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Abstract: Purpose: The closed-suction drainage is widely used in total hip arthroplasty. However, controversy still 
exists regarding the use of closed-suction drainage after total hip arthroplasty. With this study, we intended to test 
whether the closed-suction drainage is safe and effective considering the clinical outcome measures. Methods: A 
comprehensive literature searching was performed in PubMed, MEDLINE, EMBASE and other internet database. All 
the relevant studies designed were retrieved to interpret this issue. The searching time frame was from the estab-
lishing of these databases until July 2015. Results: Twelve randomized controlled trials (RCTs) assessing a total of 
1498 patients and 1524 hips were included. The results of our Meta-analysis indicate that the closed suction drain-
age prolongs the length of hospital stay and operation time, increases the amount of patients requiring for transfu-
sion and the mean transfusion unit. However, it is encouraging that the drainage can decrease the wound related 
complications, patients of reinforcement and wound hematoma, lessen the change in mid-thigh circumstance. No 
significant difference was found on other measurements, including blood loss, infection, volume of hematoma, DVT 
and PE and the Harris score. Conclusions: Based on the current evidence, the closed suction drainage though was 
still filled with controversy, it may supply more benefit aspects after THA. More carefully and scientifically designed 
RCTs are still required to further demonstrate the claim.
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Introduction

Total hip arthroplasty (THA) is a successful pro-
cedure for relieving pain, correcting deformity 
and restoring function in cases with hip dis- 
orders such as osteoarthritis, femoral head 
necrosis. Traditionally, the postoperative clo- 
sed-suction drainage has been widely used in 
all orthopedic surgery. It was based on a study 
by Waugh [1], who showed a lower infection 
rate when drainage was used. However, until 
now, the use of closed suction drainage in pri-
mary THA remains controversial. In theory, the 
closed suction drainage will prevent the forma-
tion of hematoma in the operative area, thus 
decrease tension of incision, diminish delayed 
wound healing and reduce the risk of infection 
[2-4]. To the contrary, some studies claimed 
that the closed-suction drainage can lead to 

more blood loss after THA, because it elimi-
nates the tamponade effect and may cause ret-
rograde infection as well [5, 6].

Since it was first introduced, the closed-suction 
drainage has received a boost of concentration 
in the area of THA. A variety of studies were 
conducted to identify this issue, including pro-
spective RCTs, retrospective studies, meta-
analysis and systematic review, while, no final 
conclusion has been drawn. The latest meta-
analysis concentrating on the closed suction 
drainage in THA was published by Chen et al. 
[7], who drew the conclusion that there is insuf-
ficient evidence to support the routine use of 
closed-suction drainage in hip arthroplasty. And 
at the same time, it increased requirement for 
postoperative blood transfusion. However, this 
study included some quasi-randomized trials, 
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and there was a moderate possibility of selec-
tion bias and publication bias, the conclusion 
should be dealt with caution. Since then, some 
new RCTs have been conducted, it is necessary 
to engage a new meta-analysis excluding some 
inferior quality studies and containing the lat-
est RCTs to re-recognize the debate.

We therefore conducted a study of all available 
high-quality RCTs comparing closed-suction 
drainage with no drainage in THA to evaluate 
the safety and efficacy considering clinical out-
come measures of this aspect in the proce- 
dure.

Materials and methods

The meta-analysis were conducted according 
to the methodological guidelines outlined by 
the Cochrane Collaboration (Oxford, UK) [8]. All 
data were reported according to the Quality of 
Reporting of Meta-Analyses (QUOROM) state-
ment provided by the Handbook for Systematic 
Reviews of Interventions version 5.0.0 [9]. The 
quality of reporting of randomized controlled 
trial’s checklist of items was also used to quan-
tify all the final studies included in our meta-
analysis were identified.

Literature search

A comprehensive literature searching was per-
formed to identify all published RCTs that com-

The literatures were identified that met the fol-
lowing inclusion criteria: (1) published high-
quality RCTs (the CONSORT score ≥11); (2) 
comparison of closed suction drainage and no 
drainage after THA surgery; (3) patients under-
going a primary THA; (4) outcome measure-
ments should include at least one of these 
parameters (blood loss, blood transfusion, 
length of hospital stay, hip function, infection, 
wound hematoma and other complications). 
Exclusion criteria were as follows: (1) unpub-
lished data, (2) proceedings of conference, (3) 
nonrandomized controlled trials (4) inferior 
quality RCTs (5) publication language not in 
English and (6) cadaver model or animal 
experiments.

Article selection and validity assessment

RCTs were included that comparing closed suc-
tion drainage and no drainage after THA. The 
blood loss, blood transfusion and incidence of 
complications were regarded as primary out-
comes. The secondary outcome measure-
ments included operation time, length of hospi-
tal stay, VAS score, hip ROM, Harris score, 
dressing change. Inappropriate articles were 
filtered out by scanning the title of each study. 
Afterwards, abstracts of the remained studies 
were reviewed independently, and those poten-
tially relation to our meta-analysis were select-

Figure 1. Flow chart of the studies identified in the meta-analysis.

pared closed suction drain-
age with no drainage after 
THA. Two independent review-
ers carried out a systemic 
computerized searching of 
electronic databases includ-
ing PubMed, the Cochrane 
Library, MEDLINE, EMBASE 
and other intent databases. 
In addition, the internet sear- 
ching engine “Google” was 
also searched. The key words 
used for the search included 
“total hip replacement”, “to- 
tal hip arthroplasty”, “THR”, 
“THA”, “closed suction drain-
age”, “drainage”, “drain” and 
“non-drainage”. The search 
was not restricted time of the 
articles published.

Inclusion and exclusion cri-
teria
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Table 1. The data pool of included studies (drainage/no drainage) 

Study 
(year)

Pa-
tients Hips

Drainage 
removed 

(h)

Hospital 
stay (d)

Operation 
time (min) Total BL (ml)

Intraop-
erative 
BL (ml)

Postoperative 
Drainage (ml)

Patients 
transfu-
sion (n)

Transfusion  
unit (u)

Change in mid-
thigh circum-
stance (cm)

Pain (VAS) Region
Con-
sort 

score
Zeng W 
2014 [2]

168 83/85 24 10.5 (1.5)/ nc nc 271.2 
(68.6)/

359.2 (216.2) 8/7 3.8 (0.7)/ nc nc Sichuan, 
China

19

10.2 (1.4) 254.4 
(71.1)

2.9 (1.1)

Strahovnik1 
2010 [3]

139 46/42 24 7 (4-14)/ 85 (55-150)/ 959  
(717-1202)/

nc 200 (156-243) nc 635 (489-782)/ 2.2 (1.3-2.8)/ 3/14 Celje, 
Slovenia

17

7 (7-14) 90 (60-150) 1052  
(923-1181)

466 (329-585) 
ml

4.5 (3.4-5.6)

Strahovnik2 
2010 [3]

51/42 48 7 (5-14)/ 90 (45-165)/ 1098  
(812-1383)/ 

nc 395 (334-457) nc 647 (490-804)/ 2.7 (1.9-3.4)/ 4/14 Celje, 
Slovenia

17

7 (7-14) 90 (60-150) 1052  
(923-1181)

466 (329-585) 
ml

4.5 (3.4-5.6)

Roth 2010 
[4]

80 40/40 24 nc 33 (29-41)/ 900 (300-2400)/ nc nc 0/0 0/0 0.8 (-2-5)/ 2/1.2 (d1, 
rest)

Munich, 
Germany

13

30.8 (25-38) 900 (300-2100) 1.2 (-2-9)a 3.8/2.7 (d1, 
stress)

1.3 (-3-7)/ 0.6/0.3 (d4, 
rest)

2.1 (-1-10.5)b 2.2/1.4 (d4, 
stress)

Walmsley 
2005 [5]

552 257/ 
272

24 10/10 nc nc nc nc 93/78 nc nc nc Dunfer-
mline, UK

16

Kim 1998 
[25]

48 48/48 24 nc nc nc nc nc nc nc nc nsd Seoul, 
Korea

12

Dora 2007 
[26]

100 50/50 48 nc nc 2346 (1034)/ nc 97 (138) nc 2.4 (1.6)/ 2.6 (3.1)/ 1.9 (1.5)/ Zürich, 
Switzerland

19

2195 (1110) 2.5 (1.9) 2.5 (3.4)c 1.8 (1.6) (d2)

1.0 (2.7)/ 1.8 (1.6)/

0.6 (2.4)d 2.0 (1.5) (d6)

Cheung 
2010 [27]

100 52/48 24 7 (5.3-9)/ nc nc 300 (200-
400)/

350 (113-558) 19/6 nc nc nc Shropshire, 
UK

18

6 (5-7) 300 (250-
350)

Ovadia 
1997 [28]

30 18/12 48 10.05 
(3.5)/

nc nc nc nc 9/2 nc nc nc Tel-Aviv, 
Israel

14

8.33 (0.88)

González 
2004 [29]

103 53/51 Double 24 5.1 (4-10)/ 97/100 nc nc 290 (50-550) 21/18 1.6 (1-3)/ 1.6(-2-5)/ nc New York, 
USA

17

4.7 (3-7) 1.5 (1-3) 1.7(-5-8)

Kleinert 
2012 [30]

80 40/40 48 6.6 (1.0)/ nsd nsd nc nc 4/4 nc 3.8(2.3)/ 1.4 (1.9)/2.1 
(1.7) (d1)

Zurich, 
Switzerland

19
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5.4 (1.0) 5.3(2.5) 1 (1.5)/1.4 
(2.3) (d2)

0.7 (1.2)/0.7 
(1.2) (d3)

Matsuda 
2006 [31]

40 20/20 48 nc 83.5 (11.8)/ nc 328 (92)/ 416 (55-1001) nc nc nc nc Tokyo, 
Japan

18

87.2 (11.9) 311 (96)

Niskanen 
2000 [32]

58 27/31 24 nc 100 (69-
140)/

588 (200-
1400)/

nc 420 (100-
1180)

nc nc nc nc Lahti, 
Finland

12

97 (63-250) 612 (200-1100)

Nc = not clear, nsd = no significant difference and without detailed data. VAS = visual analogue scale. BL = blood loss. a = thigh swelling 10 cm below surgical area, b = thigh swelling 20 cm below surgical area. c = 20 cm above patella, d = 10 
cm above patella. Blood transfusion, 1U = 200 ml.

Table 2. The data pool complications of included studies (drainage/no drainage)

Study (year) Hips Infections Ecchymosis Wound 
hematoma

Volume of  
hematoma Reinforcement DVT and 

PE ROM Harris score Total wound 
complications

Zeng W 2014 [2] 83/85 2/9 3/11 0/0 3.0 (1.3)/ nc 0/0 A nc 9/34
5.1 (2.0) mm

Strahovnik1 2010 [3] 46/42 1/0 nc 0/1 nc 2/20 0/0 nc nc 1/2

Strahovnik2 2010 [3] 51/42 0/0 nc 0/1 nc 2/20 0/0 nc nc 2/2
Roth 2010 [4] 40/40 nc nc nc 40.1 (0-514)/ nc 0/0 nc nc 0/0

43.7 (0-343) cm-
Walmsley 2005 [5] 257/272 19/23 nc 0/1 nc nc 5/2 nc nsd 19/24
Kim 1998 [25] 48/48 0/0 3/11 35/44 nc nc nc nsd nsd 35/44
Dora 2007 [26] 50/50 0/0 nc nc 1.9 (4.1)/ nc 1/1 nc nsd 0/0

0.94 (3.4)a
2.6 (3.3)/
8.0 (17.0)b

Cheung 2010 [27] 52/48 2/0 nc nc nc nc nc nc nc 2/0
Ovadia 1997 [28] 18/12 0/0 0/0 nc nc nc 0/0 nc nc 3/2
González 2004 [29] 53/51 2/0 nc 2/0 nc 6/10 2/1 nc nc 4/0
Kleinert 2012 [30] 40/40 0/0 nc nc 3.8 (2.3)/ nc nc nc 88 (60-98)/ 2/4

5.3 (14.8) cm3 88 (65-99) nsd
Matsuda 2006 [31] 20/20 0/0 0/0 nc nc nc 0/0 nc nc 2/6
Niskanen 2000 [32] 27/31 1/1 nc nc nc 9/21 0/0 90 (50-120)/ nc 2/3

95 (70-110)c
Nc = not clear, nsd = no significant difference and without detailed data. DVT deep vein thrombosis, PE pulmonary embolism. ROM = range of motion. A: The range of motion was better in the early time (less 
than 2 weeks) in the drainage group, after 1 month, there was no significant difference. a = subcutaneous hematoma on day 6 (cm3), b = subfascial hematoma on day 6 (cm3). c = angle of hip flexion.
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ed. Bibliographies of the studies were reviewed 
for any additional ones. Finally, the consolidat-
ed standards of reporting trials (CONSORT) 
checklist [10] were used to perform a detailed 
appraisal of validity and quality of the poten-
tially eligible studies. A 22-item checklist was 
used to help appraisal of the RCTs. Using the 
guideline, the absence or presence of the item 
in each study was scored 0 or 1, respectively, 
giving a score out of 22. Each article was identi-
fied and scored by two members of the review 
team independently. A score of 50% (11/22) 
was defined as a lower limit for inclusion. This 
percentage was used because this has been 
reported as the average CONSORT score for 
surgical studies [11]. All disagreements were 
settled by discussion between team-workers.

Data extraction

Data of outcome measurements were extract-
ed from each study independently and checked 
by a third author against the anthropic mis-
takes of original information. Whenever neces-
sary, we contacted the authors via e-mail for 
the missing data and additional information. In 
a study reported by Strahovnik [3], the one hun-
dred thirty-nine patients undergoing total hip 
arthroplasty were randomized into 3 groups: 42 
patients received no drainage, 46 patients 
received drainage for 24 hours, and 51 patients 
received drainage for 48 hours. We dealt this 
study with two groups of data. It was presented 
in the Tables and Figures as Strahovnik1 and 
Strahovnik2. For any disaccord, a consensus 
was reached by discussion. Data extracted 
from each study included publication informa-
tion; participant demographics; sample size; 
the time of removing drainage; operation time; 
length of hospital stay; intraoperative blood 
loss; total blood loss; volume of drainage; 
change in mid-thigh circumstance; patient 
needing for reinforcement; patients requiring of 
transfusion; amount of transfusion unit; vol-
ume of hematoma; wound hematoma; DVT and 
PE; all wound related complications; pain and 
VAS score; Harris score. The total wound relat-
ed complications included superficial infection, 
deep infection, oozing, ecchymosis, tension 
vesicle, wound dehiscence, seroma, delayed 
wound healing, hematoma, wound persistent 
leaking, excessive swelling, heterotopic ossifi-
cations and thigh pain with apparent swelling, 
which were reported in the studies.

Statistical analysis

The meta-analysis was conducted using the 
RevMan 5.2 software (Cochrane Collaboration, 
Oxford, UK). The inverse variance method was 
used for continuous measurements, and the 
Mantel-Haenszel method for dichotomous 
measurements. Heterogeneity between the 
included studies was tested by using a stan-
dard Chi-square test (with a level of significance 
of P = 0.1) as well as the I2 statistic. An I2 statis-
tic value of >50% was considered a substantial 
heterogeneity. The random effects model 
described by DerSimonian [12] was used for 
the continuous data with substantial heteroge-
neity in order to gain meaningful confidence 
intervals; otherwise, the fixed-effects model 
described by Lau [13] was used. When signifi-
cant heterogeneity presented, we also per-
formed subgroup analysis and sensitivity analy-
sis. If the standard deviation of a mean was not 
reported in a study, it was calculated by the 
range with use of the methods proposed by 
Hozo et al [14]. The pooled effect of the P value 
<0.05 was considered significant.

Results 

A flow chart of the studies identified was shown 
in the flow diagram (Figure 1). Of the 1232 arti-
cles retrieved by the search, 224 studies were 
duplicated and 986 studies were excluded 
based on the title and abstract, leaving 22 
potentially relevant studies. After detailed eval-
uation, seven studies were excluded based on 
the CONSORT score [15-21], two studies were 
with diversity of the methodology [22, 23], one 
was published in French [24]. Finally, twelve 
studies were included in our Meta-analysis. The 
mean CONSORT adherence score of the stud-
ies was 16.2 (median 12-19) of a maximum 
score of 22. Tables 1 and 2 show the included 
studies with their contributions to the data pool 
[2-5, 25-32].

Outcome analysis

The results of the Meta-analysis for the clinical 
outcomes are shown in the relevant forest plots 
(Figures 2-4, 6-9). And the funnel plot shows 
the publication bias (Figure 5).

Length of hospital stay and operation time

Combining the results of the seven groups of 
data [2, 3, 27-30] in which the length of hospi-
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tal stay was revealed, it was much shorter in 
the no drainage group (mean difference = 0.57 
d; 95% confidence interval = 0.18 to 0.95; P = 
0.004) (Figure 2). The subgroup analysis and 
sensitivity analysis also showed a significant 

difference. Of the five groups of data [3, 4, 31, 
32] revealing the operation time, it was much 
longer in the drainage group (mean difference 
= 1.94 min; 95% confidence interval = 1.05 to 
2.83; P<0.0001).

Figure 2. Forest plot of the length of hospital stay.

Figure 3. Forest plot of patients requiring for transfusion.

Figure 4. Forest plot of total wound related complications.
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Blood loss and transfusion

A total of five groups of data [3, 4, 26, 32] were 
included for analysis of the total blood loss and 
showed no significant difference between the 
drainage and no drainage group (mean differ-
ence = -11.61 ml [-108.04, 84.83]; 95% confi-
dence interval = -108.04 to 84.83; P = 0.81). In 
three studies [2, 27, 31], the intraoperative 
blood loss was reported, also showed no signifi-
cant difference (mean difference = 3.52 ml; 
95% confidence interval = -5.56 to 12.60; P = 
0.45). However, when combining the results of 
six studies [2, 5, 27-30], in which the patients 
requiring for transfusion was reported, a signifi-
cant difference was found (odds ratio = 1.54; 
95% confidence interval = 1.15 to 2.05; P = 
0.003) (Figure 3). Five groups of data involving 
the transfusion unit [2, 3, 26, 29], which also 
showed more transfusion unit in the no drain-
age group (mean difference = 0.59 u; 95% con-
fidence interval = 0.22 to 0.95; P = 0.001).

Complications

All studies involved complications during THA, 
the overall incidence wound related complica-
tions was 13.1% (200/1524). Figure 4 showed 
that there was a significant difference between 
drainage and no drainage group (odds ratio = 
0.52; 95% confidence interval = 0.36 to 0.75; P 
= 0.0004). A funnel plot of the complications 
data of the twelve studies showed low publica-
tion bias (Figure 5). When came to the infec-
tions, six studies [2, 3, 5, 27, 29, 32] involved 
the data, no significant difference was found 

measurement, combining the results showed 
no significant difference between the groups 
(mean difference = -1.47; 95% confidence inter-
val = -3.72 to 0.78; P = 0.20).

The complication of DVT and PE was reported 
in three studies [5, 26, 29], no significant differ-
ence was found (odds ratio = 2.07; 95% confi-
dence interval = 0.62 to 6.94; P = 0.24).

Change in mid-thigh circumstance and pa-
tients needing for reinforcement

Five studies [3, 4, 26, 29, 30] with 8 groups of 
data reported the change in mid-thigh circum-
stance, the methods of measurement were 
also different between the studies, irrespective 
of the position of measurement, when com-
bined the results, it showed a significant differ-
ence between the groups (mean difference = 
-0.94; 95% confidence interval = -1.46 to -0.42; 
P = 0.0004). However, the studies were with a 
considerable heterogeneity (Figure 8). A signifi-
cant difference also existed when subgroup 
analysis and sensitivity analysis was per-
formed. Three studies [3, 29, 32] with four 
groups of data involved the patients needing 
for reinforcement, a significant difference was 
found between the groups (odds ratio = 0.14; 
95% confidence interval = 0.04 to 0.47; P = 
0.001) (Figure 9).

Other measurements

A total of four studies [3, 4, 26, 30] involved 
pain measurement between the drainage and 

Figure 5. Funnel plot of the complications data of the studies.

between the groups (odds 
ratio = 0.85; 95% confidence 
interval = 0.51 to 1.42; P = 
0.53) (Figure 6). Of the five 
groups of data [3, 5, 25, 29] 
involving the patients with 
wound hematoma, a signifi-
cant difference was found 
between the drainage and no 
drainage group (odds ratio = 
0.40; 95% confidence interval 
= 0.17 to 0.95; P = 0.04) 
(Figure 7). The volume of the 
hematoma was measured by 
ultrasound in four studies [2, 
4, 26, 30], the methods of 
hematoma measured were 
different between the studies, 
irrespective of the unit of 
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no drainage group after THA, it was difficult for 
us to perform the analysis on pain because of 
the different measured methods and kinds of 
data given. In a study reported by Roth [4], pain 
was recorded through VAS score at rest and 
under stress on postoperative day 1 and day 4 
respectively. The drainage group patients were 
reported significantly more pain both at rest 
and under stress on postoperative day 1 and 
day 4. Strahovnik’s study [3] reported 14 
patients in the no drainage group, 3 patients in 
the 24 h drainage group and 4 patients in the 
48 h drainage group suffering mid-thigh pain, 
the difference was significant (P = 0.01). In 
Kleinert’s study [30], the pain VAS score was 
measured on day 1, day 2 and day 3 postopera-
tively; in Dora’s study [26], the pain VAS score 
was measured on day 2 and day 6 postopera-
tively, no significant difference was found. 
Three studies [2, 25, 32] reported the range of 
motion of the hip between the groups, in Zeng 
W’s study [2], the range of motion was better in 
the early time(less than 2 weeks) in the drain-
age group, after 1 month, there was no signifi-
cant difference. The other two studies both 
found no significant difference during the fol-

low-up times. When came to the Harris score, 
four studies [5, 25, 26, 30] recorded the result, 
it was difficult for us to perform the analysis. As 
a consistent result, they all found no significant 
difference.

Discussion 

It was in the 19th century, the closed suction 
was first used postoperatively [33], and it was 
traditionally used in all orthopedic surgery 
based on a study by Waugh [1], the THA was 
included as well. However, recently, many sur-
geons proposed some harmful aspects of the 
closed suction drainage, which made the tradi-
tional procedure be filled with controversy. This 
Meta-analysis demonstrated that the closed-
suction drainage prolonged the length of hospi-
tal stay and operation time, increased the 
amount of patients requiring for transfusion 
and the mean transfusion unit. However, it was 
encouraging that the drainage could decrease 
the wound related complications, patients of 
reinforcement and wound hematoma, lessen 
the change in mid-thigh circumstance. There 
was no difference between the groups regard-

Figure 6. Forest plot of infections.

Figure 7. Forest plot of wound hematoma.
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ing other measurements, including blood loss, 
infection, volume of hematoma, DVT and PE 
and the Harris score.

Blood loss and blood transfusion are key pri-
mary clinical outcome measurements in THA, 
in our study, a significant advantage for patients 
with no drainage was the deceasing amount of 
patients requiring homologous transfusion and 
the mean transfusion unit. However, no signifi-
cant difference was found on intraoperative 
and total blood loss between the groups. The 
reporting of total blood loss was variable 
amongst the studies, it is important to point out 
that total blood loss included both visible blood 
loss and hidden blood loss [34, 35]. Many mea-
sured the visible blood loss in 24 h postopera-
tively and included the drain volume. Only two 
studies used a more accurate method which 
was proposed by GROSS [36]. This brought a 
considerable heterogeneity to the result. The 
patients requiring homologous transfusion was 
a favorite reaction to the blood loss. The com-
bining of persistent drainage and the deficiency 
of tamponade effect in the drainage group 
resulted in an excess blood loss.

The closed suction drainage was based on the 
theory of effectively decreasing the hematoma 
formation, which was theoretically associated 
with decreasing the limb swelling and prevent-
ing occurrence of infections. However, some 
authors have advocated that the drainage can 
lead to potential retrograde infection. Therefore, 
the incidence of infection was the primary out-
come which indicated no statistically significant 
difference between the groups. The incidence 
of infection was 3.44% in the drainage group 
and 4.47% in the no drainage group. This inci-
dence should be dealt with caution because of 
the relatively small sample. 

The wound related complications were strongly 
linked with drainage and no drainage, which 
were considered as important outcome mea-
surements, the forest plot of the wound related 
complications showed a significant more inci-
dence in the no drainage group. The closed 
suction drainage was an effective method for 
decreasing the hematoma formation, our 
results showed a reduction of patients requir-
ing reinforcement; patients of wound hemato-
ma and less changing in mid-thigh circum-
stance, which all supported the point. The 

Figure 8. Forest plot of change in mid-thigh circumstance.

Figure 9. Forest plot of patients needing for reinforcement.
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increased hematoma formation in the no drain-
age group could increase the wound tension 
and decrease the perfusion of the tissues, and 
also it provided an ideal medium for bacterial 
culture, which was harmful for wound healing. 
Therefore, in view of the possible complications 
as above, surgeons should select closed-suc-
tion drainage to minimize the potential compli-
cations. If the drainage was not employed, sur-
geons should pay attention to some wound 
related complications.

Based on the results of our meta-analysis, we 
suggested that patients must be evaluated 
carefully postoperatively. If the patients’ clinical 
manifestation showed severe anemia, we hope 
drainage was not employed to decrease blood 
loss and the requirement for transfusion. If the 
general condition of the patients were just per-
fect, we hope the closed-suction drainage was 
used to decrease the risk of related complica-
tions. However, it was not absolute, the manip-
ulation of the drainage depended more on a 
surgeon’s experience and habit.

Limitations 

Some limitations must be recognized in our 
meta-analysis. (1) The small sample size of this 
analysis is a major limitation. We could not per-
form statistical tests to eliminate the publica-
tion bias. (2) The skills of different surgeons 
can influence the clinical outcomes, and in 
order to avoid surgeon bias, a standard was 
required to assess the surgery skills. (3) Some 
studies failed to give sufficient and usable 
data, and some continuous data was reported 
as mean without present SD, which was diffi-
cult for us to analyze. (4) The methodology of 
the studies made some of our analysis a con-
siderable heterogeneity. However, though there 
are some limitations mentioned above, our 
study has several strengths. We excluded some 
inferior quality RCTs, the included studies are 
RCTs with the highest level of evidence. The 
numerous biases could be minimized by our 
comprehensive search, duplicate selection pro-
cess, and strict inclusion and exclusion 
criteria.

Conclusion

Our Meta-analysis of the available RCTs indi-
cates that the closed-suction drainage have 
dual characters. We hope our Meta-analysis 

presented here will enable surgeons to make 
an informed decision whether to use the 
closed-suction drainage after THA or not. Based 
on the current evidence, the closed-suction 
drainage though was still filled with controver-
sy, it may supply more benefit aspects after 
THA. More carefully and scientifically designed 
randomized controlled trials are required to fur-
ther demonstrate the claim.
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