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Abstract

Purpose Primary aim of this meta-analysis of randomized
controlled trials (RCTs) was to compare blood loss,
transfusion rate and postoperative hemoglobin levels at
2448 h after primary total hip arthroplasty (THA)
between autologous blood transfusion (ABT) drainage and
no drainage/closed-suction drainage and to obtain a pow-
erful conclusion which way of drainage had the best clin-
ical efficacy. Secondary aim was to compare the
postoperative complication rates during the first year to
indentify which way of drainage was safest.

Methods We searched the PubMed, Embase and Coch-
rane Central Register of Controlled Trials and identified 12
RCTs (including a total of 1,574 patients) for the meta-
analysis. Methodological quality was assessed by the
Physiotherapy Evidence Database scale. Two researchers
extracted relevant data including study characteristics,
blood loss, transfusion rate, hemoglobin levels, hospital
stay and complications. After data extraction, we compared
results using fixed-effects or random-effects models
depending on the heterogeneity of the included studies.
Results Autologous blood transfusion drainage had less
total blood loss and lower superficial infection rate than no
drainage/closed-suction drainage. While there were no
statistical differences in postoperative pain, hematoma,
hemoglobin levels, hospital stay and other complications
between ABT drainage and no drainage/closed-suction
drainage.
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Conclusions Autologous blood transfusion drainage and
no drainage/closed-suction drainage have similar clinical
efficacy and safety in primary THA with regard to clinical
outcomes and complication rates.
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Introduction

Total hip arthroplasty (THA) is a standardized highly
successful procedure. Autologous blood transfusion (ABT)
drainage has become a new intra-operative and postoper-
ative filtered salvaged blood re-transfusion system for
primary THA. However, it is still a hot issue to use no
drainage, closed-suction drainage or ABT drainage in pri-
mary THA. Drains are often used with the purpose of
preventing hematoma accumulation, decreasing the risk of
infection and delaying wound healing [1]. Horstmann et al.
[2] proclaimed the use of a new intra-operative ABT filter
system combined with a postoperative ABT unit resulted in
higher postoperative hemoglobin (Hb) levels and less total
blood loss compared with a high-vacuum drain following
THA. Some studies have shown the effectiveness of
closed-suction drainage in THA, but no studies demon-
strate any benefits in postoperative pain, wound healing
and incidence of infection [3, 4]. Furthermore, using drains
might increase needs for homologous blood transfusions or
reduce them by postoperative re-transfusion of drained
blood [5-7].

Up to now, no studies have found sufficient evidence to
recommend no drainage, closed-suction drainage or ABT
drainage in primary THA. The review involving closed-
suction drainage versus no drainage by Zhou et al. [8]
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Fig. 1 Flow diagram of study
selection

963 records identified through
database searches

552 records removed as duplicates

411 records screened

Studies excluded on the basis
of titles and abstracts (n=395)

16 full-text articles assessed for eligibility

Four studies excluded due to missing
some key data

12 RCTs included in meta-analysis

remained the only meta-analysis that has been ever made in
this field, but they did not differentiate closed-suction
drainage or ABT drainage. Therefore, it is necessary to
have a latest, up-to-date meta-analysis to investigate this
issue to obtain a powerful conclusion which way of
drainage is best. The primary objective of this meta-ana-
lysis was to determine which way of drainage had the best
clinical efficacy with regard to blood loss, transfusion rate
and Hb levels at 2448 h after primary THA. The sec-
ondary aim was to find out which way of drainage was
safest regarding to the complication rates during the first
year.

Materials and methods
Literature search

Electronic databases (Medline, EMBASE and Cochrane
Central Register of Controlled Trials) were searched
without limit by two independent reviewers, which were
published up to January 2013. The search terms were
“drainage” or “drain”, “total hip arthroplasty” or “total
hip replacement” and “randomized controlled trial”. We
also searched the reference lists of related reviews and
original articles identified for any relevant trials including
clinical trials and randomized controlled trials (RCTSs)
involving adult humans.

Eligibility criteria
Studies were identified by two researchers according to the

following criteria: (1) the comparison was between ABT
drainage and no drainage/closed-suction drainage, (2) some
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key data were described, such as blood loss, transfusion rate,
preoperative/postoperative Hb levels, hematoma, swelling,
postoperative pain, hospital stay and complications, (3) a
RCT was designed, (4) full text were published in English.

Quality assessment

Two investigators independently assessed methodological
quality of each included RCT using the physiotherapy
evidence database (PEDro) scale [9]. The 11 items were
based on the Delphi list [10]. Each item was scored “yes”
or “no” with a maximum score of 10 because criterion one
was not scored. A trial with a score of six or more was
considered high quality. Conflicts were resolved by dis-
cussion with other investigators.

Data extraction

Both researchers extracted relevant data including sample
size, study design, patient age, gender, length of follow-up,
preoperative/postoperative Hb levels, transfusion, hematoma,
swelling, postoperative pain, hospital stay and complications.

Statistical analysis

Meta-analysis was conducted with Cochrane Collaboration
Review Manager 5.0. If the standard deviation was not
reported, it was imputed with use of the technique descri-
bed by Ma et al. [11]. For continuous data, weighted mean
difference (WMD) and 95 % confidence interval (CI) were
used in this study. The statistical method was inverse
variance. For dichotomous outcomes, an odds ratio (OR)
and 95 %CI were calculated as the summary statistics. The
statistical heterogeneity was tested with the Chi” test and I*
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Table 2 PEDro critical appraisal score

Authors Physiotherapy evidence database scale Total
1 2 3 4 5 6 7 8 9 10 11
Cheung et al. [17] + + + + - — - + + + + 7
Dora et al. [18] + + + + — — - + _ + + 6
Gonzalez et al. [19] + + + + — — — + — + 4 6
Horstmann et al. [20] + + + + — — + + + + 4 3
Kleinert et al. [21] + + + + — — — + + + 4 7
Matsuda et al. [22] + + + + — — — + _ + + 6
Niskanen et al. [4] + — + — - — + _ + + 5
Ovadia et al. [3] — + + + — - — + _ + + 6
Smith et al. [5] + + + + — — — + — + + 6
Strahovnik et al. [23] + + + + — — — + _ + + 6
Walmsley et al. [24] — + + + — — — + — + 4 6
Widman et al. [25] + + + + — — _ + _ + 4 6

Physiotherapy evidence database scale: / eligibility criteria, 2 random allocation, 3 concealed allocation, 4 baseline comparability, 5 participant
blinding, 6 therapist blinding, 7 assessor blinding, 8§ >85 % follow-up, 9 intention-to-treat analysis, /0 between-groups statistical comparison for
at least one key outcome, // point estimates and variability measures for at least one key outcome

No drainage ABT drainage Mean Difference Mean Difference
| up pan 2 pan 17 pight__IV, Random, 95° dom, 95% CI
Cheung et al 2010 14 05 48 136 04 53 41.7% 0.40(0.22,058) ——
Kleinert et al 2012 136 1.7 40 142 14 40 248% -060[128,008 7
Wieger G etal 2012 139 11 50 139 11 50 335% 0.00-0.43,043)
Total (95% CI) 138 143 100.0%

Heterogeneity. Tau®= 0.16, Chi*=9.74, df= 2 (P = 0.008), F= 79%

Test for overall effect Z= 0.07 (P = 0.95)

0.02 [-0.50, 0.53)
1 -05 0 05 1
No drainage ABT drainage

3 i

4

Closed-suction drainage ABT drainage Mean Difference Mean Difference
_ Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Cheung et al 2010 137 04 52 136 04 53 888% 010005, 025 7
Kleinert et al 2012 14 16 40 142 14 40 48% -020}0.86,0.46)
Smith et al 2007 136 16 82 1386 2 76 65% 000F-057,057]
Total (95% CI) 174 169 100.0% 0.08(-0.06,0.22) ?

Heterogeneity Ch#=084,df= 2 (P=066),P=0%
Test for overall effect Z=1.08 (P=0.28)

<] 05 0 05 1
Closed-suction drainage ABT drainage

Fig. 2 Forest plot of comparison for preoperative Hb levels (g/dl) between ABT drainage and no drainage/closed-suction drainage

test. I” <25 % was considered low statistical heterogeneity;
<50 %, moderate statistical heterogeneity; P <75 %,
high statistical heterogeneity [12]. The source of high
heterogeneity was calculated by random effects after
clinical heterogeneity of the included studies was excluded.

Results
Literature search initially yielded 963 relevant trials. There

were 411 articles after removing duplicates. We excluded
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395 of these articles on the basis of titles and abstracts,
leaving 16 potentially relevant studies. Nevertheless, four
studies were excluded since some key data, such as blood
loss, transfusion rate, Hb levels, and complications, were not
reported [13—16]. Finally, 12 RCTs published in English met
the predetermined inclusion criteria [3-5, 17-25] (Fig. 1).

The demographic characteristics of 12 studies were
presented in Table 1. The dataset included 1,574 patients
involving 651 no drainage, 634 closed-suction drainage
and 316 ABT drainage. Follow-up period ranged from 2 to
36 months.
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No drainage ABT drainage Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Cheung etal 2010 104 05 48 105 05 53 794% -0.10(-0.30,0.10) I~
Kleinertetal 2012 399 14 40 106 186 40 70% -070(-1.36,-004 &
Wieger G etal 2012 109 11 50 11 13 50 136% -0.10[-057,037) ———
Total (95% CI) 138 143 100.0% .0.14[.0.32,0.03) -
Heterogeneity. Chi*= 2.96, df= 2 (P = 0.23), P= 33% 1 05 0 0’5 1‘
Testfor overalleffect Z=160(P=0.11) No dramage ABT dra;nage
Closed-suction drainage ABT drainage Mean Difference Mean Difference
_Study or Subaroup Mean SO Total Mean SO Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Cheung et al 2010 105 05 52 105 05 53 845% 000[019,019) —f.—
Kleinert et al 2012 102 15 40 106 16 40 67% -040(108028) *¢
Smith et al 2007 106 21 82 108 17 76 88% -020[079,039
Total (95% CI) 174 169 100.0% .0.04(.0.22,0.13) *

Heterogeneity Ch*=152,d=2(P=047),P=0%
Testfor overall effect Z=049(P=062)

-1 05 0 05
Closed-suction drainage ABT drainage

Fig. 3 Forest plot of comparison for postoperative Hb levels (g/dl) between ABT drainage and no drainage/closed-suction drainage

No drainage Closed-suction drainage Mean Difference Mean Difference
Study or Subgrou Mean SD _Total Mean SD Total Weight I, Random, 95% CI Y, Random, 95% CI
Dora et al 2007 2195 1,110 50 2346 1,034 50 49.4% -151.00 [-571.48, 269.48] —
Widman et al 2002 624 130 12 1,759 567 10 506% -1135.00[-1494.04,-775.96] ¢—
Total (95% CI) 62 60 100.0% -649.34 [-1613.56,314.80] NEEE——
Heterogeneity: Tau®= 444336.82; Chi*=12.17, df= 1 (P = 0.0005); F= 92% L t t {
7 _ -1000 -500 0 500 1000
Test for overall effect: Z=1.32 (P=0.19) No drainage Closed-suction drainage
No drainage ABT drainage Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Strahovniketal 2010 1,052 65 42 959 121 46 97.2% 93.00[52.89,133.11]
Wieger Getal 2012 1,633 645 50 1,506 564 50 2.8% 127.00[-110.49, 364.49) T
Total (95% CI) 92 96 100.0% 93.94 [54.39, 133.50] ¢
Heterogeneity. Chi*= 0.08, df=1 (P=0.78); F=0% '-1000 _5-00 0 5['10 1000-

Test for overall effect: Z= 4.66 (P < 0.00001)

No drainage ABT drainage

Fig. 4 Forest plot of comparison for total blood loss (ml) between between ABT drainage and no drainage/closed-suction drainage

The methodological quality of each included RCT was
assessed in accordance with the PEDro scale (Table 2).
The results showed that 11 RCTs were high and one trial
was low methodological quality. All of the studies used the
randomized method. 11 studies used the concealed allo-
cation. One study used blinding method.

The forest plot for preoperative Hb levels indicated no
statistical difference between ABT drainage and no drain-
age/closed-suction drainage (Fig. 2). Similarly, there were
also no statistical difference for postoperative Hb levels
between ABT drainage and no drainage/closed-suction
drainage (Fig. 3).

For total blood loss, there was statistical difference
between no drainage and ABT drainage (WMD = 94;
95 % CI, 54-134; p < 0.001), while no statistical

difference existed between no drainage and closed-suction
drainage (WMD = —-649; 95 % CI, —-1,613-315;
p = 0.19), (Fig. 4). As for transfusion rate, the forest plot
showed no statistical differences between the groups
(Fig. 5).

As regard to postoperative swelling, the forest plot
showed statistical difference between no drainage and ABT
drainage (WMD = 1.77; 95 % CI, 1.56-1.98; p < 0.001),
while there was no statistical difference between ABT
drainage and closed-suction drainage (Fig. 6). For post-
operative hematoma, postoperative pain and hospital stay,
there was no statistical difference between the groups
(Figs. 7, 8, 9).

As for postoperative complications, such as infection,
deep vein thrombosis, pulmonary embolism, wound
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No drainage ABT drainage

Odds Ratio Odds Ratio

Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% Ci M-H, Fixed, 95% CI

Kleinert et al 2012 4 40 1 40 100.0% 4.33([0.46, 40.61) ]

Total (95% Cl) 40 40 100.0% 4.33[0.46, 40.61] —~l——

Total events 4 1

Heterogeneity: Not applicable f t t {

Test for overall effect. Z=1.28 (P =0.20) 0.01 Nood1rainage1 ABT dr;ielagn; 00
Closed-suction drainage  ABT drainage Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H. Fixed, 95% ClI

Kleinert et al 2012 4 40 1 40 1000% 433(0.46,4061) 1

Total (95% Cl) 10 40 100.0% 4.33[0.46, 40.61] ———

Total events 4 1

Heterogeneity Not applicable ’0 o 0*1 H 1’0 100‘

Testfor overall effect: Z=1.28 (P = 0.20)

Closed-suction drainage ABT drainage

Fig. 5 Forest plot of comparison for transfusion rate (%) between ABT drainage and no drainage/closed-suction drainage

No drainage ABT drainage
0 0 '

Mean Difference Mean Difference

f subqroup an ) d an 3l Weigqht IV, Fixed : ed, 95% CI
Kleinertetal 2012 53 25 40 42 23 40 39% 1.10(0.05 2.15) =
Strahownik et al 2010 45 06 42 27 04 51 96.1% 1.80(1.59, 2.01) -
Total (95% CI) 82 91 100.0% 1.77[1.56, 1.98) '
Heterogeneity. Chi*= 1.63,df= 1 (P = 0.20); = 39% o .5 5
Testfor overall effect Z= 16.71 (P < 0.00001) No drainage ABT drainage
Closed-suction drainage ABT drainage Mean Difference Mean Difference
Mean SD ed, 95% Cl
Kleinert et al 2012 38 23 40 42 23 40 1000% -040(-1.41,061)
Total (95% CI) 40

Heterogeneity. Not applicable
Testfor overall effect Z=0.78 (P = 0.44)

40 100.0% -0.40(-1.41,0.61)

3

0 -5 0 5 10
Closed-suction drainage ABT drainage

Fig. 6 Forest plot of comparison for swelling (cm) between ABT drainage and no drainage/closed-suction drainage

healing, persistent drainage, trochanteric fracture, surgical
revision and death, which were presented in Table 3 and
showed no statistical differences except superficial infec-
tion between the groups.

Discussion

Drainage was widely used in many orthopaedic surgical
procedures with the theory of effectively decreasing
hematoma formation, accelerating wound healing and
reducing infection rate. Nevertheless, some studies claimed
that no drainage would have more benefits in THA [4, 19,
23, 24, 26]. As a result, this meta-analysis was conducted
to evaluate the objective clinical effect and complication
rates of no drainage, closed-suction drainage and ABT
drainage in primary THA. The most significant finding of

@ Springer

the present study was that both ABT drainage and no
drainage/closed-suction drainage have similar clinical
efficacy and safety for THA with regard to preoperative/
postoperative Hb levels, blood loss, transfusion rate,
swelling, hospital stay and complication rates.

As we knew, postoperative Hb level was an important
indicator to evaluate which way of drainage had the best
clinical efficacy for THA. The latest RCT by Horstmann
et al. [27] showed that ABT drainage resulted in a smaller
maximum decrease in Hb levels than no drainage (102
ABT drainage versus 102 no drainage). However, accord-
ing to the results of the current study, there were no sta-
tistical differences in postoperative Hb levels between
ABT drainage and no drainage/closed-suction drainage
(143 ABT drainage versus 138 no drainage; 169 ABT
drainage versus 174 closed-suction drainage). Certainly,
the postoperative Hb levels mostly depended on
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No drainage ABT drainage Mean Difference Mean Difference
1dy or Subgrou Mean SD Total Mean SD Total Weight [V, Fixed, 95% CI IV, Fixed, 95% CI
Kleinert et al 2012 53 148 40 28 2 40 100.0% 250(-213,7.13) ]
Total (95% ClI) 40 40 100.0% 2.50(-2.13,7.13) "P'
Heterogeneity. Not applicable 1 o 5 5 5 10‘
Testfor overall effect Z=1.06 (P = 0.29) No drainage ABT drainage
Closed-suction drainage ABT drainage Mean Difference Mean Difference
rou, M M | 95% 1ii'.ﬁ Cl
Kleinertetal 2012 38 23 40 28 2 40 1000% 100[006,194)
Total (95% CI) 40 40 100.0% 1.00(0.06, 1.94] &
Heterogeneity. Not applicable 0 5 5 5 1 0‘
Tedicroversilighipct 2= 208 (Fi0.00) Closed-suction drainage ABT drainage
Fig. 7 Forest plot of comparison for hematoma (cm®) between ABT drainage and no drainage/closed-suction drainage
No drainage ABT drainage Mean Difference Mean Difference
harou, Mean M | i 9 n, 9 5 .ﬁ gl
Kleinert et al 2012 21 17 40 12 15 40 487% 0.90(0.20, 1.60) L
Wieger G etal 2012 33 15 50 35 16 50 513% -020[(-081,041)
Total (95% CI) 90 90 100.0%  0.34(.0.74, 1.41)
Heterogeneity. Tau?= 0.49, Chi*= 5 38, df=1 (P = 0.02), "= 81% o = 5 —

Testfor overall effect Z= 061 (P=054)

Closed-suction drainage ABT drainage Mean Difference
—Study or Subgroup Mean SO Tot "
Kleinert et al 2012 14 19 40 15

40 1000% 020055099

Total (95% CI) 40 40 100.0% 0.20[-0.55,0.95)
Heterogeneity Not applicable
Testfor overall effect Z= 052 (P = 060)

[

No drainage ABT drainage

Mean Difference

10 -5 0 5 10

T T

Closed-suction drainage ABT drainage

Fig. 8 Forest plot of comparison for postoperative pain (VAS score 1-10) between ABT drainage and no drainage/closed-suction drainage

No drainage ABT drainage Mean Difference
Me D € D R

Study o DO oun

Cheung et al 2010

o

e ol ! O O | 4 O IO,
6 05 48 6 08 53 280% 000(026

, 0.26)
Kieinert et al 2012 54 1 40 67 14 40 241% -130F183,-077) -*
Strahownik et al 2010 7 18 42 7 2 97 218% 000(067,067)
Wieger G et al 2012 46 13 50 43 07 50 261% 030(011,071)
Total (95% CI) 180 240 100.0% .0.24(.0.85,0.38)
Heterogenerty Tau®= 0 33, Chi*= 2379, df= 3 (P < 00001), "= 87% PT 3 10
Testfor overall effect Z= 075 (P =045) No drainage ABT drainage
Closed-suction dr ainage ABT drainage Mean Difference Mean Difference
_Study or Subgroup Mean SO To { otal Weight Random, 9 Random, 95% Cl
Cheung et al 2010 7 1 52 6 08 53 518% 100 [0 65, 1 3%)
Keinert et al 2012 66 1 40 67 14 40 482% 0101063043
Total (95% CI) 92 93 100.0% 0.47[-0.61, 1.55)

Heterogenety Tau®= 055, Ch®= 1149 0df=1 (P =00007),P=91%
Testfor overall effect Z= 085 (P =0 39)

10 i3 0 5 10

Closed-sucbon drainage ABT drainage

Fig. 9 Forest plot of comparison for hospital stay (day) between ABT drainage and no drainage/closed-suction drainage
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Table 3 Postoperative complications

No. of A (%) B (%) C (%)

studies
Superficial infection 9 24 (4.2)%* 25 (4.1)* 2 (0.8)
Deep infections 6 5(1.1) 3(0.7) 2(1.4)
Surgical revision 4 3(0.7) 1(0.2) 1 (1.1)
Persistent drainage 4 5@3.5) 5.1 0
DVT 4 3 (0.7) 5(1.3) 0
Pulmonary embolism 3 1(0.3) 3(0.9) 0
Trochanteric fracture 2 0 3(3.3) 1.5
Death 2 0 5 (1.5) 0
Wound healing 1 0 1(2.5) 1(2.5)

THA total hip arthroplasty, A no drainage, B closed-suction drainage,
C autologous blood transfusion drainage, DVT deep vein thrombosis

*p < 0.05, * p < 0.0l

preoperative Hb levels, total blood loss and transfusion.
According to the results of the current study, we knew that
there was no statistical difference on preoperative Hb
levels between ABT drainage and no drainage/closed-
suction drainage, and ABT drainage just had less total
blood loss of 94 ml than no drainage/closed-suction
drainage. Besides, ABT drainage did not correlate signifi-
cantly with the amount of allogenic transfusion in TKA and
THA [28]. Thus, on Hb level change, the efficacy was
similar between ABT drainage and no drainage/closed-
suction drainage in primary THA.

As for postoperative pain, hematoma and hospital stay,
there were also no statistical differences between ABT
drainage and no drainage/closed-suction drainage accord-
ing to the results of the current study. Consequently, ABT
drainage was not superior in clinical efficacy compared
with no drainage/closed-suction drainage in THA.

ABT drainage had lower superficial infection rate, per-
sistent drainage rate, deep vein thrombosis rate, pulmonary
embolism rate and higher deep infection rate, surgical
revision rate than no drainage/closed-suction drainage in
THA, but there were no statistical differences except
superficial infection. Therefore, ABT drainage had the
similar safety compared with no drainage/closed-suction
drainage.

Some possible limitations to this meta-analysis should
be pointed out. First, this meta-analysis limited the inclu-
ded articles published in English. There might be selection
bias in language. Second, the number of some key data was
too small to have much power as expected, such as trans-
fusion rate. Third, the follow-up period of included studies
ranged from 2 to 36 months, so long-term complication
rates are still unclear.

In conclusion, this meta-analysis demonstrates that ABT
drainage and no drainage/closed-suction have similar

@ Springer

clinical efficacy and safety with regard to postoperative
pain, hematoma, swelling, Hb levels, hospital stay and
complications.

Acknowledgments
help in this study.

We would like to thank Ms Jing Zhu for her

Conflict of interest Each author certifies that he or she, or a
member of their immediate family, has no commercial associations
(e.g., consultancies, stock ownership, equity interest, patent/licensing
arrangements, etc.) that might pose a conflict of interest in connection
with the submitted article.

References

1. Beer KJ, Lombardi AV Jr, Mallory TH et al (1991) The efficacy
of suction drains after routine total joint arthroplasty. J Bone Joint
Surg Am 73:584-587

2. Horstmann WG, Swierstra MJ, Ohanis D et al (2014) Favourable
results of a new intraoperative and postoperative filtered autolo-
gous blood re-transfusion system in total hip arthroplasty: a
randomised controlled trial. Int Orthop 38:13-18

3. Ovadia D, Luger E, Bickels J et al (1997) Efficacy of closed
wound drainage after total joint arthroplasty. A prospective ran-
domized study. J Arthroplasty 12:317-321

4. Niskanen RO, Korkala OL, Haapala J et al (2000) Drainage is of
no use in primary uncomplicated cemented hip and knee
arthroplasty for osteoarthritis: a prospective randomized study.
J Arthroplasty 15:567-569

5. Smith LK, Williams DH, Langkamer VG (2007) Post-operative
blood salvage with autologous retransfusion in primary total hip
replacement. J Bone Joint Surg Br 89:1092-1097

6. Grosvenor D, Goyal V, Goodman S (2000) Efficacy of postop-
erative blood salvage following total hip arthroplasty in patients
with and without deposited autologous units. J Bone Joint Surg
Am 82-A:951-954

7. Strumper D, Weber EW, Gielen-Wijffels S et al (2004) Clinical
efficacy of postoperative autologous transfusion of filtered shed
blood in hip and knee arthroplasty. Transfusion 44:1567-1571

8. Zhou XD, Li J, Xiong Y et al (2013) Do we really need closed-
suction drainage in total hip arthroplasty? A meta-analysis. Int
Orthop 37:2109-2118

9. de Morton NA (2009) The PEDro scale is a valid measure of the
methodological quality of clinical trials: a demographic study.
Aust J Physiother 55:129-133

10. Verhagen AP, de Vet HC, de Bie RA et al (1998) The Delphi list:
a criteria list for quality assessment of randomized clinical trials
for conducting systematic reviews developed by Delphi consen-
sus. J Clin Epidemiol 51:1235-1241

11. Ma J, Liu W, Hunter A et al (2008) Performing meta-analysis
with incomplete statistical information in clinical trials. BMC
Med Res Methodol 8:56

12. Higgins JP, Thompson SG, Deeks JJ et al (2003) Measuring
inconsistency in meta-analyses. BMJ 327:557-560

13. Kim YH, Cho SH, Kim RS (1998) Drainage versus nondrainage
in simultaneous bilateral total hip arthroplasties. J Arthroplasty
13:156-161

14. Murphy JP, Scott JE (1993) The effectiveness of suction drainage
in total hip arthroplasty. J R Soc Med 86:388-389

15. Ritter MA, Keating EM, Faris PM (1994) Closed wound drainage
in total hip or total knee replacement. A prospective, randomized
study. J Bone Joint Surg Am 76:35-38



Arch Orthop Trauma Surg (2014) 134:1623-1631

1631

16.

17.

18.

19.

20.

21.

Crevoisier XM, Reber P, Noesberger B (1998) Is suction drainage
necessary after total joint arthroplasty? A prospective study. Arch
Orthop Trauma Surg 117:121-124

Cheung G, Carmont MR, Bing AJ et al (2010) No drain, autol-
ogous transfusion drain or suction drain? A randomised pro-
spective study in total hip replacement surgery of 168 patients.
Acta Orthop Belg 76:619-627

Dora C, von Campe A, Mengiardi B et al (2007) Simplified
wound care and earlier wound recovery without closed suction
drainage in elective total hip arthroplasty. A prospective ran-
domized trial in 100 operations. Arch Orthop Trauma Surg
127:919-923

Gonzalez Della Valle A, Slullitel G, Vestri R et al (2004) No
need for routine closed suction drainage in elective arthroplasty
of the hip: a prospective randomized trial in 104 operations. Acta
Orthop Scand 75:30-33

Horstmann WG, Kuipers BM, Slappendel R et al (2012) Post-
operative autologous blood transfusion drain or no drain in pri-
mary total hip arthroplasty? A randomised controlled trial. Int
Orthop 36:2033-2039

Kleinert K, Werner C, Mamisch-Saupe N et al (2012) Closed
suction drainage with or without re-transfusion of filtered shed
blood does not offer advantages in primary non-cemented total
hip replacement using a direct anterior approach. Arch Orthop
Trauma Surg 132:131-136

22.

23.

24.

25.

26.

27.

28.

Matsuda K, Nakamura S, Wakimoto N et al (2007) Drainage does
not increase anemia after cementless total hip arthroplasty. Clin
Orthop Relat Res 458:101-105

Strahovnik A, Fokter SK, Kotnik M (2010) Comparison of
drainage techniques on prolonged serous drainage after total hip
arthroplasty. J Arthroplasty 25:244-248

Walmsley PJ, Kelly MB, Hill RM et al (2005) A prospective,
randomised, controlled trial of the use of drains in total hip
arthroplasty. J Bone Joint Surg Br 87:1397-1401

Widman J, Jacobsson H, Larsson SA et al (2002) No effect of
drains on the postoperative hematoma volume in hip replacement
surgery: a randomized study using scintigraphy. Acta Orthop
Scand 73:625-629

Johansson T, Engquist M, Pettersson LG et al (2005) Blood loss
after total hip replacement: a prospective randomized study
between wound compression and drainage. J Arthroplasty
20:967-971

Horstmann WG, Swierstra MJ, Ohanis D et al (2013) Reduction
of blood loss with the use of a new combined intra-operative and
post-operative autologous blood transfusion system compared
with no drainage in primary total hip replacement. Bone Joint J
95B:616-622

Schneider MM, Kendoff D, Oloughlin PF et al (2014) Effec-
tiveness of autologous transfusion system in primary total hip and
knee arthroplasty. Technol Health Care 22:123-128

@ Springer



	Comparison between autologous blood transfusion drainage and no drainage/closed-suction drainage in primary total hip arthroplasty: a meta-analysis
	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Literature search
	Eligibility criteria
	Quality assessment
	Data extraction
	Statistical analysis

	Results
	Discussion
	Acknowledgments
	References


