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Abstract: Background: Extracapsular femoral neck fractures (eFNF) are the third most common
type of fracture in traumatology. Intramedullary nailing (IMN) is one of the most frequently used
ortho-pedic treatments for eFNF. Blood loss is one of the main complications of this treatment. This
study aimed to identify and evaluate the perioperative risk factors that lead to blood transfusion in
frail patients with eFNF who undergo IMN. Methods: From July 2020 to December 2020, 170 eFNF-
affected patients who were treated with IMN were enrolled and divided into two groups according
to blood transfusion: NBT (71 patients who did not need a blood transfusion), and BT (72 patients
who needed blood transfusion). Gender, age, BMI, pre-operative hemoglobin levels, in-ternational
normalized ratio (INR) level, number of blood units transfused, length of hospital stay, surgery
duration, type of anesthesia, pre-operative ASA score, Charlson Comorbidity Index, and mortality
rate were assessed. Results: Cohorts differed only for pre-operatively Hb and surgery time (p < 0.05).
Conclusion: Patients who have a lower preoperative Hb level and longer surgery time have a high
blood-transfusion risk and should be closely followed peri-operatively.

Keywords: blood loss; intertrochanteric fracture; pertrochanteric fracture; hip fracture; complication;
ASA score; Charlson Comorbidity Index; risk factor; predictor factor

1. Introduction

Extracapsular femoral neck fractures (eFNFs) are the third most common type of
fracture in traumatology [1]. They mainly occur in older patients, resulting in signifi-
cant morbidity and mortality. Population aging worldwide is rapidly accelerating, from
461 million people aged over 65 years in 2004 to an estimated 2 billion people by 2050.
Therefore, eFNFs will increase over the next decades [2].

In the literature, the rise in intracapsular fractures is well described through the aver-
age age of presentation with proximal femoral fractures and is associated with persistently
high mortality (33%) and morbidity, which are greater than in patients with eFNFs [3].

Some authors assumed that there is an increasing incidence of proximal femoral
fractures in the population, which rises by about 2 to 3 times above the age of 50 years old.
These fractures especially affect females [4,5].

The epidemiologic studies by Lamb et al. [6] confirmed that the relative incidence of
proximal femoral fractures is higher in elderly females, with reduced bone-mineral density
and reduced trochanteric bone strength as the main causes of fractures.
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Intramedullary nailing (IMN) is a common orthopedic treatment for eFNFs, and it
is recommended by the American Academy of Orthopaedic Surgeons (AAOS) for stable
and unstable intertrochanteric fractures [7,8]. Surgical treatment allows early patient
mobilization, decreases the risk of complications, and improves patient outcomes [9–12].
Several factors, including osteoporosis, malnutrition, decreased physical activity, impaired
vision, neurologic disease, poor balance, muscle atrophy, and bedsores, could be associated
with older people [10,11,13].

In the literature, numerous clinical features are associated with post-operative out-
comes, such as blood transfusions, which have a predominant role [14–17]. Femoral-neck-
fracture patients tend to be frailer; they present with acute hemorrhage from the fracture
and they are often dehydrated or hypovolemic on admission [18]. A recent Korean nation-
wide representative cohort study showed that blood transfusion was required in 75% of
femoral-neck-fracture patients, and in the UK, blood loss requiring transfusion is the most
common eFNF after chest infection [19,20].

The hemoglobin levels in these kinds of patient were found to drop significantly in
the first 24 h of hospitalization; this should be taken into consideration when planning
transfusion [21]. Compared with patients with intracapsular FNF, patients affected by
eFNFs have more blood loss and a higher blood-transfusion rate [22].

A relevant negative factor in eFNF is the concept of hidden blood loss (HBL), which
was widely investigated in the recent literature [22–24]. Occurring before the operation
and on the first postoperative days, it is caused by partial injury before admission, anti-
coagulant treatment after surgery or insufficient hemostasis.

Recent studies related to hip-fracture patients found that receiving a blood transfusion
during an admission led to an increased risk of one-year mortality of almost two-and-a-half
times [25]; in addition, the effect of postoperative transfusion was found to be a common
occurrence in geriatric-fragility eFNF, with a higher significant risk of 30-day mortality,
hospital-readmission rate and length of stay [26].

The aim of this study was to identify and evaluate the perioperative risk factors that
led to blood transfusion in frail patients with eFNF who underwent IMN.

2. Materials and Methods
2.1. Study Design

The study was conducted according to the Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) Statement’s guidelines for reporting obser-
vational studies [27]. This prospective cross-sectional study was approved by the ethics
committee at our institution (reference number 160/2020/PO).

2.2. Sample

From July 2020 to December 2021, 170 FNF-affected patients who were surgically
treated with IMN were enrolled.

The inclusion criteria were as follows: (1) confirmed diagnosis of eFNF, with a fracture
pattern of AO/OTA 31.A1, 31.A2, 31.A3; (2) low-energy injury (e.g., falls from a standing
height); (3) patient age over 65 years; and (4) IMN procedure. The exclusion criteria were
as follows: (1) associated fractures; (2) pathological, peri-prosthetic, shaft, or distal femoral
fractures; (3) patients under 65 years of age; and (4) open or pathological fracture (history
of bone tumor, blood, or hemorrhagic disease, chronic liver disease).

All patients were admitted through the emergency department with the following
demographic and clinical data captured by one author (MM): gender, age at the time of
trauma, body-mass index (BMI), involved side, fracture type, comorbid diseases (e.g.,
hypertension and diabetes), pre- and post-operative hemoglobin (Hb) levels, international
normalized ratio (INR) level, number of blood bags transfused, length of hospital stay,
time to surgery, surgery duration, nail implant, type of anesthesia (general anesthesia (GA)
or combined spinal–epidural anesthesia (CSEA)), American Society of Anesthesiologists
(ASA) scores, and Charlson Comorbidity Index (CCI).
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According to the blood-transfusion criteria described below, the patients were divided
into NBT (patients who did not need a blood transfusion) and BT (patients who needed
and received a blood transfusion) cohorts. All the patient data were collected and analyzed
by two authors (MM and AV).

2.3. Surgical Technique, Intervention, and Blood-Transfusion Criteria

Open or closed eFNF reduction and internal fixation were achieved with the patient in
the supine position on a radiolucent table with the injured leg draped freely or on a traction
table. The lateral supra-trochanteric approach was used for each patient. All intramedullary
nails were distally locked after the surgery.

The same expert surgical team performed all of the surgeries. All patients underwent
initial postoperative radiographic imaging to confirm the quality of reduction and implant
position. Cefazolin was used for prophylaxis of surgical-site infection. In cases of cefazolin
or penicillin allergy, patients were administered clindamycin instead.

According to the Clinical Practice Guidelines From the American Association of Blood
Banks (AABB): Red Blood Cell Transfusion Thresholds and Storage [28], patients were
transfused only if they had a hemoglobin level lower than 8 g/dL with unstable vital signs
or symptoms of severe anemia (heart rate >100 bpm, systolic blood pressure <90 mmHg,
chest pain, asthenia).

2.4. Risk Factors and Outcome Measurements

Gender, age, BMI, pre-operative Hb levels, INR level, number of blood units transfused,
length of hospital stay (days from the department admission to the discharge), time to
surgery (days from Emergency Room (ER) admission to surgery), surgery duration (minutes
from incision to suture), type of anesthesia (GA or CSEA), pre-operative ASA score, and
CCI were considered to be comparison parameters between the NBT and BT cohorts.
The relative risk (RR) and the number of blood bags transfused were calculated for each
parameter for both groups. The cut-off values were as follows: patient’s gender (female
sex), age (over 80 years), BMI (less than 25 kg/m2), Hb (<8 g/dL), INR (1.00), hospital stay
(over 7 days), time to surgery (over 48 h), surgery duration (over 45 min), type of anesthesia
(GE), ASA (over 2), and CCI (over 4).

2.5. Statistical Analysis

Continuous data are presented as the mean and standard deviation. The t-test was
used to compare the mean age, BMI, Hb, INR, length of hospital stay, time to surgery,
surgery duration, pre-operative ASA score, and CCI between the two groups. The Chi-
square test was used to verify the homogeneity of the two groups based on gender and to
compare the types of anesthesia. The RR was used to quantify the risk factor. Pearson’s
ρ correlation coefficient was chosen to assess the correlation between parameters and the
number of blood bags transfused. The selected threshold for statistical significance was
p < 0.05. To evaluate survival rates and possible influential factors, Kaplan–Meier analysis
was conducted on NBT vs. BT group with a 1.5-year follow-up (using the log-rank test for
statistical significance). All statistical analyses were performed using SPSS version 24.0
statistical software (IBM Corp., Armonk, NY, USA).

3. Results
3.1. Patients

Among 170 patients with displaced AO/OTA 31.A1, 31.A2, and 31.A3 FNFs,
143 subjects (41 men (28.7%) and 102 women (71.3%)) were eligible and selected for the
study. There were 71 male patients (24 (33.8%) and 47 female patients (66.2%) women)
in Group NBT, with a mean age of 80.2 ± 10.7 years (range 65–94 years). There were
72 subjects (17 (23.6%) men and 55 (76.4%) women) in Group BT, with a mean age of
82.9 ± 7.6 years (range 65–99 years; Table 1). There were no differences in the patients’
de-mographic information (Table 1).
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Table 1. Patient-demographic information and study results.

Patients
(M:F)

Age
(Range) BMI Hb INR Hospital Stay Time To

Surgery
Surgery

Duration
Anesthesia
(GA/CSEA) ASA CCI

Group NBT 71
(24:47)

80.2 ± 10.7
(65–94)

26.5 ± 5.9
(15.4–44.4)

12.5 ± 1.67
(8.7–16.7)

1.1 ± 0.12
(0.9–1.4)

10.8 ± 4
(5–24)

2.4 ± 1.6
(0–8)

57.8 ± 16.2
(25–105) 9/62 2.8 ± 0.6

(1–5)
5.21 ± 2.1

(1–10)

Group BT 72
(17:55)

82.9 ± 7.6
(65–99)

26.1 ± 5.1
(12.9–39.1)

10.6 ± 1.4
(7.0–13.2)

1.1 ± 0.16
(0.9–1.6)

11.4 ± 5.3
(5–39)

2.3 ± 2
(0–9)

73.3 ± 31.2
(30–185) 11/61 2.8 ± 0.5

(2–4)
5.78 ± 2.4

(2–12)
NBT vs. BT 0.17 0.07 0.65 <0.001 0.88 0.44 0.64 <0.001 0.65 0.81 0.19

RR
(95% C.I.)

1.43
(0.8, 2.4)

1.52
(0.9, 2.5)

1.0
(0.77, 1.4)

1.03
(0.9, 1.7)

0.91
(0.49, 1.4)

1.16
(0.45, 2.8)

0.74
(0.5, 1.1)

1.37
(0.80, 2.3)

1.05
(0.9, 1.2)

0.96
(0.55, 1.6)

0.82
(0.62, 1.1)

PCC
(p)

0.07
(0.64)

0.08
(0.33)

−0.033
(0.70)

−0.49
(<0.001)

−0.02
(0.89)

0.16
(0.06)

−0.07
(0.41)

0.28
(0.001)

0.11
(0.17)

0.02
(0.74)

0.16
(0.10)

NBT, no blood transfusion; BT, blood transfusion; BMI, body-mass index; Hb, hemoglobin; GA, general anes-
thesia; CSEA, combined spinal–epidural anesthesia; ASA, American Society of Anesthesiologists; CCI, Charlson
Comorbidity Index.

3.2. Group Comparisons

Table 1 shows no statistically significant differences between the cohorts for gender
(p = 0.17), age (p = 0.07), BMI (p = 0.65), INR (p = 0.88), hospital stay (p = 0.44), time to surgery
(p = 0.64), type of anesthesia (p = 0.65), ASA (p = 0.81), or CCI (p = 0.19). Pre-operatively, the
Hb and surgery-duration parameters showed statistical differences (p < 0.001; Figure 1).

Figure 1. Pre-operative Hb levels and surgery duration (min) plots showing differences between
NBT and BT groups (statistical significance of p < 0.001).

3.3. Relative-Risk Parameters

Higher RR values were found for the following parameters: female gender (1.43,
95% CI 0.8–2.4), age > 80 years (1.52, 95% CI 0.9–2.8), hospital stay over 7 days (1.16, 95% CI
0.45–2.8) and surgery duration over 45 min (1.37, 95% CI 0.80–2.3).

3.4. Cohort-Parameter Correlation

No significant correlations were found between the risk factors and the blood-transfusion
needs (p > 0.05), except for the pre-operative Hb levels (ρ = −0.49, p < 0.001) and surgery
duration (ρ = −0.28, p = 0.001) (Figure 2).

3.5. Survival Analysis

The one-year mortality rates resulted in 20.8% for the BT group and 19.7% for the
NBT group. The probability of survival in the BT- and NBT-group patients dropped to
about 50% over 153 days (95% C.I 127–236) and 190 days (95% C.I 164–326), respectively
(Figure 3). The differences between the groups on the Kaplan–Meier analysis did were not
statistically significant (χ2 = 0.987, p = 0.320) (Figure 3).
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Figure 2. Pearson correlation graphs show the negative and positive relationships between the
number of bags in transfusion, pre-operative Hb levels and surgery duration (min), respectively.

Figure 3. Kaplan–Meier survival plot between NBT and BT groups with a 1.5-year follow-up.

4. Discussion

Our data showed that the patients who underwent a blood transfusion had lower
preoperative Hb levels and longer durations of surgical treatment. Moreover, BMI, INR,
general anesthesia, ASA and CCI scores, surgery duration, and delays until surgery of more
than 48 h were not found to be relevant parameters for requiring a blood transfusion. The
main relative risk factors for red-blood-cell transfusion were female gender, age >80 years,
and hospital stay >7 days, while the preoperative Hb levels and surgical durations were
inversely and directly proportional, respectively, to the number of blood bags transfused.

The AAOS Clinical Practice Guideline: Management of Femoral Neck Fractures
in the Elderly [8] recommends a blood-transfusion threshold of no higher than 8 g/dL
in asymptomatic postoperative patients, and there is strong evidence supporting this
recommendation. The need for blood transfusions was associated with the risk factors
for early and one-year mortality in frail elderly eFNF patients [29]. Identifying blood-
transfusion risk factors can theoretically reduce mortality. Our data confirmed this evidence
even though no statistical differences in survival were found when comparing the one-
year mortality between the BT patients and the NBT-group patients. Several trials [30,31]
suggested that blood transfusions increase short-term functional outcomes and prevent
delirium in the frail elderly population. However, blood transfusions were correlated with a
downregulation in the immune response and an increase in the postoperative-infection rate,
such as superficial-wound infection and urinary-tract infection [32,33], which can cause
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transfusion reactions (such as shivering and high fever), prolong the lengths of hospital
stays, and increase the cost of treatment [34].

To determine the patients who were at high risk of perioperative anemia and to avoid
unnecessary blood transfusions, several assessment parameters were proposed [15,17,35–37].
Lower preoperative Hb levels were found in patients who needed a blood transfusion
compared to the other cohort. Previous researchers [38] showed that a preoperative Hb
value lower than 120 g/L increases the risk of postoperative blood transfusion by five
times in patients with femoral neck fractures. Moreover, a preoperative Hb level of less
than 8 g/dL was strongly correlated with a higher number of blood-bag transfusions.
These findings were confirmed by the statistical results of this prospective study; low
pre-operative Hb levels (10.6 g/dL, on average) in elderly patients with eFNF undergoing
IMN surgery were found to be a major risk factor for blood transfusion.

Elderly female patients were found to be the most vulnerable to the risks associated
with blood transfusion. The reasons for this may be related to lower baseline hemoglobin
levels in women compared to the male sex. These results are widely confirmed by the
literature from recent years; Desai et al. [39], for instance, found that women were 1.54 times
more likely to have a blood transfusion than men after a multivariate analysis.

Our study found no significant differences between the NBT and BT cohorts in terms
of the influence of BMI on blood transfusion. These findings are in contrast to the recent
literature, which suggests a relative risk of low BMI in these patients [26,40]; the authors of
these studies stated that the protective effect of higher BMI on the risk of transfusion may
be related to the overall increase in blood volume in the body. Obese patients may have
a lower percentage of estimated blood volume lost during surgical procedure, compared
to patients with a lower BMI, although they may have surgical problems, such as greater
blood loss due to larger incisions, complex fracture reduction and longer surgical duration.

Regarding general or spinal anesthesia for patients who are undergoing femoral neck
surgery and similar surgeries, the literature suggests avoiding hypotension and deliriant
drugs [8,41]. General anesthesia is related to an increased probability of in-hospital mortal-
ity compared with regional anesthesia, and a risk of acute respiratory failure with increased
length of hospital stay and readmission [42]. Patients who underwent GA reported a risk
of blood transfusion that was four times greater than in those who underwent CSEA, and
comparable risk rates were reported in intracapsular and extracapsular fractures [17,36].
Basques et al. [43] suggested that there is a difference in hemodynamics between GA and
spinal anesthesia. Patients with high blood pressure during GA surgery could have more
blood loss and a higher risk of requiring a blood transfusion. Borghi et al. [44] hypoth-
esized that the anesthetic gas used in GA might inhibit erythrocyte production during
the endogenous recovery of erythrocytes. Sessler et al. [45] theorized that the reduction
in body temperature during GA may cause coagulation disorders and could increase the
requirement for a blood transfusion. Our data showed no significant group differences
between the type of anesthesia, in contrast with the literature; several negative outcomes
are linked to GA in elderly patients undergoing hip surgery, such as hypotension, venous
thrombosis, and pulmonary infection. However, in our cohort of patients, blood transfusion
was not statistically correlated with GA.

Our results did not show a correlation between the ASA score and the transfusion
rate. The literature findings on this theme are controversial. Dillon et al. [46] reported
evidence that was comparable to that of our study, while other authors [17,47] included the
ASA score as a transfusion risk factor. Comparable results were found for the CCI score.
Both the ASA and the CCI scale, as well as postoperative complications, were assessed
as mortality risks at 30 days and 1 year after hip surgery [48–50], but to the best of our
knowledge, this is the first study to have investigated the CCI as a risk factor for blood
transfusion in elderly patients with eFNF.

The surgery duration influenced the risk of blood transfusion in patients who were
treated for eFNF (p < 0.05). This was in contrast with the results reported in the litera-
ture [35]. The correlation between the two parameters remains controversial.
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Some authors investigated the hidden blood loss in eFNF as the main component
of the total blood, finding this element as a result of the initial trauma rather than the
surgery [51].

In our series, no open reductions were performed, but it can be assumed that when an
open reduction is required, the risk of blood loss is higher. Patients with unstable eFNF
exhibited a greater hemoglobin drop and hidden blood loss [52]. In a meta-analysis from
2017 [53], Ma et al. analyzed two-screw and one-screw IMN devices, and they demonstrated
a significant difference between subgroups for surgery duration, but not for blood loss.
Other authors also studied the differences [54] in outcomes in patients in terms of the types
of nailing in eFNF (intermediate versus long cephalomedullary nailing), but they were
similar in terms of the rates of blood transfusion, perioperative complications, malunion,
and death.

The time interval from admission to surgery seems not to be related to an increased
risk of having a blood transfusion in our cohort of eFNF patients. Similar results were
found in the study by Kim et al.: if an appropriate transfusion strategy is adopted, surgery
after 48 h does not seem to affect the rate of blood transfusion in elderly patients with
intertrochanteric fractures, although the authors stated that the careful management of
pre-operative hemoglobin in transfusion is necessary when surgery is delayed [55].

In contrast to these findings, a recent study [18] demonstrated a positive correlation
between blood-transfusion units and the timing of surgery. The authors reported a lower
blood-transfusion risk in patients who were treated within 24 h; however, more liberal
criteria for blood-transfusion administration (Hb < 90 g/L with signs or symptoms of
anemia) were chosen compared to our protocol [18].

Focusing on proximal-femur-fracture stability, an increased rate of preoperative
transfusions was found among elderly patients with unstable intertrochanteric or sub-
trochanteric fractures submitted to surgery with an intramedullary nail with a delayed
surgery of more than 24 h [56]. Our institution has a restrictive transfusion threshold
(Hgb < 8 g/dL) that was rigorously followed, and a mean of 0.82 units of blood were trans-
fused to our patients, which is analogous to subsequent equivalent protocols and minor
compared to more liberal management practices [18]. A recent trial reported no significant
differences between patients who were treated within 36 h and a cohort of groups who
were treated after 36 h [37]. We found similar results in our study. However, hip-fracture
surgery within 48 h of admission is associated with better outcomes and is moderately
recommended by the AAOS [8], although limited evidence supports not delaying hip-
fracture surgery for patients who are taking aspirin and/or clopidogrel [8]. One of the most
widespread motivations for delaying surgery in patients who are affected by extracapsular
femoral fractures is an ongoing anticoagulant treatment that is considered to cause extra
blood loss due to impaired platelet function [35].

In our study, the one-year mortality rate was not found to be statistically different
between the NBT and BT groups; different findings were reported by Greenhalgh et al. [25],
who found that receiving a blood transfusion during admission for hip fracture carried an
increased risk of one-year mortality of almost two-and-a-half times.

A study by Johnston [31] with a cohort of 1007 patients had similar results to our
investigation. They found that blood transfusion was not associated with a change in
one-year mortality or infection rates in proximal femur fractures in the elderly, even though
there was a statistical increase in mortality at 120 days from surgery. Yombi et al. [29]
concluded that low Hb on admission, age and RBC transfusions are significantly associated
with one-year mortality (23.5%) after hip-fracture surgery, independently of comorbidity-
associated factors.

A cohort study on an elderly population with hip fractures by Shokoohi [57] found
that blood transfusions were not associated with changes in mortality, but only with an
increased rate of postoperative infection.
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In subjects with risk factors for blood transfusion, multidisciplinary management
should be performed with adjunctive therapies [58], and supplementation with iron, vita-
min B12, and folate should also be considered.

Some pilot studies [59,60] demonstrated the hematopoietic efficacy of intravenous iron
in eFNF patients with a reduction in the mortality rate and length of hospital stay, although
there is currently no clear consensus on the optimal method of managing perioperative
anemia, and the effects on older people is too small and too late to affect erythropoiesis and
transfusion rates.

A recent meta-analysis by Xing et al. [60] investigated the perioperative administration
of tranexamic acid in geriatric-trauma patients with proximal-femur fractures undergo-
ing IMN, demonstrating its efficacy in prophylaxis for perioperative hemostasis without
increasing the incidence of postoperative complications.

One of the limitation of this study is its small sample size. However, a prospective
controlled study will be performed, and more data will be available. Additionally, the
intraoperative crystalloid volume and the hidden blood loss during the surgical procedure
of IMN were not assessed. Finally, there are no standardized international blood-transfusion
criteria. The strength of this study is the fact that there is no similar evidence in the literature
derived from analyses of the risk factors of blood transfusion in these kinds of patients.

5. Conclusions

Patients with lower preoperative Hb levels and longer surgery times have a high
risk of requiring blood transfusion, and they should followed up closely during the peri-
operative period. In our study, BMI, time to surgery, ASA score, type of anesthesia, and CCI
score were not found to be valid parameters for predicting the need for blood transfusion
in elderly patients.
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35. Tüzün, H.Y.; Bilekli, A.B.; Erşen, Ö. The Factors That Affect Blood Loss in Intertrochanteric Fractures Treated with Proximal
Femoral Nail in the Elderly. Eur. J. Trauma Emerg. Surg. 2022, 48, 1879–1884. [CrossRef] [PubMed]

36. Hou, G.; Zhou, F.; Tian, Y.; Ji, H.; Zhang, Z.; Guo, Y.; Lv, Y. Predicting the Need for Blood Transfusions in Elderly Patients with
Pertrochanteric Femoral Fractures. Injury 2014, 45, 1932–1937. [CrossRef] [PubMed]

37. Fazal, M.A.; Bagley, C.; Garg, P. Predictors for Perioperative Blood Transfusion in Elderly Patients with Extra Capsular Hip
Fractures Treated with Cephalo-Medullary Nailing. Chin. J. Traumatol. 2018, 21, 16–19. [CrossRef] [PubMed]

38. Adunsky, A.; Lichtenstein, A.; Mizrahi, E.; Arad, M.; Heim, M. Blood Transfusion Requirements in Elderly Hip Fracture Patients.
Arch. Gerontol. Geriatr. 2003, 36, 75–81. [CrossRef]

39. Desai, S.; Wood, K.; Marsh, J.; Bryant, D.; Abdo, H.; Lawendy, A.-R.; Sanders, D. Factors Affecting Transfusion Requirement after
Hip Fracture: Can We Reduce the Need for Blood? Can. J. Surg. 2014, 57, 342–348. [CrossRef]

40. Walsh, M.; Preston, C.; Bong, M.; Patel, V.; Di Cesare, P.E. Relative Risk Factors for Requirement of Blood Transfusion after Total
Hip Arthroplasty. J. Arthroplast. 2007, 22, 1162–1167. [CrossRef]

41. Shelton, C.; White, S. Anaesthesia for Hip Fracture Repair. BJA Educ. 2020, 20, 142–149. [CrossRef] [PubMed]
42. Chen, D.X.; Yang, L.; Ding, L.; Li, S.Y.; Qi, Y.N.; Li, Q. Perioperative Outcomes in Geriatric Patients Undergoing Hip Fracture

Surgery with Different Anesthesia Techniques: A Systematic Review and Meta-Analysis. Medicine 2019, 98, e18220. [CrossRef]
[PubMed]

43. Basques, B.A.; Bohl, D.D.; Golinvaux, N.S.; Samuel, A.M.; Grauer, J.G. General versus Spinal Anaesthesia for Patients Aged
70 Years and Older with a Fracture of the Hip. Bone Jt. J. 2015, 97-B, 689–695. [CrossRef]

44. Borghi, B.; Casati, A.; Iuorio, S.; Celleno, D.; Michael, M.; Serafini, P.; Pusceddu, A.; Fanelli, G. Frequency of Hypotension
and Bradycardia during General Anesthesia, Epidural Anesthesia, or Integrated Epidural-General Anesthesia for Total Hip
Replacement. J. Clin. Anesth. 2002, 14, 102–106. [CrossRef] [PubMed]

45. Sessler, D.I.; Warner, D.S.; Warner, M.A. Temperature Monitoring and Perioperative Thermoregulation. Anesthesiology 2008, 109,
318–338. [CrossRef] [PubMed]

46. Dillon, M.F.; Collins, D.; Rice, J.; Murphy, P.G.; Nicholson, P.; Mac Elwaine, J. Preoperative Characteristics Identify Patients with
Hip Fractures at Risk of Transfusion. Clin. Orthop. Relat. Res. 2005, 439, 201–206. [CrossRef] [PubMed]

47. Hasan, O.; Barkat, R.; Rabbani, A.; Rabbani, U.; Mahmood, F.; Noordin, S. Charlson Comorbidity Index Predicts Postoperative
Complications in Surgically Treated Hip Fracture Patients in a Tertiary Care Hospital: Retrospective Cohort of 1045 Patients. Int.
J. Surg. 2020, 82, 116–120. [CrossRef] [PubMed]

48. Quach, L.H.; Jayamaha, S.; Whitehouse, S.L.; Crawford, R.; Pulle, C.R.; Bell, J.J. Comparison of the Charlson Comorbidity Index
with the ASA Score for Predicting 12-Month Mortality in Acute Hip Fracture. Injury 2020, 51, 1004–1010. [CrossRef] [PubMed]

49. Haugan, K.; Klaksvik, J.; Foss, O.A. 30-Day Mortality in Patients after Hip Fracture Surgery: A Comparison of the Charlson
Comorbidity Index Score and ASA Score Used in Two Prediction Models. Injury 2021, 52, 2379–2383. [CrossRef]

50. Guo, J.; Zhang, Y.; Hou, Z. Intramedullary Fixation Does Not Cause a Large Amount of Hidden Blood Loss in Elderly Patients
with Intertrochanteric Fractures. CIA 2021, 16, 475–486. [CrossRef] [PubMed]

51. Lin, P.-H.; Chien, J.-T.; Hung, J.-P.; Hong, C.-K.; Tsai, T.-Y.; Yang, C.-C. Unstable Intertrochanteric Fractures Are Associated with a
Greater Hemoglobin Drop during the Perioperative Period: A Retrospective Case Control Study. BMC Musculoskelet. Disord.
2020, 21, 244. [CrossRef] [PubMed]

52. Ma, J.; Kuang, M.; Fan, Z.; Xing, F.; Zhao, Y.; Zhang, L.; Chen, H.; Han, C.; Ma, X. Comparison of Clinical Outcomes with InterTan
vs Gamma Nail or PFNA in the Treatment of Intertrochanteric Fractures: A Meta-Analysis. Sci. Rep. 2017, 7, 15962. [CrossRef]

53. Thamyongkit, S.; MacKenzie, J.S.; Sirisreetreerux, N.; Shafiq, B.; Hasenboehler, E.A. Outcomes after Unstable Pertrochanteric
Femur Fracture: Intermediate versus Long Cephalomedullary Nails. Eur. J. Trauma Emerg. Surg. 2020, 46, 963–968. [CrossRef]
[PubMed]

54. Kim, K.-H.; Kim, N.Y. Can Early Surgery Reduce the Need to Packed Red Blood Cell Transfusion in Elderly Patients with
Intertrochanteric Femur Fractures? Injury 2021, 52, 3047–3050. [CrossRef] [PubMed]

55. Mattisson, L.; Lapidus, L.J.; Enocson, A. What Is the Influence of a Delay to Surgery >24 Hours on the Rate of Red Blood Cell
Transfusion in Elderly Patients With Intertrochanteric or Subtrochanteric Hip Fractures Treated With Cephalomedullary Nails? J.
Orthop. Trauma 2018, 32, 403–407. [CrossRef] [PubMed]

56. Shokoohi, A.; Stanworth, S.; Mistry, D.; Lamb, S.; Staves, J.; Murphy, M.F. The Risks of Red Cell Transfusion for Hip Fracture
Surgery in the Elderly: The Risks of Red Cell Transfusion for Hip. Vox Sang. 2012, 103, 223–230. [CrossRef] [PubMed]

57. Scharman, C.D.; Burger, D.; Shatzel, J.J.; Kim, E.; DeLoughery, T.G. Treatment of Individuals Who Cannot Receive Blood Products
for Religious or Other Reasons. Am. J. Hematol. 2017, 92, 1370–1381. [CrossRef] [PubMed]

58. Cuenca, J.; García-Erce, J.A.; Martínez, A.A.; Solano, V.M.; Molina, J.; Muñoz, M. Role of Parenteral Iron in the Management of
Anaemia in the Elderly Patient Undergoing Displaced Subcapital Hip Fracture Repair: Preliminary Data. Arch. Orthop. Trauma
Surg. 2005, 125, 342–347. [CrossRef]

http://doi.org/10.2106/JBJS.N.00077
http://www.ncbi.nlm.nih.gov/pubmed/25471908
http://doi.org/10.1007/s00068-021-01670-8
http://www.ncbi.nlm.nih.gov/pubmed/33864094
http://doi.org/10.1016/j.injury.2014.08.033
http://www.ncbi.nlm.nih.gov/pubmed/25205645
http://doi.org/10.1016/j.cjtee.2017.09.002
http://www.ncbi.nlm.nih.gov/pubmed/29398291
http://doi.org/10.1016/S0167-4943(02)00059-6
http://doi.org/10.1503/cjs.030413
http://doi.org/10.1016/j.arth.2006.10.014
http://doi.org/10.1016/j.bjae.2020.02.003
http://www.ncbi.nlm.nih.gov/pubmed/33456943
http://doi.org/10.1097/MD.0000000000018220
http://www.ncbi.nlm.nih.gov/pubmed/31804347
http://doi.org/10.1302/0301-620X.97B5.35042
http://doi.org/10.1016/S0952-8180(01)00362-2
http://www.ncbi.nlm.nih.gov/pubmed/11943521
http://doi.org/10.1097/ALN.0b013e31817f6d76
http://www.ncbi.nlm.nih.gov/pubmed/18648241
http://doi.org/10.1097/01.blo.0000173253.59827.7b
http://www.ncbi.nlm.nih.gov/pubmed/16205160
http://doi.org/10.1016/j.ijsu.2020.08.017
http://www.ncbi.nlm.nih.gov/pubmed/32853781
http://doi.org/10.1016/j.injury.2020.02.074
http://www.ncbi.nlm.nih.gov/pubmed/32151423
http://doi.org/10.1016/j.injury.2021.02.004
http://doi.org/10.2147/CIA.S301737
http://www.ncbi.nlm.nih.gov/pubmed/33762819
http://doi.org/10.1186/s12891-020-03208-2
http://www.ncbi.nlm.nih.gov/pubmed/32293388
http://doi.org/10.1038/s41598-017-16315-3
http://doi.org/10.1007/s00068-018-1002-z
http://www.ncbi.nlm.nih.gov/pubmed/30143808
http://doi.org/10.1016/j.injury.2021.01.036
http://www.ncbi.nlm.nih.gov/pubmed/33549313
http://doi.org/10.1097/BOT.0000000000001183
http://www.ncbi.nlm.nih.gov/pubmed/29738395
http://doi.org/10.1111/j.1423-0410.2012.01606.x
http://www.ncbi.nlm.nih.gov/pubmed/22540265
http://doi.org/10.1002/ajh.24889
http://www.ncbi.nlm.nih.gov/pubmed/28815690
http://doi.org/10.1007/s00402-005-0809-3


J. Funct. Morphol. Kinesiol. 2023, 8, 27 11 of 11

59. Rowlands, M.; Forward, D.P.; Sahota, O.; Moppett, I.K. The Effect of Intravenous Iron on Postoperative Transfusion Requirements
in Hip Fracture Patients: Study Protocol for a Randomized Controlled Trial. Trials 2013, 14, 288. [CrossRef]

60. Xing, F.; Chen, W.; Long, C.; Huang, F.; Wang, G.; Xiang, Z. Postoperative Outcomes of Tranexamic Acid Use in Geriatric Trauma
Patients Treated with Proximal Femoral Intramedullary Nails: A Systematic Review and Meta-Analysis. Orthop. Traumatol. Surg.
Res. 2020, 106, 117–126. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1186/1745-6215-14-288
http://doi.org/10.1016/j.otsr.2019.10.015
http://www.ncbi.nlm.nih.gov/pubmed/31928976

	Introduction 
	Materials and Methods 
	Study Design 
	Sample 
	Surgical Technique, Intervention, and Blood-Transfusion Criteria 
	Risk Factors and Outcome Measurements 
	Statistical Analysis 

	Results 
	Patients 
	Group Comparisons 
	Relative-Risk Parameters 
	Cohort-Parameter Correlation 
	Survival Analysis 

	Discussion 
	Conclusions 
	References

