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Abstract

Background Patients with atrial fibrillation (AF) may benefit from PLAAO, a method proven to reduce the risk
of stroke. However, the risk of requiring blood transfusion during the perioperative period has not been adequately
evaluated.

Objectives Using a comprehensive nationwide database, this study aimed to evaluate the frequency of transfusion
events, identify contributing factors, and assess clinical outcomes in individuals who underwent PLAAO.

Methods A retrospective evaluation of 61,445 PLAAO procedures, documented in the Nationwide Inpatient Sample
database from 2015 to 2019, was conducted. The analysis compared patient characteristics, underlying conditions,
medical complications, institutional features, and clinical results between groups requiring and not requiring transfu-
sion support. A multivariable logistic regression model was used to identify key predictors of blood transfusion.

Results Transfusion support was necessary in 1.8% of procedures (1,090/61,445), with a decrease from 5.0% in 2015
to 1.7% by 2019. Independent factors associated with an increased need for transfusion included female sex, pre-
existing conditions (chronic blood loss anemia, coagulopathy, fluid and electrolyte disorders, metastatic cancer,

other neurological disorders, and peripheral vascular disorders), and complications (hemorrhage/seroma/hematoma,
postoperative shock, urinary tract infections, gastrointestinal bleeding, acute heart failure, dialysis). Protective factors
included elective admission and hospital location in the Midwest/North central, South, or West regions. The transfu-
sion group experienced significantly poorer outcomes, with higher mortality (3.2% vs. 0.1%, P<0.05), longer hospitali-
zations (median 3 vs. 1 day, P<0.05), and greater hospital expenses (median $159,635 vs. $101,953, P<0.05).

Conclusion Patients undergoing PLAAO who require blood transfusion face significantly higher risks of death,
extended hospital stays, and increased healthcare expenses. A thorough pre-procedure risk assessment could
improve patient selection and minimize transfusion requirements.
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Background

PLAAO serves as a critical therapeutic option for
stroke prevention in patients with atrial fibrillation
(AF), particularly when conventional anticoagulation
therapy is unsuitable or poses excessive risks [1-5].
Despite its efficacy in preventing thromboembolism,
this interventional procedure carries certain risks,
including significant bleeding concerns. Current data
indicate that approximately 5% of individuals undergo-
ing PLAAO require blood product support [1].

While the administration of red blood cells (RBCs) is
crucial for maintaining adequate tissue oxygenation, it
can lead to several complications. These adverse events
include acute pulmonary compromise, volume over-
load, thrombotic complications, and altered immune
responses [6, 7]. Additionally, the administration of
blood transfusion is associated with increased health-
care utilization, higher costs, a greater likelihood of
in-hospital complications, and elevated mortality rates
[6, 7]. Understanding the prevalence and predictors
of transfusion requirements following PLAAO proce-
dures is essential for developing preventive strategies
and optimizing patient outcomes. To our knowledge,
there have been no large-scale, cross-sectional studies
specifically investigating the incidence of transfusion
and the associated risk factors in the PLAAO patient
population.

Our investigation aims to address this knowledge
gap by analyzing a nationwide database to deter-
mine the frequency of and risk factors associated with
blood transfusion in patients undergoing PLAAO. We
hypothesize that specific patient demographics, comor-
bidities, and perioperative complications significantly
increase the likelihood of blood transfusion in PLAAO
procedures and correlate with adverse outcomes.

Methods

Data source

Data for our study was obtained from the Healthcare
Cost and Utilization Project’s Nationwide Inpatient
Sample (NIS), the largest all-payer hospitalization data-
base in the United States. This resource accounts for
approximately one-fifth of annual hospital discharge
records from over 1,000 medical facilities across the
nation [8]. The database includes comprehensive details
on patient characteristics, hospital attributes such as
location, capacity, and academic status, and financial

metrics. As the research involved publicly accessible,
de-identified data, an ethics committee review was not
required.

Data collection
The investigation analyzed NIS entries from 2015 to
2019. PLAAO procedures were identified using the
ICD-10-CM procedural classification 02L73DK. Cases
involving transfusion were detected through specific
diagnostic codes within the ICD-10-CM system. The
study population excluded individuals younger than
18 years and those with missing data including death,
age, gender, elective admission, LOS, race, type of
insurance, bed size of hospital and total charge (Fig. 1).
Subjects were categorized into two groups based on
their perioperative transfusion requirements. Our anal-
ysis compared population characteristics, institutional
features, and clinical outcomes between these groups,
including hospitalization duration, expenditures, and
mortality rates. Pre-existing conditions and medical
complications were documented using ICD-10-CM
diagnostic classifications (Table 1). The complications
encompassed included cardiac arrest, hemorrhage/
seroma/hematoma, stroke, postoperative shock, acute
myocardial infarction, deep vein thrombosis, continu-
ous trauma ventilation, postoperative delirium, convul-
sion, urinary tract infections, gastrointestinal bleeding,
thrombocytopenia, sepsis, dialysis, and acute heart fail-
ure (Table 1).

62,010 initial dataset patients who undergoing percutaneous
left atrial appendage occlusion ( PLAAO; ICD-10) from 2015 to
2019

Exclusion criteria (in order of implement):
e Missing data (n=550)
e Age less than 18 years (n=15)

61,445 unique patients included in analysis

Fig. 1 Inclusion/exclusion process of PLAAO
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Table 1 Variables used in binary logistic regression analysis
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Variables Categories  Specific Variables

Patient demographics
and Other)

Age (<80 years and > 80 years), sex (male and female), race (White, Black, Hispanic, Asian or Pacific Islander, Native American

Hospital characteristics  Type of admission (non-elective, elective), bed size of hospital (small, medium, large), teaching status of hospital (nonteaching,
teaching), location of hospital (rural, urban), location of the hospital (northeast, Midwest or north central, south, west)

Comorbidities

AIDS, alcohol abuse,deficiency anemia, rheumatoid diseases, chronic blood loss anemia, congestive,heart failure, chronic

pulmonary disease, coagulopathy, depression, diabetes (uncomplicated), diabetes (with chronic complications), drug abuse,
hypertension, hypothyroidism, liver disease, lymphoma, fluid and electrolyte disorders,metastatic cancer, neurological
disorders, obesity, paralysis, peripheral,vascular disorders, psychoses, pulmonary circulation disorders, renal failure,solid tumor
without metastasis, peptic ulcer disease, valvular disease and weight loss

Complications

cardiac arrest, hemorrhage/seroma/hematoma, stroke, postoperative shock, acute myocardial, infarction, deep vein

thrombosis, continuous trauma ventilation, postoperative delirium, convulsion, urinary tract infections, gastrointestinal
bleeding,thrombocytopenia, sepsis, dialysis, acute heart failure

AIDS Acquired immunodeficiency syndrome

Data analysis

Statistical evaluation was performed using SPSS software
(version 25.0). Independent t-tests assessed continuous
variables, and chi-square analysis was used for categori-
cal data comparisons. To identify predictors of transfu-
sion requirements, multivariable logistic regression was
employed, incorporating patient attributes, facility char-
acteristics, and clinical variables (Table 1). This analysis
produced odds ratios with associated 95% confidence
intervals, considering p<0.05 as statistically significant
[9]. To ensure nationally representative findings, appro-
priate survey weights, stratification variables, and cluster
adjustments were implemented, accounting for the NIS’s
complex sampling methodology [5]. The risk assessment
model was determined by studying the risk factors that
occur in patients with PLAAO.

Results

Transfusion Frequency in PLAAO Interventions

A review of 61,445 PLAAO interventions from 2015 to
2019 indicated that blood transfusion was required in
1,090 cases, representing 1.8% of procedures. The annual
transfusion rate decreased steadily from 5.0% in 2015 to
1.7% by 2019 (Fig. 2).

Patient demographics and hospital characteristics
Statistical analysis revealed significant variations
in demographic and clinical parameters between
patients who received transfusions and those who did
not. Although the median age for both groups was
77 years, age distribution patterns differed significantly
(P=0.016). Women constituted a higher proportion of
the transfusion recipients (51.4% compared to 41.5%
in non-recipients, P=0.004). Elective admissions were
less common among transfusion recipients (71.6% vs.
92.2%, P<0.001) (Table 2).

Clinical outcomes associated with blood transfusion

Transfusion recipients experienced less favorable
health outcomes. Mortality rates during hospitalization
were significantly higher in this group (3.2% compared
to 0.1%, P<0.001). These individuals also required
longer hospital stays (median duration 3 days vs.
1 day, P<0.001) and incurred higher healthcare costs
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Fig. 2 Annual incidence of blood transfusion in PLAAO

2018 2019

($159,635 vs. $101,953, P<0.001) (Table 2).

Risk Factors for Blood Transfusion

Multiple regression analysis identified several pre-
dictors of the need for transfusion: female sex (Fig. 3,
Table 3), chronic blood loss anemia, coagulopathy, fluid



Tian et al. BMC Cardiovascular Disorders (2025) 25:303 Page 4 of 10
Table 2 Patient characteristics and outcomes after percutaneous left atrial appendage occlusion (PLAAO) (2015-2019)
Characteristics Transfusion No transfusion P
Total (n=count) 1,090 60,355
Total incidence (%) 1.8%
Age (median, years) 77(72,84) 77 (71,82) 0.016
Age group (%)
18-70 193 222 0.051
71-80 41.7 46.6
>80 39.0 313
Gender (%)
Male 48.6 58.5 0.004
Female 514 415
Race (%)
White 789 84.7 0.093
Black 7.3 4.0
Hispanic 6.9 4.8
Asian or Pacific Islander 1.8 14
Native American 0 03
Other 50 4.7
LOS (median, d) 3(1-7.25) 1(1-1) <0.001
TOTCHG (median, $) 159,635 (102,284.5-217,376.5) 101,953 (75,461-146,175) <0.001
Bed size of hospital (%)
Small 64 10.6 0.053
Medium 20.2 229
Large 734 66.4
Elective admission (%) 716 92.2 <0.001
Type of hospital (teaching %) 853 88.5 0.144
Location of hospital (urban, %) 96.8 98.1 0.151
Region of hospital (%)
Northeast 30.7 16.5 <0.001
Midwest or North Central 11.9 22.1
South 41.7 392
West 15.6 222
Died (%) 32 0.1 <0.001

LOS Length of stay, TOTCHE: Total charge

and electrolyte disorders, metastatic cancer, other neu-
rological disorders, and peripheral vascular disorders
(Fig. 4).

Protective factors included elective admission and hos-
pital locations in the Midwest/North Central, South, or
West regions (Fig. 3, Table 3).

Factors Associated with Blood Transfusions during PLAAO
The requirement for blood transfusion was strongly
correlated with various postoperative complications:
hemorrhage/seroma/hematoma, postoperative shock,
urinary tract infections, gastrointestinal bleeding, acute
heart failure, and dialysis (Fig. 5). Hosmer—Lemeshow

goodness of fit test shows that the model works well
(p=0.651).

The VIF of all variables is less than 5, and the correla-
tion between these variables can be considered negligible.

Discussion

The management of atrial fibrillation has evolved consid-
erably in recent years, with oral anticoagulant therapy for
patients with stroke risk factors and surgical treatments
(ablation/PLAAO) offering alternatives for those unsuit-
able for or intolerant to pharmacological approaches
[10]. Patients with nonvalvular AF can be treated with
PLAAO to reduce the risk of cardiogenic stroke, but the
probability of postoperative massive bleeding is higher



Tian et al. BMC Cardiovascular Disorders (2025) 25:303 Page 5 of 10
Variable Multivariate Logistic Regression
OR(95%CI) P
280 1.256(0.922-1.712) -:—-— 0.149
Female 1.384(1.022-1.874) —_— 0.036
Race E
White Ref '
Black 1.177(0.652-2.125) —5—-— 0.588
Hispanic 1.269(0.700-2.300) —i—-— 0.432
Asian or Pacific Islander  0.802(0.241-2.660) . 0.718
Other 1.408(0.725-2.734) —~—-— 0.313
Bed size of hospital ;
Small Ref
Medium 1.288(0.675-2.457) —E—-— 0.443
Large 1.763(0.983-3.159) —— 0.057
Teaching hospital 0.859(0.537-1.371) —-—5— 0.523
Urban hospital 0.447(0.175-1.140) —-—i— 0.092
Region of hospital .
Northeast Ref E
Midwest or North Central 0.260(0.156-0.433) —=— 0 <0.001
South 0.647(0.454-0.923) —-—E 0.016
West 0.405(0.255-0.645) —— E <0.001
Elective admission 0.326(0.230-0.462) - . <0.001
o 1 3 4
Low risk High risk
Fig. 3 Risk factors associated with blood transfusion in PLAAO
Table 3 Risk factors associated with transfusion in PLAAO
Variable Multivariate Logistic Regression
OR 95% ClI P
>80 1.256 0.922-1.712 0.149
Female 1.384 1.022-1.874 0.036
Race
White Ref — —
Black 1177 0.652-2.125 0.588
Hispanic 1.269 0.700-2.300 0432
Asian or Pacific Islander 0.802 0.241-2.660 0.718
Other 1.408 0.725-2.734 0313
Bed size of hospital
Small Ref —_ _
Medium 1.288 0.675-2.457 0.443
Large 1.763 0.983-3.159 0.057
Teaching hospital 0.859 0.537-1.371 0.523
Urban hospital 0447 0.175-1.140 0.092
Region of hospital
Northeast Ref _ —_
Midwest or North Central 0.260 0.156-0.433 <0.001
South 0.647 0.454-0.923 0.016
West 0.405 0.255-0.645 <0.001
Elective admission 0.326 0.230-0.462 <0.001

AIDS Acquired immunodeficiency syndrome, OR Odds ratio, C/ Confidence interval
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o Univariate Analysis Multivariate Logistic Regression
Comorbidities
No transfusion Transfusion P OR(95%Cl) P
Preoperative comorbidities '
Acquired immune deficiency syndrome 50 (0.1%) 0 (0%) 0.671 0.930(0.742-1.167) —-— 0.531
Alcohol abuse 695 (1.2%) 20(1.8%) 0.351 0.912(0.263-3.164) —-‘:— 0.885
Deficiency anemia 1930 (3.2%) 60 (5.5%) 0.057 1.047(0.540-2.028) —_ 0.893
Rheumatoid arthritis/collagen vascular diseases 1500 (2.5%) 40 (3.7%) 0.268 1.067(0.483-2.358) —‘-— 0.872
Chronic blood loss anemia 1030 (1.7%) 85(7.8%)  <0.001 3.723(2.102-6.595) —_—————><0.001
Congestive heart failure 20,505 (34.0%) 580 (53.2%) <0.001  1.275(0.912-1.783) : 0.156
Chronic pulmonary disease 13,100 (21.7%) 295 (27.1%) 0.058  1.051(0.746-1.480) —_— 0.777
Coagulopathy 2425 (4.0%) 245 (22.5%) <0.001 4.817(2.801-8.284) ; — = 5<0.001
Depression 4665 (7.7%) 100 (9.2%) 0.429  0.943(0.558-1.592) I 0.826
Diabetes, uncomplicated 11530 (19.1%) 175(16.1%) 0.256  1.066(0.702-1.618) —_- 0.765
Diabetes with chronic complications 9840 (16.3%) 255 (23.4%) 0.005 0.849(0.566-1.275) —_ 0.430
Drug abuse 115 (0.2%) 15 (1.4%) <0.001  4.522(0.984-20.780) 0.052
Hypertension 52285 (86.6%) 975 (89.4%) 0225  1.273(0.753-2.152) —_— 0.367
Hypothyroidism 10,685 (17.7%) 230 (21.1%) 0.193  0.987(0.680-1.433) — 0.946
Liver disease 1730 (2.9%) 90 (8.3%) <0.001  1.479(0.813-2.690) —_— 0.200
Lymphoma 300 (0.5%) 10 (0.9%) 0.385  0.666(0.090-4.929) ; 0.691
Fluid and electrolyte disorders 2,270 (3.8%)  205(18.8%) <0.001 2.307(1.472-3.615) [ <0.001
Metastatic cancer 195 (0.3%) 20(1.8%)  <0.001 3.632(1.113-11.853) 0.033
Other neurological disorders 515 (0.9%) 65(6.0%)  <0.001 2.501(1.054-5.937) 1 0.038
Obesity 10305 (17.1%) 150 (13.8%) 0.197  0.652(0.421-1.010)  —— 0.055
Paralysis 315 (0.5%) 10(0.9%)  0.425  0.512(0.092-2.858) —=—F—— 0.446
Peripheral vascular disorders 6310(10.5%) 220(20.2%) <0.001 1.728(1.178-2.537) pu—— 0.005
Psychoses 515 (0.9%) 15(14%)  0.408  0.856(0.212-3.452) —e————— 0.827
Pulmonary circulation disorders 3735 (6.2%) 125 (11.5%) 0.001 1.189(0.740-1.910) —_— 0.474
Renal failure 13525 (22.4%) 415 (38.1%) <0.001  1.439(0.995-2.082) —— 0.053
Solid tumor without metastasis 1020 (1.7%) 55 (5.0%) <0.001 1.854(0.903-3.807) -f—-— 0.092
Peptic ulcer disease excluding bleeding 465(0.8%) 5(0.5%) <0.001 0.582(0.079-4.312) : 0.597
Valvular disease 12530 (20.8%) 370 (33.9%) <0.001 1.248(0.894-1.741) 4—-— 0.193
Weight loss 245 (0.4%) 15 (1.4%) 0.029 0.540(0.135-2.168) ~—=——— 0.385
o 1 2 3 4 5 6
Low risk High risk
Fig. 4 Relationship between blood transfusion and preoperative comorbidities
o Univariate Analysis Multivariate Logistic Regression
Complications
No transfusion Transfusion P OR(95%CI) P
Medical complications .
Cardiac arrest 75 (0.1%) 20 (1.8%) <0.001  3.659(0.862-15.533) 3 0.079
Hemorrhage/seroma/hematoma 210 (0.3%) 75 (6.9%) <0.001 14.754(6.931-31.407) <0.001
Stroke 1625 (2.7%) 40 (3.7%) 0.378 1.088(0.503-2.353) —:-— 0.830
Postoperative Shock 45 (0.1%) 30 (2.8%) <0.001 13.148(3.498-49.423) | <0.001
acute myocardial infarction 120 (0.2%) 15 (1.4%) <0.001 1.000(0.175-5.713) —%— 1.000
Deep vein thrombosis 65 (0.1%) 10 (0.9%) 0.001 0.277(0.007-10.425) ﬁ:— 0.488
Continuous trauma Ventilation ~ 460 (0.8%) 35 (3.2%) <0.001  1.540(0.610-3.886) —— 0.361
Postoperative Delirium 135 (0.2%) 25 (2.3%) <0.001  1.680(0.428-6.594) —%—-— 0.457
Convulsion 145 (0.2%) 5(0.5%) 0.517 1.998(0.214-18.628) l 0.543
UTls 510 (0.8%) 60 (5.5%) <0.001  3.289(1.473-7.346) 3 —_— 0.004
Gastrointestinal bleeding 1220 (2.0%) 95 (8.7%) <0.001 2.777(1.560-4.942) 3 —_— 0.001
Thrombocytopenia 1415 (2.3%) 135(12.4%) <0.001 0.853(0.426-1.708) - 0.654
Sepsis 95 (0.2%) 20 (1.8%) <0.001  0.843(0.212-3.356) —-:— 0.809
Dialysis 785 (1.3%) 60 (5.5%) <0.001 2.267(1.084-4.741) :r—'— 0.030
Acute heart failure 1465 (2.4%) 160 (14.7%) <0.001 2.528(1.519-4.209) | —— <0.001
01 5 10 15 20

Low risk High risk
Fig. 5 Relationship between blood transfusion and postoperative complications
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[11]. This study provides a comprehensive evaluation of
blood transfusion frequency and its determinants follow-
ing PLAAO procedures. Our research identified multi-
ple significant predictors of transfusion requirements,
including patient sex, underlying health conditions,
hospital setting, medical complications. Earlier research
exploring transfusion risk factors in this context was pre-
dominantly published as brief letter, lacking sufficient
statistical power due to limited participant numbers [1].
Understanding these factors is crucial for developing tar-
geted prevention strategies.

The observed downward trend in transfusion require-
ments from 2015 (5%) to 2019 (1.7%) (Fig. 2) can be
attributed to several advancements: improved operative
techniques, device improvements, adoption of conserva-
tive transfusion strategies, enhanced blood conservation
methods, and improved adherence to transfusion guide-
lines [1, 12-15].0ur analysis revealed an aggregate
transfusion rate of 1.8%, markedly lower than the pre-
viously reported rate of 5% [1]. This reduction is likely
due to two key factors. First, variation in data sources
exist between studies, as previous investigations utilized
multi-institutional registries with relatively small cohorts
of 396 participants [1, 16]. Second, the temporal gap in
data collection reflects ongoing improvements in surgical
approaches and clinical practices [17]. Future prospects
indicate potential for further reductions in transfusion
frequency through enhanced blood management proto-
cols and increased focus on high-risk patient populations
[15].

Our study demonstrated that being female is a signifi-
cant independent predictor of requiring blood transfu-
sions during the perioperative period (Fig. 3 and Table 3).
Clinical data strongly supports this gender-specific risk
pattern [18—-20]. The increased transfusion requirements
among female patients can be attributed to their higher
susceptibility to complications and generally less favora-
ble clinical outcomes [18, 20]. Studies have shown that
women tend to experience greater age-related thickening
and stiffness of blood vessels as they age than men, which
puts women at higher risk for bleeding [21]. Furthermore,
the correlation between gender and transfusion needs
seems partly rooted in basic physiological differences:
women’s normal hemoglobin ranges are characteristically
lower than men’s, yet current practice rarely incorporates
sex-specific adjustments to transfusion threshold values
[19, 20].

Our study corroborates existing findings that blood
transfusions are associated with prolonged hospital stays,
increased healthcare costs, and elevated mortality rates
(Table 2). Notably, each unit of blood transfused is asso-
ciated with an approximate direct cost of $2,500 to the
hospital, aside from contributing to a higher frequency
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of perioperative complications [22-27]. Research by
Murphy and colleagues highlights a significantly higher
mortality risk, six times greater within 30 days in patients
undergoing cardiac surgery who received transfusions
compared to their non-transfused counterparts [25].
Elective admissions are associated with lower require-
ments for blood transfusions, likely due to superior pre-
operative patient health and adequate preparation time
[23]. Supporting this, Long and colleagues found that
emergency admissions considerably elevate the prob-
ability of needing perioperative blood transfusions in the
surgical treatment of colorectal cancer liver metastases,
as evidenced by their analysis of U.S. NIS data [28]. The
proportion of patients undergoing PLAAO among elec-
tive admissions was significantly higher at Northeast
Hospital compared to other regions, potentially identi-
fying Northeast Hospital as a risk factor in this cohort
(Fig. 6). Geographic disparities in U.S. transfusion rates
reflect variability in healthcare technology access, insti-
tutional protocols, socioeconomic disparities, and guide-
line adherence across healthcare facilities [17, 29, 30].
The identification of preoperative risk factors is essen-
tial in reducing the necessity for blood transfusions dur-
ing surgical procedures [23]. Schiergens and colleagues
highlighted key predictors, such as female gender, exist-
ing anemia, and significant operative blood loss, cor-
roborating our research [28]. Our research identified
correlations between medical conditions and transfu-
sion requirements, particularly in patients with anemia,
coagulopathies, and electrolyte imbalances, due to com-
promised hemoglobin levels [17, 23, 26, 31]. The trans-
fusion further alters coagulation dynamics, resulting in
dilutional phenomena and consumption coagulopathy,
which, coupled with diminished platelet counts, may
worsen outcomes for those with existing clotting abnor-
malities [32]. Munting and associates have also noted
that insufficient preoperative hemoglobin levels can
necessitate the deferral of surgeries while interventions
are applied to improve hemoglobin concentrations [33].
Our study revealed that metastatic cancer significantly
predicts the need for blood transfusions during surgi-
cal procedures (Fig. 4), affirming the hypothesis that
patients in poor health are more susceptible to surgical
blood loss [23]. Additionally, the study identified risk fac-
tors like peripheral vascular and neurological disorders.
Huang et al. note surgical stress increases transfusion
needs in patients with circulatory disorders [16]. Clini-
cal data also shows that the blood transfusion correlates
with a higher occurrence of infections, respiratory com-
plications, blood-borne infections, and adverse cardiac
outcomes [7]. These results highlight the critical need for
early detection of patients at high risk for transfusions,
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promoting prompt participation in PBM programs to
lessen dependency on transfusions [34].

Moreover, our study links post-PLAAO blood trans-
fusions to acute heart failure, due to blood rheology
changes affecting circulatory volume and cardiac stress,
consistent with previous transfusion-related findings. [15,
23]. Our research also identified a significant association
between UTIs and transfusions post-PLAAO (Fig. 5). The
implicated mechanism, Transfusion-Related Immune
Modulation (TRIM), temporarily diminishes immune
function, compromising the body’s defenses [22, 26, 28,
35, 36]. Furthermore, infections following surgery acti-
vate immune-mediated coagulation pathways, complicat-
ing the clinical environment by reducing blood volume
and simultaneously increasing transfusion requirements
[16]. Meta-analytical studies by Hill and associates have
shown that transfusion recipients are over three times
more likely to develop systemic infections post-surgery
[32]. Our research confirms blood transfusion’s link to
complications (hemorrhage/seroma/hematoma, postop-
erative shock, gastrointestinal bleeding). Studies attrib-
ute these to reduced hemoglobin and increased bleeding
susceptibility [17]. Additionally, our study revealed trans-
fusion needs correlate with dialysis procedures, possibly
due to enhanced red blood cell breakdown or compro-
mised production in dialysis patients [37].

The study identified the risk factors for blood transfu-
sion in PLAAO patients, and clinicians adopted more
precise anticoagulation strategies based on the patient’s
risk factors. Studies have shown that different anticoagu-
lation strategies help improve patient outcomes [38].

Limitation

This study presents several inherent limitations that merit
attention. The reliance on administrative datasets intro-
duces notable constraints, especially in terms of access-
ing detailed clinical metrics like specific measurements
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of blood loss, perioperative hemoglobin levels, and pre-
cise quantities of blood products used. Additionally, our
dataset does not include details on the management of
medications prior to procedures, particularly concerning
protocols for anticoagulation and antiplatelet therapies,
which are critical factors influencing bleeding outcomes.
Due to the observational nature of this study, we are lim-
ited to identifying associations, not establishing causality.
While the substantial size of our cohort provides robust
statistical power, we must recognize that variations in
coding practices over time and potential coding inaccura-
cies could influence the interpretation of our results. Our
analysis was confined to inpatient data, precluding us
from assessing complications or outcomes that occurred
post-discharge and outpatient procedures. However, the
broad scope of our patient base and the inclusion of mul-
tiple institutions still allow us to offer valuable perspec-
tives on transfusion needs and related risk factors during
left atrial appendage closure procedures.

Conclusion

Our research shows blood transfusion rates in PLAAO
procedures decreased from 5.0% to 1.7% between
2015-2019. Female patients and those with pre-exist-
ing conditions showed higher transfusion risks. Major
complications included hemorrhage, shock, UTIs,
gastrointestinal bleeding, heart failure, and dialy-
sis requirement. Transfusion recipients experienced
extended hospitalizations, increased complications,
higher costs, and elevated mortality. These findings
emphasize the importance of thorough pre-procedural
risk assessment and optimization strategies to improve
PLAAO outcomes.
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