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ABSTRACT

Background: Over the last years, new transfusion guidelines and pharmaceuticals have been introduced in
primary and revision total hip and knee arthroplasty (P-THA, P-TKA, R-THA, R-TKA). In the US, a substantial
decrease in transfusions has been observed in recent years. Little data exists on the subject in Europe. In
this context we aimed to analyze: (1) Is there also a significant decrease in blood transfusion for these
procedures in Germany? (2) Which patient and hospital related factors are associated with the risk of
blood transfusion? (3) Is there a trend in complications, especially venous thromboembolism and stroke
events that can be linked to tranexamic acid use?
Hypothesis: There is a significant trend in decreasing blood transfusions in hip and knee arthroplasty.
Methods: Using nationwide healthcare insurance data for inpatient hospital treatment, 736,061 cases
treated between January 2011 and December 2017 were included (318,997 P-THAs, 43,780 R-THAs,
338,641 P-TKAs, 34,643 R-TKAs). Multivariable logistic regression was used to model the odds of trans-
fusion as a function of the year of surgery. Adjusted odds ratios (OR) and 95% confidence intervals (CI)
were calculated.
Results: In each cohort the odds of transfusion decreased over time (2017 vs. 2011 (reference): P-THA:
OR 0.42 (95%CI: 0.39-0.45), P-TKA: OR 0.41 (95%CI: 0.37-0.46), R-THA: OR 0.52 (95%CI: 0.47-0.58), R-
TKA: OR 0.53 (95%CI: 0.46-0.61). Patient-related risk factors for blood transfusion included older age,
female gender, lower Body Mass Index, comorbidities such as renal failure, cardiac arrhythmia, congestive
heart failure, valvular disease, coagulopathy, depression, and antithrombotic medication prior to surgery.
Venous thromboembolism or stroke events did not increase over the study period.
Discussion: The incidence of blood transfusions in primary and revision TKA and THA decreased over the
study period. This may be due to new transfusion guidelines and the introduction of novel pharmaceu-
ticals such as tranexamic acid. A further improved patient blood management and a focus on vulnerable
patient groups might lead to a further future reduction of transfusions, especially in R-THA.
Level of Evidence: 1lI; comparative observational study.

© 2021 Elsevier Masson SAS. All rights reserved.

1. Introduction

Total joint arthroplasty can be associated with substantial blood
loss. It carries the risk of allogeneic blood transfusion require-
ment during the perioperative period [1]. Previous studies have
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shown that allogeneic blood transfusion can be associated with
serious complications such as surgical site and periprosthetic joint
infection, postoperative deep vein thrombosis, and postoperative
morbidity and mortality [2-6]. In orthopaedic operations, risk fac-
tors for transfusion include older age, female sex, comorbidities
such as coagulopathy, higher American Society of Anesthesiologists
(ASA) grade, lower level of preoperative hemoglobin, and increased
postoperative drainage volume [7-9]. The blood transfusion rate
can be lowered by means of an improved patient blood manage-
ment and the administration of tranexamic acid (TXA) [10].

The reported transfusion rate varied from 3.5% to 18.5% in total
knee arthroplasty and from 5.4% to 26.2% in total hip arthroplasty
for hospitals in the United States from 2009 to 2011 [11]. Over the
past decade, the incidence of intraoperative blood transfusion for
these procedures has decreased [12,13]. Alarge retrospective study
of more than 1,013,024 patients in the United States reported that
the overall incidence of transfusion declined from 2010 to 2015
for both primary and revision total hip and knee arthroplasty [14].
Apart from these findings, there is little robust data regarding cur-
rent blood transfusion trends worldwide, particularly from Europe.

In this context, we investigated a large European nationwide
database to determine: 1) Is there also a significant decrease in
blood transfusion for primary THA (P-THA), primary TKA (P-TKA),
revision THA (R-THA) and revision TKA (R-TKA) in Germany? 2)
Which patient and hospital related factors are associated with the
risk of blood transfusion? 3) Is there a trend in complications, espe-
cially venous thromboembolism (VTE) and stroke events that can
be linked to TXA use? We hypothesized there was a significant
trend in decreasing blood transfusions for P-THA, P-TKA, R-THA
and R-TKA.

2. Materials and Methods

2.1. Database Characteristics

For this observational study, we used anonymized nationwide
administrative claims data of the Allgemeine Ortskrankenkasse
(AOK). The AOK provides health care insurance for approximately
30 percent of the German population and is the largest nation-
wide provider of statutory health care insurance in Germany. We
evaluated billing data for inpatient treatment, including diagnoses,
procedures and length of stay, as well as patient data, includ-
ing age, gender, insurance status (i.e. continued/terminated AOK
membership) and survival. Diagnoses were coded according to the
10th revision of the International Classification of Diseases (ICD-
10). Procedures were documented using the German version of the
International Classification of Procedures in Medicine (ICPM), the
“Operationen- und Prozedurenschliissel” (OPS).

We included patients aged 20 years or older, which received P-
THA, P-TKA, R-THA or R-TKA between January 2011 and December
2017 (for details, see supplement Table S1).

Patients undergoing P-THA or P-TKA were included only if they
also had a primary diagnosis of osteoarthritis, osteonecrosis or
rheumatoid arthritis. Cases were excluded if they had a diagno-
sis of tumour or post-traumatic arthritis of the joint, or if they
underwent a simultaneous hip and knee arthroplasty or a bilateral
one-stage procedure. Patients undergoing R-THA or R-TKA were
excluded from the study if they had a septic condition, fracture,
congenital deformity or tumour, or if they underwent simultane-
ous hip and knee arthroplasty (for details, see supplement Table
S1).

2.2. Outcome measures

The primary outcome was an allogenic or autologous transfu-
sion procedure (OPS 8-800.X) from the day of the initial surgery
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until discharge from hospital. A subgroup analysis was conducted
for patients who received six or more units. We also evaluated cases
with a diagnosis of venous thromboembolism (deep vein thrombo-
sis: ICD-10 180.1, 180.2, 180.3, 182.2; pulmonary embolism: 126) or
stroke (163, 164) within 90 days of index surgery.

2.3. Statistical analysis

Descriptive statistics including medians, inter-quartile ranges
(IQRs), and proportions were used to describe the study sample.
Baseline patient characteristics were compared using Pearson’s
Chi? test for categorical variables and the Mann-Whitney U test
for continuous measures. The Cochrane-Armitage test was used to
evaluate the significance of time trends within cohorts.

Multivariable logistic regression was used to model the odds of
transfusion as a function of the year of surgery. Adjusted odds ratios
(OR) and 95% confidence intervals (CI) were calculated. Patient
age, gender, Body Mass Index (BMI), implantation vs. revision of a
component, previous joint replacement (revision of the same joint
within 2 years of index surgery), antithrombotic medication prior to
surgery and comorbidities were included as independent patient-
related variables. Comorbidities were defined using the Elixhauser
conditions [15]. These include 31 acute and chronic diseases which
we implemented using the coding algorithm by Quan et al. [16]. In
addition, osteoporosis and dementia were included as independent
variables. All comorbidities were entered as separate dichotomous
variables. Patient age was entered as a continuous variable.

Additionally, hospital size, university hospital status and hos-
pital volume of the index procedure (P-THA, P-TKA, R-THA, and
R-TKA) were introduced in the regression models as hospital char-
acteristics. Hospital size was defined as small (<300), medium
(300-499) or large (>500) based on number of beds. Hospital
volume was categorized into quintiles. Patients were assigned to
volume categories based on the number of procedures performed
at their respective hospitals during the year of surgery. Further-
more, the length of stay was included as an additional predictor in
the regression models. All analyses were performed using STATA
16.0 (StataCorp LP, College Station, Texas). A p-value<0.05 was
considered statistically significant.

3. Results
3.1. Study population and outcome

We included a total of 736,061 cases in the analysis: 318,997
P-THAs, 43,780 R-THAs, 338,641 P-TKAs, and 34,643 R-TKAs.
A flowchart detailing patient selection is shown in Fig. 1.
Tables 1 and 2 provide a detailed overview of patient characteris-
tics undergoing primary or revision total hip and knee arthroplasty.
The patient comorbidity burden was lower for knee cohorts, espe-
cially for P-TKA. Transfusion rates were 48,350/318,997 (15.2%),
16,545/43,780 (37.8%), 28,094/338,641 (8.3%), and 5,726/34,643
(16.5%) for P-THA, R-THA, P-TKA and R-TKA patients, respectively.

The proportions of patients aged more than 70 years, female
patients, antithrombotic medication prior to surgery and most
comorbidities were higher among patients with blood transfusions
in all cohorts. Regarding hospital characteristics there was a higher
proportion of transfusions in large hospitals, hospitals with low
volume of the respective procedure and university hospitals in all
cohorts (Fig. 2).

3.2. Trends
During the study period, the occurrence of blood transfusion

after surgery declined significantly. Comparing transfusion rates in
2017 to 2011, the rate after P-THA had dropped by 52.8%, and the
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| 977,374 eligible cases |

|

| 504,068 P-THAs I | 60,557 R-THAs 371,467 P-TKAs | 41,282 R-TKAs

Excluded (n=185,071) Excluded (n=16,777) Excluded (n=32,826) Excluded (n=6,639)

* Age<20years (n=23) ¢ Age<20years (n=13) ¢ Age<20years (n=12) * Age <20 years (n=35)

*  No primary diagnosis of ¢ Septic condition *  No primary diagnosis *  Septic condition
osteoarthritis, (n=5,984) of osteoarthritis, (n=4,869)
osteonecrosis or ¢ Fracture (n=9,857) osteonecrosis or *  Fracture (n=1,302)

] rheumatoid arthritis —> ¢ Tumour (694) > rheumatoid arthritis |+ Tumour (n=326)

(n=182,919) ¢ Other simultaneous/ (n=32,715) *  Congenital deformity

¢ Tumour (n=247) bilateral arthroplasty *  Tumour (n=7) (n=12)

*  Post-traumatic arthritis (n=229) *  Post-traumatic * Juv. Arthritis (n=6)
(n=1861) arthritis (n=85) *  Other simultaneous/

*  Other simultaneous/ *  Other simultaneous/ bilateral arthroplasty
bilateral arthroplasty bilateral arthroplasty (n=89)
(n=21) (n=7)

318,997 THAs included | | 43,780 R-THAs included | | 338,641 TKAs included | | 34,643 RTKAs included

I I I [
|

| 736,061 cases included |

Exclusion criteria were applied in sequential order as listed.

Fig. 1. Flowchart of patient selection (P-THA, primary total hip arthroplasties; P-TKA, primary total knee arthroplasties; R-THA, revision total hip arthroplasties; R-TKA,
revision total knee arthroplasties).

50%
Hospital size Volume quintile University Hospital
45%
40% 0 -44%
40% 4 40%

19%

38% 37%
36% 36%
35%
30%
25%
22%
20% T
0,
- 7% 6% 16%
15% 149 1% 15% 159
6 139
2%
0, 0, 0,

10% oo 9% 9% o,

5%

0%

small medium large I \Y yes no
mP-THA ®R-THA P-TKA R-TKA

Fig. 2. Transfusions rate by hospital characteristics (P-THA, primary total hip arthroplasties; P-TKA, primary total knee arthroplasties; R-THA, revision total hip arthroplasties;
R-TKA, revision total knee arthroplasties).
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Table 1
Demographic characteristics of patients undergoing primary and revision total hip arthroplasty by transfusion.
Demographics P-THA R-THA
Not Transfused Transfused p-value Not Transfused Transfused p-value
Total, n 270,647 48,350 27,235 16,545
Length of stay (days), median (IQR) 11(9-13) 13(11-17) <0.001 13(11-22) 19(13-32) <0.001
Age (y), median (IQR) 70 (61-77) 76 (71-81) <0.001 73 (63-79) 77 (71-82) <0.001
Age (y), n (%) <0.001 <0.001
<50 9,397 (5.9) 473 (2.1) 1,503 (5.5) 307 (1.9)
50-59 44,147 (16.3) 2,851 (5.9) 3,470(12.7) 977 (5.9)
60-69 68,062 (25.2) 6,630 (13.7) 5,418 (19.9) 2,237 (13.5)
70-79 104,768 (38.7) 21,890 (45.3) 11,112 (40.8) 6,976 (42.2)
80-89 36,310 (13.4) 15,198 (31.4) 5,352 (19.7) 5,505 (33.3)
>90 846 (0.3) 742 (1.5) 380(1.4) 543 (3.3)
Female gender, n (%) 156,336 (57.8) 35,738 (73.9) <0.001 15,583 (57.2) 11,098 (67.1) <0.001
BMI (kg/m?), n (%) <0.001 <0.001
<30 223,659 (82.6) 41,673 (86.2) 22,863 (83.9) 14,217 (85.9)
30-34 24,776 (9.2) 3,604 (7.5) 2,313(8.5) 1,196 (7.2)
35-39 13,973 (5.2) 1,932 (4.0) 1,310 (4.8) 672 (4.1)
>40 8,239 (3.0) 1,141 (2.4) 749 (2.8) 460 (2.8)
Prosthesis implanted, n (%) <0.001
THA 250,621 (92.6) 47,080 (97.4)
Hip Resurfacing 1,340 (0.5) 45(0.1)
Short-Stem THA 18,686 (6.9) 1,225 (2.5)
Component revised, n (%) <0.001
Liner/head 6,813 (25.0) 2,308 (13.9)
Cup 9,805 (36.0) 5,784 (35.0)
Femur 4,665 (17.1) 2,332 (14.1)
Femur and cup 5,952 (21.9) 6,121 (37.0)
Previous joint replacement, n (%) 2,694 (9.9) 2,086 (12.6) <0.001
Comorbidities 2, n (%)
Hypertension
Uncomplicated 161,602 (59.7) 33,398 (69.1) <0.001 16,852 (61.9) 11,447 (69.2) <0.001
Complicated 7,450 (2.8) 3,081 (6.4) <0.001 1,218 (4.5) 1,277 (7.7) <0.001
Fluid and electrolyte disorders 23,873 (8.8) 10,153 (21.0) <0.001 4,336 (15.9) 5,270 (31.9) <0.001
Diabetes mellitus
Uncomplicated 40,067 (14.8) 8,628 (17.8) <0.001 4,359 (16.0) 3,025 (18.3) <0.001
Complicated 4,643 (1.7) 1,938 (4.0) <0.001 843 (3.1) 834 (5.0) <0.001
Hypothyroidism 38,291 (14.1) 7,739 (16.0) <0.001 3,939 (14.5) 2,636 (15.9) <0.001
Cardiac arrhythmia 26,724 (9.9) 9,500 (19.6) <0.001 3,973 (14.6) 3,946 (23.9) <0.001
Renal failure 18,524 (6.8) 8,550 (17.7) <0.001 3,013(11.1) 3,506 (21.2) <0.001
Chronic pulmonary disease 20,672 (7.6) 4,465 (9.2) <0.001 2,494 (9.2) 1,754 (10.6) <0.001
Congestive heart failure 14,847 (5.5) 6,667 (13.8) <0.001 2,821(10.4) 3,256 (19.7) <0.001
Depression 11,105 (4.1) 3,263 (6.7) <0.001 1,606 (5.9) 1,408 (8.5) <0.001
Osteoporosis 9,751 (3.6) 3,764 (7.8) <0.001 1,957 (7.2) 2,009 (12.1) <0.001
Peripheral vascular disorders 7,230 (2.7) 2,416 (5.0) <0.001 991 (3.6) 1,028 (6.2) <0.001
Rheumatism 6,424 (2.4) 1,634 (3.4) <0.001 942 (3.5) 591 (3.6) 0.532
Valvular disease 5,434 (2.0) 2,863 (5.9) <0.001 890 (3.3) 1,142 (6.9) <0.001
Coagulopathy 3,402 (1.3) 2,763 (5.7) <0.001 1,184 (4.3) 2,344 (14.2) <0.001
Neurological disorders 4,340 (1.6) 1,674 (3.5) <0.001 879(3.2) 900 (5.4) <0.001
Deficiency anemia 3,199 (1.2) 908 (1.9) <0.001 526 (1.9) 445 (2.7) <0.001
Dementia 1,690 (0.6) 1,136 (2.3) <0.001 800 (2.9) 1,059 (6.4) <0.001
Antithrombotic medication prior to surgery, n (%) 40,207 (14.9) 12,290 (25.4) <0.001 5,806 (21.3) 4,778 (28.9) <0.001

P-THA, primary total hip arthroplasties; R-THA, revision total hip arthroplasties. Significance defined as p <0.0019 after Bonferroni correction.
2 Double entries are possible; sorted by descending frequency; other comorbidities included in the analysis but with a frequency <2.0% in the whole cohort are not shown
(pulmonary circulation disorders, liver disease, blood loss anemia, peptic ulcer disease excluding bleeding, paralysis, alcohol abuse, drug abuse, psychoses, AIDS/HIV, weight

loss).

corresponding decreases in transfusion rates after P-TKA, R-THA
and R-TKA were 60.9%, 28.1% and 37.5%, respectively (Fig. 3). Across
cohorts, significantly decreased odds of transfusion as compared
to 2011 were first observed for 2013. The odds of transfusion con-
tinued to decline in subsequent years up to 2017 (Table 3). There
was also a significant decline of blood transfusion of six or more
units in the R-THA cohort (2011: 498/7,046 (7.1%),2017: 166/5,588
(3.0%) (p<0.001)) and R-TKA cohort (2011: 70/5,146 (1.4%), 2017:
26/4,905 (0.5%) (p<0.001)).

At the same time, the proportions of patients aged 80 years
and older, male gender, patients with antithrombotic medication
prior to surgery, and specific diagnoses like renal failure increased
(Fig. 4). Between 2011 and 2017 the length of stay decreased in all
cohorts (median (interquartile range, IQR): P-THA: 12 days (10-14)
in 2011 to 10 days (8-12) in 2017; P-TKA: 12 days (10-14) to 10

days (8-12); R-THA: 15 days (12-23) to 14 days (10-24); R-TKA: 13
days (11-15) to 11 days (9-14)).

3.3. Risk factors for transfusion

Table 3 shows the results of the multiple logistic regression anal-
ysis. In each cohort, the odds of transfusion decreased over time
(2017 vs. 2011 (reference): P-THA: OR 0.42 (95%CI: 0.39-0.45),
P-TKA: 0.41 (95%CI: 0.37-0.46), R-THA: 0.52 (95%Cl: 0.47-0.58),
R-TKA: 0.53 (95%Cl: 0.46-0.61); all cohorts: p<0.001). Across
cohorts, patient-related risk factors for blood transfusion included
older age (P-THA: OR 1.05 (95%CI: 1.04-1.05), P-TKA: 1.06 (95%ClI:
1.06-1.06), R-THA: 1.03 (95%CI: 1.03-1.03), R-TKA: 1.05 (95%CI:
1.05-1.06); all cohorts: p<0.001), female gender (P-THA: OR 1.86
(95%CI: 1.80-1.92), P-TKA: 1.59 (95%CI: 1.53-1.66), R-THA: 1.47
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Demographic characteristics of patients undergoing primary and revision total knee arthroplasty by transfusion.

Demographics P-TKA

R-TKA

Not Transfused Transfused p-value Not Transfused Transfused p-value
Total, n 310,547 28,094 28,917 5,726
Length of stay (days), median (IQR) 11(9-13) 13 (11-15) <0.001 11(9-14) 15(12-23) <0.001
Age (y), median (IQR) 70 (62-76) 76 (71-80) <0.001 69 (60-76) 75 (69-80) <0.001
Age (y), n (%) <0.001 <0.001
<50 5,299 (2.9) 74 (0.6) 1,365 (4.7) 83(1.5)
50-59 50,927 (16.4) 1,345 (4.8) 5,382 (18.6) 394 (6.9)
60-69 90,418 (29.1) 4,399 (15.7) 7,914 (27.4) 1,049 (18.3)
70-79 125,248 (40.3) 14,051 (50.0) 10,879 (37.6) 2,595 (45.3)
80-89 34,642 (11.2) 7,887 (28.1) 3,284 (11.4) 1,534 (26.8)
>90 417 (0.1) 212 (0.8) 93(0.3) 71(1.2)
Female gender, n (%) 202,662 (65.3) 21,313 (75.9) <0.001 18,953 (65.5) 4,209 (73.5) <0.001
BMI (kg/m?), n (%) <0.001 <0.001
<30 230,834 (74.3) 22,465 (80.0) 21,442 (74.2) 4,371 (76.3)
30-34 35,356 (11.4) 2,825 (10.1) 3,360 (11.6) 626 (10.9)
35-39 25,352 (8.2) 1,684 (6.0) 2,343 (8.1) 399 (7.0)
>40 19,005 (6.1) 1,120 (4.0) 1,772 (6.1) 330(5.8)
Prosthesis implanted, n (%) <0.001
Unicondylar 31,833 (10.3) 157 (0.6)
Bicondylar surface 247,763 (79.8) 25,040 (89.1)
Bicompartimental knee prosthesis 452 (0.2) 45 (0.2)
Endoprothesis with extended flexion mobility 30,499 (9.8) 2,852 (10.2)
Component revised, n (%) <0.001
Patella/onlay 9,043 (31.3) 737 (12.9)
Unicondylar 4,539 (15.7) 552 (9.6)
Bicondylar 13,211 (45.7) 3,859 (67.4)
Stemmed 920(3.2) 229 (4.0)
Other 1,204 (4.2) 349 (6.1)
Previous joint replacement, n (%) 2,099 (7.3) 507 (8.9) <0.001
Comorbidities ?, %
Hypertension
Uncomplicated 204,180 (65.7) 20,514 (73.0) <0.001 18,687 (64.6) 4,080 (71.3) <0.001
Complicated 8,733 (2.8) 1,830 (6.5) <0.001 1,011 (3.5) 422 (7.4) <0.001
Fluid and electrolyte disorders 24,638 (7.9) 5,389 (19.2) <0.001 2,820(9.8) 1,391 (24.3) <0.001
Diabetes mellitus
Uncomplicated 59,045 (19.0) 6,020 (21.4) <0.001 5,605 (19.4) 1,234 (21.6) <0.001
Complicated 6,289 (2.0) 1,337 (4.8) <0.001 792 (2.7) 319(5.6) <0.001
Hypothyroidism 51,682 (16.4) 4,811 (17.1) <0.001 5,082 (17.6) 1,128 (19.7) <0.001
Cardiac arrhythmia 29,527 (9.5) 5,337 (19.0) <0.001 3,143 (10.9) 1,269 (22.2) <0.001
Renal failure 20,247 (6.5) 5,130(18.3) <0.001 2,291 (7.9) 1,148 (20.0) <0.001
Chronic pulmonary disease 24,695 (8.0) 2,687 (9.6) <0.001 2,783 (9.6) 620(10.8) <0.001
Congestive heart failure 17,256 (5.6) 3,831 (13.6) <0.001 2,120(7.3) 967 (16.9) <0.001
Depression 15,561 (5.0) 2,024 (7.2) <0.001 1,936 (6.7) 478 (8.3) <0.001
Osteoporosis 9,171 (3,0) 1,916 (6.8) <0.001 1,413 (4.9) 604 (10.5) <0.001
Peripheral vascular disorders 6,725(2.2) 1,259 (4.5) <0.001 780 (2.7) 263 (4.6) <0.001
Rheumatism 7,887 (2.5) 1,187 (4.2) <0.001 860 (3.0) 228 (4.0) <0.001
Valvular disease 5,609 (1.8) 1,486 (5.3) <0.001 656 (2.3) 365 (6.4) <0.001
Coagulopathy 3,705 (1.2) 1,291 (4.6) <0.001 538(1.9) 446 (7.8) <0.001
Neurological disorders 5,361 (1.7) 1,111 (4.0) <0.001 722 (2.5) 246 (4.3) <0.001
Deficiency anemia 2,928 (0.9) 487 (1.7) <0.001 328(1.1) 98(1.7) <0.001
Dementia 1,420 (0.5) 531(1.9) <0.001 201 (0.7) 178 (3.1) <0.001
Antithrombotic medication prior to surgery, n (%) 47,619 (15.3) 7,088 (25.3) <0.001 5,626 (19.5) 1,767 (30.9) <0.001

P-TKA, primary total knee arthroplasties; R-TKA, revision total knee arthroplasties. Significance defined as p <0.0019 after Bonferroni correction.
2 Double entries are possible; sorted by descending frequency; other comorbidities included in the analysis but with a frequency <2.0% in the whole cohort are not shown
(pulmonary circulation disorders, liver disease, blood loss anemia, peptic ulcer disease excluding bleeding, paralysis, alcohol abuse, drug abuse, psychoses, AIDS/HIV, weight

loss).

(95%CI: 1.40-1.55), R-TKA: 1.41 (95%Cl: 1.32-1.52); all cohorts:
p<0.001), antithrombotic medication prior to surgery (P-THA:
OR 1.26 (95%CI: 1.21-1.31), P-TKA: 1.19 (95%CI: 1.13-1.26), R-
THA: 1.12 (95%CI: 1.06-1.18), R-TKA: 1.20 (95%CI: 1.11-1.30); all
cohorts: p<0.001) as well as lower BMI and different comorbidities
(for details, see Table 3).

Previous joint replacement was a risk factor for blood trans-
fusion in R-THA and R-TKA patients (R-THA: OR 1.35 (95%Cl:
1.25-1.46), p<0.001, R-TKA: 1.50 (95%CI: 1.34-1.69) (p<0.001)).
Additionally, university hospital status was an independent risk
factor for blood transfusion in all cohorts except R-THA (P-THA: OR
1.71 (95%Cl: 1.29-2.26) (p<0.001), P-TKA 1.44 (95%Cl: 1.12-1.86)

(p=0.005), R-TKA 1.44 (95%CI: 1.09-1.91) (p=0.01)). The predic-
tive accuracy of the fully adjusted models as expressed by the
C-statistic was 0.77 (P-THA), 0.78 (P-TKA), 0.73 (R-THA) and 0.75
(R-TKA).

3.4. Thrombogenic events

Over the study period, there was no increase of VTE or stroke
events (Table 4). Conversely, we observed a significant decrease
of VTE after P-THA (from 457/47,040 (1.0%) in 2011 to 303/45,825
(0.7%) in 2017) and after P-TKA (from 748/51,565 (1.5%) in 2011 to
549/50,744 (1.1%) in 2017).



G Model
OTSR-102987; No.of Pages9

E.Jeschke, M. Citak, A.M. Halder et al.

Orthopaedics & Traumatology: Surgery & Research xxx (XXxX) Xxx

50%
45% 43,6%
20%  _ - =W
= S < _403%
40% . 3%
= .o _ RTHA
S~ o 34,9%
? -—
- B - e 327%
-~
T =~ 302%
30% ;
25%
19,4%
20 17,9%
” 19 17,1%
19,7% . .
17,8% e LTVNR 15,6% 14,3%
d frreeem.., 4
15% T .
T e 10,1% P-THA oo 121%
¢ o emmmm e o * " .. | %
10% — . o — . —_— . 8,6% on
4 )
s —, .G,lﬁ% 5,6% 9,3%
% P-TKA ‘--__42%
0%
2011 2012 2013 2014 2015 2016 2017

Fig. 3. Trends in transfusion after primary and revision hip and knee arthroplasty (P-THA, primary total hip arthroplasties; P-TKA, primary total knee arthroplasties; R-THA,

revision total hip arthroplasties; R-TKA, revision total knee arthroplasties).
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Fig. 4. Patient characteristics for primary and revision hip and knee arthroplasty in 2011 and 2017 (P-THA, primary total hip arthroplasties; P-TKA, primary total knee
arthroplasties; R-THA, revision total hip arthroplasties; R-TKA, revision total knee arthroplasties).

4. Discussion

In our study, we analyzed trends and risk factors for blood
transfusion in Germany. The most important finding is that blood
transfusions after primary and revision total hip and knee arthro-
plasty decreased significantly over the study period. Between 2011
and 2017 the blood transfusion rate decreased from 19.7% to 9.3%
for P-THA, from 11.5% to 4.5% for P-TKA, from 42.0% to 30.2% for R-
THA and from 19.7% to 9.3% for R-TKA. After controlling for patient-
and hospital-related factors the odds of transfusion decreased by

about fifty percent for primary arthroplasty cases and over sixty
percent for revision procedures (P-THA: 58%, P-TKA: 59% > R-THA:
48%,R-TKA: 47%) over the study period. There was also a significant
decline of blood transfusion of six or more units for R-THA (7.1% to
3.0%) and R-TKA (1.4% to 0.5%).

This result is comparable with a large retrospective study of
1,013,024 patients in the USA where the overall incidence of
transfusion declined from 2010 to 2015 (P-THA: 22.1% to 7.1%;
P-TKA: 18.1% to 3.2%; R-THA: 30.6% to 18.5%; R-TKA: 19.8% to 9.8%)
[14]. However, we found that risk factors such as older age and
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Table 3
Results of multivariable logistic regression analysis for independent risk factors for transfusion after primary and revision hip and knee arthroplasty.
OR [95%-CI]
P-THA R-THA P-TKA R-TKA
Year
2011 Ref. Ref. Ref. Ref.
2012 1.01 (0.96-1.06) 1.07 (0.98-1.15) 1.01 (0.96-1.06) 0.97 (0.87-1.08)
2013 0.88 (0.83-0.93) 0.90 (0.82-0.98) 0.90 (0.85-0.95) 0.89 (0.79-0.99)
2014 0.76 (0.71-0.80) 0.81(0.74-0.89) 0.77 (0.72-0.82) 0.81(0.72-0.92)
2015 0.59 (0.55-0.63) 0.69 (0.62-0.76) 0.59 (0.54-0.64) 0.70 (0.62-0.80)
2016 0.49 (0.45-0.52) 0.63 (0.58-0.70) 0.50(0.45-0.55) 0.65(0.57-0.74)
2017 0.42 (0.39-0.45) 0.52(0.47-0.58) 0.41(0.37-0.46) 0.53(0.46-0.61)
Age (years) 1.05 (1.04-1.05) 1.03 (1.03-1.03) 1.06 (1.06-1.06) 1.05 (1.05-1.06)
Female gender 1.86 (1.80-1.92) 1.47 (1.40-1.55) 1.59 (1.53-1.66) 1.41(1.32-1.52)
Body mass index (kg/m?)
<30 Ref. Ref. Ref. Ref.
30-34 0.79 (0.72-0.87) 0.85(0.76-0.95) 0.86 (0.77-0.95) 0.93(0.83-1.05)
35-39 0.74 (0.68-0.80) 0.86 (0.77-0.96) 0.76 (0.69-0.84) 0.83(0.73-0.94)
>40 0.72 (0.66-0.78) 1.10 (0.96-1.27) 0.74 (0.68-0.80) 0.95(0.82-1.10)

Prosthesis implanted ?

P-THA, Hip Resurfacing

P-TKA, Unicondylar
Component revised ?

R-THA, Femur and cup

R-TKA, Unicondylar
Comorbidities

Hypertension, uncomplicated

Hypertension, complicated

Fluid and electrolyte disorders

Diabetes, uncomplicated

Diabetes, complicated °

Hypothyroidism

Cardiac arrhythmia

Renal failure

Chronic pulmonary disease

Congestive heart failure

Depression

Osteoporosis

Peripheral vascular disorders

Rheumatism

Valvular disease

Coagulopathy

Neurological disorders

Dementia

Weight loss

Alcohol abuse

Drug abuse

Psychoses

Paralysis

Liver disease

Peptic ulcer disease excluding bleeding

Pulmonary circulation disorders
Previous joint replacement ©
Antithrombotic medication prior to surgery
Length of stay (days)
University hospital

0.57 (0.37-0.89)

1.09 (1.06-1.13)
1.13(1.03-1.24)
1.57 (1.46-1.67)
1.05 (1.02-1.08)
1.12(1.03-1.21)
0.94 (0.91-0.98)
1.16 (1.12-1.20)
1.57 (1.49-1.65)
1.15(1.08-1.21)
1.30(1.24-1.37)
1.28(1.21-1.35)
1.28 (1.21-1.36)
1.23(1.14-1.32)
1.47 (1.38-1.57)
2.67 (2.45-2.92)
1.59 (1.48-1.71)
1.38(1.25-1.53)
150 (1.06-2.11)
2.10(1.91-2.43)
1.92 (1.63-2.26)
1.44(1.19-1.75)
1.50 (1.34-1.69)
1.58 (1.40-1.78)
1.51(1.07-2.14)
1.23 (1.10-1.38)
1.26 (1.21-1.31)
1.05 (1.05-1.05)
1.71 (1.29-2.26)

2.14(2.02-2.27)

1.09 (1.04-1.14)

1.59 (1.48-1.71)

1.07 (1.01-1.14)
1.31(1.22-1.41)
1.15(1.07-1.24)
1.14 (1.04-1.25)
1.27 (1.17-1.39)
1.27 (1.15-1.41)
1.31(1.15-1.49)
2.40 (2.15-2.68)
1.35(1.20-1.51)
1.22(1.08-1.37)
1.79 (1.45-2.20)
1.36 (1.07-1.73)
1.62(1.23-2.13)
1.41(1.18-1.69)

1.35(1.25-1.46)
1.12 (1.06-1.18)
1.01(1.01-1.01)

0.09 (0.08-0.11)

1.12 (1.07-1.18)
1.15(1.04-1.28)
1.65 (1.53-1.77)
1.05 (1.02-1.09)
1.20(1.10-1.32)
0.93 (0.89-0.97)
1.18(1.13-1.23)
1.72 (1.62-1.82)
1.15(1.07-1.24)
1.23(1.16-1.31)
136 (1.26-1.46)
1.37(1.24-1.51)
1.49 (1.36-1.63)
1.43 (1.33-1.55)
2.12(1.94-2.32)
1.74(1.61-1.88)
1.58 (1.39-1.80)

2.61(2.11-3.23)
2.02 (1.69-2.42)
2.35(1.90-2.91)
1.41(1.13-1.26)
1.63 (1.41-1.89)
1.75 (1.18-2.62)
1.45 (1.27-1.64)
1.19(1.13-1.26)
1.05 (1.04-1.06)
1.44(1.12-1.86)

0.78 (0.70-0.87)

1.69 (1.54-1.86)

1.21(1.10-1.33)
1.57 (1.43-1.73)
1.16 (1.04-1.29)

1.29 (1.10-1.50)
2.30(1.94-2.72)
1.28 (1.07-1.52)

2.54 (1.63-3.95)
1.86 (1.17-2.92)
455 (2.88-7.19)

1.37 (1.04-1.81)
1.50 (1.34-1.69)
1.20(1.11-1.30)
1.03 (1.02-1.03)
1.44(1.09-1.91)

P-THA, primary total hip arthroplasties; P-TKA, primary total knee arthroplasties; R-THA, revision total hip arthroplasties; R-TKA, revision total knee arthroplasties. Models
were adjusted for patient age, gender, body mass index (BMI), component implanted or revised, previous joint replacement, comorbidities, antithrombotic medication prior
to surgery, and hospital characteristics (hospital size, hospital procedure volume, University hospital). Only significant results are shown.

3 Reference other procedures according to Table 1 and Table 2.

b j.e. coma, ketoacidosis, vascular disease.

¢ Revision of the same joint in less than 10 years before the index surgery.

comorbities increased over the period of study. Potential reasons
for the decrease in blood transfusions include new transfusion
guidelines, and the introduction of novel pharmaceuticals and
devices for bleeding control and blood management [12,13].
The introduction of an enhanced recovery program in Germany
may also have contributed to the decrease of blood transfusions.
This program includes optimized pre-, intra- and postoperative
protocols. For instance, patients with anemia are detected pre-
operatively and are optimized e.g. with iron supplements prior
to elective surgery. Discontinuing the use of tourniquets during

[17,18] knee arthroplasty and the use of suction drainages [17,19]
are also potentially beneficial factors.

As expected, we found a higher rate of transfusion in revi-
sion arthroplasty compared to primary total joint arthroplasty,
with the highest rate of transfusions in R-THA (R-THA: 37.8%>R-
TKA: 16.5% > P-THA: 15.2% > P-TKA: 8.3%, mean rates of transfusion
2011-2017). This finding has also been reported in previous stud-
ies [14,20]. However, the incidence of transfusion in our study was
higher in all cohorts except P-TKA compared to recent findings from
the United States [14,21,22]. For example, the transfusion rates for
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Trends in venous thromboembolism and stroke after primary and revision hip and knee arthroplasty.

Year of procedure

Total 2011 2012 2013 2014 2015 2016 2017 P for Trend

P-THA

Total, n 318,997 47,486 45,758 43,415 44,956 45,347 45,803 46,232

VTE, % 0.8 1.0 0.9 0.8 0.7 0.7 0.7 0.7 <0.001

Stroke, % 0.3 0.3 0.4 0.2 0.3 0.3 0.3 0.3 0.0789
P-TKA

Total, n 338,641 51,897 49,533 44,721 45,265 46,657 49,556 51,012

VTE, % 1.2 1.5 13 1.3 1.2 1.2 1.1 1.1 <0.001

Stroke, % 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.0173
R-THA

Total, n 43,780 7046 6997 6376 6125 5961 5687 5588

VTE, % 14 1.5 1.2 1,7 1.5 1.4 1.1 14 0.4575

Stroke, % 0.6 0.6 0.5 0.6 0.6 0.7 0.8 0.7 0.1408
R-TKA

Total, n 34,643 5146 5156 4806 4690 4981 4959 4905

VTE, % 1.3 1.5 1.2 1.2 1.2 1.2 1.3 1.2 0.4329

Stroke, % 0.3 0.3 0.3 0.3 0.3 0.2 0.3 0.4 0.6236

VTE: venous thromboembolism; P-THA: primary total hip arthroplasties; P-TKA: primary total knee arthroplasties; R-THA: revision total hip arthroplasties; R-TKA: revision

total knee arthroplasties.

2015 in our study were 12.8% for P-THA compared to 7.1% [14]
and 8.7% [21], and 34.9% for R-THA compared to 18.5% [14] and
10.3% [22], respectively. Factors such as improved blood manage-
ment and a focus on vulnerable patients may produce a further
future reduction of transfusions, especially in R-THA.

Patient-related risk factors for blood transfusion in our study
included older age, female gender, previous joint replacement,
lower BMI, and comorbidities such as renal failure, cardiac arrhyth-
mia, congestive heart failure, valvular disease, coagulopathy,
depression, neurological disorders, and antithrombotic medication
before surgery. These findings correspond to previous reports of
higher age as a risk factor for transfusion [9,14]. In accordance
with our results other studies also found female gender, lower BMI,
and comorbidities like preoperative anemia, cardiac disease and
depression to be associated with a higher risk of blood transfusion
[7-9,20,23,24].

Our findings suggest that university hospital status is an inde-
pendent risk factor for blood transfusion in all cohorts except
R-THA. Hospital size and hospital volume were not found to be
risk factors. This may reflect that specialized high-volume cen-
tres or university hospitals are more likely to have complex cases.
Kimball et al. [14] demonstrated recently that smaller hospitals in
the United States were associated with higher odds of transfusion
compared to large hospitals in all four cohorts, and that academic
hospitals were associated with higher odds of transfusion com-
pared to community facilities in three of four cohorts. The authors
cited access to internal blood bank resources and a higher burden
of complex cases in academic centres as possible explanations for
the higher odds in academic hospitals.

The efficacy of TXA has been well described and it can decrease
bleeding intraoperatively, but might increase the incidence of VTE
and stroke events. Therefore, another study focus was to deter-
mine complications with a focus on VTE and stroke events that can
be associated with TXA use. We observed a significant decrease in
VTE after P-THA and after P-TKA. These results suggest that TXA
have a benefit in reducing the blood transfusion rate without an
increase in VTE and stroke events, and are consistent with recent
reports [25-27]. In a study by Qiu et al. [28], topical application of
TXA was effective in reducing blood loss in total hip arthroplasty
patients receiving continuous aspirin for prevention of cardiovas-
cular or cerebrovascular diseases without increasing the 90-day
complication rate. However, in a randomized controlled trial by
King et al. [29], the utilization of oral TXA regimen was non-inferior
to a topical/IV/oral regimen in total knee arthroplasty with regard

to efficacy and safety. In our study, the use and dosage of TXA is not
reported in detail, which is a limitation of our database.

Our study also has further limitations. (1) First, although it is
based on nationwide data of the largest healthcare insurance in
Germany, there may be variations in terms of age, gender, social
status, and morbidity between patients insured by different Ger-
man healthcare providers [30]. For instance, comparing AOK cases
to all German patients with R-THA in 2017, there are slight differ-
ences to our study population (female gender 61.3% [AOK] vs 59.0%
[Germany], age > 70 years 67.2% [AOK] vs 67.7% [Germany]) [31]).
Even though our analysis was risk-adjusted for age, gender and
comorbidities, we may not have been able to capture all relevant
factors. (2) Second, data were generated as routine data for billing,
and coding inaccuracies cannot be ruled out. However, billing data
are regularly checked for correctness. (3) Third, the German insur-
ance database does not provide information on preoperative or
intraoperative hemoglobin levels or other reasons for transfusion.
(4) Finally, detailed surgical information regarding the complexity
of the procedures, such as a bone defect classification for revision
procedures, the approach used for THA and the information about
patients with extended trochanteric osteotomy are lacking in the
dataset. Furthermore, we were unable to use the ASA score for risk
adjustment, since it relies on information, which is not available
in our database. Instead, we used the Elixhauser classification of
comorbidities, which was specifically developed for use with rou-
tine data. It has previously been used by Ondeck et al. [32], for
instance, who were able to show that the discriminative ability of
Elixhauser’s comorbidity measure is superior to other comorbidity
scores for inpatient adverse outcomes after total hip arthroplasty.

5. Conclusion

In summary, this is the largest study, which has blood trans-
fusion rates and trends from 2011 to 2017 in Germany. As
hypothesized there is a significant trend in decreasing blood trans-
fusion for both primary and revision total hip and knee arthroplasty,
which may be due to new transfusion guidelines and the introduc-
tion of novel pharmaceuticals such as TXA. We found no increase
of VTE and stroke events. Also, our results suggest that factors such
as improved patient blood management and a focus on vulnerable
patient groups may still reduce transfusions further in the future,
especially in R-THA.
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