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Abstract

Introduction: With the ageing population and the increase in total hip arthroplasties, the incidence of periprosthetic hip
fractures (PPHF) is constantly on the rise. Treatment of this fracture often leads to blood loss and anaemia. The aim of this
study was to evaluate total blood loss induced by PPHE, to analyse the influence the type of fracture has over blood loss,
the influence of treatment on the bleeding and, finally, the blood transfusion rate.

Methods: A prospective study was performed within our department, over a 6-year period from January 1, 2010, to De-
cember 31, 2015, including 88 patients. All fractures were treated surgically in accordance with Vancouver guidelines. We
evaluated the blood loss volume with formulas based on haemoglobin and haematocrit. Subgroup, stratified according
Vancouver Classification, were comparable.

Results: The mean estimated Red Blood Cell loss was 582.19 ml. The mean Blood Volume Loss was 1149.31 ml or 1199.35
ml, depending on the formula used. The greatest blood loss was found in Vancouver B3 fractures, followed by Vancouver
B2, C and B1 fractures. The volume of blood loss was statistically different between each type of fracture (P<0.05). The
postoperative transfusion rate was 87.5 % with a mean of 3.18 Units of blood concentrates. The blood loss and transfusion
rates were different between each type of fracture (P<0.05).

Discussion: Anaemia is a pejorative factor for mortality and morbidity in PPHF population in previous studies. Recently,
many studies have tried to evaluate different pre-operative blood management programs to reduce postoperative anaemia.
Conclusion: Periprosthetic hip fractures and their treatments are associated with significant blood loss requiring transfu-
sion of several units of blood.
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Introduction
To our knowledge, assessment of the total blood loss and transfu-

With the ageing population and the increase in total hip arthro-
plasties (THA), the incidence of periprosthetic hip fractures
(PPHF) is constantly on the rise [1, 2]. Periprosthetic fractures
of the femur are the third most frequent complication following
THA [3, 4]. A review of the literature shows that treatment of
such fractures induces blood loss and anaemia [5, 6]. Moreover,
they are associated with functional impairments and major dis-
abilities and result in high rates of morbidity and mortality 2, 7].
Both anaemia and blood loss are common risk factors for mor-
tality and morbidity. Elderly patients are particularly vulnerable
to blood loss and anaemia, since they have limited physiological
reserves and a high prevalence of comorbidities |8, 9].
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sion rate in the treatment of PPHF has not previously been inves-
tigated. The aim of this study was to evaluate total blood loss, to
analyse the influence of the type of fracture and its treatment on
the bleeding and to analyse the blood transfusion rate.

Material and Methods
Patients
A prospective study was performed within our department, over

a O-year period from January 1, 2010, to December 31, 2015. All
patients presenting PPHF with a surgical indication during this
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period were included. We were able to analyse data from 88 pa-
tients. Data characterising patients by Gender, Age, ASA score
[10], ISS score [11], Body Mass Index (BMI), haemoglobin and
haematocrit, were collected in medical records. The mean age of
the cohort was 82.5 years (SD 9.14), predominantly female, n=66
(75%), with a BMI of 25.26 kg/m?*(SD 5.16) and low enetgy trau-
ma (ISS = 9.22). At the time of surgery, ASA score was 3 in 43
patients (49%), 2 in 42 (48%) and 1 in 3 (3%), with pre-operative
haemoglobin of 123.55 g/1 (SD 11.26).

Fracture types were classified by the primary author after analysis
of AP and lateral X-rays, in accordance with the Vancouver clas-
sification [12] (Figure 1). The majority were found to have Van-
couver B1 (n=30, 34.6%), B2 (n=23, 26.1%) and C (n=18, 20.5%)

https://scidoc.org/IJSR.php

fractures. Moreover, there were 10 (11.4%) Vancouver B3 and 7
(8%) Vancouver A fractures. These different groups of patients
were comparable for epidemiological data collected, as well as age,
gender, BMI, ASA score and ISS score.

All fractures were treated surgically, in accordance with the Van-
couver Guidelines [13], with either open reduction and internal
fixation (ORIF) for the Vancouver A (Cerclage) (Figure 2), Bl
and C (Plate osteosynthesis) (Figure 3) patterns, a revision pros-
thesis and ORIF, for the Vancouver B2 pattern (Figure 4) and
revision prosthesis for the B3 pattern (Figure 5) according to the
techniques of the centre. Surgeries were performed by senior or
assistant surgeons with a special interest in lower limb procedures.
We used different surgical approaches for each type of surgery. A

Figure 1. Vancouver classification.

Vancouver A: Located in the trochanteric region (L=lesser trochanter, G=greater trochanter).
Vancouver B: Located around the stem (1= stem well fixed, 2= stem loose but good bone stock, 3=poor surrounding bone stock).
Vancouver C: Located distal to the tip of the stem.

Figure 2. Vancouver AL fracture. Postoperative X-ray after cerclage treatment.

Figure 3. Vancouver B1 fracture. Postoperative X-ray after plate osteosynthesis.

Figure 4. Vancouver B2 fracture. Postoperative X-ray after revision of the hip prothesis and osteosynthesis with a plate.
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Figure 5. Vancouver B3 fracture. Postoperative X-ray after revision of the prosthesis and cerclages.

postero-lateral approach was used for Vancouver A and B frac-
tures, and for Vancouver C fractures we used a lateral approach
(sub-vastus). We didn’t use tranexamic acid (systemic bolus and/
or local application) in any of our cases. Surgical treatment was
delayed in most cases.

Anticoagulation

All patients received chemical deep venous thrombosis prophy-
laxis (enoxaparin or heparin - depending on renal function). To
improve blood management, patients were prepared according to
their anticoagulation. We respected the French national sanitary
authority (HAS) recommendations for pre-operative management
of anticoagulants. For patient without anticoagulation, preventive
thromboprophylaxis therapy was prescribed until the day before
surgery. For those with Vitamin K antagonist therapy, a switch
to curative heparin therapy was prescribed, and the surgery was
performed when the INR reached < 1.5. For patients with new
oral anticoagulant therapy, we respected the duration of suspen-
sion necessary for the normalization of coagulation parameters in
accordance with the recommendations of the HAS.

Assessment of blood loss

Haemoglobin and haematocrit levels were measured on admis-
sion and on the post-operation day, using a blood test. No patients
were transfused intraoperatively or benefited from the Cell Saver
blood recapture technique. To be able to perform this study, a
literature review was carried out to identify the different formulas
proposed. Of these, the authors agreed to select those that seem
to be used most frequently. We used three different ways to esti-
mate blood loss (EBL) based on haematocrit and haemoglobin.

The blood volume (BV) was estimated using Nadler’s formula
[14]. To evaluate the haematocrit, we used 2 methods: Mercuriali’s
formula [15] and Ward’s formula [16]. To evaluate the haemoglo-
bin, we used Meunier’s formula [17].

Transfusion data

The guideline transfusion protocol for patients was in accord-
ance with recommendations of HAS. The following transfusion
thresholds of haemoglobin during the perioperative period are
recommended: less than 7g/dl for people with no specific ante-
cedents, less than 8-9¢/dl in people with a history of cardiovas-
cular disease and less than 10g/dl in people who do not clinically

tolerate lower haemoglobin concentrations, or who have acute
coronary insufficiency, or proven heart failure. Information con-
cerning transfusion was collected in blood transfusion records.
For each of these blood treatments, total RBC concentrates were
recorded.

Follow up

All patients were followed from admission to the time of dis-
charge from orthopaedic care and were reviewed regularly in out-
patient consultation with a 2-year follow-up.

Statistics

The populations and assessment of bleeding were compared us-
ing Student’s t-test. Statistical significance was defined as a P value
< 0.05.

Ethical Consideration

The study was approved by the Clinical Research Ethics Commit-
tee of our hospital.

Results
Blood loss

Following the Mercurial formula, the mean Estimated Red Blood
Cell (RBC) loss (ml of RBC) was 582.19 (SD 324.76) and the per-
centage 38.76 (SD 23.14). The mean Blood Volume Loss (BVL)
calculated with Ward’s formula was 1149.31 ml (SD 551.34). Us-
ing Meunier’s calculation, based on haemoglobin, we found an
estimated blood loss average of 1199.35 ml (SD 778.31).

When patients were analysed according to fracture type, we
found a significant difference with regard to estimated RBC Loss
andBVL according to Ward and Meunier’s formulas (p <0.05).
Blood loss was highest when treating Vancouver B3 fractures,
with an estimated Red Blood Cells (RBC) loss of 850.55 ml and
Blood Volume Loss (BVL) of 1695.90 ml according to Ward and
1781.02 ml with Meunier’s formula. It was lowest when treating
Vancouver A fractures, with an estimated RBC loss of 114.42 ml
and BVL of 381.06 ml according to Ward and 423.77 ml with Me-
unier’s formula. Between these two extremes, bleeding was more
intense in case of C fractures, then B2 and finally B1. In Vancou-
ver C fractures, RBC loss was 730.88 ml and BVL was 1400.00 ml
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(Ward) or 1366.98 ml (Meunier). For Vancouver B2s, RBC loss
was 611.47 ml and BVL was 1101.55 ml (Ward) or 1155.50 ml
(Meunier). Finally, for Vancouver Bls, RBC loss was 460.32 ml
and BVL was 990.00 ml (Ward) or 1047.42 ml (Meunier).

Blood loss management methods

The rate of postoperative transfusions was significantly high in
PPHF (87.5%). Postoperative transfusions were systematic in
Vancouver B2, B3 and C fractures compared with Vancouver
A (42.9%) and B1 (76.7%) fractures (P<0.05). 77 patients were
transfused, with each transfused patient receiving an average of
3.18 Units of blood concentrates.

The number of RBC concentrates transfused was statistically dif-
ferent between each different fracture pattern (P<0.05) in agree-
ment with BVL. Our analysis shows high values without being
statistically significant in anticoagulated patients (P>0.05).

Discussion

PPHFs and their surgical treatment lead to significant blood loss
[5, 6]. Marked blood loss leads to higher rates of transfusion,
which may negatively affect surgical outcomes and yield greater
complication rates [20]. The blood loss and transfusion rate are
different between each type of fracture.

Our study is the first to evaluate blood loss and transfusion rates
and conclude that these parameters are related to fracture type-
and treatment. Therefore, we cannot compare our results to the
previously-published data. As blood loss is different according to
treatment strategy for PPHPs, it is important that the surgeon
warn the anesthesiologist about the surgical procedure, to prevent
this complication. Logically, Vancouver A fractures have a low
bleeding volume; while conversely, Vancouver B3 fractures have
the highest bleeding volume, and their coverage must be differ-
ent. Precautions should therefore be considered pre-operatively
to minimise the pejorative effect of postoperative anaemia ac-
cording to the type of fracture.

The validity of the calculated blood loss depends upon the ac-
curacy of the value of haemoglobin at admission time, final hae-
moglobin values and estimated blood volume [19, 20]. The use of
formulas that consider anthropometric and laboratory parameters
may be valid for assessment of blood loss [21]. All these variables
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were calculated. However, evaluation of bleeding is underesti-
mated due to haemodilution. Meunier et al’s study [17] shows that
blood loss is underestimated by more than 30% following moder-
ate blood loss of approximately 10% of the total blood volume.

Anaemia is a pejorative factor for mortality and morbidity in
PPHF populations in previous studies [22-24|. Currently, many
studies are attempting to evaluate different pre-operative blood
management programs to reduce postoperative anaemia [25]. A
literature review on different therapeutics shows the benefit ef-
fect of Tranexamic acid (TXA) and diluted epinephrine (DEP)
[26-28]. In their study, Zhang et al., [29], suggest that for patients
receiving multiple boluses of intravenous TXA combined with
topical TXA, erythropoietin, and iron supplements it can reduce
the calculated TBL, Hb drop, transfusion rate, and postoperative
morbidity and mortality. The use of intraoperative cell salvage
[30] and autologous blood transfusion has proved to be safe and
effective, with strong evidence shown in orthopaedic surgery.
These results suggest that, with eldetly patients, we should be able
to improve haemoglobin levels and initiate measures to prevent
blood loss [31, 32].

The influence of the surgeon’s experience is difficult to analyse.
In our study, 83.6 % of patients were operated on by a junior
surgeon, performing the same treatment for these fractures (Sut-
gical Indication, Surgical Implant). The low values of the standard
deviation among operating times in each type of fracture, suggest
that in our studies, experience does not influence the bleeding;
Operating time appears to be correlated with the extent of bleed-
ing. In fact, treatment of fractures with the highest blood loss
values corresponds to those with the longest operating times.

Intraoperative blood loss and transfusion rates tend to be higher
in anticoagulated patients without being statistically significant
(P>0.05). This may be due to the fact that fracture bleeding is
higher in these patients.

Survival analysis is described in graph 1. This graph shows, for
each fracture, that the rate of mortality is highest at 1 month and
1 year for fractures with the greatest blood loss. After one year,
the slope of survival analysis looks identical. This observation
suggests that bleeding after a fracture no longer affects survival
beyond one year. The mortality rate after PPHF is 9% at 1 month,
28% at 1 year and 51% at the end of the study, respectively.

Graph 1. Survival Analysis.
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Our findings must be interpreted in light of the study’s limita-
tions, given its prospective design at a single centre institution.
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