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Abstract
Objective  This study sought to determine the incidence and risk factors of blood transfusion among patients 
undergoing total knee revision (TKR) using a nationwide database.

Methods  A retrospective data analysis was conducted based on the Nationwide Inpatient Sample (NIS), enrolling 
patients who underwent TKR from 2010 to 2019 with complete information. The patients were divided into two 
groups based on whether they received blood transfusion or not. The demographic characteristics (race, sex, and 
age), length of stay (LOS), total charge of hospitalization, hospital characteristics (admission type, insurance type, 
bed size, teaching status, location, and region of hospital), hospital mortality, comorbidities, and perioperative 
complications were analyzed. Finally, we conducted univariate and multivariate logistic regression to identify factors 
that were associated with TKR patients to require blood transfusion.

Results  The NIS database included 115,072 patients who underwent TKR. Among them, 14,899 patients received 
blood transfusion, and the incidence of blood transfusion was 13.0%. There was a dramatic decrease in the incidence 
over the years from 2010 to 2019, dropping from 20.4 to 6.5%. TKR patients requiring transfusions had experienced 
longer LOS, incurred higher total medical expenses, utilized Medicare more frequently, and had increased in-hospital 
mortality rates (all P < 0.001). Independent predictors for blood transfusion included advanced age, female gender, 
iron-deficiency anemia, rheumatoid disease, chronic blood loss anemia, congestive heart failure, coagulopathy, 
uncomplicated diabetes, lymphoma, fluid and electrolyte disorders, metastatic carcinoma, other neurological 
diseases, paralysis, peripheral vascular disorders, pulmonary circulation disorders, renal failure, valvular disease, and 
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Introduction
Total knee arthroplasty (TKA) is a widely practiced 
and effective approach for treating advanced knee 
joint diseases in clinical settings [1, 2]. Although the 
therapeutic effect of total knee arthroplasty has been 
established, complications, including periprosthetic 
joint infection, prosthesis loosening, dislocation, peri-
prosthetic fracture, and pain can lead to the failure 
of primary joint replacement and demand of revision 
treatment [3–5]. Total knee revision (TKR) requires 
the removal of the previously replaced prosthesis and 
re-implantation of the new prosthesis. Approximately 
over 100,000 TKR procedures are carried out annually 
in the United States [6].

TKR surgery is intricate and often results in sig-
nificant blood loss. Consequently, the need for blood 
transfusions during TKR is more frequent. Neverthe-
less, blood transfusions come with potential risks, 
including transfusion reactions, infections, immuno-
suppression, and surgical site infections [3]. Further-
more, blood transfusion increases medical resources 
consumption, length of stay (LOS), hospitalization 
expenses, complications, and even death [7, 8]. Hence, 
it is crucial to identify how often patients undergoing 
TKR require blood transfusions and the factors that 
increase this risk to minimize the necessity for blood 
transfusions.

Reports indicate that the occurrence of blood trans-
fusions in total knee arthroplasty varies between 3.2% 
and 18.1%, while for TKR, it ranges from 9.8 to 19.8% 
from 2010 to 2015 [9]. The preoperative lower level 
of hemoglobin (Hb), female, extended operative dura-
tion and increased blood loss during surgery have 
been reported to be independently associated with 
blood transfusion in total joint arthroplasty (TJA) 
[10, 11]. However, no study has hitherto examined 
the occurrence and risk factors of blood transfusion 
in patients undergoing TKR with a substantial sample 
size. Therefore, this study aims to explore the fre-
quency and factors contributing to blood transfusions 
following TKR, harnessing data from a nationwide 
database.

Materials and methods
Data source
This study drew upon data from the Nationwide 
Inpatient Sample (NIS) database, a component of the 
Healthcare Cost and Utilization Project facilitated 
by the Agency for Healthcare Research and Qual-
ity. In the United States, NIS stands out as the most 
extensive all-payer database encompassing hospital 
admissions. Sampling from over 1000 hospitals, NIS 
gathers data from about 20% of annual hospitaliza-
tions in the country [12–14]. Data for this study were 
extracted from the database, encompassing patient 
demographics (age, sex, and race), hospital charac-
teristics (insurance type, admission type, hospital bed 
size, teaching status, location, and region), LOS, eco-
nomic indicators, and diagnostic and procedural codes 
derived from the International Classification of Dis-
eases (ninth and tenth revisions) Clinical Modification 
(ICD-9-CM and ICD-10-CM). This research study did 
not require approval from an ethics board since it used 
anonymous data that is publicly accessible.

Data collection
Data spanning from 2010 to 2019 was collected from 
the Nationwide Inpatient Sample database. The Inter-
national Classification of Diseases, Ninth Revision, 
Clinical Modification (ICD-9-CM) and The Inter-
national Classification of Diseases, tenth Revision, 
Clinical Modification primary procedure coding ICD-
10-CM) indicative of total knee revision were used 
(Supplement 1) [6].The occurrence of blood trans-
fusion was determined based on ICD-9-CM or ICD-
10-CM diagnostic codes. Patients under 18 years old 
and those using anticoagulants, antiplatelets, anti-
thrombotic, non-steroidal, and aspirin drugs were 
excluded (Fig. 1).

The patients included in the study were separated 
into two groups based on whether they received a 
blood transfusion. We evaluated patient demograph-
ics, hospital characteristics, and outcome measures 
such as LOS, economic indicators, and in-hospital 
mortality. Information about preoperative comorbidi-
ties and perioperative complications was extracted 
from the database using diagnostic codes from 

weight loss. In addition, risk factors for transfusion in TKR surgery included sepsis, acute myocardial infarction, deep 
vein thrombosis, pulmonary embolism, gastrointestinal bleeding, heart failure, renal insufficiency, pneumonia, 
wound infection, lower limb nerve injury, hemorrhage/seroma/hematoma, wound rupture/non healing, urinary tract 
infection, acute renal failure, and postoperative delirium.

Conclusions  Our findings highlight the importance of recognizing the risk factors of blood transfusion in TKR to 
reduce the occurrence of adverse events.

Keywords  Blood transfusion, Total knee revision, Risk factors, Incidence, Nationwide inpatient sample
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Fig. 1  Exclusion process for patients undergoing total knee revision with blood transfusion
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ICD-9-CM and ICD-10-CM (Table  1). Periopera-
tive complications included: sepsis, acute myocardial 
infarction, deep vein thrombosis, convulsion, pulmo-
nary embolism, gastrointestinal bleeding, heart fail-
ure, renal sufficiency, pneumonia, respiratory disease, 
urinary tract infection, acute renal failure and postop-
erative delirium, wound infection, lower limb nerve 
injury, hemorrhage/seroma/hematoma, wound rup-
ture/non healing.

Data analysis
Analysis was conducted using Statistical Package for the 
Social Sciences (SPSS) 25.0 statistical software. Indepen-
dent t-tests were applied to assess continuous data, while 
chi-square tests were used for comparing categorical 
data. Logistic regression analysis was employed to iden-
tify potential risk factors associated with blood transfu-
sion. The regression analysis included all variables from 
NIS, covering patient demographics, hospital character-
istics, and comorbidities (Table 1). Odds ratios (OR) and 
95% confidence intervals (CI) were calculated after the 
logistic regression. Given the substantial sample size, sta-
tistical significance was considered for p-values less than 
0.001.

Results
Incidence of blood transfusion after TKR
From 2010 to 2019, a total of 139,098 TKR cases were 
identified in the NIS database. After excluding the 
patients who did not meet the criteria, there were 

115,072 patients undergoing TKR, among which 14,899 
patients received blood transfusion, and the incidence of 
blood transfusion was 13.0% (Table 2). The data revealed 
a gradual decrease in the incidence of blood transfusion 
each year from 2011 to 2019, dropping from 20.4 to 6.5% 
(Fig. 2).

Patient demographics between the two groups
A notable difference was observed in the occurrence 
of blood transfusions during hospitalization between 
the two genders, with a higher proportion of transfu-
sions observed in females (64.1% vs. 35.9%, P < 0.001) 
(Table 2). Overall, patients who required blood trans-
fusions were relatively older (67.4 years vs. 64.7 years, 
P < 0.001). Consistently, the age distribution between 
the two groups differed, with a higher proportion of 
patients aged 71 years and older in the blood transfu-
sion group (41.4% vs. 30.2% P < 0.001) (Table 2). Mean-
while, a significant difference was detected in races, 
with the Black occupying slightly larger proportions in 
the transfusion group.

Hospital characteristics of two groups
The significantly more cases of TKR requiring blood 
transfusions were observed in large hospitals than 
in small hospitals (P < 0.001) (Table  2). Patients who 
received a blood transfusion were less likely to have 
undergone elective admission compared to those in the 
non-transfusion group (P < 0.001) (Table  2). Addition-
ally, teaching and urban hospitals exhibited a lower inci-
dence of blood transfusion after TKR (P < 0.001). In terms 
of geographical location, in-hospital blood transfusion 
was more likely in the South and Midwest or North Cen-
tral regions, while less likely in the Northeast and West 
(P < 0.001) (Table 2).

Adverse impact of blood transfusion in TKR
The significantly more deaths (at least 3-fold) were 
observed among patients receiving blood transfu-
sion than those who did not require blood transfu-
sion (0.2% vs. 0.8%; P < 0.001) (Table  2). The median 
length of hospital stay was extended by three days in 
the presence of blood transfusion (6 days vs. 3 days; 
P < 0.001) (Table  2). Consequently, the occurrence of 
blood transfusion was associated with an increase in 
medical expenses. Notably, there was a substantial rise 
of $34,731 in total hospital charges associated with 
blood transfusions ($121,039 vs. $86,308, P < 0.001) 
(Table 2).

Risk factors of blood transfusion for TKR
Logistic regression analysis was utilized to explore 
factors associated with blood transfusion, reveal-
ing the following indicators: advanced age (≥ 71 

Table 1  Variables used in binary logistic regression analysis
Variables 
categories

Specific variables

Patient 
demographics

Age (≤ 50 years/ 51–60 years/ 61–70 years and 
≥ 71 years), sex (male and female), race (White, 
Black, Hispanic, Asian or Pacific Islander, Native 
American and Other)

Hospital 
characteristics

Type of admission (non-elective, elective), bed 
size of hospital (small, medium, large), teaching 
status of hospital (nonteaching, teaching), loca-
tion of hospital (rural, urban), type of insurance 
(Medicare, Medicaid, private insurance, self-pay, 
no charge, other), region of the hospital (north-
east, Midwest or north central, south, west)

Comorbidities AIDS, alcohol abuse, deficiency anemia, rheuma-
toid diseases, chronic blood loss anemia, con-
gestive heart failure, chronic pulmonary disease, 
coagulopathy, depression, diabetes (uncompli-
cated), diabetes (with chronic complications), 
drug abuse, hypertension, hypothyroidism, liver 
disease, lymphoma, fluid and electrolyte disor-
ders, 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

AIDS: Acquired immunodeficiency syndrome
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years, odds ratio [OR] = 1.49; 95% confidence inter-
val [CI] = 1.38–1.61; P < 0.001), female (OR = 1.25; 
CI = 1.21–1.30), black (OR = 1.45; CI = 1.37–1.53), 
hispanic (OR = 1.380; CI = 1.28–1.47), large hospi-
tal (OR = 1.16; CI = 1.11–1.22) (Table  3), iron-defi-
ciency anemia (OR = 2.43; CI = 2.32–2.55), rheumatoid 

arthritis/collagen vascular diseases (OR = 1.29; 
CI = 1.20–1.38), chronic blood loss anemia (OR = 2.72; 
CI = 2.42–3.06), congestive heart failure (OR = 1.40; 
CI = 1.31–1.50 ), coagulopathy (OR = 1.90; CI = 1.75–
2.05), uncomplicated diabetes (OR = 1.15; CI = 1.10–
1.20), lymphoma (OR = 2.00; CI = 1.59–2.51), fluid and 

Table 2  Patient characteristics and outcomes after total knee revision(2010–2019)
Characteristics Transfusion No transfusion P
Total (n = count) 14,899 100,173
Total incidence (%) 13.0
Age (mean, SD) 67.4 (11.4) 64.7(10.7) < 0.001
Age group (%)
  ≤ 50 1003 (6.7%) 8985 (9.0%) < 0.001
  51–60 2963 (19.9%) 25,593(25.5%)
  61–70 40,149 (32.0%) 35,378 (35.3%)
  ≥ 71 6162 (41.4%) 30.2 (30.2%)
Gender (%)
  Male 5348 (35.9%) 42,848 (42.8%) < 0.001
  Female 9553 (64.1%) 57,323 (57.2%)
Race (%)
  White 10,549 (70.8%) 75,117 (75.0%) < 0.001
  Black 2084 (14.0%) 10,343 (10.3%)
  Hispanic 970 (6.5%) 5071 (5.1%)
  Asian or Pacific Islander 133 (0.9%) 722 (0.7%)
  Native American 81 (0.5%) 536 (0.5%)
  Other 1082 (7.3%) 8384 (8.4%)
Elixhauser score
  0 776 (5.2%) 11,834 (11.8%) < 0.001
  1 1932 (13.0%) 22,310 (22.3%)
  ≥ 2 12,191 (81.8%) 66,029(65.9%)
LOS (mean, SD) 6.9 (6.8) 3.8 (4.1) < 0.001
TOTCHG (mean,$) 121,039.0

(131905.6)
86,308.5
(72784.4)

< 0.001

Type of insure (%)
  Medicare 10,038 (67.4%) 56,571 (56.5%) < 0.001
  Medicaid 833 (5.6%) 5303(5.3%)
  Private insurance 3459 (23.2%) 32,303(32.2%)
  Self-pay 80 (0.5%) 570 (0.6%)
  No charge 12 (0.1%) 63 (0.1%)
  Other 477 (3.2%) 5363 (5.4%)
Bed size of hospital (%)
  Small 2987 (20.0%) 23,759 (23.7%) < 0.001
  Medium 4097 (27.5%) 27,046 (27.0%)
  Large 7815 (52.5%) 49,368 (49.3%)
Elective admission (%) 10,382 (69.7%) 83,523 (83.4%) < 0.001
Type of hospital (teaching, %) 8686 (58.3%) 61,887 (61.8%) < 0.001
Location of hospital (urban, %) 13,565 (91.0%) 92,648 (92.5%) < 0.001
Region of hospital (%)
  Northeast 3084 (20.7%) 17,078 (17.0%) < 0.001
  Midwest or North Central 3096 (20.8%) 26,541 (26.5%)
  South 6175 (41.4%) 37,210 (37.1%)
  West 2544 (17.1%) 19,344 (19.3%)
Died (%) 115 (0.8%) 194 (0.2%) < 0.001
LOS: Length of stay, TOTCHE: Total charge



Page 6 of 15Li et al. BMC Musculoskeletal Disorders          (2024) 25:225 

electrolyte disorders (OR = 1.84; CI = 1.76–1.93), meta-
static cancer (OR = 1.99; CI = 1.47–2.68), other neuro-
logical disorders (OR = 1.39; CI = 1.25–1.45), paralysis 
(OR = 1.72; CI = 1.39–2.17), peripheral vascular disor-
ders (OR = 1.31; CI = 1.20–1.44), pulmonary circula-
tion disorders (OR = 1.36; CI = 1.22–1.53), renal failure 
(OR = 1.45; CI = 1.37–1.54), valvular disease (OR = 1.24; 
CI = 1.15–1.34), weight loss (OR = 1.96; CI = 1.76–2.17) 
(Table  4). Interestingly, protective factors included 
private insurance (OR = 0.83; CI = 0.80–0.88), elec-
tive admission (OR = 0.511; CI = 0.49–0.53), teaching 
hospital (OR = 0.810; CI = 0.78–0.84), urban hospital 
(OR = 0.90; CI = 0.83–0.96), hospital in the Midwest 
or North Central (OR = 0.63; CI = 0.59–0.66), South 
(OR = 0.87; CI = 0.86–0.91), West (OR = 0.72; CI = 0.68–
0.76) (Table  3) regions, and Obesity (OR = 0.81; 
CI = 0.78–0.84) (Table 4).

Factors associated with blood transfusions during TKR
Blood transfusions occurred more frequently in sep-
sis, acute myocardial infarction, deep vein thrombo-
sis, convulsion, pulmonary embolism, gastrointestinal 

bleeding, heart failure, renal insufficiency, pneumo-
nia, respiratory disease, wound infection, lower limb 
nerve injury, hemorrhage/seroma/hematoma, wound 
rupture/non healing, urinary tract infection, acute 
renal failure, postoperative delirium (P < 0.001) 
(Table 5). During multivariate analysis, blood transfu-
sion was associated with sepsis (OR = 1.23; CI = 1.13–
1.33), acute myocardial infarction (OR = 1.79; 
CI = 1.50–2.15), deep vein thrombosis (OR = 1.79; 
CI = 1.52–2.09), pulmonary embolism (OR = 1.55; 
CI = 1.24–1.94), gastrointestinal bleeding (OR = 3.13; 
CI = 2.39–4.10), heart failure (OR = 1.99; CI = 1.85–
2.14), renal insufficiency (OR = 3.18; CI = 1.65–6.12), 
pneumonia (OR = 1.67; CI = 1.45–1.92), wound infec-
tion (OR = 1.57; CI = 1.35–1.83), lower limb nerve 
injury (OR = 1.67; CI = 1.51–1.85), hemorrhage/
seroma/hematoma (OR = 2.36; CI = 2.13–2.62), wound 
rupture/non healing (OR = 1.44; CI = 1.30–1.60), uri-
nary tract infection(OR = 2.09; CI = 1.94–2.26), acute 
renal failure (OR = 2.33; CI = 2.20–2.48), and postop-
erative delirium (OR = 1.85; CI = 1.61–2.14).

Fig. 2  Annual incidence of blood transfusion in total knee revision
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Discussion
This investigation presents a comprehensive health-
economic analysis of patients undergoing in-hospi-
tal blood transfusion following total knee revision. 
Because of an increased focus on enhancing surgical 
techniques, component design, and the implementa-
tion of strict transfusion guidelines, clinical protocols 
for maintaining minimum preoperative Hb levels, as 
well as the implementation of new drugs, hemostat-
ics and devices for hemostatics [15–20], there was 
a gradual decrease in blood transfusion rates from 
2010 to 2019 (from 20.4 to 6.5%) (Fig. 2). The overall 

infection rate after TKA was 1.1% at 3 months and 
1.6% at 1 year [21]; increased infections were associ-
ated with increased TKR rates. Effective management 
of TKR typically involves debridement, with or with-
out implant removal, resulting in a complex and pro-
longed procedure and extended hospital stays [22]. In 
comparison to TKA, the transfusion rate in TKR is 
higher. Therefore, understanding the risk factors for 
transfusion in TKR is crucial for effective control [23, 
24].

There is an increasing consensus suggesting 
that both older age and being female are linked to 
increased blood transfusion risk in the context of total 
knee revision [24–26]. In our investigation, older age 
(≥ 71 years) and being female emerged as independent 
risk factors for blood transfusion (Fig. 3A and B). This 
correlation may be attributed to older individuals hav-
ing a higher prevalence of comorbidities and weak-
ened hematopoietic function [25, 27]. Additionally, 
women are more prone to anemia, experience longer 
postoperative recovery cycles, and are at a heightened 
risk of complications [28]. During logistic regression 
analysis, compared to White individuals, the Black and 
Hispanic have a higher incidence of blood transfusions 
following TKR (Fig.  3C and D). Both Black and His-
panic patients have been shown to have lower levels of 
health literacy. Complex factors contribute to dispari-
ties, including diminished access to care that results 
in delayed patient presentations, substandard care, 
impaired clinician-patient communication, and insuf-
ficient post-hospital support systems [29]. Conversely, 
blood transfusions were less frequent in Asians or 
Pacific Islanders. This disparity may be attributed to 
higher rates of anemia, lower mean corpuscular vol-
ume, and lower serum transferrin saturation in this 
population, suggesting that racial or genetic heteroge-
neity might contribute to the likelihood of requiring 
blood transfusion [30, 31].

The literature has consistently reported that blood 
transfusion in the context of TKR is associated with 
extended length of stay, increased medical costs, and 
higher mortality rates [21, 32]. Consistent outcomes 
were found in the present study (Table 2). In the pres-
ence of blood transfusion, the median length of stay 
was extended by 3 days, and the total hospital charge 
per admission increased by $34,731, this may be due 
to blood transfusion itself, LOS and complications 
associated with blood transfusion [33–35]. Patients 
undergoing TKR via elective admission were less likely 
to experience blood transfusion, possibly because 
most elective cases involve individuals with relatively 
healthier conditions or adequate pre-operative prepa-
rations, while emergent cases tend to be more severe 
[36]. The likelihood of blood transfusion was higher in 

Table 3  Risk factors associated with blood transfusion after total 
knee revision
Variable Multivariate logistic 

regression
OR 95% CI P

Age group (%)
≤ 50 Ref —— ——
51–60 0.994 0.920–1.074 0.888
61–70 1.082 1.002–1.168 0.043
≥ 71 1.490 1.377–1.613 <0.001
Female 1.254 1.209–1.302 <0.001
Race

White Ref —— ——
Black 1.449 1.373–1.529 <0.001
Hispanic 1.380 1.281–1.486 <0.001
Asian or Pacific Islander 1.282 1.058–1.552 0.011
Native American 1.040 0.818–1.321 0.751
Other 1.066 0.995–1.143 0.068

Elixhauser score
0 Ref —— ——
1 1.212 1.111–1.323 <0.001
≥ 2 2.293 2.124–2.475 <0.001

Type of insurance
Medicare Ref —— ——
Medicaid 0.996 0.916–1.083 0.925
Private insurance 0.834 0.795–0.875 <0.001
Self-pay 0.929 0.730–1.181 0.548
No charge 1.407 0.750–2.641 0.288
Other 0.691 0.625–0.764 <0.001

Bed size of hospital
Small Ref —— ——
Medium 1.110 1.054–1.168 <0.001
Large 1.162 1.111–1.217 <0.001

Elective admission 0.511 0.491–0.532 <0.001
Teaching hospital 0.810 0.778–0.842 <0.001
Urban hospital 0.895 0.836–0.958 = 0.001
Region of hospital

Northeast Ref —— ——
Midwest or North Central 0.625 0.591–0.661 <0.001
South 0.866 0.825–0.909 <0.001
West 0.718 0.677–0.761 <0.001

OR: Odds ratio, CI: Confidence interval
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large hospitals but lower in small hospitals (Fig. 4A, B), 
potentially related to the complexity of surgeries and 
the higher volume of surgical patients [24]. In addi-
tion, teaching and urban hospitals emerged as protec-
tive factors against blood transfusion, possibly due to 
their standardized blood management practices, the 
use of drugs and equipment for bleeding control and 
blood management, and the skilled surgical techniques 
employed by their surgeons [37]. In-hospital mortal-
ity was three times higher in patients affected by blood 
transfusion compared to those unaffected. Regarding 
the hospital’s region, the Midwest or North Central, 
South, and West regions correlated with lower blood 
transfusion rates after TKR (Fig. 4C and D). However, 
the reasons for this remain unclear and are likely mul-
tifactorial [35].

Numerous studies focusing on blood transfusion 
following TKA have emphasized the importance of 
pre-screening, risk stratification, and appropriate man-
agement to enhance outcomes [24, 38]. Consequently, 
to prevent the need for blood transfusion, it is crucial 
to comprehensively understand the preoperative risk 
factors. The utilization of logistic regression in our 
study yielded results consistent with prior research. 
As anticipated, iron deficient anemia and chronic 
blood loss anemia were identified as factors that can 
elevate the risk of blood transfusion, possibly linked 
to lower preoperative hemoglobin levels in patients 
[37, 39]. Maempel et al. [40] revealed that undergoing 
total knee arthroplasty were associated with a 6-fold 
increase in transfusion rates. However, patients with 

coagulopathy may experience significant blood loss 
during TKR, potentially leading to the necessity for 
blood transfusion [41].

Patient-related factors associated with blood trans-
fusion in our study encompassed rheumatoid arthritis 
(RA)/collagen vascular diseases and uncomplicated 
diabetes (Fig.  5), both of which are systemic autoim-
mune disorders. This association may be attributed 
to the heightened susceptibility of these patients to 
preoperative anemia and low protein levels [42]. Con-
gestive heart failure and valvular disease, known for 
inducing organ hypoxia, ischemia, and inadequate 
blood volume, were identified as factors increasing the 
likelihood of blood transfusion. However, the under-
lying cause of this relationship remains unknown. In 
our investigation, risk factors for blood transfusion 
included lymphoma, metastatic cancer, and weight loss 
(Fig.  5), indicating a relatively poor health condition 
that might be further exacerbated by intraoperative 
blood loss [43].

Our results indicate that sepsis, acute myocardial 
infarction, deep vein thrombosis, pulmonary embo-
lism, gastrointestinal bleeding, heart failure, renal 
insufficiency, pneumonia, urinary tract infection, acute 
renal failure, postoperative delirium, wound infection, 
lower limb nerve injury, hemorrhage/seroma/hema-
toma, wound rupture/non-healing were linked with 
blood transfusion (Fig. 6).

Consistent with the literature, our findings indi-
cate that blood transfusion after TKR was associated 
with venous thromboembolism and pneumonia [44]. 

Table 5  Relationship between blood transfusion and postoperative complications
Complications Univariate analysis Multivariate logistic regression

No transfusion Transfusion P OR 95% CI P

Medical complications
Sepsis 3254 (3.2%) 1137 (7.6%) <0.001 1.225 1.130–1.329 <0.001
Acute myocardial infarction 435 (0.4%) 211 (1.4%) <0.001 1.792 1.497–2.146 <0.001
Deep vein thrombosis 583 (0.6%) 267 (1.8%) <0.001 1.785 1.523–2.094 <0.001
Convulsion 349 (0.3%) 80 (0.5%) <0.001 1.453 1.131–1.869 0.004
Pulmonary embolism 321 (0.3%) 128 (0.9%) <0.001 1.550 1.239–1.939 <0.001
Gastrointestinal bleeding 134 (0.1%) 115 (0.8%) <0.001 3.130 2.389–4.099 <0.001
Heart failure 3369 (3.4%) 1263 (8.5%) <0.001 1.990 1.853–2.137 <0.001
Renal insufficiency 23 (0.0%) 17 (0.1%) <0.001 3.175 1.647–6.122 0.001
Pneumonia 711 (0.7%) 374 (2.5%) <0.001 1.666 1.447–1.918 <0.001
Respiratory disease 281 (0.3%) 91 (0.6%) <0.001 1.339 1.039–1.726 0.024
Urinary tract infection 2635 (2.6%) 1097 (7.4%) <0.001 2.093 1.937–2.261 <0.001
Acute renal failure 5179 (5.2%) 2241 (5%) <0.001 2.333 2.199–2.475 <0.001
Postoperative delirium 746 (0.7%) 319(2.1%) <0.001 1.853 1.608–2.135 <0.001

Surgical complications
Wound infection 740 (0.7%) 243 (1.6%) <0.001 1.572 1.346–1.835 <0.001
Lower limb nerve injury 2011 (2.0%) 507 (3.4%) <0.001 1.672 1.511–1.850 <0.001
Hemorrhage/seroma/hematota 1416 (1.4%) 582 (3.9%) <0.001 2.360 2.130–2.616 <0.001
Wound rupture/non healing 2036 (2.0%) 553 (3.7%) <0.001 1.442 1.303–1.595 <0.001

OR: Odds ratio, CI: Confidence interval
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In TKR, patients experience loss of whole blood but 
are transfused with concentrated blood, potentially 
contributing to the higher viscosity of the transfused 
blood. Another explanation could be that the transfu-
sion of stored erythrocytes itself influences the coagu-
lative process [45]. It is widely thought that transfusion 
of red blood cell units stored for more than 20 days 
increases the venous thromboembolism risk [46]. 
Stored red blood cell units have been associated with 
reduced nitric oxide levels, leading to vasoconstric-
tion, elevated lactate levels causing a decrease in pH, 
and the release of proinflammatory factors, all of which 
can impact coagulation and enhance hypercoagulabil-
ity [47, 48].

Our study revealed that blood transfusion after 
TKR was associated with perioperative infectious 
complications including sepsis, wound infection, 
wound rupture/non-healing, urinary tract infection 
and pneumonia. In line with the findings of prior 
research, adverse effects occurred in blood transfu-
sions [49, 50]. The effect of transfusions may have 
been in part related to low-dose bacterial contamina-
tion from the phlebotomy site and methods of blood 
handling and storage [51]. According to clinical expe-
rience, the infection patients are more likely to receive 
blood transfusions. Probably because infection with 
greater circulatory dysfunction, greater susceptibil-
ity to anemia and blood transfusions [52].Post-blood 
transfusion, there is an increased likelihood of renal 

Fig. 3  Patient demographics between the two surgical groups. A: Age distribution analysis of blood transfusion patients. B: Analysis of age distribution 
of patients without blood transfusion. C: Racial distribution analysis of blood transfusion patients. D: Racial distribution analysis of patients without blood 
transfusion
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insufficiency and acute renal failure, potentially stem-
ming from that blood transfusions may increase the 
amount of circulating free iron and exacerbate the 
stress injury during surgery, which associated with 
renal organ damage [53]. However, red blood cell pro-
duction and erythrocyte lifespan may be diminished 
in acute renal failure, resulting in anaemia and blood 
transfusion [54]. Additionally, blood transfusions was 
associated with acute myocardial infarction and heart 
failure, possibly due to changes in blood viscosity 
leading to an increased circulating blood volume and 
subsequent cardiac strain [55].And in patients with 
acute myocardial infarction, sustaining an elevated 
haemoglobin level may enhance clinical outcomes, 

potentially leading to transfusions, by enhancing oxy-
gen delivery to the susceptible myocardium [45].The 
blood transfusions and complications that is an asso-
ciation and does not prove causality. The inference 
of causality between blood transfusion and adverse 
outcomes remains difficult due to methodological 
limitations of observational and database studies. 
Transfused patients are likely to have a higher degree 
of comorbidity, or postoperative complications, which 
may be the cause of the adverse outcome rather than 
the transfusion itself. Despite attempts to control for 
this confounding, causation cannot be proved. Thus, 
further validation through prospective studies is still 
needed for the given results [35].”

Fig. 4  Hospital characteristics between the two surgical groups. A: Analysis of the number of hospital beds for blood transfusion patients. B: Analysis of 
the number of hospital beds for patients without blood transfusion. C: Analysis of hospital regional distribution of blood transfusion patients. D: Analysis 
of hospital regional distribution of patients without blood transfusion
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Our study has several limitations. Firstly, patient 
information was recorded only up to the point of dis-
charge, suggesting that complications occurring after 
discharge are not recorded in the Nationwide Inpa-
tient Sample database. Secondly, being a retrospective 
observational study, our investigation shares the limita-
tions inherent in such designs. The NIS database lacks 
specific details, such as the volume of blood loss, pre-, 
peri-, postoperative hemoglobin values, or the number 
of units of blood transfused [7] and using of hemostat-
ics. These limitations highlight that our results should 
be interpreted with caution, given that only data avail-
able in the NIS database could be analyzed. Indeed, 
certain well-established risk factors were not acces-
sible in the Nationwide Inpatient Sample database, 
including details such as the type of anesthesia, dura-
tion of the operation, commonly used perioperative 
medications (opioids, benzodiazepines, and ketamine), 
sedation during anesthesia recovery, and functional 
impairment. Additionally, administrative data tends 
to exhibit high specificity (low false-positive rate) but 
low sensitivity (high false-negative rate) in identify-
ing adverse events. This characteristic may lead to an 

underestimation of the incidence of blood transfusion 
following total knee revision [27].

Conclusion
Our findings indicate that the incidence of blood trans-
fusion in TKR continued to decrease with an overall 
incidence of 13.0% between 2010 and 2019. Notwith-
standing advancements, transfusions continue to 
transpire, with a higher incidence observed in female 
patients, older patients (≥ 71), patients afflicted with 
particular situation (e.g., iron deficiency anemia, chronic 
blood loss anemia, lymphoma, metastatic cancer, 
weight loss). Nevertheless, obesity was recognized as a 
protective factor. Additionally, gastrointestinal bleed-
ing, renal insufficiency, urinary tract infection, hemor-
rhage/seroma/hematoma, and acute renal failure were 
all linked to blood transfusions. There is an association 
between blood transfusions and increased hospital costs 
and duration of stay. It is recommended that compre-
hensive preoperative assessment and medical optimi-
zation be performed on these patients, in addition to 
preoperative anemia management strategies, in order to 
reduce the likelihood of perioperative transfusion.

Fig. 5  Incidence of preoperative comorbidities related to blood transfusion
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