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Abstract
Introduction We aimed to quantify perioperative hidden blood loss (HBL) and investigate its influencing factors in elderly 
patients with intertrochanteric fractures (IFs) undergoing intramedullary fixation surgery.
Materials and methods We prospectively collected the clinical data of 200 elderly patients with IFs treated with intramed-
ullary fixation surgery in our hospital between December 1, 2014 and August 31, 2018. The intraoperative visible blood 
loss, blood transfusion rate, and pre- and postoperative hemoglobin (Hb) levels as well as the general characteristics of the 
enrolled patients were recorded. A multiple linear regression analysis model (stepwise) was used to identify independent 
factors affecting perioperative HBL.
Results The mean perioperative HBL was 614.72 ± 368.14 mL, which accounted for 84.05% of the mean total perioperative 
blood loss (731.37 ± 391.50 mL). The mean preoperative HBL was 368.33 ± 325.57 mL, which accounted for 50.36% of the 
mean total perioperative blood loss. Patients with fracture types AO/OTA 31-A2.2 to A3.3 had more severe preoperative 
HBL (median 580.10 mL), and most of them developed mild-to-moderate anemia before the operation, and 27.63% of them 
received preoperative blood transfusion. Compared with patients operated within 5 days after injury, patients operated over 
5 days had lower Hb value at admission (101.56 ± 19.49 vs. 107.28 ± 16.53; P = 0.026) and higher preoperative transfusion 
rate (25.84% vs. 9.01%; P = 0.001). Multiple linear regression analysis revealed that fracture types AO/OTA 31-A2.2 to 
A3.3, male sex, right-sided injury, and operation time > 60 min were independently associated with increased perioperative 
HBL. Tranexamic acid treatment was negatively correlated with perioperative HBL.
Conclusion IFs in elderly patients undergoing intramedullary fixation surgery were associated with significant perioperative 
HBL and anemia. Persistent HBL occurred before the operation and on the first few postoperative days. Surgeons should 
pay more attention to preoperative HBL in patients with fracture types AO/OTA 31-A2.2 to A3.3 and regularly measure Hb 
levels preoperatively to avoid anemia. Shortening preoperative time may helps to reduce preoperative blood loss.
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Introduction

With the aging of the population, the incidence of fragility 
hip fractures in the elderly is increasing. Intertrochanteric 
fractures (IFs) comprise approximately 50% of all fragility 
hip fractures in elderly patients [1]. Conservative treatment 
of these fractures requires long-term bed rest and puts these 
patients at risk for complications such as pneumonia, bed-
sores, and urinary tract infection, leading to increased mor-
tality and disability rates. To reduce mortality, preserve joint 
function, and improve the quality of life of these patients, the 
current consensus among orthopedic surgeons is that IFs in 
elderly patients must be treated surgically.

http://crossmark.crossref.org/dialog/?doi=10.1007/s00402-019-03311-7&domain=pdf
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Intramedullary fixation with a proximal femoral nail 
anti-rotation (PFNA) system is widely used to treat IFs in 
the elderly because it offers the advantages of short opera-
tion time, less blood loss, and reliable fixation. However, 
many patients who receive this treatment go on to develop 
postoperative anemia, and up to 41.6% of patients require 
allogeneic blood transfusion to replace the lost blood [2]. 
There is a contradiction between the postoperative anemia 
and the small amount of visible blood loss during this 
operation. To explain this, Sehat et al. [3] put forward the 
concept of hidden blood loss (HBL) in 2000, and since 
then, HBL has become an important factor to be consid-
ered in orthopedic surgery. In recent years, some authors 
have reported that fixation with a PFNA system is associ-
ated with significant HBL, as much as 673.2 ± 97.5 mL [4] 
and 734.2 ± 455.7 mL [2].

Foss et al. [5] prospectively studied 546 patients with 
hip fractures; they found that the HBL after hip fracture 
surgery varied from 547 to 1473 mL, and that HBL was 
significantly associated with medical complications and 
prolonged hospital stay. Perioperative anemia has also 
been associated with in-hospital mortality and poor joint 
function and health-related quality of life after hip fracture 
surgery [6, 7]. Patient blood-management programs have 
improved outcomes by decreasing clinical complications, 
mortality, and delirium, and improving functional recovery 
in transfused patients [8]. Therefore, quantifying blood 
loss in the perioperative period and exploring the factors 
that influence blood loss may help optimize patient blood 
management and improve the quality of life and prognosis 
of these patients.

This study was designed to prospectively quantify and 
investigate influencing factors of perioperative HBL in 
elderly patients with IFs undergoing intramedullary fixa-
tion surgery.

Materials and methods

Patients

We prospectively enrolled consecutive patients who were 
treated for IF in our hospital between December 1, 2014 and 
August 31, 2018. The inclusion criteria were age ≥ 60 years, 
closed fracture with low-impact damage, and extra capsu-
lar IF of AO/OTA types 31-A1 to 31-A3 treated using a 
PFNA system. The exclusion criteria were time from injury 
to operation > 3 weeks, pathological fracture, contraindica-
tions to anticoagulation therapy, multiple fractures with the 
other fracture(s) requiring surgical treatment, changes to the 
fixation method intraoperatively, and no postoperative test 
results.

The study was approved by the medical ethics committee 
of our institute. All participants or their relatives provided 
written informed consent.

Data collection

The general characteristics of the enrolled patients were pro-
spectively recorded, including gender, age, height, weight, 
side of injury (right or left), time from injury to operation, 
operation time, comorbidity, anesthesia, reduction method, 
coagulation function, and American Society of Anesthe-
siologists (ASA) classification [9]. Hemoglobin (Hb) and 
hematocrit (Hct) were measured on the day of admission, 
1 day before the operation, and on postoperative days 1, 2, 
3, and 6. Intraoperative visible blood loss was estimated 
by measuring the blood in the suction apparatus plus the 
weight of blood in the blood-soaked gauze. In addition, the 
amount of allogeneic blood transfusion was recorded in each 
patient. The American Academy of Orthopedic Surgeons 
recommends postoperative blood transfusion in hip fracture 
patients when the Hb level is < 80 g/L, even if symptoms 
are not present [10]. Therefore, in our study, patients were 
transfused if their Hb level was < 80 g/L or if their Hb level 
was ≥ 80 g/L, but they had symptoms of excessive blood loss 
such as tachypnea, tachycardia, or hemodynamic instability.

Surgical procedure

Two experienced orthopedic surgeons performed all the 
operations. Antibiotics were administered 30–60 min before 
the operation. Each patient was positioned supine on the 
fracture traction table after the induction of spinal or gen-
eral anesthesia, and closed reduction was performed under 
C-arm fluoroscopy. A minimally invasive technique was 
used to insert the PFNA system. A guide needle was inserted 
into the femoral medullary cavity, and an intramedullary nail 
was placed along the guide needle. C -arm fluoroscopy con-
firmed that the spiral blade was located in the center of the 
femoral head and neck in the lateral view, and in lower half 
or the center of the femoral head and neck in the anteropos-
terior view; the depth was 5–10 mm under the subchondral 
bone of the femoral head. One or two static locking screws 
were inserted into the distal locking hole of the intramedul-
lary nail using the aiming device. No postoperative drainage 
was used.

Postoperative management

Antibiotics were routinely administered for 48 h after the 
operation to prevent infection. Low-molecular-weight 
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heparin was routinely administered every 24 h for 2 weeks 
to prevent thromboembolism after the operation. The 
amount of fluid infusion required was determined by the 
surgeon according to the patient’s blood pressure and die-
tary intake. Patients were encouraged to perform active 
functional exercises from postoperative day 1. All patients 
began continuous passive motion on postoperative day 
2. Patients with stable fractures with satisfactory reduc-
tion and internal fixation began partial weight-bearing 
with a walker at 1 week postoperatively, while patients 
with unstable fractures began partial weight-bearing at 
2–3 weeks after the operation.

Estimation of blood loss

The total perioperative blood loss was calculated based on 
the estimated blood volume and the change in Hct between 
the admission day and postoperative day 3. The follow-
ing formulas were used to calculate the total perioperative 
blood loss:

1. Patient’s blood volume =  height (m)3 × 0.3669 + weight 
(kg) × 0.03219 + 0.6041 (for men), and

  Patient’s blood volume = eight (m)3 × 0.3561 + weight 
(kg) × 0.03308 + 0.1833   (for women) [11].

2. Estimated blood loss =  patient’s blood vol-
ume ×  (Hctadm − Hctpod3)/Hctav [12].

3. Total perioperative blood loss (mL) = estimated blood 
loss + blood transfusion.

4. Perioperative HBL (mL) =  total perioperative blood 
loss − intraoperative visible blood loss.

5. Preoperative HBL(mL) =  patient’s blood vol-
ume × (Hctadm − Hctpre-op)/Hctav1 + blood transfused 
preoperation.

6. HBL on postoperative day 1 (mL) =  patient’s blood vol-
ume ×  (Hctpre-op − Hctpod1)/Hctav2 + blood transfused on 
operative day.

7. HBL on postoperative days 1–3 (mL) = patient’s blood 
volume ×  (Hctpod1 − Hctpod3)/Hctav3 + blood transfused 
on postoperative days 1 and 2.

Hctadm,  Hctpre-op,  Hctpod1, and  Hctpod3 are the Hct val-
ues on the day of admission, 1 day before surgery, and 
on postoperative days 1 and 3, respectively.  Hctav is the 
average of  Hctadm and  Hctpod3,  Hctav1 is the average of 
 Hctadm and  Hctpre-op,  Hctav2 is the average of  Hctpre-op and 
 Hctpod1, while  Hctav3 is the average of  Hctpod1 and  Hctpod3. 
If patients received blood transfusion, 1 unit of concen-
trated red blood cells (CRBCs) was considered equivalent 
to 200 mL whole blood. For patients without body weight 
information, the following formula was used: body weight 

(kg) = [height (cm) × 0.65] − 48.7 (for men), and body 
weight (kg) = [height (cm) × 0.56] − 33.4 (for women) [2].

Statistical analysis

Categorical variables were reported as frequency and 
percentage. Continuous variables were reported as 
mean ± standard deviation or median and interquartile 
range. The Kolmogorov–Smirnov test was used to assess 
the normality of distribution of continuous variables. Sig-
nificant differences between normally distributed continu-
ous variables were detected using the independent-samples 
t test. One-way analysis of variance was used to compare the 
means of multiple groups. The least significant difference 
test was used to compare two groups when the variance was 
homogeneous, and the Dunnett test was used when the vari-
ance was not homogeneous. Pearson correlation analysis was 
used to test the correlation of various clinical factors with 
perioperative HBL. Categorical variables were tested using 
the Pearson’s chi-square test. The association of categorical 
variables with perioperative HBL was evaluated using uni-
variate analysis. A multiple linear regression analysis model 
(stepwise) was used to identify independent factors affect-
ing perioperative HBL. P < 0.05 was considered statistically 
significant. Statistical analyses were performed using IBM 
SPSS Statistics for Windows, version 20.0. (IBM Corp., 
Armonk, NY, USA).

Results

General information

Between December 1, 2014 and August 31, 2018, a total of 
208 consecutive elderly patients with IFs were treated with 
PFNA systems at our hospital. Of these, 204 eligible patients 
were enrolled in the study. Four patients were excluded 
because of the following reasons: time from injury to opera-
tion > 3 weeks, pathological fracture, and multiple fractures. 
No patients were lost to follow-up. Another 4 patients with 
incomplete postoperative data were excluded from the final 
analysis. Thus, 200 patients were included in the present 
study (Fig. 1). The clinical characteristics of these patients 
have been summarized in Table 1.

Perioperative blood loss

The perioperative Hb values, blood loss, and transfusion 
data are presented in Table 2. The changes in Hb levels at 
different time points are shown in Fig. 2. The mean Hb level 
on admission day (104.74 ± 18.08 g/L) was significantly 
higher than the values 1 day before the surgery and after the 
surgery (p < 0.01). Although 33 (16.5%) patients received 
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preoperative CRBC transfusion, the mean Hb value 1 day 
before the surgery (98.70 ± 16.22 g/L) was significantly 
lower than that on admission day, implying that significant 
bleeding occurred at the fracture site before the operation. 
The mean preoperative HBL was 368.33 ± 325.57 mL, which 
accounted for 50.36% of the mean total perioperative blood 
loss. Patients with fracture types AO/OTA 31-A2.2 to A3.3 
had more severe preoperative HBL (median 580.10 mL), and 
most of them developed mild-to-moderate anemia before the 
operation, and 27.63% received preoperative blood trans-
fusion (Table 3). Compared with patients operated within 
5 days after injury, patients operated over 5 days had lower 
Hb value at admission (101.56 ± 19.49 vs. 107.28 ± 16.53; 
P = 0.026) and higher preoperative transfusion rate (25.84% 
vs. 9.01%; P = 0.001).

The mean Hb level on postoperative day  2 
(87.13 ± 12.41 g/L) was significantly lower than that on 
postoperative day 1 (92.671 ± 15.08 g/L, P = 0.025). Fur-
thermore, despite the fact that 50 (25%) patients received 
CRBC transfusion on postoperative days 1 and 2, the mean 
Hb level on postoperative day 3 was only 90.41 ± 14.67 g/L, 
indicating that persistent HBL occurred on the first 2 days 
after the operation. The mean perioperative HBL was 
614.72 ± 368.14 mL, which accounted for 84.05% of the 
total perioperative blood loss (731.37 ± 391.50 mL).

Factors influencing perioperative blood loss

Linear correlation analysis showed that gender, height, 
weight, injury side (right vs. left), fracture type, and 
tranexamic acid treatment were correlated with perioperative 
HBL (Table 4). Univariate analysis of categorical variables 
revealed that gender, injury side, operation time, fracture 
type, and tranexamic acid treatment influenced perioperative 
HBL (Table 5). The results of the multiple linear regression 
are shown in Table 6. The model was verified using the F 
test (F = 8.563, P = 0.000). The D–W value was approxi-
mately 2, indicating that the model had no autocorrelation, 
and that there was no correlation between the sample data. 
In the multiple linear regression analysis, variables that were 
independently associated with increased HBL were frac-
ture types AO/OTA 31-A2.2 to A3.3, male sex, operation 
time > 60 min, and injury of right limb. Tranexamic acid 
had a negative impact on the amount of perioperative HBL.  

Discussion

Many studies have demonstrated that PFNA treatment for 
frail, elderly patients with IFs has the advantages of mini-
mally invasive surgery and decreased intraoperative blood 
loss [13, 14]. However, as the amount of HBL is very large, 
postoperative anemia occurs in many patients. Postopera-
tive anemia will aggravate the original disease, and affect 
postoperative functional recovery and mortality [15–17]. 

Fig. 1  Flow chart of study 
design and patient selection

Patients included in final analysis (n = 200)

IF patients treated with PFNA (n = 208)

Time from injury to operation > 3 weeks (n = 1) 

Pathological fracture (n = 1)

Multiple fractures (n = 2)

Eligible for inclusion (n = 204)

Incomplete postoperative test results (n = 4)

Lost to follow-up (n = 0)
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Therefore, it is important to detect all types of blood loss 
and to take timely measures so that patients may survive the 
operation and recover quickly.

In the present study, we found that IFs in elderly patients 
undergoing intramedullary fixation surgery were associated 
with significant perioperative HBL. The mean perioperative 
HBL was 614.72 ± 368.14 mL, which accounted for 84.05% 
of the total perioperative blood loss (731.37 ± 391.50 mL). 
These results are in agreement with those reported in 
recently published articles. Li et al. [18] retrospectively 
quantified the perioperative blood loss in elderly patients 
with IFs treated using unreamed PFNA systems. They found 
that the cumulative total blood loss from admission to post-
operative day 3 was 863.8 ± 429.9 mL, of which the mean 
HBL was 772.3 ± 424.7 (89.4%), and the mean preoperative 
HBL was 375.5 ± 242.0 mL. Yang et al. [19] retrospectively 
investigated perioperative HBL in elderly patients with 
unstable IFs treated with different intramedullary fixation 

devices. They found that in the PFNA group, the mean total 
blood loss was 892.6 ± 234.8 mL, and the mean HBL was 
787.7 ± 250.9 mL. The amount of blood loss in their study 
was slightly higher than that in our study because their 
patients were taller and heavier than our patients. Cai et al. 
[20] conducted a prospective randomized controlled trial 
comparing perioperative HBL in elderly patients with stable 
IFs treated using intramedullary and extramedullary fixation. 
In their study, total blood loss (859.43 ± 411.07 mL) and 
HBL (720.51 ± 408.91 mL) were higher in the intramedul-
lary group than in the extramedullary (P = 0.001).

In clinical practice, surgeons tend to focus on intra- and 
postoperative blood loss, without taking preoperative bleed-
ing into account. Physical examinations in clinical practice 
often show that large ecchymoses appear on the thighs and 
perineum and are gradually aggravated days after sustain-
ing an IF, indicating that sustained fracture-site bleeding 
occurs after the injury. Consistent with this, we found 

Table 1  Clinical characteristics 
of elderly patients with 
intertrochanteric fractures

ASA American Society of Anesthesiologists

Variable Mean ± standard deviation

Gender, n (%)
 Male 76 (38)
 Female 124 (62)

Age (years) 75.66 ± 8.85
Height (cm) 152.9 ± 9.14
Weight (kg) 51.705 ± 7.51
Side of injury, n (%)
 Right 98 (49)
 Left 102 (51)

Cardiac, pulmonary, or neurological disease, n (%) 79 (39.5)
Hypertension, n (%) 74 (37)
Diabetes, n (%) 25 (12.5)
Time from injury to operation (days) 6.4 ± 3.62
Operation time (min) 66.41 ± 16.68
AO/OTA fracture classification, n (%)
 31-A1.1 to A2.1 124 (62)
 31-A2.2 to A3.3 76 (38)

Open reduction, n (%) 9 (4.5)
Anesthesia, n (%)
 General 8 (4)
 Spinal or nerve block 192 (96)

ASA classification, n (%)
 I, II 109 (54.5)
 III, IV 91 (45.5)

Platelet count (× 109/L) 208.63 ± 91.57
Activated partial thromboplastin time (s) 29.26 ± 6.05
Thromboplastin time (s) 18.56 ± 1.45
Fibrinogen (g/L) 3.43 ± 0.70
Tranexamic acid, n (%) 86 (43)
Total transfusion rate, n (%) 69 (34.5)
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that the mean preoperative HBL (368.33 ± 325.57  mL) 
accounted for 50.36% of the mean total perioperative blood 
loss. Furthermore, the mean Hb level 1 day before the sur-
gery (98.70 ± 16.22 g/L) was significantly lower than that 
on admission day (104.74 ± 18.08 g/L). Although 16.5% 
patients received preoperative CRBC transfusion, the inci-
dence of preoperative anemia was 85.9%. Smith et al. [21] 
conducted a retrospective study, and found that the mean 
decrease in Hb prior to surgery for extracapsular fractures 
was 20.2 g/L (range 0–49 g/L). These findings confirmed 
that patients with IFs had persistent internal bleeding before 
the operation. This could prove to be dangerous for many 
patients, especially, if the blood loss remains unidentified. 
Thus, we believe that clinicians should carefully assess pre-
operative anemia in this patient group, even if the Hb level 
is normal at admission. We recommend that all such patients 
have a repeat Hb level detection prior to surgery.

We also found that Hb levels were lower on postoperative 
day 2 than on postoperative day 1, indicating that postopera-
tive blood loss occurred not only on the day of the operation 
but also on the next day. The mean HBL on postoperative 
days 1–3 was 220.377 ± 256.30 mL. In our study sample, the 
anemia rate was 94.4% on postoperative day 3, and 55.0% of 
patients had moderate anemia (Hb < 90 g/L). These results 
imply that the Hb level should be reexamined not only on 
postoperative day 1 but also postoperative days 2 and 3 to 
accurately determine the degree of postoperative anemia.

Few studies have investigated the mechanisms underly-
ing HBL after hip fracture surgery [22, 23]. Foss et al. [5] 

Table 2  Perioperative hemoglobin (Hb) values, blood loss, and trans-
fusion data for elderly patients with intertrochanteric fractures

SD standard deviation, IQR interquartile range, HBL hidden blood 
loss
**P < 0.05 vs. pre- and postoperative values; #P < 0.05 vs. the value 
on 1 day before the surgery and postoperative day 1
a Continuous variables are reported as mean ± SD or median (IQR)

Variablea Mean ± SD Median (IQR)

Hb value (g/L)
 Admission day 104.74 ± 18.08** 105 (22)
 1 day before surgery 98.70 ± 16.22 98 (19.5)
 Postoperative day 1 92.67 ± 15.08 91 (18)
 Postoperative day 2 87.13 ± 12.41# 87 (12)
 Postoperative day 3 90.407 ± 14.67 88 (19)
 Postoperative day 6 90.6 ± 13.01 88.5 (15.25)

Intraoperative observed blood 
loss (mL)

119.04 ± 96.40 90 (95)

Preoperative HBL (mL) 368.33 ± 325.57 266.5 (427.25)
HBL on postoperative day 1 (mL) 236.08 ± 262.48 203 (377.7)
HBL on postoperative days 1–3 

(mL)
220.38 ± 256.30 128.5 (325.50)

Perioperative HBL (mL) 614.72 ± 368.14 590 (545)
Total perioperative blood loss 

(mL)
731.37 ± 391.50 688 (543.75)

Preoperative transfusion rate, n 
(%)

33 (16.5)

Postoperative transfusion rate, 
n (%)

50 (25)

Total transfusion rate, n (%) 69 (34.5)

Fig. 2  Perioperative changes 
in hemoglobin (Hb) levels in 
elderly patients with intertro-
chanteric fractures
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suggested that HBL may be due to persistent postoperative 
bleeding, gastrointestinal tract bleeding, and initial trau-
matic bleeding; they also suggested that the use of anti-
coagulants may aggravate postoperative bleeding. Wang 
et al. [24] performed a retrospective analysis and found 
that age, medical diseases such as diabetes, operation time, 
and time from trauma to operation may be associated with 
changes in Hb and Hct levels in IF patients during the 
early postoperative period after intramedullary nailing 
treatment. Liu et al. [25] reported that an at-admission 
albumin level < 30 g/L was associated with a greater like-
lihood of HBL. In the present study, 20 variables were 
included in the multiple regression analysis to explore the 
factors that possibly influence HBL. The results showed 
that AO/OTA type 31-A2.2–A3.3 fractures, male sex, 
operation time > 60 min, and right-sided injury were posi-
tively correlated with the amount of perioperative HBL, 
while tranexamic acid treatment was negatively correlated 
with the amount of perioperative HBL.

The influence of fracture type on blood loss was mainly 
limited to the preoperative HBL; the blood loss on operation 
day and after the operation was not correlated with fracture 
type. The preoperative HBL was greater among patients with 
AO/OTA types 31-A2.2–A3.3 fractures than among patients 
with AO/OTA types 31-A1.1–A2.1 fractures (median 580.10 
vs. 294.40 mL; P = 0.004), which is consistent with the 
severity of trauma. The Hb levels on admission day and 
1 day before surgery were significantly lower in patients with 
AO/OTA types 31-A2.2–A3.3 fractures than in patients with 

Table 3  Perioperative hemoglobin values, blood loss, and transfusion data by fracture type

HBL hidden blood loss
a Continuous values are reported as mean ± standard deviation or median (interquartile range)

Variablea Fracture type (AO/OTA classification) Statistic P value

31-A1.1 to A2.1 (n = 124) 31-A2.2 to A3.3 (n = 76)

Hemoglobin (g/L)
 Admission day 108.23 ± 17.75 99.04 ± 17.26 t = 3.592 0
 1 day before surgery 102.86 ± 17.36 93.00 ± 12.61 t = 3.445 0.001
 Postoperative day 1 94.84 ± 15.81 89.20 ± 13.24 t = 2.206 0.029
 Postoperative day 2 89.22 ± 12.02 84.33 ± 12.62 t = 1.473 0.147
 Postoperative day 3 92.52 ± 15.33 86.62 ± 12.70 t = 2.492 0.014
 Postoperative day 6 91.67 ± 15.03 89.62 ± 10.94 t = 0.737 0.463

Intraoperative observed blood loss (mL) 85.50 (81.50) 100.00 (97.50) U = 5550.50 0.047
Preoperative HBL (mL) 294.40 (253.75) 580.10 (377.00) U = 1287.50 0.004
HBL on postoperative day 1 (mL) 222.00 (354.00) 190.00 (442.00) U = 875.5 0.869
HBL on postoperative days 1–3 (mL) 181.00 (436.00) 82.00 (300.00) U = 1073.00 0.12
Perioperative HBL (mL) 565.15 ± 327.97 695.63 ± 415.64 t = − 2.202 0.03
Total blood loss (mL) 668.06 ± 329.55 833.23 ± 459.04 t = − 2.601 0.011
Preoperative transfusion rate, n (%) 12 (9.68) 21 (27.63) χ2 = 11.025 0.001
Postoperative transfusion rate, n (%) 19 (15.32) 31 (40.79) χ2 = 16.299 0
Total transfusion rate, n (%) 26 (20.97) 43 (56.58) χ2 = 26.443 0

Table 4  Linear correlation analysis of the factors associated with 
perioperative hidden blood loss

ASA American Society of Anesthesiologists

Variable Pearson coefficient P value

Gender 0.237 0.001
Age (years) − 0.061 0.418
Height (cm) 0.269 0.000
Weight (kg) 0.239 0.001
Side of injury 0.206 0.006
Time from injury to operation (d) 0.027 0.720
Reduction method 0.037 0.621
Operation time (min) 0.118 0.114
Transfusion 0.042 0.580
Cardiac, pulmonary, or neurological 

disease
0.074 0.325

Diabetes 0.125 0.095
Hypertension − 0.007 0.931
Fracture type (AO/OTA classification) 0.173 0.021
Platelet count (× 109/L) − 0.070 0.801
Activated partial thromboplastin time 

(s)
− 0.021 0.801

Thromboplastin time (s) 0.074 0.364
Fibrinogen (g/L) − 0.110 0.178
ASA grade 0.028 0.712
Anesthesia − 0.039 0.608
Tranexamic acid − 0.193 0.010
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AO/OTA types 31-A1.1–A2.1 fractures. Most patients with 
AO/OTA types 31-A2.2–A3.3 fractures developed mild-to-
moderate anemia before the operation, and 55% of these 
patients required perioperative blood transfusion. These 
results suggest that AO/OTA types 31-A2.2–A3.3 fractures 
are a strong predictor of anemia and blood transfusion.

Miao et al. [26] investigated HBL and its influencing 
factors among patients undergoing total hip arthroplasty 
using multiple regression analysis, and found that female 
patients had a higher risk of increased HBL than male 
patients (P = 0.033). However, in the present study, we 
found that HBL was significantly higher in male patients 

Table 5  Results of univariate 
analysis of categorical variables 
related to perioperative hidden 
blood loss

ASA American Society of Anesthesiologists, SD standard deviation

Variable Number Mean ± SD t value P value

Gender
 Male 76 727.00 ± 418.40 3.027 0.003
 Female 124 547.55 ± 317.93

Age (years)
 < 80 120 640.72 ± 369.27 1.167 0.245
 ≥ 80 80 575.17 ± 365.48

Side of injury
 Right 98 694.15 ± 379.44 2.797 0.006
 Left 102 542.89 ± 344.07

Cardiac, pulmonary, or neurological disease
 Yes 121 592.81 ± 357.41 − 0.999 0.319
 No 79 649.87 ± 387.90

Hypertension
 Yes 126 616.53 ± 391.34 0.087 0.931
 No 74 611.55 ± 326.38

Diabetes
 Yes 25 740.95 ± 358.30 1.681 0.095
 No 175 597.94 ± 367.27

Time from injury to operation (d) 6.4 ± 3.62
 ≤ 5 111 634.44 ± 352.35 0.834 0.405
 > 5 89 587.98 ± 389.30

Operation time (min)
 ≤ 60 96 543.61 ± 347.89 − 2.493 0.014
 > 60 104 679.02 ± 375.87

Fracture type (AO/OTA classification)
 31-A1.1 to A2.1 124 668.06 ± 329.55 − 2.601 0.011
 31-A2.2 to A3.3 76 833.23 ± 459.04

Reduction method (4.5)
 Closed 191 611.77 ± 369.71 − 0.495 0.621
 Open 9 677.88 ± 349.32

Anesthesia
 General 8 615.42 ± 369.53 0.125 0.9
 Spinal or nerve block 192 597.57 ± 358.73

ASA grade
 I, II 109 605.75 ± 368.72 − 0.37 0.712
 III, IV 91 626.33 ± 369.45

Tranexamic acid
 Yes 86 530.20 ± 327.64 − 2.621 0.010
 No 114 674.28 ± 384.63

Transfusion
 Yes 69 606.95 ± 344.28 − 0.402 0.688
 No 131 630.52 ± 415.17
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than in female patients; however, no significant difference 
was found between the sexes when HBL was quantified 
according to the patient’s total blood volume (18 ± 10% 
vs. 19 ± 11%, P = 0.920). Thus, the higher HBL in male 
patients may be attributable to their significantly greater 
total blood volume. In contrast, it is remarkable that female 
patients had a lower Hb level and higher transfusion rate 
than male patients both before and after the operation.

Our study did not find a correlation between perioperative 
HBL and timing of surgery, which may be due to the fact that 
a considerable proportion of patients with delayed surgery 
were hospitalized a few days later after injury. The blood loss 
before hospitalization could not be included in HBL for com-
parison. However, patients operated over 5 days had lower Hb 
values and higher preoperative transfusion rates, suggesting 
that delayed surgery may increase preoperative blood loss.

In this study, 65 patients received intravenous injec-
tion of 15 mg/kg body weight of tranexamic acid 15 min 
before the surgical incision was made and then again 3 h 
later, and 21 patients received an intramedullary injection of 
1 g tranexamic acid intraoperatively. HBL was significantly 
lower in the patients who received tranexamic acid than in 
those who did not (530.20 ± 327.64 vs. 674.28 ± 384.63 mL, 
P = 0.010). Several randomized controlled trials published 
in recent years have confirmed that tranexamic acid reduces 
blood loss in the treatment of IF [27–30].

Curiously, in our study, HBL was significantly higher in 
patients with IFs of the right limb than in patients with IFs 
of the left limb. To our knowledge, no study has reported a 
significant right–left difference in the amount of blood loss 
during hip fracture surgery. The cause and mechanism of 
this difference are not clear. We speculate that perhaps there 
was a significant difference in the proximal femoral blood 
supply between the two sides, which may be due to varia-
tions in the anatomy of the iliac artery and its branches or 
due to a difference in the severity of arteriosclerosis between 

the two sides. However, this finding of our study should be 
interpreted with caution.

Miao et  al. [25] showed that blood transfusion can 
increase HBL after total hip arthroplasty, which may be 
related to hemolysis. However, in our study, blood transfu-
sion had no significant effect on HBL.

Our research has the advantage of prospective design and 
data collection, which may ensure the accuracy of measure-
ments and avoid bias due to case selection. However, our 
study also has several limitations. First, the infusion volume 
administered perioperatively was not controlled, and this 
may have affected the calculation of the total perioperative 
blood loss. Second, a considerable number of patients were 
hospitalized more than 1 day after the injury, and in these 
patients, the actual amount of bleeding would have been 
greater than the calculated amount. Third, because some 
patients’ weight could not be measured on admission, it was 
estimated using a formula. The use of the estimated weight 
would have directly affected the calculation of preoperative 
blood volume. Finally, the preoperative use of aspirin has 
been reported to significantly increase HBL [5]. In our study, 
only five patients used aspirin before the surgery, so we did 
not include aspirin in the analysis of the influencing fac-
tors. In our study, no patients received low-molecular-weight 
heparin preoperatively, but all patients received it postop-
eratively. Therefore, it was impossible to analyze whether 
anticoagulant therapy affected HBL.

In conclusion, IFs in elderly patients undergoing 
intramedullary fixation surgery were associated with sig-
nificant perioperative HBL and anemia. Persistent HBL 
occurred before the operation and on the first few postop-
erative days. Fracture types AO/OTA 31-A2.2–A3.3, male 
sex, operation time > 60 min, and right-sided injury were 
independently associated with increased perioperative HBL. 
Shortening preoperative time may help to reduce preop-
erative blood loss. Surgeons should pay more attention to 
preoperative HBL in patients with fracture types AO/OTA 
31-A2.2–A3.3 and regularly monitor Hb levels preopera-
tively to avoid anemia. We believe that these measures will 
improve surgical safety and postoperative rehabilitation.
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Table 6  Results of multiple linear regression analysis of factors influ-
encing perioperative hidden blood loss

F = 8.5, P = 0.000,  D–W = 2.058
SE standard error

Variable Unstandardized 
coefficient

Standard-
ized coef-
ficient

t value P value

B SE Beta

Constant 425.585 54.230 7.848 0.000
Gender 185.922 51.746 0.245 3.593 0.000
Side of injury 144.047 50.085 0.196 2.876 0.005
Operation time 114.534 50.330 0.156 2.276 0.024
Fracture type 140.998 51.958 0.186 2.714 0.007
Tranexamic 

acid
− 151.343 50.883 −  0.203 − 2.974 0.003
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