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Purpose: The aim of our study was to explore the risk factors related to blood transfusion

after intramedullary nail fixation of elderly femoral intertrochanteric fracture (FTF) and

establish a nomogram prediction model.

Patients and Methods: We conducted a retrospective study including elderly FTF patients

treated by intramedullary nail between January 2017 and December 2019. Perioperative

information was obtained retrospectively, uni- and multivariate regression analyses were

performed to determine risk factors for blood transfusion. A nomogram model was estab-

lished to predict the risk of blood transfusion, and consistency coefficient (C-index) and

correction curve were used to evaluate the prediction performance and consistency of the

model.

Results: Of 148 patients, 119 were finally enrolled in the study and and 46 patients (38.7%)

received a blood transfusion after the operation. Logistic regression analysis the female,

lower preoperative Hb, ASA score >2, general anesthesia, and higher intraoperative blood

loss were independently associated with the blood transfusion. The accuracy of the contour

map for predicting transfusion risk was 0.910.

Conclusion: These risk factors are shown on the nomogram and verified. Through the

assessment of the risk of blood transfusion and the intervention of modifiable risk factors, we

may be able to reduce the blood transfusion rate to a certain extent, so as to further guarantee

the safety of the elderly patients during the perioperative period.

Keywords: blood transfusion, femoral intertrochanteric fracture (FTF), elderly, nomograms,

risk factors, intramedullary nail fixation

Introduction
Femoral trochanteric fracture (FTF) is one of the common types of hip fracture in

elderly patients, which can lead to disability, a decline in quality of life and

increased mortality, and has become a serious public health problem.1–3 It is

necessary to perform internal fixation for these elderly patients, which will relieve

their pain symptoms and improve their quality of life. The choice of internal

fixation usually includes a sliding hip screw or intramedullary nail, however, the

sliding hip screw cannot provide adequate fixation in unstable fractures, and often

leads to malreduction and lag screw cutting.4,5 Thus, in many areas of the world,

the intramedullary nail is a more popular method of operation.6
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Some patients need blood transfusions after intrame-

dullary nail fixation. A blood transfusion may be a life-

saving measure, but it can also lead to transfusion-related

complications and increase the risk of bacterial infection

and mortality.7–9 Moreover, the hemoglobin threshold of

postoperative red cell transfusion is controversial. Foss

et al10 reported that there was no significant difference in

postoperative rehabilitation score and length of stay

between hip fracture patients with a liberal transfusion

strategy (a hemoglobin threshold of 10 g per deciliter) or

a restrictive transfusion strategy (symptoms of anemia or

at physician discretion for a hemoglobin level of <8 g per

deciliter), but there were fewer patients with cardiovascu-

lar complications and lower mortality in a liberal transfu-

sion strategy. However, Carson et al11 found a liberal

transfusion strategy did not reduce the mortality of elderly

patients with high cardiovascular risk or could not walk

independently or reduce the incidence rate of hospitaliza-

tion during the 60-day follow-up. Indeed, blood resources

are costly and scarce, and are associated with the increased

financial burden in the collection, preparation, and admin-

istration, thus, our institution adopts a restrictive transfu-

sion strategy. Although elderly patients with FTF cannot

completely avoid transfusion after treatment with intrame-

dullary nails, the high-risk factors of postoperative transfu-

sion can be predicted, and the necessary intervention of

adjustable risk factors can reduce the demand and rate of

postoperative transfusion.

A few studies have explored the risk factors of blood

transfusion after intramedullary nail fixation for intertro-

chanteric fractures in the elderly, but these risk factors are

not integrated intuitively. A nomogram is a kind of calcu-

lation chart, which can replace complex mathematical for-

mula and integrate more clinical variables to achieve

accurate individual prediction. In addition, it provides an

easy and reproducible tool to predict the need for blood

transfusion, unlike other studies that provided a model that

is mathematically more difficult.12 Therefore, we designed

this study to explore the risk factors related to blood

transfusion after the operation and establish a nomogram

prediction model.

Patients and Methods
Patients
This study was approved by the Ethics Committee of our

institution. The inclusion criteria were as follows: 1) patients

who were older than 65 years; 2) OTA/AO classification

31A-1 and 31A-2 FTF;13 3) no polytrauma and pathological

fracture; and 4) no history of hematological diseases. From

January 2017 to December 2019, 148 consecutive FTF

patients underwent intramedullary nail fixation in our hospi-

tal. Of these patients, 29 were excluded: 13 patients’

aged less than 65 years, 4 patients with ineligible fracture

patterns, 9 patients with combined fracture, 2 patients with

tumor metastasis fracture (lung tumor bone metastasis), and

1 patient had a history of hemophilia. Finally, 119 patients

met our inclusion criteria and were enrolled in our study.

We collected sex, age, body mass index (BMI), Injury

mechanism (low-energy injuries [falls from standing

height] and high-energy injuries [such as traffic accidents

and falls from greater heights]), comorbid diseases (hyper-

tension and diabetes), anticoagulant history, preoperative

hemoglobin (Hb) value (admission day), time to definitive

management, American Society of Anesthesiologists

(ASA) scores, type of anesthesia (general anesthesia

[GA] or spinal anesthesia [SA]), intraoperative blood loss

(IBL, recorded by the anesthesiologist, including the blood

in the suction bottle (excluding the lavage fluid used in the

operation) and the sponge used in the operation), surgical

duration, intraoperative reaming or not, postoperative

transfusion volume, postoperative hospital stay, and hospi-

talization expenses from the hospital electronic medical

record (EMR) system.

All patients received standard operation and were fixed

by an intramedullary nail (InterTAN, Smith and Nephew

Richards, Memphis). Previous studies have shown that

compared with restrictive strategies, the liberal transfusion

strategy did not reduce mortality or reduce the incidence

rate of hospitalization in elderly patients with high cardio-

vascular risk,11 and due to the shortage of blood resources,

our institution adopts a restrictive strategy of blood transfu-

sion, i.e., symptoms of anemia or at physiological variation

for a hemoglobin level of < 8 g per deciliter.

Statistical Analysis
The statistical analyses were performed using SPSS for

Windows software (ver. 19.0; SPSS Inc., Chicago, IL,

USA). Means were compared using the independent sam-

ples t-test for normally distributed variables; otherwise, the

Mann–Whitney U-test was used for group comparisons,

and qualitative variables were compared using the chi-

square test. Univariate analysis was used to assess the

association between different factors and the blood trans-

fusion. Then multivariate logistic regression was per-

formed to control for confounding effects. Predictor
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exclusion was continued until all predictors had p values

less than 0.05, which was then defined as the final predic-

tion model. The final risk factors were incorporated into

R3.6.1 software (R Foundation for Statistical Computing,

Vienna, Austria) to establish a nomogram prediction

model. The consistency index (c-index) was used to eval-

uate the prediction performance of the model, and the

correction curve was used to judge the prediction consis-

tency. The range of C-index value was 0.5 to 1.0, and

accuracy was positively correlated with value. The calibra-

tion curve included image comparison of predicting risk

and patients’ transfer risk. The closer the predicted risk to

the standard curve, the better the conformity of the model

was. The level of significance was set at 0.05 for all

analyses.

Results
In total, 119 patients were included in this study, and 46

patients (38.7%) received a blood transfusion after the

operation. The comparison of the baseline characteristics

between those patients (see Table 1) revealed that there

was no statistical difference with age, comorbid diseases,

injury mechanism, surgical duration, and intraoperative

reaming. Compared with the patients who did not receive

postoperative blood transfusions, the proportion of female,

anticoagulant history, ASA score III and received general

anesthesia was higher in transfusion group, and the pre-

operative hemoglobin of patients in the blood transfusion

group was lower, the amount of intraoperative blood loss

was higher, the time to definitive management, the post-

operative hospital stay, and the hospitalization expenses

were significantly increased. There was no serious blood

transfusion reaction occurred after blood transfusion, and

no thrombotic event occurred postoperatively. The number

of superficial infection patients were 1 and 5 in non-

transfused group and transfused group, respectively, and

all of them healed after the use of intravenous antibiotics

and wound dressing.

In the univariate analyses the followingwere significantly

associated with blood transfusions: sex, anticoagulant his-

tory, preoperative Hb, time to definitive management, ASA

score, type of anesthesia, and intraoperative blood loss

(Table 2). Multivariate logistic regression analysis the

female, lower preoperative Hb, ASA score > 2, general

anesthesia, and higher intraoperative blood loss were inde-

pendently associated with the blood transfusion and consti-

tuted the final model (Table 3). A nomogram was established

to predict the risk of blood transfusion (Figure 1). The total

score of the prognosis index is obtained by the sum of the

scores of every single item, while the probability of post-

operative blood transfusion is obtained by the total score. For

example, for a female patient, the preoperative hemoglobin

value was 120 g/L, the preoperative ASA score was level II,

she received general anesthesia during the operation, and the

intraoperative blood loss was about 300 mL. According to

our nomogram evaluation, the probability of receiving

a blood transfusion was approximately 80%. The C-index

of the model was 0.910 after 1000 bootstrap self-sampling

replicates, which indicated that the consistency between the

predicted value and the actual observation value is in

Table 1 Comparison of Baseline Characteristics of Two Groups

Characteristics Non-Transfused

Patients

Transfused

Patients

p value

Number of patients 73 46

Sex (Male/Female) 27/46 8/36 0.022

Age (Years) 75.96 ± 5.48 78.33 ± 8.83 0.074

BMI (Kg/m2) 20.58 ± 1.72 21.18 ± 3.52 0.401

Injury mechanism 0.653

Low-energy injury 64 39

High-energy injury 9 7

Hypertension 31 23 0.421

Diabetes 15 12 0.482

Anticoagulant history 3 13 <0.001

Preoperative Hb (g/L) 121.40 ± 13.49 108.00 ± 16.92 <0.001

Time to definitive

management

2.79 ± 1.09 3.74 ± 1.20 <0.001

ASA score <0.001

II 60 16

III 13 30

Type of anesthesia 0.013

GA 23 25

SA 50 21

Surgical duration 85.88 ± 8.35 87.91 ± 9.34 0.218

IBL (mL) 222.60 ± 54.03 273.91 ± 68.91 <0.001

Reamed 0.854

Yes 48 31

No 25 15

TV (u) 0 2.05 ± 0.75 -

Postoperative hospital

stay

3.90 ± 0.93 5.20 ± 1.95 <0.001

Superficial infection 1 5 <0.001

Hospitalization

expenses (RMB)

31,560.07 ±

2543.86

35,325.37 ±

4969.48

<0.001

Abbreviations: BMI, body mass index; ASA score, American Society of

Anesthesiologists score; GA, general anesthesia; SA, spinal anesthesia; IBL, intrao-

perative blood loss; TV, transfusion volume.
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accordance with the standard and has standard resolution.

Figure 2 shows the calibration curve. The average absolute

error of the coincidence between the predicted value and real

value was 0.054. The predicted risk is close to the actual risk

and in good coincidence.

Discussion
It has been known for a long time that blood

transfusions have a down-regulation effect on the immune

system, resulting in low reactivity and alloimmunity to

various blood cells or plasma antigens.14 Down regulation

of immune response usually leads to an increase in post-

operative infection rate, such as superficial wound infec-

tion and urinary tract infection.15,16 In addition, blood

transfusions may also cause transfusion reaction (such as

shivering and high fever), prolong the length of stay,

increase the cost of treatment, and possibly increase mor-

tality rates.17 The influence of allogeneic transfusion on

the patients has been reported in a large number of litera-

tures, and it is more serious in the elderly patients with

poor general conditions. FTF is a common hip fracture in

elderly patients, and a large number of patients need

a blood transfusion after an intramedullary nail

fixation.18,19 Therefore, it is necessary to explore the risk

factors of blood transfusions after internal fixation of the

FTF, establish an intuitive and accurate prediction model,

and give reasonable perioperative intervention, so as to

reduce the blood transfusion rate to a certain extent.

Our preliminary data showed a correlation between

blood transfusion requirement and sex, preoperative Hb,

ASA score, type of anesthesia, and intraoperative blood

loss. Our results were consistent with previous research

reports,20 preoperative Hb was an independent risk factor

for postoperative blood transfusion, and was negatively

related to the risk of blood transfusion. In our study, pre-

operative Hb was 108.00 ± 16.92 g/L in the transfused

group and 121.40 ± 13.49 g/L in the non-transfused group

(p < 0.001). Adunsky et al21 studied the clinical data of 302

patients with hip fracture and believed that preoperative Hb

value lower than 120 g/L would increase the risk of post-

operative blood transfusion by 5 times. Previous studies

have debated whether the ASA score affects postoperative

blood transfusion. On the one hand, Desai et al7 believed

that the higher the ASA score, the higher the postoperative

blood transfusion rate, while some studies indicated that

there was no correlation between the ASA score and the

postoperative blood transfusion rate.20 Our results showed

that ASAwas an independent risk factor for blood transfu-

sion, and was positively correlated with the risk of blood

transfusion. We believe that only elderly patients over

65-years-old were included in our study, their general con-

ditions were relatively poor, and the corresponding basic

diseases were also more. On this basis, the ASA score had

clinical significance in predicting the risk of blood transfu-

sion. Patients who received general anesthesia during the

operation had an increased risk of blood transfusion, which

was consistent with the results of Basques et al22 who

believed that general anesthesia was a high-risk factor for

blood transfusion. We considered that this might be related

to the following factors. First, there was a difference in

hemodynamics between general anesthesia and spinal

anesthesia. Patients with high blood pressure during general

anesthesia surgery might increased blood loss and blood

transfusion risk.23 Secondly, anesthetic gas used in general

Table 2 Univariate Analysis Results Related to Blood Transfusion

Characteristics Correlation

Coefficient

p value

Sex −0.209 0.022

Age 0.165 0.074

BMI 0.081 0.397

Injury mechanism 0.041 0.656

Hypertension 0.074 0.426

Diabetes 0.064 0.487

Anticoagulant history 0.345 <0.001

Preoperative Hb −0.296 <0.001

Time to definitive management 0.378 <0.001

ASA score 0.481 <0.001

Type of anesthesia −0.227 0.013

Surgical duration 0.114 0.218

IBL 0.386 <0.001

Reamed 0.017 0.855

Notes: Italic and bold formats indicate that P<0.05.

Abbreviations: BMI, body mass index; ASA score, American Society of

Anesthesiologists score; IBL, intraoperative blood loss.

Table 3 Multivariate Analysis Results Related to Blood Transfusion

Characteristics OR (95% CI) p value

Sex 0.149 (0.027, 0.832) 0.030

Anticoagulant history 3.559 (0.619, 20.463) 0.155

Preoperative Hb 0.932 (0.884, 0.982) 0.008

Time to definitive management 1.225 (0.746, 2.012) 0.422

ASA score 10.503 (2.402, 45.930) 0.002

Type of anesthesia 0.133 (0.031, 0.564) 0.006

IBL 1.020 (1.008, 1.032) 0.001

Notes: Italics and bold formats indicate that P<0.05.

Abbreviations: ASA score, American Society of Anesthesiologists score; IBL,

intraoperative blood loss.
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anesthesia (mixed with nitrous oxide) might inhibit erythro-

cyte production during the endogenous recovery of

erythrocytes.24 Finally, hypothermia during general

anesthesia might lead to coagulation disorders and might

increased the patient’s blood transfusion needs.25 In addi-

tion, we found that the larger the intraoperative blood loss,

the higher the risk of postoperative transfusion.

Intramedullary nail implantation usually required reaming,

which would lead to blood loss and red blood cell destruc-

tion. However, there was no significant relationship

between blood transfusion risk and reaming. We considered

that the blood transfusion demand after an operation might

be related to the effective blood volume lost by patients,

including the intraoperative blood loss and the hidden blood

loss during the perioperative period.26,27 Under the standard

operation, more intraoperative blood loss might lead to the

increase of the effective blood volume loss, thus increasing

the blood transfusion risk after operation.

There was no correlation found with anticoagulant

history or time to definitive management in our study.

Figure 1 A nomogram to predict the incidence of blood transfusions after intramedullary nail fixation of femoral intertrochanteric fractures.

Figure 2 Calibration curve for nomogram prediction of blood transfusions after intramedullary nail fixation of femoral intertrochanteric fractures.
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However, Kadar et al12 reviewed the possibility of blood

transfusion within 72 hours after admission in 1484

patients with hip fracture, and found that there was

a correlation between blood transfusion and coagulation

status. We think that the reason for this deviation may be

that in our institution, for patients with a long history of

oral anticoagulants, we routinely follow the consultation

advice of anesthesiologists, stopping anticoagulants before

the operation and injecting low molecular weight heparin

(LMWH) sodium subcutaneously for 5–7 daysmight affect

the patient’s blood coagulation status. Prolonged time to

definitive management has been shown to increase mor-

tality, postoperative infection, and hospital stay.28–30

However, there was no relationship between the time to

definitive management and the requirement of blood trans-

fusion in our study, which might be related to the stability

of hematoma at the fracture site and the reduction of

preoperative active hemorrhage to the greatest extent.

There are few reports about the risk factors of blood

transfusion after intramedullary nail fixation of FTF in the

literature, and no studies have shown the visual manifesta-

tion of these risk factors in the nomogram. Compared with

the traditional multiple regression model, the nomogram

can display all the key prediction factors in a graphical

way. Our nomogram can enable clinicians to better assess

the risk of patients receiving blood transfusion postopera-

tively, so as to make necessary interventions (such as

improving the Hb of patients before operation, giving

spinal anesthesia as often as possible, and minimizing

intraoperative blood loss, etc.), so as to reduce the inci-

dence of blood transfusion.

There are limitations to our study that should be con-

sidered. Firstly, we performed a retrospective analysis, and

the samples in our study were relatively small, which

cannot rule out the effect of other potential factors on the

results (i.e., osteoporosis and bone mineral density), thus,

further prospective study with larger samples are required

to validate our findings; Secondly, early functional out-

comes and long-term follow-up data were lacking, inclu-

sion of such data would have improved our study; Finally,

our nomogram model has only been validated internally,

and still needs to be validated externally.

Conclusion
We found a correlation between blood transfusion require-

ment and sex, preoperative Hb, ASA score, type of

anesthesia, and intraoperative blood loss. Moreover, these

risk factors are shown on the nomogram and verified.

Through the assessment of the risk of blood transfusion

and the intervention of modifiable risk factors, we may be

able to reduce the blood transfusion rate to a certain

extent, so as to further guarantee the safety of the elderly

patients during the perioperative period.
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