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Abstract
Purpose The need for perioperative blood management
measures aimed at improving patient outcomes and reduc-
ing allogenic blood transfusion (ABT) is increasingly rec-
ognised. Our study aim is to create an algorithm to predict
and manage the need for blood transfusion in patients with
hip fractures.
Methods We retrospectively assessed 1,484 patients with
hip fractures and analysed the probability of receiving an
ABT within 72 hours of admission. Univariate, multiple
logistic regression analysis and a probability algorithm for
predicting the need for blood transfusion on the basis of
independent multivariate predictors were used.
Results Significant predictors for ABT were: older age;
lower haemoglobin on admission; female gender; type of
surgical implant (cephalomedullary nail and dynamic hip
screw more than hemiarthroplasty); and a shorter wait time
from admission to surgery. A regression model algorithm
correctly predicted the need for an ABT in 73 % of the
cases.
Conclusion An algorithm and a simple clinical tool were
devised to predict and manage the need for a blood transfu-
sion within 72 hours of admission in patients with hip
fractures.

Introduction

Hip fractures rate first among all orthopaedic procedures in
terms of use of hospital resources, due to adverse events and
excess hospital day stay [1]. The need for perioperative
patient blood management measures aimed at improving
patient outcomes and reducing allogenic blood transfusion
(ABT) is increasingly recognised [2]. Studies suggest we are
over cross-matching and over transfusing patients, and
evidence-based medicine supports the adoption of restrictive
transfusion policies [3–6]. Indeed, restrictive policies have
been shown not to negatively influence morbidity, mortality
or functional outcomes in patients with hip fractures [5–7].
Moreover, over transfusion influences patient health and has
economic implications. Allogenic blood transfusion is a
known risk factor for immunosupression and increases the
risk of infection [8].

The purpose of this study was to assess the epidemiolog-
ical characteristics of patients requiring allogenic blood
transfusion admitted to hospital with a hip fracture. Using
this data, an algorithm was built to predict the need for
transfusion according to current hospital current transfusion
guidelines. A train test statistical model was used to validate
the algorithm. The study hypothesis was that we would be
able to predict which patients admitted with a hip fracture
would not need a blood transfusion in 70 % of the cases. By
better managing this process, patients may receive optimal
care without straining hospital resources, thus reducing the
cost of care [9].

Materials and methods

This retrospective, single level I (1,400 bed) institution,
database study was based on data gathered from the hospital
electronic medical record (EMR) system and the blood bank
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database. One thousand four hundred eighty four patients
admitted with a hip fracture that underwent surgical treatment
between 2007 and 2010 were included. The average age was
82 years (SD 10.3). There were 1,024 females (69 %) and 460
males (31 %); only 40 (2 %) were younger than 55 years. The
study excluded patients with non-displaced intracapsular frac-
tures that were treated nonoperatively or with cannulated
screws, and non-ambulatory, nursing home, demented
patients that were treated nonoperatively. Risk factors for an
ABT that were assessed included patient demographics (age,
gender), fracture type, time from admission to surgery, labo-
ratory values (haemoglobin [Hb], mean corpuscular volume
[MCV], international normalised ratio [INR], creatinine),
medications (aspirin, clopidogrel, proton pump inhibitors,
diabetes medication, statins), and surgical details (procedure
type, length of procedure).

Monitoring Hb and transfusion protocol

On admission to hospital, all patients had a full blood count
(CBC), two samples of blood were taken for ABO Rh group
type, antibody screen and two units of packed red blood
cells (RBC) were cross-matched and ordered. Mean haemo-
globin on admission for males was 12.7 g/dl (SD 1.8), 51 %
of those were anaemic (Hb <13 g/dl), and microcytic anae-
mia was prevalent in four percent of male anaemic patients.
Mean haemoglobin for females was 12.1 g/dl (SD 1.5),
42 % of the females were anaemic (Hb <12 g/dl), and
microcytic anaemia was prevalent in ten percent of those
anaemic patients. Two units of packed RBC were cross-
matched for all hip fractures. An additional cross-match
was carried out after 72 hours and 48 hours thereafter as
needed, as blood bank safety regulations cause the previous
sample to expire. A full blood count was taken on post-op
days one and three, when patients presented signs of symp-
tomatic anaemia (tachycardia, weakness, palpitations) and
after blood transfusion.

Our institute currently adheres to the liberal blood transfu-
sion approach. According to our transfusion protocol, patients
were transfused to a haemoglobin of 10 g/dl pre-op. Patients
were transfused post-operatively when their haemoglobin
dropped below 8 g/dl. This “transfusion trigger” was raised
to 10 g/dl in clinically symptomatic patients (extreme weak-
ness, chest pain, extreme paleness or major bleeding); if vital
signs were abnormal (tachycardica, heart rate [HR] >100, and
low blood pressures, systolic blood pressure [SBP] <90); and
in those with a history of heart disease (coronary, valvular, and
arrhythmia) or cerebrovascular disease.

Surgical procedure

Five hundred and seventy nine patients underwent hemiar-
throplasty, 730 patients underwent a dynamic hip screw

fixation and 175 had a cephalomedullary nail inserted.
Patients with an intracapsular fracture were treated with a
hemiarthroplasty, most commonly an uncemented bipolar
(428 patients, 29 %) (Taperloc, Biomet, Warsaw, USA) or a
cemented Thompson prosthesis (151 patients, 10 %) (Biomet,
Bridgend, South Wales, UK). Pertrochanteric fractures were
treated with a dynamic hip screw plate (49 %). Subtrochan-
teric and reverse oblique fractures were fixed with a cepha-
lomedullary nail, (12 %) (Gamma nail, Stryker, MI,USA;
Fixion nail, CarboFix, IL). Preoperatively, patients were given
low-dose (40 mg) enoxaparine until 12 hours before surgery.
Postoperatively, enoxaparin (40 mg) was given once daily for
30 days.

Statistical analysis was conducted with SAS for windows
version 9.2. Univariate analysis was used to compare the
group which received an ABT within 72 hours and the
group that did not with respect to 14 variables.

Continuous variables that follow a normal distribution
were analysed using a two-sample Student t test, and vari-
ables that did not follow the normal distribution were ana-
lysed using the Wilcoxson two sample test. The Pearson chi-
square test was used to compare the groups with respect to
categorical variables.

A Multivariate logistic regression was applied to identify
the significant independent predictors for blood transfusion.
The full regression model included 13 risk factor candidates.
Model selection methods such as backward elimination
were used in order to identify important factors from the
12 explanatory variables. The final parsimonious model
included five risk factors that have a statistical significant
effect on receiving blood transfusion.

In addition, the train/test method was employed. The data
set was randomly split into two sets: training set and test set
(70 % and 30 % respectively). The final five risk factors
predictive model was applied to the training set and the
quality of the predictions was assessed by the root mean
squared error (RMSE) of the test set.

Results

One thousand four hundred and eighty four patients with hip
fractures were treated, and 581 patients (39 %) received an
ABT within the first 72 hours from admission, which is the
expiry time of the cross-match sample taken on admission. An
additional 301 patients (20 %) who were treated with an ABT
during their admission needed a new cross-match blood sam-
ple before transfusion (Table 1). The 30-daymortality rate was
5 % and the 90-day mortality was 9.8 %. In the perioperative
period (ten days from admission) 604 patients (41 %) did not
receive an allogenic blood transfusion (ABT), 402 (27 %)
received one ABT, 314 (21 %) patients received two units,
164 (11 %) were treated with more than two units.
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Risk factors for ABT within 72 hours from admission
were assessed with univariate analysis (Table 2). Significant
risk factors (p<0.001) were age (83.4±9.3 years vs. 80.6±
10.6 years), haemoglobin at admission (11.39±1.57 g/dl
compared with 12.83±1.4 g/dl), INR at admission (1.08±
0.37 compared with 1.15±0.52), female gender, type of
surgical implant (cephalomedullary nail and dynamic hip
screw), a shorter wait time from admission to surgery (40
±34.9 hours compared with 68±76.7 hours). Similar same
risk factors were significant on univariate analysis for ABT
within ten days from admission (Table 3). Additional anal-
ysis demonstrated that higher presurgical haemoglobin level
was associated with better patients’ survival. Haemoglobin
level was not associated with post-operative complications,
such as infections, cardiac, thromboembolic or cerebrovas-
cular events (see Table 5 and Fig. 4 in the appendix).

Multivariate logistic regression was performed using var-
iables available to the physician when admitting a patient
with a hip fracture, in order to simulate a decision analysis
situation. Five out of 13 independent variables were found
to have a statistically significant effect on the rate of blood
transfusion within 72 hours: gender, haemoglobin at admis-
sion, INR at admission, age and type of surgery. Regression
coefficients, likelihood ratios, p values, adjusted odds ratios,
and 95 % confidence intervals were determined (Table 4).
The odds of a patient to receive an ABT within 72 hours
were five times greater if the expected surgery was cepha-
lomedullary nail compared to hemiarthroplasty. With regard
to age, each year increased the risk to receive an ABT by
one percent. With regard to haemoglobin at admission, each

Table 1 General characteristics of 1,484 patients with hip fracture
treated between 2007 and 2010

Patient characteristics Means (SD)

Age (years) 81.76 (10.27)

Gender (female/male) 69 %/31 %

Surgery time (minutes) 107.4 (30)

Time from admission to surgery (hours) 57.42 (65.3)

Haemoglobin at admission (g/dL) 12.27 (1.64)

MCV at admission (fl) 88.99 (5.86)

Creatinine at admission (mg/dL) 1.22 (0.58)

INR at admission 1.13 (0.47)

Use of statins 490 (33 %)

Use of diabetes mellitus drugs 208 (14 %)

Use of aspirin 312 (21 %)

Use of clopidogral 74 (5 %)

Type of implant Hemiarthroplasty 579 (39 %)

Cephalomedullary nail 175 (12 %)

Dynamic hip screw 730 (49 %)

Packed Cells issued
within 72 hours of
admission

581 (39 %)

Packed Cells issued
intra-operatively

126 (8.4 %)

Packed Cells issued
within 10 days of
admission

880 (59 %)

MCV mean corpuscular volume, INR international normalised ratio

The values are given as the mean and the standard deviation for
continuous variables and as the number of patients, with the percentage
in parentheses, for categorical variables

Table 2 Univariate analysis of
risk factors for allogenic blood
transfusion (ABT) within
72 hours from admission in
1,484 patients with hip fractures

MCV mean corpuscular volume,
INR international normalised ratio

*Two sample t-test

¥Two sample wilcoxon test

§Chi-square test

The values are given as the mean
and the standard deviation for
continuous variables and as the
number of patients, with the per-
centage in parentheses, for cate-
gorical variables

Variable No ABT within 72 hours ABTwithin 72 hours P value

Age at Admission (years) 80.6 (10.6) 83.4 (9.3) < 0.001*

Gender (Female/Male) 64 %/36 % 78 %/22 % < 0.001§

Surgery time (minutes) 102 (24) 108 (34) < 0.001*

Time admission to surgery (hours) 68.91 (76.78) 39.55 (34.9)

Log 3.8 (0.86) 3.4 (0.71) < 0.001*

Haemoglobin at admission (g/dL) 12.83 (1.4) 11.39 (1.57) < 0.001*

MCV at admission (fl) 82.22 (5.4) 88.62 (6.37) 0.06*

Creatinine at admission (mg/dL) 1.21 (0.6) 1.25 (0.56)

Log 0.12 (0.32) 0.15 (0.33) 0.06*

INR at admission 1.15 (0.52) 1.08 (0.37) 0.04¥

Type of implant Hemiarthroplasty 48 % 24.6 % < 0.001§

Cephalomedullary
nail

7.3 % 18.7 %

Dynamic hip screw 44.4 % 56.6 %

Statins used (%) 34 % 31 % 0.32§

Proton pump inhibitors used (%) 38 % 35 % 0.23§

Diabetes mellitus drugs used (%) 14 % 14 % 0.69§

Aspirin used (%) 22 % 20 % 0.27§

Clopidogral used (%) 5 % 5 % 0.99§
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increase of 1 g/dl of haemoglobin decreased the risk of
transfusion by 47 % (Table 4).

A train-test model was used to assess the predictive
performance of the multivariate logistic regression model.
Patients were randomly assigned to either the train group
(70 % of patients) or the test group (30 %). A regression
model based on the five significant risk factors was applied
to the training set. After applying the train model to the test
set, the misclassification rate was 27 %, meaning the model
correctly predicted 73 % of the cases (Table 4).

A receiver operating characteristic (ROC) curve analysis
was used to evaluate the predictive performance of the
logistic regression model and its ability to predict ABT
transfusion within 72 hours (Fig. 1). The area under the
curve (79 %) demonstrated good diagnostic performance.
A predicted probability P(ABT72h) =0.42 was selected as
an optimal cut-off point that best differentiates between
patients who should receive ABT transfusion within
72 hours and those who should not. This cut-off point has
the highest sensitivity and specificity rates; it has a false-
negative rate of 21 % (i.e. the number of cases where blood
was not given but the model predicted that blood is needed,
n=302) and a false positive rate of 33.8 % (i.e. the number
of cases where blood was given but the model predicted that
blood should not be given, n=486).

A simple clinical tool was devised to help the physician
decide whether or not to order blood cross-match upon admis-
sion of a patient with a hip fracture (Fig. 2). The tool is based
on four variables: gender, age, type of surgery and haemoglo-
bin level (GASH score). Age is divided into four age groups
(−70, 70–80, 80–90, 90+);, for each type of surgery, we deter-
mined the best haemoglobin cut-off point in terms of sensitivity
and specificity that will predict the future need of a patient for
an ABT within 72 hours. Based on ROC curves, 23 cut-off
haemoglobin levels for the different groups were charted.

Discussion

The purpose of this study was to define a method that would
predict the need for an allogenic blood transfusion (ABT) in

Table 3 Univariate analysis of
risk factors for allogenic blood
transfusion (ABT) within
10 days from admission in 1,484
patients with hip fractures

MCV mean corpuscular volume,
INR international normalised
ratio

*Two sample t-test

¥Two sample wilcoxon test

§Chi-square test

The values are given as the mean
and the standard deviation for
continuous variables and as the
number of patients, with the per-
centage in parentheses, for cate-
gorical variables

Variable No ABT within 10 days ABT within 10 days P value

Age at Admission (years) 79.42 (11.4) 83.36 (9.04) <0.001**

Gender (Female/Male) 59 %/41 % 77 %/23 % <0.001§

Surgery time (minutes) 103.2 (25) 109.8 (33) <0.001*

Time admission to surgery (hours) 62.15 (77.65) 54.17 (55.12)

Log 3.74 (0.86) 3.65 (0.81) 0.038*

Haemoglobin at admission (g/dL) 13.17 (1.33) 11.64 (1.52) <0.001*

MCV at admission (fl) 89.13 (5.2) 88.88 (6.2) 0.4*

Creatinine at admission (mg/dL) 1.19 (0.64) 1.25 (0.54)

Log 0.1 (0.32) 0.15 (0.33) 0.0026*

INR at admission 1.11 (0.47) 1.14 (0.48) 0.52¥

Type of implant Hemiarthroplasty 20.82 % 18.19 % <0.001§

Cephalomedullary nail 2.7 % 9.1 %

Dynamic hip screw 17.18 % 32.01 %

Statins used (%) 13.61 % 19.74 % 0.95§

Proton pump inhibitors used (%) 14.62 % 22.51 % 0.42§

Diabetes mellitus drugs used (%) 5.46 % 8.89 % 0.39§

Aspirin used (%) 8.63 % 12.8 % 0.85§

Clopidogral used (%) 1.62 % 3.37 % 0.13§

Fig. 1 A receiver operating characteristic (ROC) curve analysis was
used to evaluate the predictive performance of logistic regression
model to predict allogenic blood transfusion (ABT) transfusion within
72 hours. The area under the curve (79 %) demonstrated good diag-
nostic performance
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a patient admitted with a hip fracture. The importance is that
this ability to predict is a first step in the management of
blood transfusion in hip fracture patients [10]. Managing
these transfusions has direct implications for the patients
who do not always benefit from a transfusion, and has
economic implications on the institutional blood bank [7].
This study focused on predictors of transfusion and algo-
rithms that predict the need for such transfusion based on the
available institutional data and its transfusion protocol. Our
30-day mortality rate was 5 % and the 90-day mortality was
9.8 % is in-line with other published survival rates [9, 11].

Clinical applications of this study include the ability to use
the algorithm in a hospital computer system that monitors and

gives recommendations regarding the need to order and cross-
match blood for patients admitted with a hip fracture or as part
of a simple medical calculator (Fig. 3). A second more prac-
tical application for the admitting physician is the GASH
score (Fig. 2), which defines cutoff values for ordering a
cross-match and antibody screen. At haemoglobin levels be-
low these values, the model predicts the need for ABT and
cross-match and units should therefore be ordered. Above
these cut-off values, the model predicts that patients will most
probably not need an ABT, and should therefore only have an
ABO Rh type and antibody screen.

This study should be interpreted in the light of
its limitations. It is a retrospective study based on

Table 4 Results of the final logistic regression model for predicting allogenic blood transfusion (ABT) within 72 hours from admission in 1,484
patients with hip fractures

Multivariate Regression Odds 95 % Confidence Interval P value
Predictor Coefficient Ratio

Gender (Female) 0.4099 1.507 (1.140, 1.992) 0.0040

Age 0.0184 1.019 (1.005, 1.032) 0.0077

Cephalomedullary nail (Vs. Hemiarthroplasty) 1.6293 5.100 (3.379, 7.698) < .0001

Dynamic hip screw (Vs. Hemiarthroplasty) 0.7815 2.185 (1.672, 2.854) < .0001

Haemoglobin at admission −0.6213 0.537 (0.490, 0.589) < .0001

INR at admission −0.3720 0.689 (0.515, 0.922) 0.0122

INR international normalised ratio

Bold entries denote significant results at P value <0.05

Fig. 2 GASH score—A clinical
tool based on four variables of
patients with hip fractures: Gen-
der, Age, Type of Surgery and
Haemoglobin. The tool was de-
vised to predict the future need
of a patient for an allogenic
blood transfusion (ABT) within
72 hours
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prospectively collected database information. It adheres to
a standard institution blood transfusion protocol that
varies between institutions, which makes comparisons
between trials problematic. Most institutions use a trans-
fusion trigger haemoglobin of 8–9 g/dl in healthy
patients and 10 g/dl in patients with severe cardiac
disease [3, 5, 12]. Due to the large nature of this trial,
non-database information such as radiographs and patient
charts were not reviewed. Haemoglobin at admission was
used as the baseline value. Anaemia in males (Hb <
13 g/dl) was present in 51 % of these only 4 % was
microcytic (MCV <80). Anaemia in females (Hb <
12 g/dl) was prevalent in 42 %; of these, 10 % were
microcytic (MCV <80). Recent studies have suggested
that on admission, haemoglobin level is falsely reassuring
due to haemo-concentration, and perioperative crystalloid
fluid dilution could lead to a low postoperative haemo-
globin level [13]. The small percentage of patients with
microcytic anaemia may indicate that the initially low
haemoglobin was induced by bleeding from the fracture
and not by iron deficiency.

Provision of ABT is becoming increasingly expensive,
with a cost estimate of $500 for one unit of allogenic red
blood cells [14]. Cross-matching two units of blood for
patients with hip fractures, a common routine in many
hospitals, equates to a substantial financial burden for
hospitals. Due to the fatal risk involved in a mistake in
identification that leads to transfusion of the wrong ABT
to the wrong patient, many centres use a complicated
routine when drawing two separate blood samples for a
type and cross-match and for transfusing a patient with
ABT, requiring a physician to take an active part in all
steps of this process. For safety reasons, this cross-match
expires within 72 hours, necessitating an additional sam-
ple to be drawn. By focusing on surgical procedure
instead of ICD-9 diagnosis, the initial Hb drop takes into
account both the blood loss due to the fracture pattern
and the operative blood loss related to the surgical pro-
cedure [15]. This, we believe, is a more practical ap-
proach. The initial Haemoglobin drop by surgical
procedure was 2.87 g/dl (SD 1.37) in hemiarthroplasty,
2.8 g/dl (SD 1.63) in dynamic hip screw fixation and
3.3 g/dl (SD 1.69) in proximal femoral nails. In addition,
the procedure code is a billing code that is monitored
and audited, contrary to the diagnosis code (ICD-9),
which is not. Therefore, we feel there are fewer mistakes
in the procedure code. A review of 100 patient

radiographic charts was conducted and validated this. It
found 100 % of the procedure codes to be accurate.

A restrictive transfusion trigger haemoglobin of 7 g/dl
has recently been supported by a Cochrane database meta-
analysis study that showed no higher risk of mortality,
cardiac events, pulmonary oedema, cerebrovascular acci-
dent (CVA), thromboembolism, or mental confusion [3, 5].
In addition, the study showed fewer infections in the restric-
tive transfusion group. A recent study focused on high-risk
patients admitted with a hip fracture and a cardiovascular
disease. This randomised prospective study compared
two groups of patients; the first was kept at a post-
operative haemoglobin level of 10 g/dl and the second
at 8 g/dl. The study showed no difference with regard
to either survival or functional outcome at 60 days [6].

Our current cross-matching protocol is based on “a con-
servative” transfusion trigger haemoglobin of 9–10 g/dl.
The difference between the conservative and restrictive hae-
moglobin levels may be viewed as a safety buffer when
implementing this protocol.

The epidemiologic data and the ABT cross-matching
protocol is a large scale attempt to manage cross-matching
and transfusion in hip fracture patients. Studies have shown
that ABT are often transfused if ready, even if it is not
needed [16]. The next logical step is to change to a more
restrictive transfusion trigger protocol, thus decreasing the
number of ABT units used. This may benefit patient health
and decrease institutional burden. Since hip fracture patients
require urgent surgery, other measures of blood conserva-
tion, such as pre-donation and perioperative haemo-dilution,
are not applicable.

We believe that several measures are required in order to
significantly reduce blood transfusion and its associated
risks and costs. First, adhering to the restrictive blood trans-
fusion approach, proven safe on a large-scale clinical trial
[6]; second, cross-match and order blood units only to those
patients whose clinical characteristic make them more likely
to receive a transfusion during their hospital stay. Making
this paradigm shift requires more clinical trials to prove its
safety and financial value.

Conclusion

Blood resources are scarce, costly, and are associated with
risk. This study of 1,484 hip fracture patients treated at a
single level I 1,400 bed institution, presents large scale
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Fig. 3 A predictive formula based on the five significant risk factors model used to predict the need for an allogenic blood transfusion (ABT)
within 72 hours of admission in patients with hip fracture
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epidemiologic data of perioperative blood loss and transfu-
sion requirements. Using a “conservative” transfusion trig-
ger point, a blood cross-matching protocol is suggested.
Implementing such a protocol is the first step in managing
allogenic blood transfusion in this group of patients, thus
enabling a shift to a more restrictive transfusion trigger
protocol, which studies show is safe and beneficial to the
patient and the institution.
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