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Abstract

Purpose The risk factors for excessive blood loss and transfusion during total knee arthroplasty (TKA) remain unclear.
The present study aimed to determine the risk factors for excessive blood loss and establish a predictive model for
postoperative blood transfusion.

Methods This retrospective study included 329 patients received TKA, who were randomly assigned to a training
set (n=229) or a test set (n=100). Univariate and multivariate linear regression analyses were used to determine risk
factors for excessive blood loss. Univariate and multivariate logistic regression analyses were used to determine risk
factors for blood transfusion. R software was used to establish the prediction model. The accuracy and stability of
the models were evaluated using calibration curves, consistency indices, and receiver operating characteristic (ROC)
curve analysis.

Results Risk factors for excessive blood loss included timing of using a tourniquet, the use of drainage, preoperative
ESR, fibrinogen, HCT, ALB, and free fatty acid levels. Predictors in the nomogram included timing of using a tourniquet,
the use of drainage, the use of TXA, preoperative ESR, HCT, and albumin levels. The area under the ROC curve was
0.855 (95% Cl, 0.800 to 0.910) for the training set and 0.824 (95% Cl, 0.740 to 0.909) for the test set. The consistency
index values for the training and test sets were 0.855 and 0.824, respectively.

Conclusions Risk factors for excessive blood loss during and after TKA were determined, and a satisfactory and
reliable nomogram model was designed to predict the risk for postoperative blood transfusion.
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Introduction

Total knee arthroplasty (TKA) is a common and reliable
procedure for the treatment of end-stage knee osteoar-
thritis (OA) [1]. Successful TKA not only requires effec-
tive relief of joint pain and accurate alignment of the
lower extremities but also minimizes tissue damage and
blood loss. In previous investigations, the rate of blood
transfusion in TKA procedures was 18.2% in a study
involving 139,804 patients® and 9.27% in another involv-
ing 949 patients [2]. Therefore, blood management is
crucial for individuals undergoing TKA, and preventive
measures are needed for those at a high risk for excessive
blood loss to avoid or, at least mitigate, the adverse effects
of this surgical complication.

Blood transfusion(s) itself is associated with several
potential complications, including increased length of
hospital stay (LOS), surgical site infection, pathogen
transmission, hemolytic transfusion reactions, transfu-
sion-induced coagulopathy, immunological reactions,
and acute kidney injury [3-5]. These risks and the associ-
ated transfusion costs highlight the importance of mini-
mizing the use of blood products in TKA [3].

Previous studies have reported that female sex, older
age, longer operative duration, and lower preoperative
hemoglobin levels are risk factors for perioperative trans-
fusion after total hip arthroplasty (THA) [2, 6, 7]; how-
ever, risk factors for blood loss after TKA are not well
understood. As such, the aim of the present study was
to determine such risk factors for TKA and to establish
a prediction model for blood transfusion, which is cru-
cial for early identification and intervention in patients at
high risk for excessive blood loss and blood transfusion.

Materials and methods

Patients and data collection

Data from patients, who underwent TKA for OA
between September 2022 and May 2023 at the authors’
hospital, were enrolled. Patients with a history of coagu-
lation disorders and those who received allogeneic blood
transfusions within 30 days before TKA were excluded
from the study. A total of 348 patients were enrolled in
the study. After excluding 19 patients with incomplete
HCT data, 329 patients were included, and all patients
were randomly assigned to either the training group
(N=249) or the test group (N=100) for further analysis
and establishment of a prediction model for transfusion.

Surgical technique

All the surgeries were performed by the same experi-
enced surgeon, who have performed over 5000 TKAs.
The surgical procedures were performed under general
anesthesia. All the participants used posterior stabi-
lized knee prosthesis (Zimmer). The timing of using a
tourniquet included early inflation (inflation before skin
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incision and release after wound closure) and late infla-
tion (inflation before the placement of prothesis and
release after the closure of joint capsule). Medial parapa-
tellar approach was used. After the femur and tibia
osteotomy, soft tissue was released to achieve balance
between internal and external gaps and balance between
flexion and extension gaps. After placing the prothesis,
the incision was closed layer by layer. 1.5 g (15 ml) TXA
or 15 ml normal saline was injected into the joint cavity
after suturing the joint capsule. For patients with drain-
age tubes, the tubes were clamped for 2 h before opening,
and was removed 24 h postoperatively. No intraopera-
tive complication was observed. All patients followed the
same rehabilitation program and analgesia pattern after
surgery.

Potential predictive factors

Data were obtained from the hospital’s electronic infor-
mation system. Baseline (age, gender, height, weight,
body mass index (BMI), and blood pressure), intraopera-
tive (operation time, timing of using a tourniquet, the use
of MAKO robot, the use of drainage), and preoperative
laboratory investigation results (hemoglobin (HGB) level,
red blood cell count (RBC), hematocrit (HCT), plate-
let count (PLT), erythrocyte sedimentation rate (ESR),
plasma albumin (ALB) and globulin, blood glucose, blood
uric acid, blood calcium, blood potassium, blood lipids
and hemagglutination index) were also obtained. Hema-
tocrit (HCT) levels were also measured on the morning
of postoperative day 1.

Outcome measures

Total blood loss (TBL) was calculated using the follow-
ing methods. The estimated blood volume (EBV) was
calculated according to Gross formula: EBV =K1 X height
(m)"3+K2 x weight (kg)+K3. When the patient is male,
K1=0.3669, K2=0.03219, K3=0.6041, and when the
patient is female, K1=0.3561, K2=0.03308, K3=0.1833
[8]. Then, TBL was also calculated according to Gross’s
formula: TBL=EBVX (preoperative HCT- postopera-
tive HCT)/average value of HCT [9] The TBL/estimated
blood volume (EBV) ratio was calculated as an indica-
tor of evaluate the effect of blood loss. Patients with a
TBL/EBV ratio>20% underwent postoperative blood
transfusion(s).

Statistical analysis

Data were analyzed using SPSS (IBM Corporation,
Armonk, NY, USA) (Version 25.0; IBM) and R version
4.1.2 (R Foundation for Statistical Computing, Vienna,
Austria) (R Foundation for Statistical Computing). Cat-
egorical variables were analyzed using the x [6] test, and
continuous variables were analyzed with the independent
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samples ¢-test or rank sum test. Differences with P<0.05
were considered to be statistically significant.

Identtification of risk factors for intra-and postoperative
excessive blood loss

Univariate and multiple linear regression analyses were
performed to determine risk factors for excessive blood
loss during and after TKA. The dependent variable was
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EBL/TBYV in the univariate and multiple linear regression
analyses. Variables were initially screened by univariate
linear analysis; those with P<0.1 were included in mul-
tivariate linear analysis. Variables with P<0.05 in multi-
variate linear analysis were regarded as independent risk
factors for excessive blood loss during and after TKA.
Detailed steps for identifying the risk factors for excessive
blood loss during and after TKA are presented in Fig. 1.

Patients who underwent TKA in
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Fig. 1 Detailed steps for identifying the risk factors for excessive blood loss during and after TKA
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Establishment of the nomogram prediction model for
postoperative blood transfusion

To identify risk factors for postoperative blood transfu-
sion and establish a predictive model. Data from the 329
enrolled patients were randomly divided into training and
test sets (N=98). The dependent variable was whether
the patients received postoperative blood transfusions in
the univariate and multivariate logistic regression analy-
ses. Binary univariate logistic regression analysis was first
performed on the potential predictive factors, and those
with P<0.1 in the univariate analysis were included in
the stepwise backward likelihood ratio (LR) multivariate
analysis. Variables with P<0.05 were regarded as inde-
pendent risk factors for postoperative blood transfusion.
Variance inflation factors (VIFs) and tolerances were cal-
culated to assess the collinearity assumption, with a VIF
of <5 and tolerance>0.1 considered to indicate no signif-
icant collinearity. These variables were used to establish a
nomogram prediction model.

Validation of the nomogram prediction model

The reliability of the internal validation was assessed
using the bootstrap method with 1000 replicates. The
discrimination of the nomogram model was evaluated
using the consistency index (C-index) and receiver oper-
ating characteristic (ROC) curve analysis. Calibration
curves were drawn, and decision curve analysis (DCA)
was performed. The construction and validation of the
nomogram prediction model were completed through R
language code packages including “rms’, “calibrate’, and
“regplot” The steps for establishing and validating the
nomogram prediction model are detailed in Fig. 2.

Results

Patient characteristics

A total of 329 patients who fulfilled the inclusion criteria
were enrolled in this study. The mean (+SD) age of the
cohort was 68.00£6.69 years, and the mean body mass
index (BMI) was 27.62+3 0.77 kg/m% Among the 329
patients, 73 received transfusion (mean age, 68.27+6.03
years; mean BMI, 27.27+3.04 kg/m?), while 256 did not
receive transfusion (mean age, 67.92+6.88 years; mean
BMI, 27.80+3.56 kg/m?). Other descriptive data for all
patients are summarized in Table 1.

Incidence and risk factors for excessive blood loss
Univariate linear regression analysis

According to univariate linear analysis, there was no
significant correlation between excessive blood loss
and age, sex, Kellgren-Lawrence (K-L) grading scale,
blood pressure, or preoperative laboratory investigation
results, including red blood cells and HGB, PLT, CRP,
total cholesterol, lipoprotein Al, lipoprotein B, APOB/
APOA, high-density lipoprotein, low-density lipoprotein,
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lipoprotein A, PT, TT, D-dimer levels. However, there
were statistically significant correlation of excessive
blood loss with BMI, timing of using a tourniquet, the
use of drainage, operation time, and preoperative labora-
tory test results including HCT, blood calcium, ESR, INR,
fibrinogen, blood glucose, activity of antithrombin III,
ALB, globulin, triglyceride and free fatty acids. (P<0.1).
Analysis results of the measurements and count data are
summarized in Table 2.

Multivariate linear regression analysis

Multivariate linear regression analysis including 15 sta-
tistically significant variables as independent variables,
and TBL/EBV as the dependent variable revealed that
TBL/EBV was associated with timing of using a tourni-
quet (P<0.001), drainage (P=0.048), preoperative eryth-
rocyte sedimentation rate (ESR) (P<0.001), fibrinogen
(P=0.029), HCT (P<0.001), albumin (ALB) (P<0.002),
and free fatty acid levels (P=0.007) (Table 2).

Incidence and risk factors for blood transfusion

Univariate logistic regression analysis

Factors with P<0.1 in the univariate analysis were
regarded to be significant. According to univariate logis-
tic analysis, 13 variables were identified as significant fac-
tors for transfusion, including the use of drainage, timing
of using a tourniquet, the use of TXA, and preoperative
HCT, ESR, blood calcium, APTT ratio, fibrinogen, activ-
ity of antithrombin III, ALB, globulin, triglyceride and
free fatty acid levels, whereas other variables did not
exhibit significant differences between the transfusion
and non-transfusion groups (Table 3).

Multivariate logistic regression analysis

Multivariate logistic regression analysis of 13 statisti-
cally significant variables revealed that transfusion was
associated with timing of using a tourniquet (odds ratio
[OR]=0.142, 95% confidence interval [CI]=0.059-0.338,
P<0.001), drainage, (OR 2.324, 95% CI 1.088-4.965,
P=0.029), the use of TXA (OR 0.175, 95% CI 0.084—
0.362, P<0.001), preoperative ESR (OR 1.122, 95% CI
1.070-1.177, P<0.001), HCT (OR 1.193, 95% CI 1.066—
1.335, P=0.002), and ALB level (OR 1.260, 95% CI 1.091-
1.454, P=0.002) (Table 3).

Development and validation of nomogram for transfusion

Independent risk factors were included in the logis-
tic regression prediction model and the nomogram was
generated. The integral value of each included variable
is reported in Fig. 3 and, by combining the integral val-
ues of all variables, the total score and corresponding
probability can be calculated. The area under the ROC
curve (AUC) (Fig. 4) was 0.855 (95% confidence interval
[CI] 0.800-0.910) for the training set and 0.824 (95% CI
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Table 1 Cohort demographics
Total (n=329) Transfusion (n=73) Non-transfusion (n=256) Statistics(t/xz) P

Age (years) 68.00+6.69 68.27+6.03 67.92+6.88 0.396 0.692
Gender (%) 0.172 0.679

Male 84 (25.5) 20(27.4) 64 (25.0)

Female 245 (74.5) 53(72.6) 192 (75.0)
Height (m) 1.62+0.07 1.62+0.07 1.62+0.07 0.012 0.990
Weight (kg) 72.70+£1045 71.70+10.12 7299+10.55 0.934 0.351
BMI (kg/mz) 27.68+3.46 27.27+3.04 27.80+3.56 1.167 0.244
Drainage (%) 3.301 0.069

With 132 (40.1) 36 (49.3) 96 (37.5)

Without 197 (59.9) 37(50.7) 160 (62.5)
Tourniquet (%) 11.427 0.001

Early 221(67.2) 61 (83.6) 160 (62.5)

Late 108 (32.8) 12 (164 96 (37.5)
Tranexamic acid (%) 13914 <0.001

Use 167 (50.8) 23(31.5) 144 (56.3)

Not use 162 (49.2) 50 (68.5) 112 (43.7)
ESR (mm/h) 14.79+£12.01 21.19+1841 12.96+8.64 5.382 <0.001
Blood cacium 237+0.14 241+0.09 2.37+0.15 2270 0.024
Operation time (minutes) 81.92+27.12 84.59+21.19 81.16+£28.57 0.954 0.341
Blood glucose (mmol/L) 590+143 6.15+1.57 5.84+1.38 1.651 0.100
Blood uric acid (umol/L) 342.64+9533 349.85+94.51 339.78+97.59 0.732 0465
ALB (g/L) 42.27+340 43794361 41.83+£3.21 4458 <0.001
Globulin (g/L) 2848+4.17 29.55+4.95 28.18+3.88 2497 0.013
Triglyceride (mmol/L) 144+0.83 166+1.08 137x0.74 2674 0.008
Total cholesterol (mmol/L) 537+1.20 548+1.20 5344+1.20 0.856 0392
APOAT (g/L) 1.58+0.67 1.56+0.26 159+0.74 0.319 0.750
APOB (g/L) 0.94+0.27 0.98+0.34 093+0.25 1410 0.160
APOB/APOA1 0.62+0.18 0.63+0.19 0.62+0.18 0.299 0.765
HDL (mmol/L) 1.52+032 1.53+0.31 152+0.32 0.266 0.791
LDL (mmol/L) 3.07+093 3.09+0.92 3.06+094 0.278 0.782
Lipoprotein A (mg/L) 204.90+233.00 21664425182 201.55+227.76 0.488 0.626
Free fatty acids (mmol/L) 0.60+0.23 0.67+0.22 057+0.23 3.294 0.001
Blood potassium (mmol/L) 4014037 4.02+0.38 4.00+0.37 0.301 0.763
Systolic pressure (mmHg) 14247 +18.67 143.55+16.80 142.16+19.19 0.558 0.577
Diastolic pressure (mmHg) 79.83+12.12 79.63+12.85 79.89+11.92 0.159 0.873
HCT (%) 41.79+3.70 42.19+4.02 41.59+358 1.837 0.067
Prothrombin time (second) 11.73+£1.06 11.66+0.90 11.75+£1.11 0.665 0.507
PT percentage activity (%) 101.18+8.88 101.53+8.82 101.08+8.91 0.386 0.699
INR 097+0.18 1.00+0.36 0.96+0.08 1.683 0.093
APTT (second) 29.65+5.02 28.98+3.95 29.84+528 1.291 0.197
APTT ratio 1.04+0.09 1.03+0.07 1.05+0.09 2.007 0.046
Fibrinogen (g/L) 3.16+0.66 3.27+0.78 3134061 1.664 0.097
TT (second) 19.06+11.63 17.76£0.88 1943+13.15 1.081 0.280
TT ratio 1.17+£1.71 1.05+0.05 121+£1.93 0.715 0475
Activity of antithrombin Ill (%) 94.29+2144 100.63+37.90 9248+13.07 2.894 0.004
D-dimer (ug/mL) 395.53+455.84 430.96+755.63 38543+324.96 0.752 0452

Abbreviations: BMI: Body mass index; TXA: Tranexamic acid; ESR: Erythrocyte sedimentation rate; ALB: Albumin; APOA1: Apolipoprotein A1l; APOB: Apolipoprotein
B; HDL: High density lipoprotein; LDL: Low density lipoprotein; HCT: Hematocrit; INR: International normalized ratio; APTT: Activated partial thromboplastin time;

TT: Thrombin time

0.740-0.909) for the test set, indicating satisfactory dis-
crimination performance of the prediction model. Fur-
thermore, the C-index values from the calibration curves
were 0.855 for the training set and 0.824 for the test set,
and the 95% CI obtained using the bootstrap method
with 1000 replicates was 0.800-0.910 for the training
model and 0.740-0.909 for the test model. To identify
the potential clinical benefits of the designed nomogram,

DCA was performed using this dataset. DCA for this
model, demonstrating its superiority over “treat all” or
“treat none” strategies when threshold probabilities range
from O to 1 is presented in Fig. 4. The calibration curve
demonstrated good agreement with the observed proba-
bilities of blood transfusion in this study (Supplementary
file 1). These findings indicate that the prediction model
was satisfactory.
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Table 2 Univariate and multivariate linear regression analysis

Univariate analysis Multivariate analysis

B SEB B PValue B SEB B PValue
Age (years) <0.001 0.001 -0.02 0.784
Gender 0.018 0.011 0.087 0.113
Height (m) 0.05 0.067 0.042 0452
Weight (kg) <0.001 <0.001 -0.05 0.33
BMI (kg/mz) -0.002 0.001 -0.1 0.078 -0.002 0.001 -0.09 0.052
Drainage 0.017 0.01 0.097 0.08 0.017 0.009 0.097 0.048
Tourniquet -0.036 0.01 -0.19 <0.001 -0.04 0.009 -0.214 <0.001
Tranexamic acid -0.012 0.01 -0.07 0.232
ESR(mm/h) 0.003 <0.001 0.356 <0.001 0.004 <0.001 0489 <0.001
Blood cacium 0114 0.034 0.18 0.001 0.01 0.032 0.016 0.755
Operation time (minutes) <0.001 <0.001 0.1 0.069 <0.001 <0.001 0.024 0.6
Blood glucose (mmol/L) 0.009 0.003 0.14 0.011 0.003 0.003 0.051 0.291
Blood uric acid (umol/L) <0.001 <0.001 0.087 0.115
ALB (g/L) 0.008 0.001 0.308 <0.001 0.005 0.002 0.19 0.002
Globulin (g/L) 0.003 0.001 0.152 0.006 -0.001 0.001 -0.066 0.194
Triglyceride (mmol/L) 0018 0.006 0171 0.002 -0.002 0.005 -0.015 0.753
Total cholesterol (mmol/L) 0.003 0.004 0.045 0417
APOAT (g/L) 0.008 0.007 0.06 0.274
APOB (g/L) 0012 0.018 0.036 0.512
APOB/APOA1 -0.02 0.027 -0.04 0.454
HDL (mmol/L) 0016 0.015 0.057 0.306
LDL (mmol/L) -0.001 0.005 -0.02 0.776
Lipoprotein A (mg/L) <0.001 <0.001 0.016 0.77
Free fatty acids (mmol/L) 0.105 0.02 0.273 <0.001 0.053 0.02 0.138 0.007
Blood potassium (mmol/L) 0.021 0.013 0.089 0.106
Systolic pressure (mmHg) <0.001 <0.001 0.024 0671
Diastolic pressure (mmHg) <0.001 <0.001 -0.01 0.838
HCT (%) 0.005 0.001 0.2 <0.001 0.006 0.001 0.265 <0.001
Prothrombin time (second) -0.004 0.005 -0.05 0.398
PT percentage activity (%) <0.001 0.001 0.042 0.449
INR 0.047 0.027 0.099 0.074 0.044 0.022 0.091 0.051
APTT (second) -0.001 0.001 -0.04 0462
APTT ratio -0.055 0.056 -0.06 0322
Fibrinogen (g/L) 0.012 0.007 0.092 0.096 -0.017 0.008 -0.125 0.029
TT (second) <0.001 <0.001 -0.01 0.834
TT ratio <0.001 0.003 -0.01 0.931
Activity of antithrombin 11l (%) 0.001 <0.001 0.139 0.011 <0.001 <0.001 0.001 0976
D-dimer (ug/mL) <0.001 <0.001 0.033 0.548

Abbreviations: BMI: Body mass index; TXA: Tranexamic acid; ESR: Erythrocyte sedimentation rate; ALB: Albumin; APOAT: Apolipoprotein A1l; APOB: Apolipoprotein
B; HDL: High density lipoprotein; LDL: Low density lipoprotein; HCT: Hematocrit; INR: International normalized ratio; APTT: Activated partial thromboplastin time;

TT: Thrombin time

Discussion

Blood loss is inevitable in patients undergoing TKA, and
sometimes patients require allogeneic blood transfusion
to maintain normal hemoglobin levels. However, several
studies have suggested that transfusion increases the risk
for complications, mortality, costs, and length of hospi-
tal stay [4, 5, 10, 11]. Therefore, it is essential to identify
high-risk patients and intervene early to reduce the risk
for transfusion. Some studies have investigated single
factors that affect blood loss and transfusion. However,
few investigations have screened and identified the risk

factors for excessive blood loss or established a predic-
tion model to predict the risk for transfusion after TKA.
We propose, for the first time, that a high preopera-
tive HCT value is an independent risk factor for post-
operative blood transfusion in TKA. We found that the
preoperative HCT in the transfusion group was higher
than that in the non-transfusion group. Our study was
supported by another study suggesting that a high preop-
erative HCT value was a risk factor for increased hidden
blood loss (HBL) in patients undergoing laparoscopy and
laparotomy for cervical cancer treatment [12].
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Table 3 Univariate and multivariate logistic regression analysis

Univariate analysis Multivariate analysis

OR (95% Cl) Pvalue OR (95% Cl) Pvalue
Age (years) 1.008 (0.969-1.048) 0.691
Gender 1.132 (0.629-2.036) 0.679
Height (m) 0.978 (0.028-34.612) 0.99
Weight (kg) 0.988 (0.963-1.013) 0.35
BMI (kg/mz) 0.955 (0.885-1.032) 0.244
Drainage 1.622 (0.960-2.738) 0.071 2.324 (1.088-4.965) 0.029
Tourniquet 0.328 (0.168-0.640) 0.001 0.142 (0.059-0.338) <0.001
Tranexamic acid 0.358 (0.206-0.621) <0.001 0.175 (0.084-0.362) <0.001
ESR(mm/h) 1.054 (1.029-1.080) <0.001 1.122 (1.070-1.177) <0.001
Blood cacium 7.739 (0.860-69.678) 0.068 0.905 (0.064-12. 702) 0.941
Operation time (minutes) 1.004 (0.995-1.013) 0.353
Blood glucose (mmol/L) 1.148 (0.972-1.356) 0.105
Blood uric acid (umol/L) 1.001 (0.988-1.004) 0.464
ALB (g/L) 1217 (1.111-1.333) <0.001 1.260 (1.091-1.454) 0.002
Globulin (g/L) 1.082 (1.016-1.152) 0.015 0.964 (0.885-1.051) 0.409
Triglyceride (mmol/L) 1.455 (1.088-1.946) 0.011 1.155 (0.750-1.778) 0514
Total cholesterol (mmol/L) 1.100 (0.885-1.366) 0.391
APOAT (g/L) 0.928 (0.586-1.471) 0.751
APOB (g/L) 1.947 (0.763-4.969) 0.163
APOB/APOA1 1.246 (0.295-5.272) 0.765
HDL (mmol/L) 1.117 (0495-2.519) 0.79
LDL (mmol/L) 1.041 (0.787-1.376) 0.781
Lipoprotein A (mg/L) 1.000 (0.999-1.001) 0.625
Free fatty acids (mmol/L) 6.691 (2.084-21.483) 0.001 2.834(0.590-13.607) 0.193
Blood potassium (mmol/L) 1.115(0.550-2.262) 0.763
Systolic pressure (mmHg) 1.004 (0.990-1.018) 0.576
Diastolic pressure (mmHg) 0.998 (0.977-1.020) 0.873
HCT (%) 1.069 (0.995-1.148) 0.068 1.193 (1.066-1.335) 0.002
Prothrombin time (second) 0.918(0.714-1.181) 0.506
PT percentage activity (%) 1.006 (0.977-1.036) 0.698
INR 2.958 (0.505-17.316) 0.229
APTT (second) 0.965 (0.914-1.019) 0.198
APTT ratio 0.039 (0.002-0.949) 0.046 0.033(0.001-2.006) 0.103
Fibrinogen (g/L) 1.380 (0.941-2.023) 0.099 0.662(0.352-1.246) 0.201
TT (second) 0.857 (0.643-1.142) 0.293
TT ratio 0.081 (0.001-10.379) 0.31
Activity of antithrombin 11l (%) 1.027 (1.004-1.050) 0.02 1.002 (0.983-1.021) 0.841

D-dimer (ug/mL)

0.465 (1.000-1.001)

1

Abbreviations: BMI: Body mass index; TXA: Tranexamic acid; ESR: Erythrocyte sedimentation rate; ALB: Albumin; APOAT: Apolipoprotein A1l; APOB: Apolipoprotein
B; HDL: High density lipoprotein; LDL: Low density lipoprotein; HCT: Hematocrit; INR: International normalized ratio; APTT: Activated partial thromboplastin time;

TT: Thrombin time

The purpose of tourniquet use in TKA is to reduce
or at least mitigate intraoperative blood loss,
provide a better surgical field of vision, and improve
the integration of bone cement into the bone. However,
some evidence has challenged the necessity and safety
of tourniquets because they may induce vascular injury,
thromboembolism, reduce range of motion (ROM), and
aggravate postoperative pain postoperatively [13-15].
Some researchers argued that no reduction in postop-
erative transfusion rates is observed when a tourniquet
is used. In fact, while the use of tourniquets reduces

intraoperative blood loss [16], it significantly increases
total blood loss (i.e., blood loss during the operation and
in the postoperative period) [17]. Activation of fibrinoly-
sis after tourniquet deflation may explain this phenom-
enon [18]. Our results indicated that early inflation of
tourniquet was an independent risk factor for increased
blood loss and postoperative transfusion, which was con-
sistent with the aforementioned findings.

The use of surgical drains after TKA has been stan-
dard practice for many years [19]. It is believed that the
reduced formation of hematomas may reduce swelling,
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Nomogram for transfusion

Points

TXA™

Drainage*

500 60 70 80 % 100

Preoperative HCT**

Albumin®*

28

Preoperative ESR***

Tourniquet***

Early

30 40 50 60 70 80 90

Total points

150 200

223
25 300
0.991

Prio)soz

0.015 0.b6 03

0.7 052 0588 099

Fig. 3 A nomogram based on the 6 independent predictors of transfusion. For the TXA or the Drainage, “0" refers to not use and “1" refers to use; For the
Tourniquet, “early” refers to inflation before skin incision and release after wound closure, and “late” refers to inflation before the placement of prothesis

and release after the closure of joint capsule. *P<0.05; **P < 0.01; ***P<0.001

reduce the nidus for infection, and improve ROM [20].
However, the necessity for drainage in TKA has been a
challenged [21]. Some clinicians believe that drainage
increases blood loss because it destroys the tampon-
ade effect at the surgical site. Drainage yielded no sig-
nificant improvement in terms of ROM, reduction in
swelling, and LOS [22] and did not increase the risk for
complication(s) after TKA [23]. Closed-suction drain-
age is also a risk factor for infection after TKA [24].
Our results indicated that drainage was an independent
risk factor for increased blood loss and postoperative
transfusion.

We found that high ALB levels were risk factors for
increased blood loss and transfusion. A low ALB level
was an independent risk factor for increased LOS in
patients undergoing TKA and/or THA. One study inves-
tigating TKA suggested that preoperative ALB<30 g/L
could increase LOS [25]. Similar results were found in
THA, as the ALB level of patients with LOS<48 h was
significantly higher than that of patients with LOS>48 h
[26]. However, the effect of preoperative ALB levels
on blood loss has rarely been reported. One study sug-
gested that ALB was not associated with HBL after pos-
terior lumbar fusion surgery; however, it did not report
a correlation between ALB and TBL [27]. Higher preop-
erative plasma ALB level was an independent risk factor

for greater intraoperative blood loss during intracranial
meningioma [28].

We found that high ESR was an independent risk fac-
tor for excessive blood loss and blood transfusion. Our
result was supported by another study that proposed that
a high ESR was one of the risk factors for blood loss in
patients with ankylosing spondylitis with hip involvement
undergoing THA [29]. ESR is regarded as a biomarker of
inflammatory diseases, and its level reflects disease activ-
ity. Although OA has not been traditionally treated as an
inflammatory disease, accumulating evidence suggests
that inflammation plays a role in its pathogenesis and
progression [30—32]. For patients with high preoperative
ESR, we believe that systematic history taking is essential
to exclude active inflammation. Good management of the
preoperative ESR is not only useful for reducing the pos-
sibility of infection but also for reducing blood loss dur-
ing the perioperative period of TKA.

The use of tranexamic acid (TXA) in TKA has been
confirmed to be effective in reducing blood loss and the
risk for blood transfusion [33]. Our study further con-
firmed this finding because the transfusion rate in the
TXA group was lower than that in the non-TXA group.
We did not observe any complications with the use of
TXA, and its safety was confirmed in another study,
which suggested that intravenous application of TXA
within 24 h after TKA led to reduced HBL without an
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set (d)

obvious increase in the incidence of VTE or thrombosis
[34].

Nomograms are widely used for clinical diagnoses and
predictions. In the present study, we established a nomo-
gram prediction model for transfusion(s) after TKA.
Based on this nomogram, multiple risk factors can be
quantified according to transfusion risk. The AUC for
the nomogram was 0.855 (95% CI 0.800—0.910), which
was higher than the threshold for good performance
(AUC>0.8). Moreover, the nomogram was validated
in an independent cohort, and the validation results

confirmed that it was effective in predicting the need for
perioperative transfusion after TKA.

There are some researches on the risk factors for blood
transfusion in TKA. One research reported that preop-
erative Hb levels and use of TXA was associated with the
Hb loss, and preoperative Hb levels was associated with
blood transfusion [35]. However, in our study, no signifi-
cant difference of the preoperative Hb levels between the
transfusion group and the non-transfusion group was
observed, while the preoperative HCT was associated
with transfusion. Another study proposed that posterior
cruciate retaining prosthesis and topical use of TXA were
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preferred to reduce total blood loss [36]. All the partici-
pants used posterior stabilized knee prosthesis in our
study so we did not evaluate the effect of difference kind
of prosthesis on the blood loss and transfusion. What we
share in common with these researches are that the use of
tourniquet could not reduce blood loss, the use of drain-
age could increase blood loss and the use of TXA could
reduce blood loss. Apart from these, we also determined
that high ALB levels and high ESR were independent risk
factors for excessive blood loss and blood transfusion in
TKA, which has not been reported previously.

However, this study had some limitations, the first of
which was that the patient population was derived from
a single center and the sample size was relatively small.
Although the model demonstrated satisfactory perfor-
mance on the internal validation set, it lacked an inde-
pendent external validation set, which could potentially
affect its generalizability. Large-scale, multicenter studies
should be performed to further enhance and externally
validate the model.

Conclusion

The present study identified risk factors for excessive
blood loss and established a predictive model for postop-
erative transfusion after TKA. Risk factors for excessive
blood loss included the timing of tourniquet use, drain-
age, preoperative ESR, fibrinogen, HCT, ALB, and free
fatty acid levels. Predictors in the nomogram included
the timing of tourniquet use, drainage, TXA, preopera-
tive ESR, HCT, and ALB level. We established a satisfac-
tory and reliable nomogram prediction model to predict
the risk for postoperative blood transfusion and to guide
clinical decision-making regarding reducing blood loss.
For those patients with more risk factors of blood trans-
fusion and high score on the nomogram, blood prepara-
tion preoperatively is recommended.
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