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Abstract Objective To identify the predictive factors for the need for transfusion during and
after surgery to treat hip fractures in the elderly and to evaluate a protocol to guide the
request for blood reserves for surgery.
Methods The medical records of 172 elderly patients undergoing surgical treatment
for proximal femoral fractures were collected. Data on sex, age, preoperative hemo-
globin level, diagnosis, and type of surgery were tested for correlation with blood
transfusion. In our sample, we determined the number of units of packed red blood
cells reserved, the transfusion rate, and the cross-test:transfusion ratio. We made the
same calculations in a hypothetical situation in which the request for blood reserves for
our sample followed the criteria of a defined protocol.
Results We found a correlation between the American Society of Anesthesiologists
(ASA) classification and the occurrence of transfusions, and an inverse correlation
between the hemoglobin level on admission and the number of bags transfused. A
reserve of 328 units of packed red blood cells was requested for 167 surgeries. Had the
proposed protocol been applied, 72 units would have been requested for 61 surgeries.
Conclusion We found a correlation regarding the variables ASA classification and
preoperative hemoglobin level and the occurrence of transfusion. Applying a proposed
protocol to decide between requesting a reserve and only typing for elderly individuals
undergoing surgical treatment for hip fracture proved suitable to reduce the number of
packed red blood cell reserves.
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Introduction

Hip fractures in the elderly are a public health problem
worldwide. As well as being associated with high morbidity
and mortality rates, they have a significant financial impact
on health systems.1

Various factors that influence the evolution of these
patients are studied, including the importance of multidis-
ciplinary care,2 the time elapsed between hospitalization
and surgery,3 the problemof previous use of anticoagulants,4

the types of implants used5 etc. Among these issues, the
management of the use of blood products to treat pre- and
postoperative anemia is relevant. Blood transfusion is part of
the therapeutic arsenal in the clinical care of elderly individ-
uals with hip fractures. Still, it is a procedure associatedwith
risks such as increased rates of postoperative infection6 and
increases in the cost of treatment.

The criteria to indicate transfusion of packed red blood
cells in elderly patients undergoing surgical treatment for hip
fractures are still poorly defined. There are liberal protocols
that indicate transfusion when hemoglobin levels fall below
10 g/dL, and restrictive protocols that do not indicate trans-
fusion unless the hemoglobin level falls below 8g/dL or the
patient has symptoms related to anemia. There is evidence
that liberal protocols do not present advantages in terms of
mortality, functional recovery, and complications compared
to restrictive protocols, indicating that the restrictive proto-
col may be considered the better option.7

Two other critical questions are in which situations and
how many units of packed red blood cells should be
requested for patients undergoing surgery. Requesting a

reserve of packed red blood cells involves the performance
of three procedures by the blood bank: ABO and Rh typing,
irregular antibody screening (IAS), and crossmatch tests
between donor and recipient samples.8,9 Therefore, each
blood bag reserve requested represents a financial impact
and generates a workload for the blood bank.

Not all patients undergoing surgical treatment for hip
fractures need to receive blood component transfusions;
some studies mention an incidence of around 30% to
40%.7,10–12 Therefore, knowing the predictive factors regard-
ing the need for transfusion of packed red blood cells can
guide the request for blood before surgery. For patients at low
risk of transfusion during and after surgery, requesting only
the typing without requesting a reserve would represent a
significant advance in managing scarce resources such as
blood products.

The present study aimed to identify predictors of the need
for transfusion during and after surgery to treat hip fractures
in the elderly and to evaluate a protocol to guide the request
for blood reserves for surgery.

Materials and and Methods

Ethical procedures
The institutional Ethics in ResearchCommittee approved this
project under CAAE number 70915423.1.0000.0099.

Design and Study Population
For data collection, this retrospective cohort was developed
using the electronic medical records of patients older than
60 years of age who underwent surgical treatment for

Resumo Objetivo Identificar os fatores preditivos da necessidade de transfusão durante e após
a cirurgia para o tratamento de fratura do quadril em idosos e avaliar um protocolo para
orientar a solicitação de reserva de sangue para a cirurgia.
Métodos Foram levantados os prontuários de 172 pacientes idosos submetidos a
tratamento cirúrgico de fratura proximal do fêmur. Os dados relativos a sexo, idade,
nível pré-operatório de hemoglobina, diagnóstico e tipo de cirurgia foram testados
para a verificar a existência de correlação com a transfusão sanguínea. Determinamos o
número de unidades reservadas de concentrado de hemácias, o índice de transfusão e a
razão prova cruzada:transfusão em nossa casuística, e fizemos os mesmos cálculos em
uma situação hipotética em que a solicitação de reserva de sangue para a nossa
amostra seguisse os critérios de um protocolo definido.
Resultados Encontramos correlação entre a classificação da American Society of
Anesthesiologists (ASA) e a ocorrência de transfusão, e correlação inversa entre o nível
de hemoglobina de entrada e o número de bolsas transfundidas. Foi solicitada reserva
de 328 unidades de concentrado de hemácias para 167 cirurgias. Caso se tivesse
aplicado o protocolo proposto, teriam sido solicitadas 72 unidades para 61 cirurgias.
Conclusão Encontramos correlação entre as variáveis classificação da ASA e nível pré-
operatório de hemoglobina e a ocorrência de transfusão. A aplicação de um protocolo
proposto para decidir entre a solicitação de reserva e apenas a tipagem para indivíduos
idosos que serão submetidos a tratamento cirúrgico de fratura do quadril mostrou-se
adequada para diminuir o número de reservas de concentrado de hemácias.
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proximal femoral fractures at our institution between
January 1st and December 31st, 2021. Our institution’s
Hematology Institute provided the information regarding
request and use. Patients with high-energy trauma fractures
and those undergoing percutaneous fixation with cannu-
lated screws were excluded.

Data collection
Data on sex, age, preoperative hemoglobin level, diagnosis,
and type of surgery were tested for correlation with blood
transfusion.

The transfusion index (TI) and the crossmatch test:transfu-
sion ratio (C:T) were calculated.13,14 The TI measures the
average number of blood units used per procedure, and values
lower than 0.5 indicate that the routine request for blood
reserves is not necessary for the procedure. The C:T is the ratio
between the number of bloodunits requested and the number
of units transfused, and it measures the efficiency of blood
requests. Values above 2.5 indicate excessive requests.13

Based on these criteria, Khan et al.14 proposed a protocol
to request blood for the surgical treatment of hip fractures
(►Table 1). We included the data obtained in our sample in
this protocol to verify its applicability in our casuistry by
evaluating the results obtained for the C:T, the number of
transfusions carried out without requesting a reserve, and
the IT for each hemoglobin level interval in the protocol.

Statistical Analysis
For the statistical analysis, we used the PASW Statistics for
Windows (SPSS Inc., Chicago, IL, United States), version 18.0,
with a 95% confidence interval and 5% significance level
(p<0.05) for the tests applied. The Shapiro-Wilk test was
used to verify the normality of the data, and the paired
Student t-test was used to compare the pre- and postopera-
tive hemoglobin values in the two fracture groups (pertro-
chanteric and femoral neck).

Results

Datawas collected from 172medical records of patients who
met the study requirements (►Table 1). Our sample con-
sisted of 118 female and 54male patients, with amean age of
80.2 years. The diagnosis was of pertrochanteric fracture in
100 cases and of femoral neck fracture in 72.

The mean preoperative hemoglobin level was of
11.44 g/dL; postoperatively. it was of 9.9 g/dL. The preopera-

tive hemoglobin levels were of 11.0 g/dL and 11.7 g/dL re-
spectively for pertrochanteric and femoral neck fractures. In
the classification of the American Society of Anesthesiolo-
gists (ASA), 3 patients were classified as ASA 1, 128, as ASA 2,
38, as ASA 3, and 3, as ASA 4. After surgery, the averagewas of
8.9 for pertrochanteric and 9.2 for femoral neck fractures.
Although a reduction in the patients’ hemoglobin was ob-
served postoperatively (paired t-test; p¼0.0001), therewere
no statistical differences between the fracture groups (un-
paired t-test; p¼0.17, ►Fig. 1).

Of those diagnosed with a pertrochanteric fracture, 35
(35%) received a transfusion, and of those diagnosed with a
femoral neck fracture, 29 (27.8%) received a transfusion of one
ormore units of packed red blood cells. This differencewas not
statistically significant (Chi-squared test; p¼0.32;►Table 2).

Areserveof328unitsofpackedredbloodcellswasrequested
for 167 surgeries, representing 97% of the cases, and 112 units
were transfused in 55patients, or 31.9% of the cases. The ITwas
calculated at 0.65. The C:Twas of 2.9 (►Table 3).

There was a correlation between the anesthetic risk classi-
fication (ASA) and the number of transfused bags, according to
the Pearson correlation (r¼0.23; p¼0.003; ►Fig. 2). There
was also an inverse correlation between the preoperative
hemoglobin level and the number of bags transfused (Pearson
correlation: r¼- 0.43; p¼0.001; ►Fig. 3).

Discussion

In line with other studies, the ASA classification and the
preoperative hemoglobin level were predictive factors of
blood transfusion, since the groups were matched regarding
anthropometric characteristics.

The average hemoglobin level on admission was of
11.44 g/dL, and 61 patients (32.4%) had less than 11 g/dL
on admission, which characterized a large proportion of

Fig. 1 Hemoglobin variation (g/dL) in the different surgical groups.

Table 1 Blood request protocol for hip fracture surgeries
proposed by Khan et al.14

Hemoglobin level (g/dL) Blood requests

� 11 Typing

9.0–10.9 Reservation of 1 unit

8.0–8.9 Reservation of 3 units

7.0–7.9 Reservation of 4 units

� 6.9 Clinical assessment
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patients who had already been admitted with anemia. We
must consider the possibility that this is related to the fact that
most of the patients are elderly individuals living in low-
income families, and that factors related to the food security
of these patients may be present. The average drop in hemo-
globin after surgery was of 1.54g/dL; there was no difference
in hemoglobin results between patients with a pertrochan-
teric fracture and those with a femoral neck fracture.

The observed TI of 0.65 indicates that the surgical treat-
ment of these fractures requires requesting a reserve of
packed red blood cells. Still, the C:T of 2.9 indicates that
the practice of routinely requesting blood reserves for all
patients who will undergo hip fracture surgery has proved

inefficient, and that it is necessary to adopt some criteria for
the best use of these resources.

Khan et al.14 proposed a protocol to request blood for the
surgical treatment of hip fractures (►Table 1). In a simulation
inwhichwe used these criteria for our sample (►Table 2), we
obtained a C:Tof 0.64, which would indicate efficiency in the
reserve request. We also observed that if this protocol had
been used, analyzing only individuals with a hemoglobin
level greater than or equal to 11, wewould have obtained a TI
of 0.30. According to these same authors,14 surgeries with a
TI lower than 0.5 do not require a request for a packed red
blood cell reserve, thus reducing the fear of not requesting a
blood reserve for this group of patients.

Fig. 2 Correlation between preoperative hemoglobin levels (g/dL)
and the number of bags transfused.

Fig. 3 Correlation between anesthetic risk classification (ASA) and
the number of bags transfused.

Table 2 Comparison of transfusion requirement data in the different surgical groups

Surgical groups Transfusion

No Yes

Pertrochanteric fracture 65 35 100

65.0% 35.0% 100.0%

Femoral neck fracture 52 20 72

72.2% 27.8% 100.0%

Total 117 55 172

68.0% 32.0% 100.0%

Notes: Chi-squared test¼ 1.00; p¼ 0.32.

Table 3 Comparison of the units of packed red blood cells reserved and the units that would be reserved using the proposed
protocol

Hemoglobin level
(g/dL)

n Number of units
transfused

Number of
units reserved

Number of units reserved
according to the protocol

�11 111 34 219 0

9–10.9 49 55 88 49

8–8.9 7 12 12 14

7– 7.9 3 7 5 9

�6.9 2 4 4 0

Total 172 112 328 72
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The limitation of the present study is that it is a retro-
spective cohort study from a single hospital. Its primary
clinical implication is to demonstrate that requesting packed
red blood cells indiscriminately for all patients with hip
fractures is unjustified, and that adopting the proposed
protocol can safely save resources.

In addition to the financial impact, the request for blood
reserves without criteria creates an operational burden. The
crossmatch test and IAS take up around 40minutes of the
blood bank’s time.

Conclusion

We found a correlation between the ASA classification and
transfusion. Applying a proposed protocol to decide between
requesting a reserve and just typing for these patients proved
suitable for our casuistry.
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