.4 55.7 ± 12.8 0.03

LVEF< 40% 59 (14.2%) 21 (21.4%) 38 (11.9%) 0.22

Note. PRBC, packed red blood cell; BMI, body mass index; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft; COPD, chronic obstructive
pulmonary disease; ICD, implantable cardioverter-defibrillator; CVA, cerebrovascular accident; NYHA, New York Heart Association; INR, international normalized
ratio; LVEF, lef ventricular ejection fraction.

E. APOSTOLIDOU ET AL.: BLOOD TRANSFUSION AND 30-DAY READMISSION POST-TAVR STRUCTURAL HEART 55



(98.3%). General anesthesia was administered to 70.1% of the
patients and the procedure was performed urgently in 13.5%
of cases. Standard anti platelet therapy consisted of aspirin
81 mg indefinitely and either clopidogrel, in the light of recent
percutaneous coronary intervention or warfarin, if the patient
was previously on warfarin for atrial fibrillation or other
indication. The usual anticoagulation during the procedure
was unfractionated heparin (86% of patients, 81% in the
transfusion group and 88.2% in the non-transfusion group).

Transfusion and 30-day readmission

Overall, 81 (19.4%) patients were readmitted within 30 days
and median time to readmission was 10 (IQR 3–18) days.
Unadjusted readmission rates among those who received and
did not receive PRBC transfusions were 30.9% and 21.7%,
respectively (p = 0.08). After propensity adjustment, the
odds of readmission in the overall cohort for those who
received PRBC transfusion were 1.33 (95% CI 0.74, 2.40;
p = 0.34). However, among non-anemic patients, transfusion
was associated with a greater likelihood of readmission (50%
vs. 11.8%, OR 4.92 [95% CI 1.74, 13.91], p = 0.003); this was
in contrast to anemic patients in whom readmission was no
more likely following transfusion (OR 0.96, [95% CI 0.53,
1.73], p = 0.89; interaction p = 0.002). PRBC transfusion was

also related to the composite outcome, 30-day death/readmis-
sion (33.3% vs. 18.4% for transfused vs. not transfused,
p = 0.001), but after propensity-adjustment, this difference
was of borderline significance (OR: 1.72, 95% CI: 0.99, 2.98;
p = 0.054).

Predictors of 30-day readmission

Compared with patients who were not readmitted within
30 days, those readmitted had higher prevalence of pre-
procedure atrial fibrillation (53.1 % vs. 35.7%, p = 0.004)
and transient ischemic attack (TIA)/stroke (24.7% vs. 17%,
p = 0.05) (Supplemental Table 1). Most procedural char-
acteristics were similar regardless of readmission status,
except urgent TAVR, which was performed in 24.7% of
patients who were readmitted but 10.7% of patients who
were not (p < 0.001) (Supplemental Table 2). Patients who
were readmitted within 30 days had a higher incidence of
in-hospital complications compared to those not read-
mitted, including stroke and TIA (13.5% vs. 2.4%,
p < 0.001), AKI (21.0% vs. 6.8%, p < 0.001), need for
cardiac surgery following TAVR (4.9% vs. 0.6%, p = 0.01)
and infectious complications (14.8% vs. 5.4%, p = 0.003)
(Supplemental Table 3). Post-procedure Hg on the 30-day
readmission group was 9.5 ± 1.5 vs. 9.9 ± 1.7 (p = 0.004)
for the group that was not readmitted. Similarly, the Hg at
discharge for the group that was readmitted was 10 ± 1.4
vs. 10.5 ± 1.6 (p = 0.001) for the non-readmission group.
Index hospital length of stay was also longer in the read-
mission than non-readmission group (7.2 ± 6.5 vs.
5.1 ± 4.8, p = 0.001) and readmitted patients were more
likely to have been discharged to a nursing home or reha-
bilitation facility compared to non-readmission patients
(51.8% vs. 30.6%, p = 0.003). On multivariable analysis,
history of atrial fibrillation (OR: 2.08; 95% CI: 1.23, 3.46;
p = 0.006), urgent TAVR procedure (OR: 2.19; 95% CI:
1.13, 4.24; p = 0.020), discharge to nursing home or reha-
bilitation facility (OR: 1.95; CI: 1.11, 3.44; p = 0.014) and
any post-operative complication (OR: 2.08; CI: 1.19, 3.63;
p = 0.007) predicted 30-day readmission (Figure 2). Pre-
procedure Hg, Hg at discharge and PRBC transfusion were
not independent predictors of this outcome. STS Score was
not an independent predictor of 30-day readmission in our
cohort.

Figure 1. Rate of PRBC transfusion by number of units received. PRBC, packed red blood cell.

Table 2. Procedural characteristics.

All patients
(n = 417)

PRBC
transfusion
(n = 98)

No PRBC
transfusion
(n = 319) p-value

Transfemoral access 347 (83.2%) 70 (71.4%) 277 (86.8%) <0.001

Transapical access 53 (12.7%) 23 (23.5%) 30 (9.4%)

Direct aortic access 8 (1.9%) 5 (5.1%) 3 (0.9%)

Subclavian/axillary
access

9 (2.2%) 0 (0.0%) 9 (2.8%)

Edwards Sapien valve 406 (98.3%) 96 (99.0%) 310 (98.1%) 1.00

Medtronic Corevalve 7 (1.7%) 1 (1.0%) 6 (1.9%)

Valve-in valve 30 (8.3%) 5 (5.8%) 25 (9.0%) 0.34

General anesthesia 289 (70.1%) 90 (92.8%) 199 (63.2%) <0.001

Fluoroscopy time (mins) 17 ± 8.4 19.1 ± 11.0 16.3 ± 7.2 0.006

Contrast volume (cc) 88.8 ± 46.1 98.5 ± 60.3 85.9 ± 40.4 0.021

Procedure length (hours) 1.7 ± 0.7 2.1 ± 1.1 1.6 ± 0.4 <0.001

Urgent procedure 56 (13.5%) 21 (21.4%) 35 (11.0%) 0.008

Note. PRBC, packed red blood cell.
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Causes of 30-day readmission

Of the 81 readmissions in our cohort, 37 (45.7%) were the result
of cardiac causes. Heart failure was most common among these
(48%), followed by cardiac arrhythmia (20%), which was mainly
driven by atrial fibrillation (13%). MI accounted for 15% of
cardiac readmission, while readmission for permanent pace-
maker and pericardial effusion were relatively uncommon. No
patient was readmitted within 30 days for aortic valve re-inter-
vention or mechanical complication. The most common causes
of noncardiac readmissions were infections (19.5%), respiratory
issues (17.3%), bleeding (15.2%, mainly gastrointestinal), and
TIA/stroke (15.2%).

Discussion

In our study we report several important findings: (1) 19.4%
of patients undergoing TAVR were readmitted within 30 days
of their procedure; (2) history of atrial fibrillation and urgent
TAVR procedure are novel independent predictors of 30-day
readmission; (3) More than half of 30-day readmissions were
for noncardiac causes; (4) Unlike in patients who undergo
SAVR, PRBC transfusion does not appear to independently
predict 30-day readmission; (5) PRBC transfusion is asso-
ciated with higher 30-day readmission rate in patients who
do not have anemia at baseline.

Readmission rates following cardiac procedures constitute
a quality performance measure. At 30 days, they range from
9% to 24% after percutaneous coronary intervention and
cardiac surgery5–9 and approximately 20% following isolated
SAVR.21 National TAVR registries have reported 30-day read-
mission rates of 17–19%.12,13,15 Our observed findings are in
concordance with prior studies.

The ability to identify patients at risk for early readmission
following TAVR is critical in optimizing associated health
care resource utilization and cost. Prior studies have demon-
strated that the presence of multiple (> 4) comorbidities in
patients undergoing TAVR, particularly chronic kidney dis-
ease (CKD), predicts early readmission.15 Others have
demonstrated that comorbidities such as atrial fibrillation,
CKD, PAD, and chronic obstructive lung disease predict late
readmission between 30-days and 1 year following TAVR.14 A
history of major arrhythmia has also been associated with late
readmission in prior reports.14,22 We observed that the pre-
sence of pre-procedure atrial fibrillation was associated with
early readmission post-TAVR. Although prior studies of
TAVR have not identified history of atrial fibrillation as a
predictor of 30-day readmission,14,15 pre-procedure atrial
fibrillation has been identified as a predictor of early read-
mission following CABG.9,16 Urgent or emergent TAVR in
patients who are in cardiogenic shock or decompensated heart
failure is not frequently performed. A prior report

Figure 2. Independent predictors of 30-day readmission after TAVR. AFIB, atrial fibrillation; ICU, intensive care unit; DC, discharge; LVEF, left ventricular ejection
fraction; TAVR, transcatheter aortic valve replacement.
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demonstrated increased 30-day mortality after emergent/
urgent TAVR23 and a recent study showed higher 1-year
mortality in that same group, compared to patients under-
going the procedure electively.24 However, our study is the
first to identify that patients who undergo the procedure
urgently are at increased risk for 30-day readmission as well.
Additionally, peri-procedural complications, mainly driven by
AKI, independently predicted 30-day readmission, a finding
consistent with observations in prior studies.25,26 In contrast
to prior work,14 bleeding complications and anemia at dis-
charge did not predict readmission in our cohort. Finally,
discharge to a nursing home or rehabilitation facility was an
independent predictor of readmission, likely reflecting the
frailty and comorbidities seen in this population.15,27

The majority of unplanned early readmission following
TAVR in our cohort was noncardiac. Infections and respiratory
disorders accounted for the majority of noncardiac readmis-
sion. Attention to proven strategies for reducing respiratory
and access site infections may reduce readmission rates. As in
prior reports,14,15 the most common cause of cardiac readmis-
sion was for heart failure, which may be explained by the older
population and the high prevalence of comorbidities such as
hypertension, atrial fibrillation, CKD, CAD, and concomitant
non-aortic valvular disease.28–30 Interventions proven to
decrease heart failure readmission from any cause may be
helpful in the TAVR population as well.31–33 Cardiac arrhyth-
mia and especially post-operative atrial fibrillation is a known
predictor of rehospitalization following cardiac surgery,7,34 and
TAVR35,36 and was the second most common cause of cardiac
readmission in our study.

Our study is the first to specifically investigate the associa-
tion of PRBC transfusion post TAVR with 30-day

readmission. We were unable to demonstrate that PRBC
transfusion is an independent predictor of early readmission
following the procedure. We did, however, observe a numer-
ical difference in 30-day death/readmission rates between
patients who received PRBC transfusion and those who did
not, however this difference was of borderline statistical sig-
nificance. Further investigation of the association between
PRBC transfusion and 30-day readmission in larger registries
may be worthwhile, as PRBC transfusion post-TAVR has been
associated with other adverse outcomes, including increased
morbidity and mortality.37–39

PRBC transfusion and 30-day readmission rates have sig-
nificantly decreased over time in our institution (Figure 3).
There are multiple possible explanations for this observation,
including advances in equipment, improvement in operator
technical expertise, changes in patients’ selection, greater uti-
lization of transfemoral access site and implementation of a
more restrictive transfusion strategy. As highlighted in the
figure, the rate of vascular and bleeding complications
remained low and relatively stable over the course of the
study period.

The majority of patients in our study had anemia at
baseline. Baseline pre-procedural anemia is a known pre-
dictor of increased mortality in patients undergoing TAVR.
Studies have shown that anemic patients require more
PRBC transfusion and have increased 30-day and 1-year
mortality.40,41 Pre-procedure anemia has also been identi-
fied as a predictor of early readmission following TAVR. In
our study, we showed that patients who did not have base-
line anemia and received PRBC transfusion during index
hospitalization had a higher 30-day readmission rate com-
pared to those who had baseline anemia and were

Table 3. In-hospital (index hospitalization) clinical outcomes/complications.

All patients (n = 417) PRBC transfusion (n = 98) No PRBC transfusion (n = 319) p-value

Stroke 13 (3.1%) 3 (3.1%) 10 (3.1%) 1.00

TIA 6 (1.4%) 1 (1.0%) 5 (1.6%)

Peri-procedure RV perforation/tamponade 12 (2.9%) 11 (11.2%) 1 (0.3%) <0.001

Myocardial infarction 3 (0.7%) 1 (1.0%) 2 (0.6%) 0.55

Cardiogenic shock 8 (1.9%) 7 (7.1%) 1 (0.3%) <0.001

New atrial fibrillation 32 (7.7%) 9 (9.2%) 23 (7.2%) 0.52

New pacemaker 38 (9.1%) 11 (11.2%) 27 (8.5%) 0.41

Post-op creatinine 1.3 ± 1.1 1.7 ± 1.4 1.2 ± 0.9 <0.001

New hemodialysis 1 (0.2%) 0 (0.0%) 1 (0.3%) 1.00

Major vascular complication 42 (10.1%) 22 (22.4%) 20 (6.3%) <0.001

Major bleeding 24 (5.7%) 22 (22.5%) 2 (0.6%) <0.001

Cardiac surgery post procedure 6 (1.4%) 4 (4.1%) 2 (0.6%) 0.029

Infectious complication 30 (7.2%) 15 (15.3%) 15 (4.7%) <0.001

Post-procedure hemoglobin 9.9 ± 1.7 8.4 ± 1.1 10.3 ± 1.5 <0.001

Hemoglobin at discharge 10.4 ± 1.6 9.5 ± 1.0 10.7 ± 1.6 <0.001

Length of hospital admission (days) 5.5 ± 5.2 9.2 ± 6.4 4.4 ± 4.2 <0.001

Surgery to discharge (days) 4.2 ± 3.6 6.8 ± 4.5 3.4 ± 2.9 <0.001

Total ICU hours 62.9 ± 51.6 87.0 ± 64.2 53.7 ± 42.5 <0.001

Discharge location <0.001

Home 266 (64.3%) 44 (45.4%) 222 (70.0%)

Transitional care unit/rehabilitation 130 (31.4%) 43 (44.3%) 87 (27.4%)

Nursing home 14 (3.4%) 7 (7.2%) 7 (2.2%)

Hospice 4 (1%) 3 (3.1%) 1 (0.3%)

Note. PRBC, packed red blood cell; TIA, transient ischemic attack; RV, right ventricle; ICU, intensive care unit.
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transfused. That observation may be explained by the fact
that non-anemic patients likely received transfusion for a
complication associated with the procedure (vascular or
bleeding complication or hypotension/shock), likely repre-
senting “a sicker population,” which subsequently translated
to need for repeat hospitalization. That said, our study was
not designed to evaluate the association between pre-pro-
cedure anemia and readmission, but rather that of PRBC
transfusion and readmission following TAVR.

Our study has several limitations. It is a retrospective,
observational, single-center cohort; consequently, unmea-
sured confounders may have affected the results and
results may not be applicable to all patients who undergo
TAVR. In addition, the small number of patients and
small number of clinical outcomes may have limited our
statistical power, especially with respect to the relationship
between PRBC transfusion and readmission.

Conclusion

PRBC transfusion did not independently predict 30-day
readmission following TAVR. Pre-procedure atrial fibrilla-
tion, urgent TAVR, peri-procedure complications and dis-
charge to a nursing home or rehabilitation facility
independently predicted early readmission. The identifica-
tion of patients at risk and the implementation of strate-
gies to reduce readmission are critical to reducing adverse
outcomes while improving healthcare resource utilization.
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