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Abstract
Background: Recently, the amount of bleeding during and after Total Hip Arthroplasty (THA) has decreased owing to the use of tranexamic acid, 

advancements in surgical devices, improvements in surgical skills, and the introduction of minimally invasive surgery. Therefore, the need for blood 
transfusions is decreasing. We monitored haemoglobin (Hb) and haematocrit (Ht) levels, estimated blood loss, transfusion rates, and other aspects of 
Anterolateral Supine THA (ALS-THA) performed at our institution without autologous blood donation and closed suction drainage.

Methods: Patients (n = 316) with preoperative Hb ≥10.0 g/dL during primary unilateral THA performed at our hospital from May 2021 to July 2023 were 
included. Hb and Ht levels, surgical time, intraoperative blood loss, estimated postoperative blood loss, allogeneic blood transfusion rates, and complication 
rates were evaluated. We performed logistic regression analysis on age, sex, blood type, height, weight, BMI, preoperative Hb, and preoperative Ht to 
evaluate the risk of blood transfusion. Receiver Operating Characteristic (ROC) analysis was performed on preoperative Hb levels and blood transfusions.

Results: Blood transfusions were performed in 10 of the 316 cases (3.2%), with a transfusion rate of 16.7% in patients with preoperative Hb < 12g/dL.
Univariate analysis revealed signiϐicant differences in preoperative Hb and Ht levels, whereas multivariate analysis showed a signiϐicant difference in 
preoperative Hb (odds ratio 0.39). In ROC analysis, the cutoff value was Hb 12.3 g/dL (sensitivity 0.7; speciϐicity 0.84).

Conclusion: The preoperative Hb level was the most important factor contributing to the transfusion risk in THA. Preoperative anemia treatment may 
further reduce blood transfusions.
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Background

During the 1980s and 1990s, the standard method of blood 
management in joint replacement shifted from allogeneic 
blood transfusions to autologous blood donations. However, 
in the late 1990s, reports began to surface questioning the 
necessity of autologous blood donation due to factors such 
as cost, inconvenience, hygiene, anaemia caused by blood 
loss, and ambiguous eligibility criteria [1-3]. Furthermore, 
advancements in surgical techniques, the use of tranexamic 
acid, the introduction of minimally invasive surgery, and 
improvements in surgical devices, have led to a decrease in 
both intra- and postoperative bleeding [4]. Therefore, the 
need for autologous blood donations is decreasing [5-9]. While 
closed drains have typically been used to reduce dead space 
and prevent haematomas, recent studies have reported risks 
of infection and delays in rehabilitation associated with their 
use, thereby challenging whether closed suction drainage is 
needed in THA [10-12]. We aimed to examine haemoglobin 
(Hb) and haematocrit (Ht) levels, estimated blood loss, 

transfusion rate, and other aspects of supine anterolateral 
approach THA (ALS-THA) performed at our institution in 
the absence of autologous blood donation and closed suction 
drainage.

Materials and methods

The study involved a retrospective analysis of 316 patients 
who underwent primary unilateral THA at our hospital from 
May 2021 to July 2023. The patients had preoperative Hb ≥ 
10.0 g/dL. The study focused on the supine anterolateral 
approach THA (ALS-THA) performed without the use of 
autologous blood donation or closed suction drainage. The 
study cohort comprised 48 joints in 48 men (15.2%), and 
268 joints in 268 women (84.8%). The average age was 63.0 
(range: 49-85) years. The mean follow-up period for this 
study was approximately 1.5 years (6 months to 2.5 years). 
All patients underwent surgery under general anaesthesia 
without autologous blood donation. The target diseases 
included 288 cases of hip osteoarthritis and 28 cases of 
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osteonecrosis of the femoral head (Table 1). THA performed 
for pseudarthrosis or deformity healing after trauma and 
THA performed for femoral neck fractures were excluded 
from the study. Surgery was performed using a short 
tapered-wedge stem with an anterolateral approach with 
patients in the supine position. Surgery was performed by 
three surgeons (T.H., H.F., and J.K.) with experience in THA. 
To prevent bleeding, all patients received an intravenous 
injection of tranexamic acid (1000 mg) immediately before 
surgery. To prevent deep vein thrombosis, all patients wore 
elastic stockings and were administered edoxabantsil orally 
for one week after surgery. In addition, a closed drain tube 
was not placed postoperatively in any case. For postoperative 
rehabilitation, the patients were allowed to get out of bed and 
walk as much as possible with full weight bearing from the 
day after surgery, with the goal of being discharged from the 
hospital within 10 days after surgery.

Hb and Ht levels were measured preoperatively and on the 
ϐirst, third, and seventh postoperative days. Lower limb venous 
echocardiography was performed for cases with D-dimer 
≥10 μg/mL on the 7th postoperative day. The estimated 
postoperative blood loss was calculated by measuring the 
circulating blood volume using Nadler’s and Gross’ formulae 
from the pre- and postoperative minimum Ht values [13,14]. 
Blood transfusions were performed for patients with Hb 
levels below 7.5 and patients with anemia symptoms. The 
following factors were evaluated: Hb, Ht, C-Reactive Protein 
(CRP), D-dimer, and Soluble Fibrin monomer complex (SF), 
as well as surgical time, intraoperative blood loss, estimated 
postoperative blood loss, and allogeneic blood transfusion 

rate. We investigated the incidence of Deep Vein Thrombosis 
(DVT), Pulmonary Embolism (PE), infection, and fracture. 
Logistic regression analysis was performed targeting age, 
sex, blood type, height, weight, Body Mass Index (BMI), and 
preoperative Hb and Ht levels to examine the risk of blood 
transfusion. Furthermore, preoperative Hb level and the 
presence or absence of blood transfusion were tested using 
Receiver Operating Characteristic (ROC) analysis, with 
preoperative Hb level as the variable and blood transfusion 
as the outcome.

Statistical analysis

All data analysis was performed using SPSS version 22.0 
(IBM Corp., Armonk, NY, USA).

Results

Regarding patient characteristics, the average BMI 
was 24.2±2.9 kg/m2, the average preoperative Hb was 
13.4±0.8 g/dL, the average preoperative Ht was 40.3±2.3%. 
The preoperative American Society of Anesthesiologists 
classiϐication was 1 in 70 patients (22.0%), 2 in 237 patients 
(75.0%), and 3 in 9 patients (3.0%). The average operative 
time was 80.1±9.5 min, the intraoperative blood loss was 
296.8 ±95.4 ml, and the estimated postoperative blood loss 
was approximately 1091±247 ml. The blood transfusion rate 
in this study was 10 out of 316 cases (3.2%).  Six patients 
(1.9%) had preoperative Hb levels ≥ 10 and < 11 g/dL, and 
three received blood transfusions. Twenty-four patients 
(7.6%) had preoperative Hb levels ≥11 g/dL and < 12 g/dL, 
and two received blood transfusions. A total of 286 patients 
(90.5%) had preoperative Hb levels >12 g/dL, and 5 required 
blood transfusions. The transfusion rates differed signiϐicantly 
among the three hemoglobin groups (Fisher’s exact test, p < 
0.001). The transfusion rates were 50.0% (3/6) in patients 
with 10 ≤ Hb < 11 g/dL, 8.3% (2/24) in those with 11 ≤ Hb 
< 12 g/dL, and 1.7% (5/286) in those with Hb ≥ 12 g/dL.In 
pairwise comparisons, patients with 10 ≤ Hb < 11 g/dL had 
a signiϐicantly higher transfusion rate than those with 11 ≤ 
Hb < 12 g/dL and those with Hb ≥ 12 g/dL after Bonferroni 
correction. No signiϐicant difference was observed between 
the latter two groups. However, the number of patients in 
the 10 ≤ Hb < 11 g/dL group was small (n = 6), and therefore 
the results should be interpreted with caution (Table 2). 
There were no complications, such as symptomatic DVT or 
PE, infection, or fracture (Table 1). The postoperative Hb 
change (⊿Hb) based on the preoperative average Hb value 

Table 1: Clinicodemographic data of patients.
Parameter Value
Patients, n 316

Average age (y) 63.0 ± 7.0
Sex (female/male) 268/48

Average BMI (kg/m²) 24.2 ± 2.9
ASA classiϐication, n (%)

1 70 (22.0%)
2 237 (75.0%)
3 9 (3.0%)

Diagnosis, n
Osteoarthritis 288
Osteonecrosis 28

Mean preoperative Hb (g/dl) 13.4 ± 0.8
Mean preoperative Hct (%) 40.3 ± 2.3

Operation Time (min) 80.1 ± 9.5
Intraoperative blood loss (ml) 296.8 ± 95.4

Mean total blood loss (ml) 1091 ± 247
Allogeneic transfusion, n (%) 10 (3.2%)

Complication, n
PE 0

Infection 0
Fracture 0

Values are mean ±SD, Hb = Haemoglobin, Ht = Haematocrit, ASA = American Society of 
Anesthesiologists

Table 2: Blood transfusion rates according to preoperative haemoglobin levels.
Hb (g/dl)  n Transfusion, n

10 < Hb < 11 6 (1.9%) 3 (50%)
11 ≤ Hb < 12 24 (7.6%) 2 (8.3%)

12 ≤ Hb 286 (90.5%) 5 (1.7%)
All 316 10
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was -2.7 ±1.3 g/dL on the ϐirst postoperative day, -3.3±0.8 
g/dL on the third postoperative day, and -3.3±0.7 g/dL on 
the 7th postoperative day (Figure 1). The average maximum 
⊿Hb (preoperative Hb - postoperative minimum Hb) was 
3.3±0.8 g/dL. Changes in postoperative ⊿Hct based on the 
preoperative average Ht value were -7.8±2.5% on the ϐirst 
postoperative day, -10.5±2.4% on the third postoperative day, 
and -10.2±2.5% on the seventh postoperative day (Figure 2). 
The average maximum ⊿Ht (preoperative Ht - postoperative 
minimum Ht) was 11.3+2.1%. D-dimer reached a maximum 
value of 9.4±1.8 μg/dL one week after surgery, and SF reached 
a maximum value of 9.3±2.1 μg/dL on the third postoperative 
day. Both values peaked on the 7th postoperative day. To 
examine the risk of blood transfusion, we performed logistic 
regression analysis targeting age, sex, blood type, height, 
weight, BMI, preoperative Hb, and preoperative Ht. Univariate 
analysis showed signiϐicant differences in preoperative Hb 
and Ht levels. Multivariate analysis of preoperative Hb and 
Ht revealed a signiϐicant difference in preoperative Hb levels, 
with an odds ratio of 0.39 (Table 3). Increase in hemoglobin 
of 1 g/dL was associated with a 61% reduction in the risk of 
transfusion.

ROC analysis was performed with preoperative Hb level as 

the variable with blood transfusion as the outcome, and Receiver 
Operating Characteristic (ROC) analysis was performed. The 
cutoff value determined using the Youden Index method was 
Hb 12.3 g/dL, sensitivity 0.7, speciϐicity 0.84, and area under 
the surface 0.74 (Figure 3). The results revealed that 70% of 
those who received a blood transfusion had a preoperative 
Hb ≤ 12.3 g/dL, and 84% of those who did not receive a blood 
transfusion had preoperative Hb ≥ 12.3 g/dL.

Discussion

Since the 2000s, tranexamic acid administration has been 
shown to be effective in reducing blood loss in THA. Johansson 
et al. conducted a randomised, double-blind study of 100 
patients who underwent THA and identiϐied a signiϐicant 
difference in total blood loss, with an average of 0.97 L in 
the tranexamic acid group compared to 1.3 L in the placebo 
group. It has been reported that 8 of 47 patients (20%) in 
the tranexamic acid group and 23 of 53 patients (40%) in 
the placebo group received blood transfusions, indicating a 
signiϐicant difference [7]. Gill, et al. conducted a meta-analysis 
of 13 randomised clinical trials involving THA and reported 
that TXA administration effectively reduced intraoperative 
blood loss, total blood loss, and transfusion rates without 
increasing the risk of VTE [8]. Tranexamic acid was also 
routinely administered at our hospital in patients undergoing 
ALS-THA.

Previously, closed suction drainage was commonly 
performed during THA. Closed drains reduce dead space and 
prevent hematomas, but they increase the risk of infection 
and delay rehabilitation. Since 2000, studies have shown that 
the use of closed suction drainage does not increase blood loss 
or transfusion rates [9]. Zhou, et al. conducted a meta-analysis 
of 20 randomised controlled trials involving 3186 patients, 
comparing drainage and non-drainage groups, and reported 
no signiϐicant differences in the incidence of infection, blood 
loss, changes in Hb and Ht levels, clinical evaluations, or other 
complications. The authors concluded that the routine use of 
closed-suction drainage may have more disadvantages than 
advantages [15]. Kelly, et al. conducted a meta-analysis of 16 

Figure 1: Changes in ⊿Hb.

Figure 2: Changes in ⊿Htc.
Figure 3: Receiver Operating Characteristic (ROC) analysis with preoperative Hb as a 
variable and blood transfusion as the outcome. AUC: Area under the ROC curve.
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studies involving 2705 patients on the use of postoperative 
closed suction drainage in THA [16,17]. The results of a meta-
analysis revealed that postoperative closed suction drainage 
increased total blood loss and transfusion requirements but 
showed no signiϐicant difference in surgical site infection or 
haematoma formation between the two groups. They also 
opposed routine closed-suction drainage. At our hospital, 
tranexamic acid was administered preoperatively and ALS-
THA was performed without closed suction drainage.

There have also been several reports of ⊿Hb in THA. 
Pierson, et al. reported that ΔHb in 260 patients who 
underwent THA was 4.0 g/dL. Surgery was performed using 
the posterolateral approach without drain placement or 
autologous blood [3]. Juan, et al. reported that ⊿Hb in 120 
cases of THA was 3.0 g/dL17. Surgery was performed using 
the DA approach and drains were used in 59 patients. Other 
recent reports showed ⊿Hb values of 2.5 to 3.5 g/dL [18,19]. 
In the present study, ⊿Hb was 3.3 g/dL, which is comparable 
to those in recent reports.

In a report on preoperative Hb cutoff values, Mitchell, 
et al. conducted a retrospective study of 558 patients who 
underwent posterior THA [20]. In that study, the transfusion 
rate was 11%, and the preoperative Hb level was a risk 
factor for blood transfusion, with a cut-off value of 12.6 g/
dL (sensitivity, 85%; speciϐicity, 77%). In our study, the 
blood transfusion rate was calculated by deϐining patients 
who received blood transfusion as having a postoperative 
minimum Hb < 7.5 mg/dL or due to anaemia symptoms. The 
blood transfusion rate in this study was 10 out of 316 cases 
(3.2%). The ROC curve based on preoperative Hb values and 
whether allogeneic blood transfusion was performed, yielded 
a preoperative Hb cutoff value of 12.3 g/dL (sensitivity: 0.7, 
speciϐicity: 0.84, area under the curve: 0.74). In our study, 
the transfusion rate was lower than that in previous reports, 
and the cutoff value was lower. It was suggested that if the 
preoperative Hb was ≥12.3 g/dL, there was a high probability 
that allogeneic blood transfusion would be unnecessary.

In 2016, Menendez, et al. reported a transfusion rate 
of approximately 9% in THA [21]. Recent reports on 
transfusion rates for anterior approaches have been reported 
at approximately 1% - 9% [18,22,23]. Furthermore, recent 
studies have reported that preoperative Patient Blood 
Management (PBM) reduces transfusion rates. Hourlier, 
et al. reported that the use of PBM protocol was associated 
with a zero-percent transfusion rate in a large series of 
consecutive patients, including those with stage 3 or 4 Chronic 
Kidney Disease (CKD) [24]. In our study, 30 patients had 
preoperative Hb levels < 12 g/dL, and ϐive (16.7%) required 
blood transfusion. Our multivariate analysis revealed that 
the preoperative Hb level was most strongly associated with 
transfusion risk. We may further reduce the THA transfusion 
rate by introducing PMB.

The limitations of this study include the fact that the 
surgeons performing the procedure were not the same. Also, 
it is unclear whether the lowest Hb/Ht value is the true lowest 
value for the patient. Further, group comparisons between 
the posterior approach and drain placement groups were not 
possible. In this study, 84.8% of the patients were% female and 
15.2% male, which constituted a signiϐicant difference. This 
was a retrospective cohort study presenting the outcomes of 
a group of patients over a certain period. This study lacked 
a comparison control group (e.g., patients who underwent 
drainage or received autologous blood transfusion), which 
may have inϐluenced the observed risk of transfusion. In 
addition, because patients with a preoperative hemoglobin 
level ≤10 g/dL were excluded, the true risk of transfusion 
may have been underestimated. Furthermore, the relatively 
small number of transfusion events may have affected the 
robustness of the statistical analyses.

Finally, we propose that by conducting future research 
in patients with low preoperative Hb levels undergoing 
THA who receive PBM, we will be able to conϐirm whether 
the introduction of PBM leads to a reduction in blood 

Table 3: Logistic regression analysis of blood transfusion risk factors in total hip arthroplasty.
Variable N Univariate analysis OR 95% CI p - value Multivariate analysis OR 95% CI P-value

Age (per 1 year) 316 1.04 0.97-0.12 0.29 — — —
Sex M vs F 316 1.39 0.29–0.76 0.68 — — —
Blood type 316

A 118 1 Ref — — —
B 76 2.3 0.38–4.1 0.37 — — —

AB 18 n.c — — —
O 104 2.83 0.53–14.9 0.22 — — —

Height (per 1 cm) 316 0.98 0.90–1.07 0.66 — — —
Body weight (per 1 kg) 316 1.01 0.95–1.06 0.87 — — —

BMI (per 1 kg/m²) 316 1.03 0.89–1.19 0.71 — — —
Preoperative Hb (per 1 g/dl) 316 0.39 0.22–0.70 0.002 0.39 0.22–0.70 0.002

Postoperative Ht (per 1%) 316 0.72 0.59–0.89 0.003 0.86 0.64–1.16 0.324
OR: Odds Ratio; 95% CI: 95% Conϐidence Interval; Ref: Reference standards; n.c.: Not Calculated
Multivariate analysis(1): χ² test of multivariate model coefϐicients: p = 0.003 (Forced entry of signiϐicant variables)
Multivariate analysis(2): Stepwise backward elimination method (variable increment method: likelihood ratio).
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transfusions. In my country, erythropoietin administration 
is covered by insurance when Hb is ≤10 mg/dL. Therefore, 
considerable challenges remain regarding the introduction 
of PMB before surgery. In addition, differences in the skill of 
surgeons may also play a crucial role in controlling bleeding, 
and it is important to establish educational tools for acquiring 
the requisite expertise.

Conclusion

This study demonstrates that the preoperative Hb level 
is the primary determinant of the risk of transfusion in THA. 
In addition, the transfusion rate was 16.7% in patients with 
preoperative Hb levels < 12 g/dL. Therefore, the introduction 
of preoperative PBM may lead to further reductions in blood 
transfusions.
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