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Blood management in hip fractures; are we
leaving it too late? A retrospective
observational study
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Abstract

Background: Anaemia in hip fracture patients has been associated with increased risk of allogenic blood transfusion
(ABT), poorer functional outcomes and increased mortality. Few studies have reported the prevalence of anaemia on
admission or its progression prior to surgery in this cohort. We aimed to measure the prevalence of anaemia on
admission in older persons who sustain a hip fracture, identify if anaemia develops or progresses prior to surgery, and
to report associations with outcome.

Methods: A retrospective, observational study was undertaken in a regional hospital. All patients aged 60 and over,
admitted with a primary hip fracture resulting from a simple fall, in the 12months of 2014 were included. The World
Health Organization (WHO) definition of anaemia was used. Pathology databases and clinical records were reviewed
to collect data. Repeated measures ANOVA’s were used to quantify the progression of anaemia prior to surgery, and
Chi square test were used to report associations with outcome variables.

Results: Two hundred sixty-one patients were identified, median age was 81 years. There were twice as many females
as males and just over half the sample had extracapsular fractures. Anaemia was present on admission in 45% (n = 117),
highest incidence of anaemia occurred in males 52.0% (n = 39), extracapsular fractures 41.9% (n = 78) and those aged
over 80 years 49.7% (n = 91). Progression of anaemia prior to surgery was significant in all groups (p < 0.05), with the
greatest reduction seen in extracapsular fractures. Pre-surgery reduction in Hb was recorded in 82.3% of patients
between admission and day 1, and in 71.4% between admission and day 2. There was significant association between
anaemia on admission and PRBC transfusion (p < 0.05), in hospital mortality (p < 0.05) however no association with the
use of antiplatelet or anticoagulant medication, nor LOS.

Conclusions: The findings demonstrate that pre-surgical anaemia in older hip fracture patients is associated with a
PRBC transfusion and increased hospital mortality. Importantly, it also identified that patients continue to bleed after
admission, leading to the development of or worsening anaemia. Thus, identification anaemia in the pre-surgical
period provides an opportunity for treatment to avoid transfusions and improve patient outcomes.
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Background
Hip fractures in the elderly are associated with poor
outcomes. The comorbidity of these older patients com-
bined with the physiological stress of injury and surgery
contribute to poorer outcomes [1, 2]. One physiological
marker that contributes to poor outcomes in hip frac-
ture patients is anaemia due to low haemoglobin (Hb).
Anaemia in older surgical patients is associated with
increased mortality and length of hospital stay (LOS),
and poorer functional outcomes [3] . In addition, low
admission Hb levels are also a predictor of transfusion
risk in hip fracture patients [4, 5]. Internationally, more
than 42% of hip fracture surgery patients present with
anaemia on admission [6, 7] however this has not been
investigated in Australia.
Anemia in elderly patients with hip fracture has been

traditionally attributed to surgical or post-surgical bleed-
ing [8]. While there is a growing acknowledgement of
the importance of pre-operative detection of anaemia in
surgical patients [9], there is little guidance in the emer-
gency setting and in the elderly hip fracture cohort. Data
is lacking as to whether these patients continue to bleed
between admission and surgery and what effect this may
have on patient outcomes. In this study we sought first,
to measure the prevalence of anaemia on admission in
elderly people who sustain a hip fracture and second,
identify if anaemia progresses prior to surgery. If an-
aemia is present on admission and worsens prior to sur-
gery, this will confirm that the period before surgery is a
crucial period for anaemia identification and manage-
ment. We also sought to investigate whether there was
any association between anaemia on admission, with the
use of antiplatelet or anticoagulant medications, transfu-
sion of packed red blood cells (PRBC), increased LOS
and in hospital mortality.

Methods
This retrospective, observational study was undertaken in
a Queensland regional hospital servicing a population of
approximately 390,000 people. Ethical (HREC/15/QPCH/
55) and Queensland Public Health Act approvals were
granted for this study. Consent to participate was not ap-
plicable as this was a retrospective study and access to the
patient level information without consent was granted
through the Public Health Act approval. All patients aged
60 years and over, admitted with a hip fracture resulting
from a fall from no greater than standing height, in the 12
months of 2014 were included in the study. Following the
exclusion of pathological and peri-prosthetic fractures,
261 patients were included in the sample.

Data collection
The World Health Organization (WHO) defines an-
aemia as a Hb level of less than < 13 g/dL in men and <

12 g/dL in women [10]. Data were abstracted from path-
ology databases and clinical records were audited to
collect the following inpatient data between admission
and discharge: demographics (age and sex), fracture type
(intracapsular or extracapsular), use of anticoagulant or
antiplatelet medication (excluding aspirin), serial Hb
pre-surgery (as available), LOS, administration of PBRC
during the admission and in hospital mortality.

Statistical analysis
The data were checked for completeness and variables
for the normality of their distribution. Statistical analysis
was completed with software package SPSS (V 23.0.
SPSS, Chicago). Descriptive statistics for the data are
reported as frequencies and percentages or measures of
central tendency and distribution as appropriate to the
level of measurement and normality of the data. Re-
peated measures analysis of variance (ANOVA) was used
to measure the progression of preoperative anaemia.
Associations between anaemia and antiplatelet / anti-
coagulant medication, transfusion of PRBC, LOS and
in-hospital mortality were conducted with Chi square
tests, as appropriate. P values less than 0.05 were consid-
ered significant.

Results
A total of 261 patients with primary hip fracture were
identified. The median (IQR) age was 81 (11) years and
70.1% of the sample were aged 80 years or over (Table 1).
There were twice as many females (n = 186) as males (n
= 75) and just over half the sample had extracapsular
fractures (n = 140) (Table 1). Mean time to surgery, time
to postoperative transfusion and median LOS were
similar in both groups (Table 1). Overall, in hospital
mortality was 3.8% with little variation between genders.
Mean Hb levels, the percentage of the cohort with

anaemia, the percentage with a reduction in Hb in the
pre-operative period and post-operative blood transfu-
sion are reported, for each sub-group, in Table 2.
Anaemia was present on admission (D0) in 44.8% of pa-
tients (n = 117), with a mean (SD) admission Hb of 12.3
g/dL (1.58), for the whole sample. The incidence of an-
aemia on admission was higher in males (52.0%) than fe-
males (41.9%). Notably there was a higher incidence of
anaemia on admission with extracapsular fractures
(53.2%) and those aged over 80 years (49.7%).
There was a significant reduction in Hb between

admission and day 1 pre-surgery, with a mean reduction
of 0.9 g/dL (Wilks’ Lambda = 0.538, F (1,178) = 148, p =
0.000) (Table 2). In this period, 82.3% of the cohort
experienced a reduction in Hb and this occurred irre-
spective of gender, type of fracture or age. Of the pa-
tients who had still not gone to surgery on day 2, 71.4%
of patients recorded a Hb reduction that averaged 1.2 g/
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dL relative to admission Hb, (Wilks’ Lambda = 0.693, F
(1,40) = 18, p = 0.000). On day 2 pre-surgery significant
Hb reductions were only recorded with males, intracap-
sular fracture and in patients aged 80 years or more. As
a result of the decrease in Hb between D0 and D1, the
proportion of patients defined as anaemic increased in
all groups irrespective of gender, type of fracture or age.
The biggest increase in proportion of patients with
anaemia was with extracapsular fractures and patients
aged ≥80 years. On the second day pre-surgery there was
a further increase in the proportion of male patients
(75%) and those with extracapsular fractures (92%) who
met the criteria for anaemia.
The overall the postoperative transfusion rate was

28.7%. The highest rate occurred in extracapsular
fractures (23.4%) and those aged 80 or over (22.6%).
Transfusion of PRBC occurred in 40.4% (n = 47) of
patients who were anaemic on admission and only
19.3% (28 patients who were not anaemic on admission.
There was a statistically significant association between
anaemia on admission and day 1 pre-surgery with PRBC
transfusion (x1 = 15.31, df = 2, p = 0.000) but not with an-
aemia on day 2 pre-surgery. Hospital mortality was simi-
lar between males and females, and was associated with
on-admission anaemia in the whole cohort (x1 = 7.46, df

= 2, p = 0.006), however not anaemia on day 1 or day 2
pre-surgery (see Table 3).
The highest hospital mortality was seen in those who

presented with anaemia (6.9%) and patients aged 80 or
over (4.4%). There was no statistically significant associ-
ation between the presence of anaemia on admission,
the use of antiplatelet (clopidogrel n = 24) or anticoagu-
lant (warfarin n = 38) medication (x1 = 2.40, df = 2, p =
0.30) or LOS (x1 = 27.66, df = 27, p = 0.43). The time to
surgery for patients on these medications was not statis-
tically significantly different.

Discussion
In this study, 44.8% of older patients with a hip fracture
were anaemic on admission and the proportion of pa-
tients with anaemia increased between admission and
surgery. Reductions in Hb between admission and
surgery was associated with post-operative transfusion of
PRBC and in-hospital mortality. While anaemia in
elderly hip fracture patients is well documented during
the operative and post-operative period [11, 12], data
from this study has shown that these patients actually
continue to bleed in the first 24–48 h following their fall,
as they wait to go to surgery.

Table 2 Mean (SD) of Hb levels and percentages of patients by subgroup who had anaemia, percentage reduction in Hb and
significance or reduction over time and postoperative blood transfusion percentage

Groups Patients
n (%)

Hb g/dL mean ± SD Anaemia by subgroup n(%) Reduction in Hb
by subgroup (n)%

Postoperative
transfusion of PRBC
n (% sample)DO (n = 261) D1 (n = 175) D2 (n = 51) D0 D1 D2 D0-D1 D1-D2

All 261 (100) 12.3 (1.57) 11.4a (1.68) 11.1b (1.81) 116 (44.8) 88 (50.9) 33 (69.4) 143 (82.3) 34 (71.4) 75 (28.7)

Male 75 (28.7) 12.5 (1.77) 11.8a (2.02) 11.7b (1.94) 39 (52.0) 33 (69.3) 12 (75.0) (36) 73.5 12 (78.6) 18 (6.9)

Female 186 (71.3) 12.2 (1.49) 11.3a (1.52) 10.7 (1.68) 77 (41.9) 85 (68.3) 21 (66.7) 107 (85.7) (21) 67.9 58 (22.2)

Intracapsular Fracture 121 (46.4) 12.7 (1.49) 12.1a (1.55) 11.8b (1.89) 41 (34.7) 41 (49.4) 12 (48.0) 63 (75.3) (20) 80.0 15 (5.7)

Extracapsular Fracture 140 (53.6) 12.0 (1.56) 10.8a (1.53) 10.2 (1.31) 74 (53.2) 77 (85.6) 21 (92.0) 80 (88.9) 14 (63.6) 61 (23.4)

60–79 years 78 (29.9) 12.7 (1.59) 12.0a (1.77) 12.2 (1.46) 25 (32.9) 26 (52.9) 5 (45.5) 41 (80.4) 7 (66.7) 17 (6.5)

≥ 80 years 183 (70.1) 12.1 (1.54) 11.2a (1.59) 10.7b (1.78) 90 (49.7) 91 (74.2) 28 (76.3) 102 (83.1) 26 (72.7) 59 (22.6)

Legend: Hb haemoglobin; anaemia = Hb < 13 g/dL in males and 12 g/dL in females, PRBC packed red blood cells, D0 day of admission, D1 day after admission
(pre-operative), D2 second day after admission (pre-operative); D0 – D1 a = p < 0.05; D1 – D2 b p < 0.05

Table 1 Cohort demographics comparing males and females

Male Female Total

n (%) 75 (28.7) 186 (71.3) 261 (100)

Age median (IQR) 83 (13) 84 (10) 81 (11)

IC # n (%) 33 (44.0) 88 (47.3) 121 (46.4)

EC # n (%) 42 (56.0) 98 (52.6) 140 (53.6)

Time to surgery mean (SD) 1.27 (0.96) 1.20 (0.77) 1.23 (0.83)

Anticoagulant/Antiplatelet Medication (%) 19 (25.3) 43 (23.1) 62 (23.7)

LOS median (IQR) 7 (6) 6 (5) 5 (6)

In hospital mortality 3 (1.1) 7 (2.7) 10 (3.8)

Legend: IC # Intracapsular fracture, EC # extracapsular fracture, LOS length of stay
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The percentage of patients, who experienced anaemia
on admission in this study, is similar to other reports
[13, 14]. In other studies, the measurement of Hb has
only been reported in cohorts limited by fracture type or
a time to surgery greater than 4 days. This study in-
cluded all elderly (aged 60 years or more) hip fracture
patients regardless of fracture type or time to surgery.
Our data show irrespective of age and fracture type that
greater than 30% of elderly patients are anaemic on
admission. This suggests that on admission anaemia as-
sessment would be valuable in all hip fracture patients.
Progression of anaemia as measured by Hb occurred

in all groups particularly in the first 24 h following
admission. Although this has previously been reported
[13, 14], this is the first time that data have been ana-
lysed in all elderly hip fracture patients regardless of
fracture type, gender, age and time to surgery. As 23.7%
of the patients were on clopidogrel or warfarin we ques-
tioned if these medications could have contributed to
anaemia, but no statistically significant association was
detected. The small number of patients prescribed
anticoagulants precluded analysis by drug class. By age
stratifying the cohort we have shown that a higher pro-
portion of patients aged 80 years or older became an-
aemic prior to surgery, than their younger counterparts.
This data identifies patients aged 80 years or older as a
sub group that are at higher risk of pre-surgical anaemia.
Similar to other studies, [13, 14] patients with extra-

capsular fractures, and female patients had the greatest
progression of anaemia between admission and day one
pre-surgery. Interestingly, males were more anaemic
than females on admission and their anaemia worsened
as they waited for surgery, This gender difference in Hb
of elderly adults is not unique as some studies have
shown that while Hb levels of females increase in
middle age, the Hb of males decreases with age [15].
However, this gender difference is significant as a
prospective cohort study of 6880 aged (65 year or
more) adults found that even mild anaemia is an in-
dependent risk factor for a nearly two-fold increase

in 5-year all-cause mortality for apparently healthy
men [16].
By age stratifying the cohort we have shown that a

higher proportion of patients aged 80 years or older
became anaemic prior to surgery, than their younger
counterparts. These data identify patients aged 80 years
or older as a sub group that is at higher risk of
pre-surgical anaemia.
There are reports that show early surgical intervention

in hip fracture is associated with improved outcomes
[17, 18]. Our finding that the greatest reduction in Hb
was seen in the first 24 h following admission, empha-
sises the need for early anaemia assessment to prevent
further reductions in Hb and adds support to early
surgical intervention, and consequently improved patient
outcome. In settings where there are resource limita-
tions, delays to hospital presentation and delays to
surgery, early and daily anaemia assessment through
commonly available Hb measurement and a review of
any anticoagulant use could be considered. There are a
number of interventions including iron therapy, antifi-
brinolytic agents and rHuEPO-based treatment that have
proven effective in reducing bleeding and reversing
anaemia in surgical patients [9], but these have yet to
be trialled in the pre-surgical elderly hip fracture
patient. Future consideration should be given to the
investigation of the transferability of these interven-
tions such as anti-fibrinolytic agents and pre-surgical
iron formulations in the emergent pre-surgical hip
fracture cohort.
In this study, anaemia on admission was associated

with post-operative transfusion of PRBC and in-hospital
mortality, but not LOS or the use of anticoagulants. We
did not assess transfusion thresholds based on Hb levels
because we employ a single unit transfusion policy based
on clinical assessment. Whether the small sample size of
this study contributed to the lack of association with
LOS is unclear. The small number of patients prescribed
anticoagulants precluded analysis by drug class. Other
studies based on post-operative data identify an associ-
ation between anaemia on admission, post-operative
transfusion of PRBC and in hospital mortality [11, 19].
Where surgical delay cannot be avoided, we propose that
anaemia assessment is a simple evidence based pathway
to identify when interventions to prevent or correct an-
aemia are required (Fig. 1) and future studies to test
such a pathway should be undertaken.
Limitations of this study include the retrospective

design of the study. This precluded the measurement of
all potential outcomes, confounding factors like comor-
bid diseases, infection, peri-operative complications and
serial Hb measurements on all patients. Though the
sample size is small, the study provides useful prelimin-
ary data to substantiate further studies.

Table 3 Chi square association between anaemia, transfusion
and in hospital mortality

n (% of sample) X1 (df ) p value

Postoperative transfusion of PRBC

Admission 47 (40.5) 15.15 (2) 0.00

Day 1 pre surgery 43 (36.1) 18.63 (2) 0.00

Day 2 pre surgery 10 (30.3) 3.38a 0.19

In-hospital mortality

Admission 8 (6.8) 7.54 (2) 0.07

Day 1 pre surgery 7 (5.8) 3.76a 0.12

Day 2 pre surgery 1 (3.0) 0.09a 1.00
a Fishers exact test

Puckeridge et al. BMC Geriatrics           (2019) 19:79 Page 4 of 6



Results from this study point to the need for future
investigation into modifiable factors associated with
pre-surgical bleeding in hip fractures such as coagulation
derangement, the influence of haemodilution on bleed-
ing and the progression of anaemia. While there are
clear guidelines regarding anaemia correction in most
surgical cohorts, it is unclear in the geriatric hip fracture
cohort if this should occur prior to, during or after
surgery. The timeliness of anaemia correction and effect
on outcomes is something worthy of future examination.
There is also a need for robust randomised clinical trials
investigating the effect of pre-operative interventions
aimed at reducing bleeding and reversing anaemia.

Conclusion
Data from this study demonstrate that elderly hip fracture
patients continue to bleed after admission, and that pre-
operative anaemia is clearly associated with a higher PRBC
transfusion rate and higher mortality. Hence, the period
between admission and surgery provides a valuable win-
dow of opportunity to correct anaemia. Early pre-surgical
identification of anaemia is imperative in this frail cohort
to ensure timely and appropriate interventions to treat the
anaemia, and to improve surgical outcomes.

Abbreviations
ABT: Allogenic blood transfusion; Hb: Haemoglobin; IHM: In hospital
mortality; LOS: Length of stay; PRBC: Packed red blood cells; WHO: World
Health Organisation

Acknowledgments
Not applicable.

Funding
GP received scholarship funding from the Wishlist Sunshine Coast Health
Foundation. This funding was utilised to fund time for manuscript
preparation.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Authors’ contributions
GP, YLF, MW and MT conceived the study. YLF, MW and MT supervised the
study. GP collected and analysed the data. GP drafted the manuscript. MT,
YLF and MW edited the manuscript. All authors have read and approved the
final manuscript.

Ethics approval and consent to participate
Ethical approval was granted by The Prince Charles Human Research Ethics
Committee, HREC/15/QPCH/55. Consent to participate was not applicable as
this was a retrospective study. Public Health Act approval was granted to
access patient level data without consent.

Consent for publication
Not applicable.

Fig. 1 Proposed Preoperative Anaemia Assessment and Treatment Pathway

Puckeridge et al. BMC Geriatrics           (2019) 19:79 Page 5 of 6



Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Orthopaedics, Sunshine Coast Hospital and Health Service,
Birtinya, Queensland 4575, Australia. 2School of Health and Sports Science,
University of the Sunshine Coast, Sippy Downs, Queensland 4556, Australia.
3Safety Quality and Innovation, Department of Anaesthesia and Perioperative
Medicine, Sunshine Coast Hospital and Health Service, Birtinya, Queensland
4575, Australia. 4School of Nursing, Midwifery and Paramedical Science,
University of the Sunshine Coast, Sippy Downs, Queensland 4556, Australia.

Received: 12 September 2017 Accepted: 4 March 2019

References
1. Grigoryan KV, Javedan H, Rudolph JL. Ortho-geriatric care models and

outcomes in hip fracture patients: a systematic review and meta-analysis. J
Orthop Trauma. 2014;28(3):e49–55.

2. Sheehan KJ, et al. Patient and system factors of mortality after hip fracture: a
scoping review. BMC Musculoskelet Disord. 2016;17(1):166.

3. Partridge J, et al. Anaemia in the older surgical patient: a review of
prevalence, causes, implications and management. J R Soc Med. 2013;
106(7):269–77.

4. Bhaskar D, Parker MJ. Haematological indices as surrogate markers of factors
affecting mortality after hip fracture. Injury. 2011;42(2):178–82.

5. Rohde JM, et al. Health care–associated infection after red blood cell
transfusion: a systematic review and meta-analysis. JAMA. 2014;311(13):
1317–26.

6. Gruson KI, et al. The relationship between admission hemoglobin level and
outcome after hip fracture. J Orthop Trauma. 2002;16(1):39–44.

7. Vochteloo AJ, et al. Outcome in hip fracture patients related to anemia at
admission and allogeneic blood transfusion: an analysis of 1262 surgically
treated patients. BMC Musculoskelet Disord. 2011;12(1):262.

8. Foss NB, Kehlet H. Hidden blood loss after surgery for hip fracture. Bone
Joint J. 2006;88(8):1053–9.

9. Spahn DR, Goodnough LT. Alternatives to blood transfusion. Lancet. 2013;
381(9880):1855–65.

10. Beutler E, Waalen J. The definition of anemia: what is the lower limit of normal
of the blood hemoglobin concentration? Blood. 2006;107(5):1747–50.

11. Halm EA, et al. The effect of perioperative Anemia on clinical and functional
outcomes in patients with hip fracture. J Orthop Trauma. 2004;18(6):369–74.

12. Foss NB, Kristensen MT, Kehlet H. Anaemia impedes functional mobility after
hip fracture surgery. Age Ageing. 2008;37(2):173–8.

13. Kumar D, et al. On admission haemoglobin in patients with hip fracture.
Injury. 2011;42(2):167–70.

14. Smith T, et al. Pre-operative indicators for mortality following hip fracture
surgery: a systematic review and meta-analysis. Age Ageing. 2014;43(4):464–71.

15. Ji C, et al. Reference intervals for hemoglobin and age- and gender-related
trends in the population of Southwest China. Clin Lab. 2015;61(12):1831–6.

16. Endres HG, et al. Prevalence of anemia in elderly patients in primary care:
impact on 5-year mortality risk and differences between men and women.
Curr Med Res Opin. 2009;25(5):1143–58.

17. Moja L, et al. Timing matters in hip fracture surgery: patients operated
within 48 hours have better outcomes. A meta-analysis and meta-regression
of over 190,000 patients. PLoS One. 2012;7(10):e46175.

18. Moran CG, et al. Early mortality after hip fracture: is delay before surgery
important? JBJS. 2005;87(3):483–9.

19. Kovar FM, et al. Basal haemoglobin levels as prognostic factor for early
death in elderly patients with a hip fracture – a twenty year observation
study. Injury. 2015;46(6):1018–22.

Puckeridge et al. BMC Geriatrics           (2019) 19:79 Page 6 of 6


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data collection
	Statistical analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

