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Abstract
Purpose So far, controversy still exists regarding the use of
non-continuous or continuous wound drainage after total knee
arthroplasty. The aim of this study was to assess the efficacy and
safety of these two drainage techniques after total knee
arthroplasty.
Methods We searched the established electronic literature da-
tabases of Pubmed, Embase, Cochrane Library, CNKI, VIP
and WANFANG. Nine RCTs including a total of 761 patients
involving 811 knees were eligible for this meta-analysis.
Results Our results showed that non-continuous drainage was
associated with less haemoglobin loss (WMD,−0.43, 95 % CI
−0.62 to −0.24; P <0.00001) and postoperative visible blood
loss (WMD, −305.09, 95 % CI −408.10 to −202.08; P <
0.00001) compared with continuous drainage. No significant
difference was found between the two groups in terms of range
of motion (WMD, 0.99, 95 % CI −1.01 to 2.98; P=0.33),
incidence of blood transfusion (OR, 0.63, 95 % CI 0.38 to
1.06; P=0.80) or postoperative complications (OR, 1.09,
95 % CI 0.35 to 3.40; P=0.89).
Conclusion The existing evidence indicates that non-
continuous drainage can achieve less haemoglobin loss (espe-
cially the four- to six-hour drain clamping) and postoperative
visible blood loss with no increased risk of postoperative
complications compared with continuous drainage.

Keywords Meta-analysis . Drain clamping . Total knee
arthroplasty

Introduction

Total knee arthroplasty (TKA), as a major orthopaedic opera-
tion, is associated with risks of significant blood loss and need
for blood transfusion due to its extensive soft tissue release and
bone cuts. A number of methods [3, 5, 10, 11, 13, 14, 18, 20, 21,
25, 31, 33, 35] including drain clamping have been proposed to
reduce blood loss and so avoid homologous blood transfusion,
which may carry an underlying risk for the transmission of viral
infection and immunological reactions [9, 28]. Recently, drain
clamping has attracted an increasing amount of attention [1, 2,
23, 27, 32]. However, controversy still exists regarding whether
non-continuous drainage (drainage clamping) or continuous
drainage (no drainage clamping) is preferable after TKA. On
the one hand, continuous drainage (CON) theoretically prevents
haematoma formation and thus reduces postoperative pain,
swelling and incidence of infection [6, 7], whereas it may lead
to increased bleeding. On the other hand, non-continuous drain-
age (NON) including temporary and intermittent clamping cre-
ates a tamponade effect for bleeding control [16, 22], although it
may induce immediate wound complications [15].

A previously published systematic review [32] regarding
this topic attempted to answer the question. This study com-
pared many variables between the two drainage methods and
has four aspects which can be improved. Firstly, a chosen RCT
[34] evaluated the efficacy of clamping the drains after intra-
articular injection of saline with 1:500,000 adrenaline com-
pared with post-operative blood salvage in reducing blood loss.
However, both intra-articular injection of adrenaline and use of
blood salvage can bring predictable bias and should not be
included. Secondly, “postoperative haemoglobin level”, one
of the outcome variables adopted in their analysis, may not be
able to precisely reflect the changes between pre- and post-
operative haemoglobin. Thirdly, due to the absence of stan-
dard deviations in an included trial [8], the authors esti-
mated the standard deviations based on the range of data
value, assuming the data as normally distributed data,
which will inevitably generate bias. Finally, heterogeneity
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was not further investigated using subgroup analysis or
sensitivity analysis. Therefore, we systematically con-
ducted this meta-analysis with all the up-to-date RCTs
concerning the topic of NON versus CON after TKA to
compare their effectiveness and safety, with a view to
provide more accurate evidence for surgeons when making
a clinical decision.

Materials and methods

Search methods

A comprehensive search of unrestricted language literature of all
studies comparing NON with CON after primary TKA was
conducted through the electronic literature databases of PubMed,
EMBase, Cochrane Library, CNKI, VIP, and WANFANG. Re-
trieval time was from the time when databases were built toMay
2013. Manual searches of relevant trials, reviews and related
articles were also performed. This process was performed itera-
tively until no additional articles could be identified.

Inclusion criteria

All randomised controlled trials comparing NON with CON
after primary TKA were eligible. All kinds of prostheses were
considered for this review. The article publishedmost recently or
with the highest quality would be chosen if more than one article
of the same study met the criteria. Trials involving haemostasis
methods of intra-articular injection of diluted adrenalin solution
or tranexamic acid were excluded. All non-randomised trials
and quasi-randomised trials were also excluded.

Outcomes of interest and definition

The primary outcomes of interest include haemoglobin loss
and range of motion. Haemoglobin loss was calculated by
subtracting the postoperative haemoglobin concentration from
the preoperative haemoglobin concentration. The secondary
outcomes consist of postoperative visible blood loss, inci-
dence of blood transfusion and complications. Complications
were further stratified into three categories. The first subgroup
is wound infection including stitch abscess, superficial and
deep infection. The second subgroup includes other wound
complications which consist of bruising, haematoma forma-
tion, blistering, serous ooze and stiffness. The third subgroup
includes thromboembolic events containing pulmonary em-
bolism and deep venous embolism.

Data extraction

We extracted the following data from the included articles:
authors, publication date, number of patients and knees, gender

percentage, age, body mass index, diagnosis, description of
interventions, methods of non-continuity, total time of drain
clamping, time of removing the drain after operation, use of
tourniquet, and outcome measures in both control and experi-
ment groups. These data were then compiled into a standard
table. Two review authors (Li T and Zhou L) independently
extracted the data from all eligible randomised controlled trials.
Any disagreement was resolved by discussion with the senior
review author (Weng XS). When the available data was not
adequate for the meta-analysis, communication with the prima-
ry authors was made for more information and clarification of
data through e-mail.

Methodological quality assessment

Two review authors (Bian YYand Zhuang QY) independently
used the Cochrane Collaboration recommendations [12] to
assess methodological quality of clinical trials. The following
information was evaluated: random sequence generation, al-
location concealment, blinding of outcome assessments, in-
complete outcome data, selective reporting and other bias. An
arbiter (Weng XS) was consulted to reconcile any
disagreement.

Statistical analysis

For each included study, odds ratio (OR) and 95% confidence
intervals (CI) were calculated for dichotomous outcomes, and
weighted mean differences (WMD) and 95 % CI were calcu-
lated for continuous outcomes. Statistical heterogeneity was
assessed using the value of I2 and the result of the chi-squared
test. A p value >0.1 and an I 2 value ≤50 % were considered
suggestive of no statistical heterogeneity and a fixed effect
model was used to estimate the overall summary effect
sizes. Otherwise, a random effect model was adopted and
further subgroup analysis or sensitivity analysis was per-
formed to explore the potential sources of heterogeneity.
All analyses were done with Review Manager Software
(RevMan5.2) and the level of significance was set at P <
0.05. A funnel plot based on the primary outcome was
conducted to assess the publication bias.

Results

Characteristics of selected studies

The details of literature search and selection are displayed in the
PRISMA 2009 FlowDiagram (Fig. 1).We finally identified nine
randomised controlled trials [4, 8, 16, 19, 22, 24, 26, 29, 30]
associated with NON versus CON. A total of 761 patients
involving 811 knees ranging from 60 to 120 in each trial were
included. All selected studies were in English andwere published
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between 2001 and 2012. Temporary drain clampingwas adopted
by six trials [8, 16, 19, 26, 29, 30] and intermittent drain clamping
was used by three trials [4, 22, 24] in the experiment group. The
period of drain clamping ranged from one hour to 23 hours and
35 minutes. The detailed characteristics of these studies are
demonstrated in Table 1. A funnel plot based on the haemoglobin
loss indicated minimal publication bias (Fig. 2).

Risk of bias in included studies

Generally speaking, themethodological quality of all the includ-
ed trials was found to be moderate risk of bias according to the
Cochrane Collaboration recommendations. The adequate
randomisation technique including a computer-generated num-
ber [4, 22] and a randomnumbered envelope [16, 19, 24, 26, 30]

was mentioned in seven trials, while in one trial [8] it was not
reported how the random sequence generation was exactly
performed. Allocation concealment was mentioned in six trials
[4, 16, 19, 22, 29, 30] and unclear in three studies [8, 24, 26].
Outcome evaluators were blinded in one trial [19], but we could
not determine the blinding in the other eight trials. The detailed
risk of bias of methodological quality in the included studies is
elaborated in Table 2.

Meta-analysis results

Haemoglobin loss

Seven studies consisting of 593 participants reported the re-
sults of haemoglobin level before and after operation. Due to

Fig. 1 PRISMA 2009 flow
diagram
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the absence of detailed outcomes in one trial [8], we just pool
the other six results in this meta-analysis. Pooled analysis
shows that NON is associated with less haemoglobin loss
compared to CON (WMD, −0.43; 95 % CI −0.62 to −0.24;
P <0.00001; fixed effect model) with low heterogeneity (P=
0.31, I2=16 %) (Fig. 3). In order to further eliminate the
heterogeneity, a sensitivity analysis was conducted after
two RCTs [16, 24] being excluded and the forest plot was
present in Fig. 4. The sensitivity analysis also reveals sig-
nificant difference (WMD, −0.44; 95 % CI −0.65 to −0.24;
P <0.0001; fixed effect model) with no heterogeneity (P =
0.96, I 2=0 %) between the two groups (Fig. 4), which was
in line with our previous analysis.

The range of motion

Four studies included in this meta-analysis reported the
range of motion of knees in trials. There was no signif-
icant difference between the two groups for the range of
motion of knees (WMD, 0.99; 95 % CI −1.01 to 2.98;
P =0.33; fixed effect model) with low heterogeneity
(P =0.36, I 2=7 %) (Fig. 5).

Postoperative visible blood loss

Seven studies consisting of 611 patients reported the results of
postoperative visible blood loss. Because of the high hetero-
geneity (P <0.00001,< I2=88 %), a random effect model was
adopted to pool the data. Our pooled results showed that NON
can reduce postoperative visible blood loss when compared
with CON (WMD, −305.09; 95 % CI −408.10 to −202.08;
P <0.00001) (Fig. 6). A further sensitivity analysis was un-
dertaken after two RCTs [19, 24] were excluded, and the
results are presented in Fig. 7. The sensitivity analysis showed
a significant difference (WMD, −281.73; 95 % CI −338.62 to
−224.83; P <0.00001; fixed effect model) with low heteroge-
neity (P=0.24, I2=27 %) between the two groups (Fig. 7),
which was consistent with our previous analysis.

Incidence of blood transfusion

Five studies consisting of 469 participants reported the
result of transfusion rate. The incidence of blood trans-
fusion was 44.21% (103/233) in the NONgroup and 49.58%
(117/236) in the CON group. There was no significant differ-
ence between the two groups (OR, 0.63; 95 % CI 0.38 to 1.06;
P=0.80; fixed effect model) with no heterogeneity (P=0.50,
I2=0 %) (Fig. 8).

Complications

There was no significant difference between the two groups in
terms of wound infection (OR, 1.09; 95 % CI 0.35 to 3.40;T
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P=0.89; fixed effect model), other wound complications (OR,
0.79; 95 % CI 0.48 to 1.29; P =0.34; fixed effect
model) and thromboembolic events (OR, 1.36; 95 %
CI 0.38 to 4.82; P =0.63; fixed effect model) with no
heterogeneity (Fig. 9). The odds ratio (OR) of all com-
plication rates was 0.88 (95 % CI 0.57 to 1.34; P=0.54;
fixed effect model) indicating that complication rate in NON
was similar to that in CON (Fig. 9).

Discussion

While the use of closed suction drains in TKA is quite common
at present, controversy still exists regarding the pros and cons
of its use. In order to avoid postoperative blood loss and
transfusion, more and more surgeons consider the drain
clamping approach which may create a tamponade effect and
control the postoperative blood loss. Several trials [17, 22, 24,

Fig. 2 A funnel plot based on the
haemoglobin loss

Table 2 Quality assessment of risk of bias in included studies

References Random sequence
generation

Allocation
concealment

Blinding Incomplete
outcome data

Free of selective
reporting

Free of
other bias

Kiely et al. (2001) [16] Yes Yes Unclear Yes Yes Unclear

Pornrattanamaneewong et al. (2012) [22] Yes Yes Unclear Yes Yes Unclear

Shen et al. (2005) [29] No Yes Unclear Yes Yes Unclear

Eum et al. (2006) [8] Unclear Unclear Unclear Yes Yes Unclear

Roy et al. (2006) [26] Yes Unclear Unclear Yes Yes Unclear

Raleigh et al. (2007) [24] Yes Unclear Unclear Yes Yes Unclear

Stucinskas et al. (2009) [30] Yes Yes Unclear Yes Yes Unclear

Madadi et al. (2010) [19] Yes Yes Yes Yes Yes Unclear

Chareancholvanich et al. (2012) [4] Yes Yes Unclear Yes Yes No

‘Yes’ indicates low risk of bias, ‘Unclear’ indicates unclear risk of bias, ‘No’ indicates high risk of bias
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26, 29, 30] show that clamping the drain can reduce the
postoperative blood loss and haemoglobin loss without in-
creasing wound complications and clinical thromboembolic
events. Nevertheless, other surgeons found no difference in
total blood loss and haemoglobin between non-continuous and
continuous wound drainage after TKA [15, 16, 19]. So far,
consensus has not been achieved for the use of non-continuous
or continuous wound drainage.

A previous systematic review [32] consisting of six ran-
domised controlled trials involving 603 knees was performed
concerning the above issue. The results demonstrated that
drain clamping could decrease the volume of drainage, but
only clamping for no less than four hours could reduce the true
blood loss (haemoglobin loss). There was no significant dif-
ference between the two groups regarding blood transfusion
rate, postoperative range of motion, incidence of thromboem-
bolic events, and wound complications. This study which
compared many variables of the two drainages has four
limitations as discussed above, which necessitate the analysis

in our study. Discussions on the results of our meta-analysis
were as follows.

Theoretically, NON can decrease the postoperative haemo-
globin drop after TKA because NON can promote haematoma
formation which temporarily creates a tamponade effect. How-
ever, results of some studies were opposed to this view although
some other trials were supportive of the theory. The previous
meta-analysis which adopted postoperative haemoglobin level
to estimate the haemoglobin loss showed no significant differ-
ence between the two groups, but only clamping for no less than
four hours could reduce the haemoglobin loss. Unfortunately,
postoperative haemoglobin level may not be able to precisely
reflect the haemoglobin loss due to the individual variation. In
our meta-analysis, we adopted the postoperative haemoglobin
change to assess the true blood loss. This variable is obviously
more accurate than postoperative haemoglobin level used by
Tai et al. [32]. Seven trials reported the results of pre- and post-
operative haemoglobin level. Since one article [8] reported data
as mean and range rather than standard deviation, we just

Fig. 3 Forest plot of weighted
mean differences (WMD) with
confidence intervals for
haemoglobin loss

Fig. 4 Forest plot of weighted
mean differences (WMD) with
confidence intervals for the
sensitivity analysis of
haemoglobin loss
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pooled the other six trials so as to avoid the relevant bias.
Compared with the CON, the pooled result showed that NON
can significantly decrease the haemoglobin loss (P <0.00001)
with low heterogeneity (P=0.31, I2=16 %), which is different
to the previous meta-analysis. In spite of the acceptable hetero-
geneity as it was, we decided to further eliminate the heteroge-
neity considering the clinical significance of this variable as our
primary outcome. We believed that the various drain clamping
methods used in these trials contribute to the heterogeneity. To
be specific, the period of drain clamping varied from one hour
to 23 hours and 35 minutes in our included studies. Among
which, one trial [16] adopted temporary drain clamping for one
hour and the other [24] used intermittent drain clamping for
23 hours and 35 minutes (the drains clamped for 115 minutes
and released for 5 minutes every two hours until six hours
postoperatively, then only unclamped for the last five minutes
at 12 and 24 hours). These two studies which used the drain
clamping with the period being either too short or too long were

thus excluded. We then conducted a sensitivity analysis of the
other four trials in which drain clampingwas performed for four
to six hours. Our pooled results with no heterogeneity (P=0.96,
I2=0 %) showed that NON can significantly decrease the
haemoglobin loss, which was consistent with our previous
analysis. The systematic review conducted by Tai et al. [32]
claimed that drain clamping for no less than four hours can
decrease the reduction in haemoglobin levels, while not offering
the upper limit. Because a recent study [36] reported that there
were significantly more complications using the too-long drain
clamping method, we regarded it necessary to define an appro-
priate upper limit in order to avoid unnecessary complications.
Based on our results and the above analysis, we believe that
four to six hours of drain clamping may be the optimal strategy.

To further investigate the potential blood saving advantage
of NON, we explored two secondary outcomes concerning
blood loss which include postoperative visible blood loss and
incidence of blood transfusion in the included trials. Firstly,

Fig. 5 Forest plot of weighted
mean differences (WMD) with
confidence intervals for range of
motion

Fig. 6 Forest plot of weighted
mean differences (WMD) with
confidence intervals for
postoperative visible blood loss
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with regard to the postoperative visible blood loss, the mean of
the total drained blood ranged from 74.8 to 821ml in the NON
group and 257.2 to 1203 ml in the CON group. The pooled
results with high heterogeneity (P <0.00001, I 2=88 %)
showed that there was a significant difference between NON
and CON. All trials enrolled in this meta-analysis used the
tourniquet to control the intraoperative bleeding except for
one [19] which adopted a leg holder instead, keeping the leg in
a flexion position (80–110°). We thought that this approach
might induce more intraoperative blood loss and contribute to
the heterogeneity. Another RCT [24] may have brought in
heterogeneity on the ground such that the period of drain
clamping was too long, which was different from other trials
included. Therefore, a further sensitivity analysis was
conducted after these two RCTs [19, 24] were excluded, and
the pooled results with low heterogeneity (P=0.24, I2=27 %)
were in agreement with our previous analysis—NON can
obtain less postoperative visible blood loss compared with

CON. Secondly, the incidence of blood transfusion for NON
was 44.21 % (103/233) and for CON it was 49.58 % (117/
236), and there is no significant difference between NON and
CON.

In short, from the above analysis, we can draw a conclusion
that NON can achieve less haemoglobin loss, and postopera-
tive visible blood loss when compared with CON, and four to
six hours of drain clamping after TKA may be a better choice.

Range of motion is another important concern for both
surgeons and patients to evaluate the effectiveness of TKA.
Surgeons may assume that NON have inferior joint function
due to the swelling of knee after the drain clamping. However,
no significant difference between the two groups was found in
our meta-analysis, which was in agreement with the previous
meta-analysis [16]. It is worth noting that the timing of mea-
suring the range of motion in the pooled data varied from
six days to two weeks postoperatively. A study conducted by
Madadi et al. [19] showed that the range of motion was not

Fig. 7 Forest plot of weighted
mean differences (WMD) with
confidence intervals for the
sensitivity analysis of
postoperative visible blood loss

Fig. 8 Forest plot of odds ratio
(OR) with confidence intervals
for the incidence of blood
transfusion
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Fig. 9 Forest plot of odds ratio (OR) with confidence intervals for complications
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significantly different between the two groups after
three months, which was consistent with previous studies
[17, 34]. Roy et al. [26] adopted time to regain 80° flexion
to assess postoperative range of motion. Their results revealed
that average time to regain 80° flexion was 11.5 days in the
NON group and 14.3 days in the CON group, with no statis-
tically significant difference between the two groups. There-
fore, both our analysis and previous studies suggest that NON
can achieve similar postoperative range of motion compared
with CON, although NON may lead to initial swelling and
blistering of the knee.

Wound infection is a serious complication after TKA,
whichmay prolong the length of hospital stay and even induce
the prosthesis infection. It is postulated that the blood depos-
ited in the articular cavity may provide a medium for bacteria
breeding, which increase the risk of wound infection. What is
more, previous studies [15, 36] have shown that non-
continuous wound drainage after TKA increases the risk of
postoperative complications. However, no significant differ-
ence was found in our analysis between the NON group and
the CON group in terms of wound infection and other wound
complications, indicating that drain clamping did not signifi-
cantly increase the risk of wound complication.

Thromboembolism, including pulmonary embolism and
deep venous embolism, has been a great concern after TKA
because it can lead to high morbidity and mortality. Our
analysis found no significant difference between the NON
group and the CON group, which indicates that the drain
clamping is not a risk factor. In one included trial, a patient
[19] experienced an episode of transient hypotension upon
release of the drains that resolved spontaneously in the NON
group. This might have been due to sudden blood loss occur-
ring from the knee after release of the tamponade effect.
Another trial [24] reported that two patients in each group
with stiffness required manipulation under anaesthesia.

Compared with the previous systematic review [32], there
are several strengths in this meta-analysis. Firstly, this meta-
analysis adopted more strict inclusion criteria. Drain clamping
with intra-articular injection of diluted adrenalin solution or
tranexamic acid were strictly excluded in this study in order to
guarantee the reliability and stability of results. Secondly, the
variable “postoperative haemoglobin change” adopted in our
meta-analysis is more accurate than the “postoperative
haemoglobin level” used by Tai et al. [32], which contributes
to the strength of conclusions drawn from the meta-analysis.
Thirdly, complications were further stratified into wound in-
fection, other wound complications and relevant thromboem-
bolism, avoiding the deviation of all pooled complications.
Finally, heterogeneity was further investigated and illustrated
using the sensitivity analysis.

Despite these advantages, some limitations of the present
meta-analysis were recognised. First, the number of studies
included in themeta-analysis was still relatively small. Second,

various types of prostheses involved in this study may bring
out related performance bias. Third, the results of range of
motion measured at different times postoperatively and which
varied from six days to two weeks were pooled, which may
contribute to relevant detection bias.

In short, as an up-to-date and objective study concerning
drain clamping so far, our study suggests that non-continuous
drainage can achieve less haemoglobin loss (especially the
four- to six-hour drain clamping) and postoperative visible
blood loss with no increased risk of postoperative complica-
tions compared with continuous drainage. No significant dif-
ference was found between the two groups with regard to range
of motion and the blood transfusion incidence. Large sample
multi-centre randomised controlled studies are required in the
future to verify these meta-analysis results.

Source of funding No funding source was involved in this study.
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