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Abstract
Purpose  The amount of intraoperative hemorrhages and factors associated with hemorrhages and transfusions during revision 
total hip arthroplasty (reTHA) have not been identified for Japanese patients. We aimed to clarify the amount of intraoperative 
hemorrhages, and to elucidate the factors associated with hemorrhages and transfusions during reTHA in Japanese patients.
Methods  We retrospectively reviewed patients who underwent reTHA (n = 48) and primary total hip arthroplasty (pTHA) 
(n = 615) in a single hospital and extracted data regarding hemorrhage, transfusion, patient comorbidities, and surgical anes-
thesia. We defined massive blood loss (MBL) as a hemorrhage comprising more than half of the circulating blood volume 
within 3 h. The odds ratio (OR) and 95% confidence interval (CI) were estimated using a multivariate logistic regression 
analysis.
Results  There was a significant difference in hemorrhages between reTHA and pTHA patients (1790 g versus 625 g; 
p < 0.001). Among patients with reTHA, MBL was significantly associated with younger age (OR 0.91; 95% CI 0.84–1.00; 
p = 0.04) and lower body mass index (BMI) (OR 0.69; 95% CI 0.53–0.91; p = 0.01). Although not significant, the incidence 
of MBL tended to be higher for patients with hyperlipidemia (OR 4.88; 95% CI 0.99–24.1; p = 0.051). Furthermore, the 
need for allogeneic transfusion was significantly associated with the number of prepared autologous blood packs (OR 0.15; 
95% CI 0.07–0.55; p = 0.002).
Conclusion  Although this study was limited by its small population and a possibility of underestimating the hemorrhage, 
hemorrhages in reTHA patients was two times greater than that in pTHA patients. Younger age and lower BMI increased 
the risk of MBL in reTHA. Preparing autologous blood decreased the risk of intraoperative allogeneic transfusion.
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Introduction

Massive blood loss (MBL) during surgery causes a high 
incidence of complications and often requires blood trans-
fusions, which can cause adverse effects [1, 2]. Hip joint 
surgeries are regarded as major invasive procedures that can 
result in MBL [3]. Among hip joint surgeries, revision total 
hip arthroplasty (reTHA) is a challenging surgical procedure 
compared to primary total hip arthroplasty (pTHA) because 
perioperative complications and unexpected incidents at the 
time of surgery are much more common in reTHA [4, 5].

Retrospective reTHA studies have reported the amount 
of hemorrhages and incidence of transfusions [6–8]. One 
of those reported significantly greater hemorrhage in men 
and older patients [7]. This study also showed that dual-
component surgery and a lower preoperative hemoglobin 
(Hb) concentration were associated with transfusion [7]. 
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However, these studies were conducted in Western coun-
tries and did not mention racial distributions or differences 
[6–8]. For other major surgeries, non-white, non-black race 
was identified as an independent predictor of perioperative 
transfusion in major vascular surgery [9]. Furthermore, 
Stentz et al. reported that Asian American women were 1.7 
times more likely to receive a transfusion than Caucasian 
women among patients undergoing myomectomy [10]. 
These results indicate that Asian race may become a risk 
factor for transfusion.

We assume that it is essential to determine associated 
risk factors for hemorrhage and transfusion during reTHA 
for those of East Asian descent to provide those patients 
with an optimal perioperative environment. Therefore, the 
aims of this study are to clarify the amount of intraoperative 
hemorrhages, and to elucidate the factors associated with 
hemorrhages and transfusions during reTHA in Japan.

Methods

This study conformed with the ethical principles of the Dec-
laration of Helsinki and was approved by the institutional 
ethical committee of Tohoku Rosai Hospital in Sendai, 
Japan (2014/1/9, Tohokurin number 14-29). The commit-
tee also exempted the study from requiring patient consent 
for the analysis of sensitive data.

Data collection

We reviewed the medical charts of adult patients who 
underwent total hip arthroplasty (THA) from April 2009 
to January 2014 in Tohoku Rosai Hospital, Sendai, Japan 
to compare hemorrhages that can occur during reTHA 
with those that can occur during pTHA. The pTHA group 
included patients who had undergone THA for the first 
time. The reTHA group included patients who underwent a 
revision procedure with replacement of dual components. 
We excluded patients who underwent revision of either 
only the acetabular or femoral component. All operations 
were performed by the same two orthopedic surgeons. 
Data regarding age, sex, height, weight, body mass index 
(BMI), American Society of Anesthesiologists physical 
status (ASA-PS) score, type of anesthesia, operative time, 
anesthesia time, Hb level, hemorrhage, infusion, and trans-
fusion were noted for the reTHA and pTHA groups. The 
amount of hemorrhages, infusions, and transfusions were 
counted from the start of surgery until discharge from the 
operating room. Postoperative hemorrhage after discharge 
from the operating room was not included in the amount 
of hemorrhage. We defined MBL as follows: hemorrhage 
comprising more than half of the circulating blood volume 
within 3 h [11]. We defined the beginning time of 3 h, 

which was an important factor for determining MBL, as 
follows: the time when the first amount of hemorrhage was 
recorded in the anesthesia chart. If the time between the 
first hemorrhage in the chart and operating room discharge 
was shorter than 3 h, the total amount of hemorrhage was 
counted from the first hemorrhage-recorded time to operat-
ing room discharge. The estimated circulating blood vol-
ume was calculated using the following equation: body 
weight (kilogram) × 70 mL.

To evaluate the perioperative factors associated with 
intraoperative hemorrhage and transfusion in the reTHA 
group, preoperative medical complications such as asthma, 
diabetes mellitus, heart disease, hyperlipidemia, hyperten-
sion, liver disease, osteoporosis, rheumatoid arthritis, and 
renal disease were collected from the anesthesia records. 
Heart disease included coronary artery disease and heart 
failure. Liver disease included cirrhosis and abnormalities 
in liver function tests. Renal disease included renal failure 
and dialysis. We also collected information regarding med-
ications such as anticoagulants, antiplatelet agents, non-
steroidal anti-inflammatory drugs, statins and steroids. 
In addition, we extracted Hb levels, platelet counts, pro-
thrombin time international normalized ratios (PT-INR), 
and activated partial thromboplastin times (APTTs) from 
electronic medical records. Postoperative Hb levels and 
platelet counts were examined on the first morning after 
surgery. PT-INR and APTT were measured on the morn-
ing of day 4 after surgery. Since anesthesia records were 
written on paper, we calculated the mean blood pressure 
(mBP) by converting anesthesia records to PDF files and 
then plotting intraoperative systolic and diastolic blood 
pressures (BPs). We calculated mBP according to the fol-
lowing formula: mBP = mean diastolic BP + (mean sys-
tolic BP − mean diastolic BP)/3. The intraoperative mean 
body temperature (mBT) was collected from anesthesia 
records. Patients under general anesthesia (GA) underwent 
continuous nasal temperature measurements. However, 
those under regional anesthesia underwent transient axil-
lary temperature measurements. A body-heating device 
was used during surgery according to the judgment of the 
anesthesiologist. The anesthesia method was determined 
after discussion between the surgeon and anesthesiologist 
in charge.

Autologous blood was collected from patients younger 
than 75 years of age whose Hb level exceeded 11 g/dL. For 
pTHA patients, 800 mL of autologous blood was collected 
in 400-mL portions on two occasions. For reTHA patients, 
1200 mL was collected in 400-mL portions on three occa-
sions if possible. The anesthesiologist comprehensively 
evaluated each patient and used allogenic or autologous 
transfusions. Autologous transfusions were preferred over 
allogeneic transfusions. The standard Hb concentration that 
indicated the need for a blood transfusion was < 7.0 g/dL.
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Statistical analysis

For continuous variables with a normal distribution, the 
mean (± standard deviation) is reported. For variables that 
were not normally distributed, the median and interquar-
tile ranges are reported. Continuous variables are described 
by numeric values, not by cutoff values. Statistical differ-
ences in the groups were tested using Student’s t tests or 
Wilcoxon’s test, when appropriate, for continuous variables; 
Fisher’s exact test was used to evaluate categorical variables. 
We also performed multivariate logistic regression analysis 
to compare the least-squares mean for hemorrhages between 
the groups. To identify perioperative factors associated with 
MBL or concentrated red cell (CRC) transfusion, we per-
formed a univariate logistic regression analysis first. Then, 
all preoperative factors with p < 0.20 in the univariate analy-
ses were applied as explanatory variables in the multivariate 
logistic regression analysis of MBL or CRC transfusion as 
the outcome variable. Odds ratios (ORs) and their 95% con-
fidence intervals (CIs) are reported. All data were analyzed 
using JMP Pro software (version 12; SAS Inc., Cary, NC, 
USA), IBM SPSS (version 22.0; IBM Japan, Tokyo, Japan), 
or STATA 14.2 (Stata Corp., College Station, TX, USA). All 
statistical tests were two-sided, and differences of p < 0.05 
were accepted as significant.

Results

Seventy-two reTHAs and 615 pTHAs were performed in our 
hospital between April 2009 and January 2014. All patients 
were Mongoloid Japanese. Orthopedic surgeons adminis-
tered 10 mg of tranexamic acid into the all-operative joint 
through the drain after wound closure. pTHA did not include 
any minimally invasive surgery. Among 72 reTHA patients, 
23 patients had only acetabular components replaced, and 
1 patient had only a femoral component replaced. These 24 
patients were excluded from the subsequent analysis. We 
included 48 patients as the reTHA group; they had both 
acetabular and femoral components replaced.

The characteristics of the patients in both the reTHA and 
pTHA groups are shown in Table 1. There were significant 
differences in height, body weight, ASA-PS, operative time, 
anesthesia time, postoperative Hb level, and reduction of the 
Hb level. More than 50% of reTHA patients received GA, 
whereas almost 90% of pTHA patients received combined 
spinal and epidural anesthesia.

Intraoperative hemorrhage and the incidence of MBL 
in the reTHA and pTHA groups are shown in Table 2 and 
Fig. 1. We found that reTHA patients experienced twice 
as much hemorrhaging than pTHA patients (reTHA ver-
sus [vs.] pTHA: 1790 g vs. 625 g; p < 0.01) (Table 2). A 
multivariate logistic regression analysis involving age, sex, 

BMI, ASA-PS, and type of anesthesia as covariates also 
showed that there was a significant difference in hemor-
rhages between both groups (2138 g vs. 854 g; F = 202; 
p < 0.01). Moreover, the incidence of MBL was signifi-
cantly higher in the reTHA group than the in pTHA group 
(46% vs. 0.2%; p < 0.01) (Table 2). Infusion and transfu-
sion data for both groups are also shown in Table 2. The 
volumes of total infusion, crystalloids, colloids, and total 
transfusion, as well as the volumes and frequencies of 
autologous and allogeneic transfusions were higher in the 
reTHA group than in the pTHA group. Allogeneic trans-
fused patients, except for one, received only CRC; the one 
patient lost 5900 g of blood and received fresh–frozen 
plasma and platelet concentrate. These results indicated 
that nearly half of the reTHA patients experienced MBL, 
and that they needed much more transfusions than the 
pTHA patients. Therefore, we investigated perioperative 
factors related to MBL or CRC transfusions for reTHA 
patients.

To establish the association between all variables and 
MBL, we performed univariate logistic regressions first 
(Table 3). The univariate analysis identified five signifi-
cant preoperative variables for increased risk of MBL: age 
(OR 0.96); body weight (OR 0.91); BMI (OR 0.74); hyper-
lipidemia (OR 2.78); and preoperative APTT (OR 1.15). 
These preoperative variables, except for body weight, 
were included in the multivariate logistic regression anal-
ysis. Body weight was excluded so it would not affect 
multicollinearity.

Intraoperative BP and BT are known to be associated with 
hemorrhage [12]; however, these variables were excluded 
from the multivariate logistic regression analysis, because 
there were no significant differences in mBP and mBT 
between the MBL and non-MBL groups. There were miss-
ing values for intraoperative BT; therefore, we supplemented 
the values by multiple imputations using STATA 14.2 [13]. 
The data of the mBT before supplementation with multiple 
imputations are shown in Table 3. The data after supple-
mentation with multiple imputations included an OR of 0.50 
and p = 0.27.

Hemorrhage was excluded from the multivariate logistic 
regression analysis because hemorrhage was used to deter-
mine MBL or non-MBL. Although longer operative times, 
longer anesthesia times, and more total transfusion volumes 
were significantly associated with the incidence of MBL in 
the univariate analysis, we did not include these factors in 
the multivariate logistic regression analysis because they did 
not have predictive values. There were also significant dif-
ferences between the MBL and non-MBL groups regarding 
the postoperative platelet counts and postoperative APTT, 
but these variables were also excluded from the multivariate 
logistic regression analysis because they were postoperative 
variables.
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Table 1   Characteristics of 
patients in the reTHA and 
pTHA groups

“Others” include spinal anesthesia and peripheral nerve block. Postoperative Hb levels were examined on 
the first morning after surgery. Hb reduction was calculated by subtracting the postoperative Hb from the 
preoperative Hb. The values with a normal distribution are provided as the mean and standard deviations. 
The values with non-normal distribution are presented as the median and interquartile range
reTHA revision total hip arthroplasty, pTHA primary total hip arthroplasty, BMI body mass index, ASA-PS 
American Society of Anesthesiologists physical status, CSEA combined spinal and epidural anesthesia, GA 
general anesthesia, Epi epidural anesthesia, Hb hemoglobin
*p < 0.05 between the groups
a Student’s t test
b Wilcoxon’s test
c Fisher’s exact test

reTHA (n = 48) pTHA (n = 615) p value

Age (years) 68.6 ± 11.1 66.2 ± 11.5 0.16
Female sex 42 (88%) 517 (84%) 0.68
Height (cm) 150.5 ± 8.5 153.5 ± 7.9 0.012*a

Body weight (kg) 53.6 ± 11.8 57.2 ± 10.5 0.023*a

BMI (kg/m2) 23.5 ± 4.1 24.3 ± 3.9 0.20
ASA-PS
 I 4 (8.3%) 151 (25%) 0.019*c

 II 43 (90%) 445 (73%)
 III 1 (2.1%) 19 (3.1%)

Type of anesthesia < 0.001*c

 CSEA 12 (25%) 548 (89%)
 GA + Epi 27 (56%) 14 (2.3%)
 GA 5 (10%) 49 (8.0%)
 Others 4 (8.3%) 4 (0.7%)

Operative time (min) (range) 204.5 (178.25–264.75) 96 (77.5–116) < 0.001*b

Anesthesia time (min) (range) 301 (268.75–354.5) 158 (140–182) < 0.001*b

Hb level (g/dL)
 Preoperative 12.4 ± 1.5 12.2 ± 1.3 0.26
 Postoperative 8.0 ± 1.1 9.6 ± 1.3 < 0.001*a

 Reduction 4.3 ± 1.4 2.6 ± 1.4 < 0.001*a

Table 2   Intraoperative 
hemorrhage, incidence of 
MBL, infusion volume, and 
transfusion volume for reTHA 
and pTHA patients

All prescribed crystalloids were Ringer’s solution. Colloids included hydroxyethyl starch and albumin solu-
tion. The total transfusion indicated the total volume of allogenic and autologous transfusions. The values 
with a non-normal distribution are given as the median and interquartile range (first quartile and third quar-
tile)
reTHA revision total hip arthroplasty, pTHA primary total hip arthroplasty, MBL massive blood loss
*p < 0.05 between groups
a Wilcoxon’s test
b Fisher’s exact test

reTHA (n = 48) pTHA (n = 615) p value

Hemorrhage (g) 1790 (1312.5–2327) 625 (460–860) < 0.001*a

Incidence of MBL 22 (46%) 1 (0.2%) < 0.001*b

Total infusion (mL) 3675 (2750–4487.5) 1800 (1500–2100) < 0.001*a

Crystalloids (mL) 2500 (1900–3387.5) 1250 (950–1600) < 0.001*a

Colloids (mL) 1000 (1000–1450) 500 (0–1000) < 0.001*a

Total transfusion (mL) 800 (400–1120) 0 (0–400) < 0.001*a

Autologous transfusion (mL) 0 (0–600) 0 (0–400) < 0.001*a

Autologous transfusion (n) 22 (46%) 171 (28%) 0.013*b

Allogeneic transfusion (mL) 0 (0–560) 0 (0–0) < 0.001*a

Allogeneic transfusion (n) 19 (40%) 35 (5.7%) < 0.001*b
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To determine preoperative factors associated with MBL, 
multivariate logistic regression analysis with age, BMI, 
hyperlipidemia, and preoperative APTT as covariates was 
performed (Table 4). Younger age was associated with the 
incidence of MBL (OR 0.91; 95% CI 0.84–1.00; p = 0.04). 
Lower BMI was also a significant factor that affected the 
incidence of MBL (OR 0.69; 95% CI 0.53–0.91; p = 0.01). 
The incidence of MBL tended to be higher for patients with 
hyperlipidemia, although it was not statistically significant 
(OR 4.88; 95% CI 0.99–24.1; p = 0.051).

To establish the relationship between all variables and 
CRC transfusion, we performed univariate logistic regres-
sion analysis (Table 5). The univariate analysis showed nine 
significant preoperative variables for the increased risk of 
CRC transfusion: age (OR 1.05); diabetes mellitus (OR 10); 
hypertension (OR 4); rheumatoid arthritis (OR 0.16); statins 
(OR 3.65); steroid medication (OR 5.25); preoperative Hb 
level (OR 0.77); preoperative platelet count (OR 0.90); and 
number of prepared autologous blood packs (OR 1.00). 
We initially planned to forcibly include all these variables; 
however, nine explanatory variables were too many to per-
form multivariate logistic regression analysis in 48 reTHA 
patients. To prevent overfitting, we used a multivariate anal-
ysis model of CRC that included the variables with p < 0.10 
in the univariate analysis (five variables: diabetes mellitus, 
hypertension, statins, the preoperative platelet count, and 
number of prepared autologous blood packs).

Intraoperative BP and BT were excluded from the multi-
variate logistic regression analysis because they did not have 
significant differences. All intraoperative and postoperative 
factors were also excluded from the multivariate logistic 

regression analysis because they did not have predictive 
values.

To identify the risk factors of CRC transfusion, we per-
formed a multivariate logistic regression analysis using dia-
betes mellitus, hypertension, statins, the preoperative plate-
let count, and number of prepared autologous blood packs 
as covariates (Table 6). The multivariate logistic regression 
analysis revealed that the number of prepared autologous 
blood packs decreased the use of CRC transfusions (OR 
0.15; 95% CI 0.07–0.55; p = 0.002).

Discussion

We performed a single-center, retrospective study to iden-
tify hemorrhage and transfusion occurring with reTHA and 
compared them with those occurring with pTHA performed 
by the same orthopedic surgeons during the same period in 
Japanese patients. We found that reTHA patients had signifi-
cantly greater hemorrhages and needed more transfusions 
than pTHA patients. The multivariate logistic regression 
analysis revealed that younger age and lower BMI increased 
the risk of MBL. We also identified that preparing an autolo-
gous transfusion decreased the risk of one requiring a CRC 
transfusion.

reTHA patients with shorter heights and lighter weights 
had longer surgical times under GA than did pTHA patients 
(Table 1). There was a no major difference in the mean age 
of patients in this study compared to that of previous reports 
[6, 7, 14]. Compared to previous studies, the proportion of 
female patients was higher [6, 7]. This might be because of 
the higher incidence of developmental dysplasia of the hip, 
which causes osteoarthritis, in Japanese women [15].

We found that the amount of intraoperative hemorrhage 
was 2.9 times greater, and that the incidence of MBL was 
significantly higher in the reTHA group than in the pTHA 
group (Table 2). There were no differences in pTHA hemor-
rhages in this study when compared with previous studies 
[12, 16, 17]. For reTHA patients, the reductions of the Hb 
level were similar to those of dual component revision in a 
previous study [7]. Therefore, we estimated that the proce-
dural skills of the surgeons in this study were standard.

The multivariate logistic regression analysis showed that 
younger age was significantly associated with an increased 
incidence of MBL (Table 4). Since the incidence of pros-
thetic joint infection seemed higher for younger patients 
and was an indication for reTHA in our hospital, it might 
have led to increased hemorrhages in this study. In contrast, 
Mahadevan et al. reported that older age was identified as an 
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Fig. 1   Amount of hemorrhages in reTHA and pTHA patients. 
reTHA: revision total hip arthroplasty, pTHA: primary total hip 
arthroplasty. The bars indicate the median value and 5% and 95% 
confidence intervals. Boxes indicate the 25th and 75th percentiles, 
respectively, for each group. reTHA: n = 48; pTHA: n = 615; p < 0.05 
according to Levene’s test. *p < 0.001 according to Wilcoxon’s test
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Table 3   Characteristics of 
reTHA patients with massive 
and non-massive blood loss

The values with a normal distribution are given as the mean and standard deviations. The values with a 
non-normal distribution are given as the median and interquartile range
reTHA revision total hip arthroplasty, MBL massive blood loss, OR odds ratio, BMI body mass index, RA 
rheumatoid arthritis, NSAIDs non-steroidal anti-inflammatory drugs, Hb hemoglobin, PT-INR prothrombin 
time international normalized ratio, APTT activated partial thromboplastin time
*p < 0.20 between the groups in the univariate logistic regression analysis

MBL (n = 22) Non-MBL (n = 26) OR p value

Preoperative factors
 Age (years) 66.2 ± 13.2 70.6 ± 8.8 0.96 0.19*
 Female sex 20 (91%) 22 (85%) 1.82 0.52
 Height (cm) 149.1 ± 8.2 151.6 ± 8.8 0.97 0.32
 Body weight (kg) 48.3 ± 10.6 58.1 ± 11.0 0.91 0.010*
 BMI 21.6 ± 3.7 25.2 ± 3.7 0.74 0.006*

Complications
 Asthma 1 (4.5%) 1 (3.8%) 1.19 0.90
 Diabetes mellitus 3 (14%) 3 (12%) 1.21 0.83
 Heart disease 4 (18%) 5 (19%) 0.93 0.93
 Hyperlipidemia 10 (45%) 6 (23%) 2.78 0.11*
 Hypertension 13 (59%) 19 (73%) 0.60 0.42
 Liver disease 12 (56%) 12 (46%) 1.4 0.56
 Osteoporosis 4 (18%) 4 (15%) 1.22 0.80
 RA 4 (18%) 4 (15%) 1.22 0.80
 Renal disease 1 (4.5%) 2 (7.7%) 0.57 0.66

Medications
  Anticoagulants 1 (4.5%) 2 (7.7%) 0.57 0.66
  Antiplatelet agents 1 (4.5%) 4 (15%) 0.26 0.25
  NSAIDs 5 (23%) 4 (15%) 1.62 0.52
  Statins 6 (27%) 5 (19%) 1.58 0.51
  Steroids 2 (9.0%) 2 (7.7%) 1.2 0.86

 Hb level (g/dL) 12.5 ± 1.6 12.4 ± 1.5 1.03 0.88
 Platelet count ( × 104) 21.3 ± 5.4 22.4 ± 5.9 0.96 0.49
 PT-INR 1.04 ± 0.05 1.05 ± 0.16 0.48 0.78
 APTT 30.0 ± 2.3 28.5 ± 4.1 1.15 0.14*

Intraoperative factors
 Mean blood pressure (mmHg) 66.3 ± 1.6 66.9 ± 1.5 0.99 0.77
 Mean body temperature (°C) 36.6 ± 0.6 (n = 15) 36.7 ± 0.3 (n = 22) 0.77 0.73
 Operative time (min) 224.5 (186.75–281.75) 193.5 (169.25–257.25) 1.01 0.050*
 Anesthesia time (min) 311 (285.75–393.75) 282.5 (259.5–333) 1.02 0.010*
 Amount of hemorrhage (g) 2380.5 (1794–3395) 1410 (1200–1805) 1.00 0.001*
 Total transfusion (mL) 800 (280–1132.5) 400 (210–800) 1.00 0.044*

Postoperative factors
 Hb level (g/dL) 7.8 ± 1.3 8.2 ± 1.0 0.77 0.32
 Platelet count ( × 104) 10.9 ± 4.2 13.6 ± 4.3 0.85 0.037*
 PT-INR 1.13 ± 0.20 1.10 ± 0.10 4.33 0.48
 APTT 31.1 ± 3.8 29.0 ± 3.0 1.21 0.047*
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independent variable with a significant correlation to hemor-
rhage in reTHA [7]. Reasons for the contrary were unclear, 
although there might have been several differences between 
the studies, such as the following: we analyzed the factors 
associated with MBL but not hemorrhage; we included only 
reTHA patients who underwent both acetabular and femo-
ral replacements; the indications for reTHA; and patient 
population.

Patients with hyperlipidemia tended to have a higher 
incidence of MBL (OR 4.88; 95% CI 0.99–24.1; p = 0.051) 
(Table 4). An observational study showed that the increase 
in low-density lipoprotein cholesterol level was associ-
ated with non-vertebral fractures, including hip and leg 
fractures [18]. In addition, a high blood cholesterol level 
was associated with low bone mineral density [19]. These 
studies led us to assume that hyperlipidemia is associ-
ated with reduced bone mass in patients with artificial hip 
joint implants, resulting in femoral shaft fractures during 
surgery. In our experience, intraoperative fractures are 
observed after reaming and implantation of the femoral 
bone. However, we could not determine the correlation 
between osteoporosis and MBL.

We performed multivariate logistic regression analysis 
to identify the factors associated with MBL. First, we per-
formed univariate analysis to screen out the variables that 
should be ruled out from multivariate logistic regression 
analysis to avoid overfitting. We identified 5 variables that 
had a p value < 0.20. In terms of the preoperative APTT, 

the univariate analysis showed an OR of 1.15 and p value 
of 0.14 (Table 3). Next, we performed multivariate logistic 
regression analysis of MBL, which include variables with a 
p value < 0.20 in univariate analysis (4 variables: age, BMI, 
hyperlipidemia, and preoperative APTT) in Table 4. The 
multivariate analysis showed that preoperative APTT was 
not associated with the incidence of MBL (OR 1.06; CI 
0.86–1.31; p = 0.59). This result indicated that other vari-
ables included in the multivariate analysis such as age, BMI, 
and hyperlipidemia might exert an influence as a confound-
ing factor on the preoperative APTT. In addition, there was 
a possibility that factors that we did not include in this study 
were confounding factors.

We found that the number of prepared autologous blood 
packs was the only variable that was significantly associated 
with CRC transfusions (Table 6). In addition, a randomized, 
controlled study of pTHA patients reported the efficacy of 
intraoperative autologous transfusion for reducing allogenic 
CRC transfusion requirements [20]. These results suggested 
that prepared autologous blood might reduce CRC transfu-
sions required for reTHA patients.

This is the first study to report the amount of hemorrhage 
specifically in reTHA surgery in the East Asian population. 
However, this retrospective study was limited by its small 
population and its use of a single center. Therefore, our 
results cannot be easily generalized to all other populations. 
Residual confounding factors not included in this study 
might influence hemorrhages and transfusions in reTHA 
patients even after we included all the clinically relevant 
characteristics in the analysis, using some statistical technics 
such as multiple imputations. In addition, there was a pos-
sibility of underestimating the hemorrhage because postop-
erative hemorrhage after discharge was not included in the 
amount of hemorrhage.

In conclusion, we found that hemorrhages occurred two 
times more often with reTHA than with pTHA in Japanese 
patients. In addition, younger age and lower BMI increased 
the risk of MBL, and preparing autologous transfusions 
decreased the risk of CRC transfusions. Finally, hyperlipi-
demia might be associated with increased hemorrhages. 
This retrospective single-center study was limited by its 
small population and a possibility of underestimating the 
hemorrhage.

Table 4   Preoperative factors associated with MBL according to the 
multivariate logistic regression analysis in reTHA patients

Variables with p < 0.20 in the univariate logistic regression analysis 
were entered into the multivariate logistic regression analysis
MBL massive blood loss, reTHA revision total hip arthroplasty, BMI 
body mass index, APTT activated partial thromboplastin time, OR 
odds ratio, CI confidence interval
*p < 0.05 between the groups

Variable OR (95% CI) p value

Age 0.91 (0.84–1.00) 0.040*
BMI 0.69 (0.53–0.91) 0.010*
Complications
 Hyperlipidemia 4.88 (0.99–24.1) 0.051
 APTT, preoperative 1.06 (0.86–1.31) 0.59
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Table 5   Characteristics of 
reTHA patients with or without 
CRC administration

The values with a normal distribution are given as the mean and standard deviations. The values with a 
non-normal distribution are given as the median and interquartile range. One pack of prepared autologous 
blood contains 400 mL of blood
reTHA revision total hip arthroplasty, CRC​ concentrated red cell, OR odds ratio, BMI body mass index, RA 
rheumatoid arthritis, Hb hemoglobin, PT-INR prothrombin time international normalized ratio, APTT acti-
vated partial thromboplastin time
*p < 0.20 between the groups in the univariate logistic regression analysis

CRC (n = 19) Non-CRC (n = 29) OR p value

Preoperative factors
 Age (years) 71.8 ± 2.5 66.5 ± 2.0 1.05 0.12*
 Female sex 18 (95%) 24 (83%) 3.75 0.25
 Height (cm) 149.1 ± 2.0 151.3 ± 1.6 0.97 0.39
 Body weight (kg) 52.9 ± 2.7 54.1 ± 2.2 0.99 0.74
 BMI 23.7 ± 0.9 23.4 ± 0.8 1.02 0.75
 Complications
 Asthma 0 (0%) 2 (6.9%) 1 –
 Diabetes mellitus 5 (26%) 1 (3.5%) 10 0.044*
 Heart disease 3 (16%) 6 (21%) 0.72 0.67
 Hyperlipidemia 8 (42%) 8 (28%) 1.9 0.30
 Hypertension 16 (84%) 16 (57%) 4 0.06*
 Liver disease 9 (47%) 15 (52%) 0.84 0.77
 Osteoporosis 4 (21%) 4 (14%) 1.67 0.51
 RA 5 (26%) 3 (10%) 3.10 0.16*
 Renal disease 3 (16%) 0 (0%) 1 –
 Medications
 Anticoagulants 2 (11%) 1 (3.5%) 3.29 0.35
 Antiplatelet agents 2 (11%) 3 (11%) 1.02 0.98
 NSAIDs 2 (11%) 7 (24%) 0.37 0.25
 Statins 7 (37%) 4 (14%) 3.65 0.072*
 Steroids 3 (16%) 1 (3.5%) 5.25 0.17*
 Hb level (g/dL) 12.1 ± 0.3 12.7 ± 0.3 0.77 0.19*
 Platelet count (× 104) 20.1 ± 1.3 23.0 ± 1.0 0.90 0.084*
 PT-INR 1.04 ± 0.03 1.04 ± 0.02 0.92 0.97
 APTT 29.8 ± 0.8 28.8 ± 0.6 1.08 0.37
 Number of prepared autologous blood packs 0.26 ± 0.20 1.84 ± 0.16 0.19 < 0.001*

Intraoperative factors
 Mean blood pressure (mmHg) 67.2 ± 1.7 66.3 ± 1.4 1.02 0.67
 Mean body temperature (°C) 36.7 ± 0.4 (n = 13) 36.6 ± 0.5 (n = 24) 1.32 0.72
 Operative time (min) 216 (177–284) 200 (178.5–243.5) 1.01 0.11*
 Anesthesia time (min) 331 (266–396) 286 (269.5–322.5) 1.01 0.024*
 Amount of hemorrhage (g) 1842 (1600–3310) 1490 (1200–2150) 1.00 0.015*
 Total transfusion volume (mL) 560 (560–1120) 400 (0–800) 1.00 0.02*
 Volume of used autologous blood (mL) 0 (0–0) 400 (0–800) 1.00 0.004*

Postoperative factors
 Hb level (g/dL) 8.1 ± 0.3 7.9 ± 0.2 1.19 0.51
 Platelet count (× 104) 10.8 ± 1.0 13.4 ± 0.8 0.86 0.054*
 PT-INR 1.11 ± 0.03 1.11 ± 0.03 1.02 0.99
 APTT 30.3 ± 0.8 29.8 ± 0.7 1.04 0.62
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Table 6   Preoperative factors associated with CRC according to the 
multivariate logistic regression analysis in reTHA patients

One pack of prepared autologous blood contained 400  mL. Vari-
ables with p < 0.10 in the univariate logistic regression analysis were 
entered in the multivariate logistic regression analysis
reTHA revision total hip arthroplasty, CRC​ concentrated red cell, OR 
odds ratio, CI confidence interval
*p < 0.05 between the groups

Variables OR (95% CI) p value

Complications
 Diabetes mellitus 0.52 (0.29–9.42) 0.66
 Hypertension 1.37 (0.15–12.5) 0.78

Statins 9.76 (0.70–137) 0.091
Platelet count, preoperative 0.88 (0.73–1.06) 0.19
Number of prepared autologous 

blood packs
0.15 (0.048–0.45) 0.001*
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