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Abstract

Purpose The use of autologous blood transfusion drains
in orthopaedic surgery has been the subject of debate for
several years. The aim of this meta-analysis was to review
the use of autologous blood transfusion drains in total knee
replacement.

Methods The primary outcomes were as follows: the
number of patients requiring homologous blood transfu-
sion, pre-operative haemoglobin and post-operative hae-
moglobin days 5-7. The secondary outcome measures for
the meta-analysis were drainage volume, length of hospital
stay, average number of units transfused per patient, post-
operative wound infection, and deep vein thrombosis.
Results Eight randomised controlled trials met the inclusion
criteria and were included in this analysis. Autologous trans-
fusion drains were associated with a decrease in the number of
patients requiring post-operative blood transfusion (pooled
odds ratio = 0.36, 95% CI = 0.15-0.85, P = 0.02), the
number of units transfused per patient (weighted mean dif-
ference = —0.84 (95% CI = —1.13to —0.56), P < 0.0001),
and length of hospital stay (weighted mean difference =
—0.25 (95% CI = —0.48 to —0.01), P = 0.04).

Conclusion The results of our study highlight both likely
clinical and economic benefits within total knee replace-
ment surgery. The clinical benefits of autologous transfu-
sion drains in the total knee replacement surgery suggested
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by this meta-analysis include a reduced requirement for
post-operative blood transfusion and a shorter length of
hospital stay. However, further large-scale high-powered
randomized controlled trials are recommended to further
elucidate subtle effects of autologous drains on post-oper-
ative outcome following total knee replacement.

Level of evidence 11.
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Introduction

Transfusion following knee arthroplasty is common,
indeed a prospective study of 5,562 patients by Bierbaum
et al. [6] observed a transfusion rate of thirty-nine per cent.
The hazards associated with allogeneic transfusion are well
documented and include the following: infection (viral and
bacterial), haemolytic transfusion reactions, and transfu-
sion-related lung injury [3, 23, 26]; hence the appeal of
autologous blood. Furthermore, compared with pre-opera-
tive autologous blood donation and intra-operative cell
salvage, the use of an autologous drain is relatively simple
to implement, and potentially cost-effective.

A number of commercial autologous drains based on
similar principles are available. They comprise a closed-
suction system that collects blood via a filter (to reduce the
risk of emboli). When full (or after a maximum of 6 h), the
collecting vessel is detached (replaced if time allows), and
the unwashed blood transfused via a standard giving set
[11]. All blood must be transfused within 6 h of collection
[4]. Some collecting vessels contain an acid-citrate-
dextrose anticoagulant, although its benefit is questionable
[13].
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A number of prospective randomised trials have studied
the use of autologous drains versus closed-suction drains in
knee arthroplasty, with varying conclusions. The aim of
this meta-analysis was to pool the data from these ran-
domised controlled trials, in order to provide a substanti-
ated judgement regarding the use of transfusion drains in
total knee replacement surgery.

Materials and methods

A systematic literature search of Medline (1950-August
2010), Embase (1974—August 2010), Web of Science
(1990-August 2010) and Cochrane Library (2009 Issue 2)
databases was undertaken. The search terms: ‘Total Knee
Replacement’, ‘knee arthroplasty’, and ‘transfusion drains’
and MeSH headings ‘Arthroplasty’ (MeSH), ‘Knee’
(MeSH), ‘Surgical Drainage’ (MeSH), and ‘Transfusion’
(MeSH) were used in combination with Boolean Operators
AND or OR. The electronic search was supplemented by a
hand search of published abstracts by relevant surgical
societies and associations. Reference lists of all relevant
studies were reviewed and the search included the Current
Controlled Trials Register (http://www.controlled-trials.
com).

Abstracts of these citations identified by the search were
then scrutinised by two independent observers (SM and
AK) in order to determine eligibility for inclusion in this
meta-analysis. Studies were included if they met each of
the following criteria: prospective randomised controlled
trials, randomisation of patients into two groups: total knee
replacement with transfusion drainage system (group 1)
and standard suction drain system (group 2). Exclusion
criteria comprised the following (by implication): trials
with retrospective design, those without randomisation of
patients into two relevant groups, together with studies
focusing on a paediatric population, and those reporting an
alternative drainage system.

The primary outcome measures for this meta-analysis
were as follows: the number of patients requiring homol-
ogous blood transfusion, pre-operative haemoglobin and
post-operative haemoglobin days 5-7. The secondary out-
come measures for the meta-analysis were drainage vol-
ume, length of hospital stay, average number of units
transfused per patient, post-operative wound infection and
deep vein thrombosis (DVT).

Statistical analysis
Data from eligible trials were entered into a computerised

spreadsheet for analysis. The quality of each trial was
assessed using the Jadad scoring system [16]. The statistical

analysis was performed using Statsdirect 2.5.7 (Statsdirect
Ltd. UK). Weighted mean difference was calculated to
assess the size of the effect of blood transfusion drains on
continuous variables such as post-operative haemoglobin
days 5-7, drainage volume, length of hospital stay, and
average number of units transfused per patient. Pooled odds
ratios were calculated to assess the size of the effect of blood
transfusion drains on discrete variables such as number of
patients requiring homologous transfusion, post-operative
wound infection, haematoma, and DVT. Pooled outcome
measures were determined using random-effects models as
described by Der Simonian and Laird [9]. Heterogeneity
amongst the trials was assessed by using Cochran Q statistic,
anull hypothesis testin which P < 0.05 was taken to indicate
the presence of significant heterogeneity. Cochran Q statistic
is calculated as the weighted sum of squared differences
between individual study effects and the pooled effect across
studies, with the weights being those used in the pooling
method. Q is distributed as a chi-square statistic with k
(number of studies) minus 1 degree of freedom. The Egger
test was used to assess the funnel plot for significant asym-
metry, indicating possible publication or other biases. The
Egger test is a test for the Y intercept = O from a linear
regression of normalised effect estimate (estimate divided by
its standard error) against precision (reciprocal of the stan-
dard error of the estimate). Results were calculated to two
decimal place, where P values were non-significant, n.s. has
been used to denote this.

Results

Following the literature search and appropriate screening,
eight randomised trials that met the inclusion criteria were
identified [1, 2, 5, 7, 14, 17, 19, 28]. Table 1 shows the
basic demographic data for the studies included. Tables 2
and 3 show the primary and secondary outcomes, respec-
tively, for each trial included.

Primary outcomes

Number of patients requiring homologous blood
transfusion

All eight trials reported the number of patients requiring
homologous blood transfusion [1, 2, 5, 7, 14, 17, 19, 28].
There was a significant increase in the number of patients
requiring homologous blood transfusion in the suction
drain group (group 2)—(pooled odds ratio = 0.36, 95%
CI = 0.15-0.85, P = 0.02) (Fig. 1). There was statistical
evidence of bias (Egger test = —6.34, P = 0.02). There
was significant statistical heterogeneity (Cochran’s
Q = 31.69, P < 0.0001).
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Table 1 Demographic data Author Pt No® Pt No®  Age? (years)*  Age” (years)*  M:Fratio® M:F ratio”
Abuzakuk [1] 52 52 - - - -
Adalberth [2] 24 25 712 £22 72+ 24 4:20 9:16
Amin [5] 92 86 703 £ 5.8 704 £ 54 43:49 49:47
Cheng [7] 26 34 72 £52 69.4 + 4.8 6:20 12:22
* Autologous transfusion drain Heddle [14] 39 40 69.3 + 6.9 71+9 14:25 14:26
group Majkowski [17] 20 20 71.3 70.3 - -
b S.uction (non-transfusion) Newman [19] 35 35 _ _ _ _
drain group
R Zacharopoulos [28] 30 30 69.2 70.2 6:24 7:23
Mean £+ SD
Table 2 Primary outcomes Author No of pts No of pts Pre-op Pre-op Hb on day Hb on day
requiring requiring Hb* (g/dL)°  Hb® (g/dL)°  5-7* (g/dL)°  5-7* (g/dL)°
homologous  homologous
BT* BT’
Abuzakuk [1] 13 12 136 £ 1.5 135+ 1.2 106 £ 1.5 10.1 £ 1.3
Adalberth [2] 8 8 138 £03 143+ 1 11 £09 11.4 £ 0.9
BT Blood Transfusion, Amin [5] 12 13 132+£12 134+13 - -
Hb Haemoglobin Cheng [7] 4 14 125£55 128 £ 7.1 - -
# Autologous transfusion drain Heddle [14] 10 13 - - - -
fr"“P 4 . 4 Majkowski [17] 7 19 - - - -
grgl‘]l;“"“ (non-transfusion) drain  Njeyman [19) 3 28 134412 132414 114+14 109+14
¢ Mean + SD Zacharopoulos [28] 5 10 - — - -
Table 3 Secondary outcomes
Author Drainage Drainage Length of  Length of  Average Average Post-op Post-op Post-op  Post-op
volume® volume® hospital hospital number of number of wound wound DVT* DVT®
(mL)¢ (mL)°¢ stay® stay® blood units blood units infection® infection®
(days)© (days)® transfused per transfused per
patient” patient”
(units)© (units)©
Abuzakuk [1] 673 £355 867 £434 81+24 83+28 - - - - - -
Adalberth [2] 881 £ 185 737+£185 11+14 118 £1.7 - - - - - -
Amin [5] - - 6.6 £33 7+36 - - 3 2 1 2
Cheng [7] 639 +£293 683 +£438 - - 03+£1 12+£2 - - - -
Heddle [14] 1,006 £ 534 1,008 4+ 484 - - 04 +£0.8 12+1 - - - -
Majkowski [17] 1,020 + 540 1,140 £ 513 - - - - 1 0 2 2
Newman [19] 896 + 545 891 + 401 126 £38 152+£53 0+ 1.7 242 - - - -

Zacharopoulos 808 4+ 38.1 564 £ 339 -
[28]

# Autologous transfusion drain group
® Suction (non-transfusion) drain group
¢ Mean + SD

Pre-operative Haemoglobin

Five trials reported the pre-operative haemoglobin of the
patients included in the trial [1, 2, 5, 7, 19]. There was no
significant pre-operative difference in Hb between the

@ Springer

groups (weighted mean difference = —0.10 (95% CI =
—0.33 t0 0.13), P = n.s.) (Fig. 2). There was no statistical
evidence of heterogeneity (Cochran’s Q = 5.69, P = n.s.).
There was no statistical evidence of bias (Egger test =

—1.01,

P =ns.)



Knee Surg Sports Traumatol Arthrosc (2012) 20:1766—1772

1769

Fig. 1 Forrest plot for number
of patients requiring transfusion
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Fig. 2 Forrest plot for number of pre-operative haemoglobin

Haemoglobin on post-operative day 5-7

Three trials reported the post-operative haemoglobin level
of patients on day 5, day 6, or day 7 [1, 2, 19]. There was
no significant difference between the groups in terms of
post-operative Hb at days 5-7 (weighted mean differ-
ence = 0.12 (95% CI = —0.34 t0 0.59), P = n.s.) (Fig. 3).
There was no statistical evidence of heterogeneity (Coch-
ran Q = 5.85, P = n.s.). Too few trials meant insufficient
data for the calculation of statistical bias.

Secondary outcomes
Drainage volume

Seven trials reported the total volume of drainage post-
operatively [1, 2, 7, 14, 17, 19, 28]. There was a

T | T I 1

T
0.001 0.01 0102 051 2 5

odds ratio (95% confidence interval)

Effect size meta-analysis plot [random effects]
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Fig. 3 Forrest plot for post-operative haemoglobin 5-7

significantly reduced drainage volume in the suction drain
group (group 2) (weighted mean difference = 1.55 (95%
CI = 0.25-2.85), P = 0.02) (Fig. 4). There was evidence
of statistical bias (Egger test = 12.78, P = 0.009). There
was significant statistical heterogeneity (Cochran Q =
211.23, P < 0.0001).

Length of hospital stay

Four trials reported the length of hospital stay as an out-
come for their study [1, 2, 5, 28]. There was a significantly
longer length of hospital stay in the suction drain group
(group 2) (weighted mean difference = —0.25 (95%
CI = —0.48 to —0.01), P = 0.04) (Fig. 5). There was no
statistical heterogeneity (Cochran Q = 3.90, P = n.s.).
There was no statistical bias (Egger bias = —3.38,
P =ns.).
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Effect size meta-analysis plot [random effects]
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Fig. 4 Forrest plot for drainage volume
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Fig. 5 Forrest plot for length of hospital stay

Average number of units of blood transfused per patient

Three trials reported the average number of units of blood
transfused per patient [7, 14, 19]. There was a significantly
increased number of units of blood transfused per patient in
the suction drain group (weighted mean difference =
—0.84 (95% CI = —1.13 to —0.56), P < 0.0001) (Fig. 6).
There was no significant statistical heterogeneity (Cochran
Q =1.93, P = n.s.). Too few trials provided data for the
calculation of statistical bias.

Post-operative wound infection

Two trials reported the incidence of post-operative wound
infection [5, 17]. There was no significant difference
between the groups in the incidence of post-operative wound
infection (pooled odds ratio = 1.71 (95% CI = 0.35-8.35)
P = n.s.) (Fig. 7). There was no evidence of statistical het-
erogeneity (Cochran Q = 0.18, P = n.s.). There was
insufficient data for the calculation of statistical bias.
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Effect size meta-analysis plot [random effects]
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Fig. 6 Forrest plot for average number of units of blood transfused
per patient
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Fig. 7 Forrest plot for incidence of post-operative wound infection

Post-operative deep vein thrombosis

Two trials reported the incidence of post-operative DVT,
but failed to describe the method of diagnosis [5, 17].
There was no significant difference in the incidence of
post-operative DVT between the two groups (pooled odds
ratio = 0.72 (95% CI = 0.15-3.47), P = n.s.) (Fig. 8).
There was no evidence of statistical heterogeneity (Coch-
ran Q = 0.23, P = n.s.). There was insufficient data for the
calculation of statistical bias.

Discussion

The most important result of this present meta-analysis was
a significant increase in the number of patients requiring
homologous blood transfusion in the suction drain group
(group 2) (pooled odds ratio = 0.36, 95% CI = 0.15-0.85,
P = 0.02). Additional significant findings included an
increased number of units of blood transfused per patient
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Odds ratio meta-analysis plot [random effects]
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Fig. 8 Forrest plot for incidence of post-operative deep vein
thrombosis

(weighted mean difference = —0.84 (95% CI = —1.13 to
—0.56), P < 0.0001) and an increased length of hospital
stay (weighted mean difference = —0.25 (95% CI =
—0.48 to —0.01), P = 0.04) in the suction drain group.

The benefits of a reduced requirement for post-operative
homologous blood transfusion—regarding both number of
patients and number of units per patient—are clear.
Homologous blood transfusion has associated risks: viral
infection (e.g. hepatitis, vCJD, and human immunodefi-
ciency virus), bacterial infection, haemolytic transfusion
reactions, and transfusion-related lung injury [10, 27].
Furthermore, homologous blood transfusion represents a
significant cost; in the United Kingdom one unit of blood
currently costs £124 [18].

Given the increased transfusion requirement, it was
interesting to find no significant difference between the
groups with regard to post-operative haemoglobin level on
days 5—7. Whilst understandable, given that the majority of
post-operative transfusions will have occurred by this
stage, it underlines that the auto-transfusion group did not
have haemoglobin levels clustered in the lower range of
normal (which would produce the observed reduction in
homologous transfusion rates but may be detrimental to
rehabilitation). Regrettably, insufficient day 1 haemoglobin
data were available for the analysis.

Of note is that analysis of secondary outcome measures
also revealed a significantly longer length of hospital stay
in the suction drain group (group 2) (weighted mean dif-
ference = —0.25 (95% CI = —0.48 to —0.01), P = 0.04).
It remains uncertain whether this lengthened in-patient stay
is directly related to an increased requirement for homol-
ogous transfusion, or related to other confounding factors,
for example medical co-morbidities, length of operation
etc. Interestingly, in joint replacement surgery, autologous
transfusion is associated with an increased activity of
polymorphonuclear leucocytes [15], and increased number
of natural killer precursor cells (when compared to non-

transfused, homologous non-leucodepleted blood, homol-
ogous leucodepleted blood, and autologous predepositied
blood) [12]. A possible explanation of the demonstrated
reduction in post-operative stay associated with the use of
autologous transfusion drains is that this may be the indi-
rect result of the putative immunostimulant effect of
autotransfusion.

This meta-analysis indicates that autologous transfusion
drains may have the potential to provide cost savings,
without compromising clinical safety; arguably a prudent
measure in an age of austerity. It is speculated that this
potential gain would hold true after factoring in product
and implementation costs. Only one of the studies [28]
included in this meta-analysis made a financial comparison
between the two groups; it demonstrated a 36% reduction
in transfusion cost in the autologous drain group. On the
evidence of this paper’s findings, further randomised trials
analysing the cost-effectiveness of autologous transfusion
drains in total knee replacement surgery are required.

The potential risks of re-infusing blood drained during
surgery have been investigated. Decreased platelet counts,
pH levels and clotting factors, and an increase in fibrin
degradation products have all been reported [8, 21]. The
American Association of Blood Banks [6] propose that a
cytokine cascade may be activated in drained blood that
could pose additional problems (e.g. febrile reactions) if
allowed to rise to the higher levels observed more than 6 h
after bleeding [24]. This is supported by Faris et al. [11]
who demonstrated that reinfusion of blood should begin
within 6 h of collection to minimise the potential for febrile
reactions; this has now become standard procedure and was
adhered to by all the papers in this analysis.

There was no significant difference between the groups
for further secondary outcomes: incidence of post-opera-
tive wound infection (pooled odds ratio = 1.71 (95%
CI = 0.35-8.35), P = n.s.) and incidence of post-operative
DVT (pooled odds ratio = 0.72 (95% CI = —0.15-3.47),
P =ns.).

Confounding variables within the trials studied impact
upon the reliability and validity of findings. For example,
the timing of randomisation is important; this should be
done at the end of an operation, when the drain is about to
be inserted (observed in only three studies [2, 7, 14]).
Deliberate hypotensive anaesthesia is thought to reduce
blood loss in arthroplasty [20]. Unfortunately only one
study reported the use of a consistent anaesthesia [2],
whilst five papers made no mention of their anaesthetic
method. Two studies failed to record whether all prostheses
were cemented [17, 28]. Early tourniquet release for hae-
mostasis has been found to increase blood loss [22]; three
studies included in our meta-analysis deflated the tourni-
quet prior to closure, whilst three were deflated after
applying the dressing (two papers failed to document
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timing of deflation). Similarly the timing of drain opening
has been proposed to affect blood loss [25], but this is only
documented in two of the studies included [2, 5]. Different
transfusion criteria were employed in each study; Zachar-
opoulos et al. [28] intra-operatively transfused one unit of
blood to all patients in their control group (i.e. with a
standard drain).

This meta-analysis is limited by the heterogeneity in
study design and outcome measurement reported in the
included randomised controlled trials as reflected by the
wide confidence intervals for several of the results gained.
Furthermore, these trials are underpowered to show con-
clusive statistically significant differences between the
groups. However, despite these limitations, this meta-
analysis does provide the highest level of evidence to date
and does suggest a clinical benefit to the use of autologous
transfusion drains in total knee replacement surgery.

Conclusion

This meta-analysis of randomised control trials has dem-
onstrated the likely clinical benefits of autologous blood
transfusion drains in total knee arthroplasty that is reduced
post-operative transfusion requirement, and shorter length
of hospital stay. However, due to methodological limita-
tions in a number of the studies, further, standardised large-
scale randomized controlled trials are recommended.
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