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Abstract
Purpose Patients who undergo hip hemiarthroplasty (HHA)
due to traumatic femoral neck fracture frequently require red
blood cell (RBC) transfusion. Although post-operative autol-
ogous blood transfusion (ABT) is well established in elective
arthroplasty, its role in trauma patients remains unclear.
Methods Two hundred twenty-nine patients with a traumatic
femoral neck fracture that underwent HHA at our level-I trau-
ma centre between 2005 and 2009 were prospectively ran-
domized to a high-vacuum drainage or an ABT device. In this
single-institution analysis, the number of RBC units as well as
the amount of retransfused shed blood were recorded and
compared according to study groups. Additionally, the signif-
icance of confounding factors for allogenic blood demand
such as age, gender, pre-operative Hb level, surgical approach,
type of prosthesis and amount of intra-operative RBC units
were evaluated using multivariate analysis.
Results One hundred thirty-five patients were randomized in
the high-vacuum group while 94 patients received an ABT
device. Intention to treat analysis revealed no significant dif-
ference in post-operative RBC demand (ABT: 0.87 RBC,
high-vacuum drainage: 1.01 RBC; P=0.374). However, pa-
tients that actually received retransfusion (N=35) had a re-
duced post-operative RBC demand (0.49 RBC units,
P=0.014).
Conclusion While only one third of trauma patients treated
with an ABT device during HHA actually receive retransfusion,

retransfused patients seem to significantly benefit from this
treatment as reflected by a reduced pos-toperative RBCdemand.
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Introduction

Patients routinely receive HHA (hip hemiarthroplasty) when
sustaining a displaced femoral neck fracture. The operation
together with the impaired medical condition of the elderly
exposes the patient to numerous risks and is associated with
an increased post-operative mortality [1]. Subsequently, these
patients often require allogenic blood transfusions, which
have been shown to increase post-operative infections after
elective total hip or knee replacement [1, 2]. As traumatically
injured patients that undergo surgery have been reported to be
at high risk for infectious post-operative complications, this is
of major clinical relevance [3, 4]. Moreover, post-operative
anemia itself has been found to be associated with a prolonged
hospital stay [5].

Several strategies have been reported to avoid anemia as well
as the need for allogenic blood transfusions, e.g. intra-operative
blood salvage and normovolemic hemodilution. Further,
retransfusion of post-operatively collected filtered shed blood
is commonly applied and reported to be safe and efficient in
elective arthroplasty [6–9]. Patients with acute traumatic femoral
neck fracture that receive HHA are often excluded from studies
focusing on blood demand as blood loss is considered to be
variable and unpredictable. Accordingly, comparability to elec-
tive total hip arthroplasty (THA) has been reported to be limited
[10].Moreover,comparabilitytoelectiveTHAoftraumaticHHA
patients is further limited as they occur primarily in an aged

* Julia Starlinger
julia@starlinger.net

1 Department for Trauma Surgery, Medical University Vienna,
Vienna, Austria

International Orthopaedics (SICOT) (2016) 40:2575–2579
DOI 10.1007/s00264-016-3143-1

http://crossmark.crossref.org/dialog/?doi=10.1007/s00264-016-3143-1&domain=pdf


populationwith increasedAmericanSocietyofAnesthesiologists
(ASA) scores [1].

As available studies frequently subsume HHA patients in a
heterogeneous group of procedures the significance of
retransfusion in these patients is substantially limited [11].
Accordingly, we aimed to evaluate the effect of a post-
operative autologous blood transfusion (ABT) device on the
need for allogenic red blood cell (RBC) transfusion among
patients undergoing primary HHA for traumatic femoral neck
fracture. The study was performed in a clinically relevant
trauma surgery setting within a randomized prospective trial.

Material and methods

Trial design and patients

We performed a prospective randomized clinical trial includ-
ing patients that underwent HHA for a traumatic displaced
femoral neck fracture (type III or IV according to Garden) at
our institution. Approval was obtained by the Ethics
Commission of the Medical University of Vienna. We includ-
ed primary and unilateral HHA procedures. Exclusion criteria
were metastatic fracture, revision surgery and THA.

The primary end point of the study was the number of
allogenic RBC units required upon post-operative day five.
Secondary end points were adverse events during ABT trans-
fusion as well as the number of intra-operative RBC’s. ABT
related adverse events were defined as hypotension (e.g. sys-
tolic blood pressure <90 mmHg), tachycardia (e.g. >100 beats
per minute), chills, as well as febrile episodes (e.g. >37.9 °C)
observed during or within two hours after retransfusion.

Drainage system

The high-vacuum group consisted of patients who were treat-
ed with a closed suction drainage (Medinorm, Spiesen,
Germany), which was removed 48 hours after surgery.

The ABT group was post-operatively treated with an ABT
salvage device (Bellovac® ABT system Astra Tech AB,
Mölndal, Sweden). The blood salvage device was used ac-
cording to manufacturer’s instructions. Collected blood was
retransfused to the patient within the first six post-operative
hours, if a minimum amount of 100 ml was collected. If less
than 100 ml was collected, the drained blood was discarded.
Anemia was defined as a Hb (haemoglobin) level <13.0 g/dl
for males and <12.0 g/dl for females according to WHO
criteria. Allogenic RBC units were transfused if the Hb level
dropped below 8 g/dl or a haematocrit <27 %. Predonated
autologous blood units were not available. Intraoperative sal-
vage of autologous blood was not performed in either group.

Surgery

HHA was performed by or under the supervision of experi-
enced surgeons using either an anterolateral approach (Watson
Jones) or a lateral approach (Bauer) [12]. Patients received
either a cemented (Stryker MV) or an uncemented femoral
stem (Vienna stem). The surgical drain was inserted before
closure of the fascia lata and connected either to a high-
vacuum drainage or to the ABT salvage device.

Statistics

Statistical analyses were carried out with SPSS 20.0 software
(SPSS Inc., Chicago, IL, USA) and were based on parametric
tests. In particular, student’s t-test was used for continuous
variables, and Chi-square test was used for categorical vari-
ables. A univariate regression analysis was performed to de-
termine patient characteristics that influenced the allogenic
blood demand. All parameters with a significance level of
P<0.1 upon univariate analysis were included in multivariate
analysis (MVA) to identify independent predictors for post-
operative RBC demand. A P-value≤0.05 was considered sta-
tistically significant.

Results

A total of 229 patients (mean: 83.1 years; range: 44.7–
102.5 years) were found eligible to be enrolled between
May 2005 and August 2009 and randomly assigned to either
receive an ABT or high-vacuum drainage system after HHA.
Accordingly, 94 patients comprised the ABT group and 135
patients comprised the high-vacuum group. The groups were
found to be homogenous with respect to age, gender, preop-
erative Hb level, surgical approach, type of prosthesis and
intra-operative RBC units, as illustrated in Table 1.

Overall, 134 patients (58.5 %) post-operatively required an
average of 1.63 RBC units (range, 1–4 units). In our intention
to treat analysis, including all patients treated within the study
we did not find a statistically significant difference regarding
the post-operative RBC demand with respect to the different
drainage devices. Patients in the high-vacuum group received
1.01 RBC units, whereas patients allocated to the ABT group
received 0.87 RBC units (P=0.374).

However, we further aimed to assess the RBC demand of
those patients assigned to the ABT group who actually re-
ceived retransfusion in a subgroup analysis. Regarding the
frequency of retransfusion of filtered shed blood 35 patients
(37.2 %) received retransfusion. In these patients an average
amount of 184.3 ml (range, 100–400 ml) was retransfused.
Importantly, patients that had received ABT had a significant-
ly reduced RBC unit demand (mean 0.49 units; range, 0–2
units) as compared to patients in the high-vacuum group
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(mean 1.01; range, 0–4 units; P=0.014). Accordingly, the
percentage of patients requiring allogenic blood was 25.7 %
in the ABT subgroup of retransfused patients (n=9) versus
46.7 % in the high-vacuum drainage group (n=63).

Reasons for missed retransfusion were ≤100 ml collected
wound fluid within six hours post-operatively (52.1 %). Other
reasons were accidental disconnection of the drain (4.3%) or a
missed time frame for retransfusion during the night (6.4 %).

As we had observed an association of retransfused shed
blood with reduced post-operative transfusion requirements,
it was of interest to investigate if retransfusion of filtered shed
blood would independently predict post-operative blood de-
mand. Therefore, we performed MVA in all recruited patients
using clinically relevant parameters. All parameters that
reached a statistical P-value ≤0.1 in univariate analysis were
included in MVA. Accordingly, retransfusion of collected
blood, Hb1 and age were included in MVA (Table 2).

Strikingly, the retransfusion of collected shed blood was
independently associated with the necessity for post-
operative blood transfusion (OR: 0.33, CI=0.15–0.77; Table
2). Furthermore, Hb1 and age also independently predicted
post-operative transfusion requirement (OR = 0.82 ,
CI=0.68–0.99; OR=1.04, CI=1.00–1.07; Table 2).

As side effects might be a drawback of retransfusion, we
aimed to evaluate the safety profile of retransfused shed blood
in our patients. Accordingly, in the ABT group, retransfusion-
related symptoms were observed in three patients (8.6 %, all
patients suffered from chills with subsequent fever of >38 °C
after initiation of retransfusion): retransfusion was stopped
and patients recovered without pharmacological interventions.

Discussion

Post-operative retransfusion of unprocessed autologous shed
blood is an established procedure in elective arthroplasty [13,
14]. A recent Cochrane review emphasized the significance of
peri-operative ABT in elective orthopedic surgery [15].
However, the role of retransfusion in trauma patients remains
still unclear. Accordingly, we aimed at evaluating the clinical
significance of retransfusion of unprocessed filtered shed
blood in a homogenous cohort of trauma patients’, i.e. trau-
matic displaced femoral neck fracture patients undergoing
HHA. We were able to demonstrate that despite only about
one third of our patients actually received retransfusion, those

Table 1 Patient characteristics

High-vacuum
drainage (N= 135)

ABT device
(N= 94)

P (high-vacuum vs.
ABT device)

Retransfused
(N= 35)

P (high-vacuum
vs. retransfused)

Mean pre OP Hb (mg/dL) (range) 12.9 (8.2–16.5) 12.7 (8.3–16.7) 0.312 12.7 (8.3–16.7) 0.503

Mean age (range) 82.4 (45–99) 84 (57–103) 0.178 84.0 (57–103) 0.367

Gender (male/female) 32/103 18/76 0.412 8/27 0.917

Intra-operative blood units (range) 0.54 (0–5) 0.51 (0–6) 0.831 0.57 (0–6) 0.881

Post-operative blood units (range) 1.01 (0–4) 0.87 (0–4) 0.374 0.49 (0–2) 0.014 *

Approach (Bauer/Watson Jones) 74/61 56/38 0.474 19/16 0.747

Number of surgeons 49 47 26

Cemented prosthesis 89 (65.9 %) 68 (72.3 %) 0.304 23 (65.7 %) 0.981

ABT autologous blood transfusion; Hb haemoglobin

Table 2 Pre-operative predictors
of allogenic blood demand Univariate Multivariate

Variables OR 95 % CI P OR 95 % CI P

Retransfusion 0.38 0.17–0.84 0.018* 0.33 0.15–0.77 0.01*

ABT device 0.81 0.48–1.38 0.438

Pre OP Hb 0.83 0.70–0.99 0.042* 0.82 0.68–0.99 0.041*

Age 1.03 1.00–1.07 0.038* 1.04 1.00–1.07 0.035*

Cemented prosthesis 0.85 0.49–1.50 0.581

Intra-operative RBC units 1.14 0.89–1.47 0.304

Gender 1.33 0.71–2.48 0.38

Surgical approach* 1.10 0.94–1.28 0.232

ABT autologous blood transfusion; Hb haemoglobin; *Anterolateral or lateral approach
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patients that received their collected shed blood within
six hours after surgery had a significantly reduced post-
operative RBC demand, while side effects were rare and easily
manageable.

Carless et al. recently reviewed a total of 75 trials on the use
of RBC saving devices, documenting a significant benefit in
terms of post-operative blood cell demand [15]. While we did
not observe a reduction of post-operative RBC demand in our
intention to treat analysis, we could however observe similar
results in patients that actually receive retransfusion of their
filtered shed blood. In particular, we were able to demonstrate
a reduction of post-operative RBC demand of about 50 % in
retransfused patients. Nonetheless, Thomassen et al. reported
results on the use of ABT that failed to demonstrate a benefi-
cial effect of retransfusion. In more detail, they used ABT in
an elective joint replacement (knee and hip replacement) set-
ting and found no difference in post-operative RBC demand.
Intriguingly, they reported a very low post-operative RBC
transfusion rate of 6 to 8 % [16]. This is in clear contrast to
our collective that required post-operative RBC transfusion in
58.5%. This seems to be attributable to substantial differences
in patients’ collectives, presumably primarily caused by given
differences in traumatic and elective patients. First the collec-
tive studied by Thomassen et al. was substantially younger
reporting a mean age of 68 years. Further, patients had been
pre-operatively optimized with erythropoietin if the pre-
operative Hb was <13 g/dl reflected by a mean pre-operative
Hb of 14.2 g/dl. In clear contrast our patients were a mean of
15 years older (mean age: 83.1 years) and also the pre-
operative Hb was substantially lower (mean Hb1: 12.8 g/dl).
These differences are also confirmed in other studies using
ABT devices in elective surgery. Accordingly, Horstmann et
al. reported preoperative Hb levels of 14.1 g/dl in 118 patients
undergoing THA at an average of 68.5 years [17]. This nicely
demonstrates that patients who sustain acute femoral neck
fractures substantially differ compared to patients scheduled
for elective surgery, which might explain the differences ob-
served by Thomassen et al. as well as nicely illustrates the
clinically necessity of our study.

Horstmann et al. used a salvage device collecting intra- and
post-operative drained blood in 56 patients undergoing prima-
ry elective THA [17]. Eighty-two percent of their patients
were found eligible for ABTand a mean of 254 ml shed blood
was transfused six hours after the surgery. As compared to our
results, ABTseemed substantially more effective in their elec-
tive setting as we report a mean retransfusion rate of only 36%
with an average of 184.3 ml transfusion volume. Accordingly,
their post-operative RBC transfusion rate was by far lower
than in our collective. Of note, Horstmann et al. reported on
concomitant intra-operative blood collection, which might ex-
plain the increased available post-operative drainage volume,
which might also result in an increased post-operative
retransfusion rate. Furthermore, higher pre-operative Hb levels

in their cohort might also explain the lower post-operative RBC
demand. Nonetheless, the adaption of concomitant intra-
operative blood drainage might render the ABT drainage device
in traumatic patients more effective.

Pre-operative Hb levels have been reported to be a significant
predictor of post-operative RBC demand in elective THA pa-
tients [2, 18, 19]. Indeed, also in our setting dealing with trau-
matic displaced femoral neck fracture patients, 74.6 % of pa-
tients that were anemic pre-operatively ultimately required post-
operative RBC units. When we compared patients that received
retransfusion and patients treated with the conventional high-
vacuum drainage system within MVA, we were able to provide
evidence that indeed pre-operative Hb levels independently pre-
dict post-operative blood demand (P=0.041). Moreover, upon
MVAwe were further able to demonstrate that retransfusion of
the filtered shed blood was associated with a reduced risk to
require post-operative RBC transfusion (P=0.01). Ultimately,
age was also an independent predictor of post-operative RBC
demand, demonstrating the relevance of these basic patients’
characteristics, age and pre-operative Hb respectively.

Several aspectshave tobeconsidered regarding theefficacyof
the ABT device. In particular, one of the main findings of our
studywas thatonly37.2%ofpatients treatedwithanABTdevice
were actually transfused with their filtered shed blood. This is of
major clinical relevance as singularly these patients benefit in
terms of a reduction of allogenic blood requirements. Drain dis-
location, narrow time frame for retransfusion and a small amount
ofdrainedshedbloodweretheobstaclespreventingretransfusion.
Inparticular,mostof thepatients (52.2%)simplydrainedtoolittle
wound fluid (<100 ml), while drain dislocation and missed time
frame occurred in only 4.3 and 6.4 % respectively. Missing the
critical threshold of 100mlmight be due to the fact that the ABT
device works as a passive drain, with only intermittent suction
pressure up to 90mmHg.Missing the critical threshold reflects a
major drawback regarding the systems effectiveness in everyday
practice. The narrow time frame of six hours was another reason
impeding retransfusion. This illustrates that retransfusion might
be difficult to implement in the daily routine of a trauma depart-
ment. Especially when patients are operated on at night,
retransfusion six hours post-operatively is easily overlooked. Of
note, since patients and surgeons are aware of the possible trans-
missionofpotentially life-threateninginfectionsandotherserious
adverse events duringRBC transfusion, retransfusionmight be a
beneficial tool to lowerRBC transfusion demand despite its rela-
tively lowefficiency. Importantly, efficiency in everydaypractice
might be increased if retransfusion was performed more often.
This is consistentwithMoonenetal.whoexpects limitedefficacy
of the retransfusionsystems ineverydaypracticewhencompared
to prospective study protocols that focus on blood management
[10].

Although shed blood is an autologous product, reported side
effects have to be considered. Studies report on occasional fe-
brile reactions, with an incidence of 2–9 % if patients received

2578 International Orthopaedics (SICOT) (2016) 40:2575–2579



shed blood collected within six hours post-operatively [13, 20].
Nevertheless, amounts up to 1800 ml were reported to be
retransfused without serious adverse events [13]. We observed
potentially retransfusion-related side effects in 8.6 %, which
resolved without pharmacological intervention.

Some potential limitations of our study should be discussed.
One limitation is the relativelysmallnumberofpatientswhowere
actually eligible for retransfusionwhich in turn reduces the statis-
tical power of our analysis. Further, our indication forRBC trans-
fusionwas aHb level <8g/dl or a haematocrit <27%.Weuse this
fairly liberal transfusion triggeratour institutionwith regard to the
advanced age of traumatic displaced femoral neck fracture pa-
tients. However, transfusion triggers might differ between insti-
tutionswhich should be taken into account when interpreting the
results of this study. Furthermore, we should stress that HHAs
were performed by numerous different surgeons at our level-I
trauma centre, which might represent a possible confounding
factor. However, it should also be stated that all operations were
performed by or under the supervision of experienced trauma
surgeons. As the ABT device has a different appearance as com-
pared to a regular suction drainage, blinding of the investigators
after randomizationwas ultimately not possible. Thismight have
introduced a potential confounder within our study (e.g. higher
threshold to transfuse in the ABT group). However, using clear
transfusion triggers for allogenic RBC transfusion in all patients
(Hb level <8 g/dl or a haematocrit <27%),we aimed tominimize
this potential confounder.

In conclusion, the value of an autologous erythrocyte
source in arthroplasty is evident. With regard to limited pre-
operative options, post-operative autologous retransfusion of
filtered shed blood seems to be a feasible method to decrease
allogenic blood requirements in patients who undergo HHA
for traumatic femoral neck fractures.
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