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Abstract: Introduction: The purpose of this systematic review and meta-analysis of randomized controlled trials 
(RCTs) and non-RCTs was to evaluate the efficacy of bipolar sealer after total knee arthroplasty (TKA). Methods: 
In May 2016, a systematic computer-based search was conducted in the MEDLINE (PubMed), Embase, Cochrane 
Central Register of Controlled Trials (CENTRAL), Web of Science, Google, and Chinese Wanfang database. This 
systematic review and meta-analysis were performed according to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) statement criteria. The primary endpoint was the need for transfusion, which 
represents the effect of blood loss control after TKA. The total blood loss, drainage and hemoglobin drop were also 
used to assess the effect of bipolar sealer on the control of blood loss. Stata 12.0 software was used for meta-
analysis. After testing for publication bias and heterogeneity across studies, data were aggregated for random-
effects modeling when necessary. Results: A total of 7 clinical trials with 554 patients were finally included in this 
meta-analysis. The pooled results indicated that bipolar sealer can decrease total blood loss (MD=-165.32, 95% 
CI -328.78~-1.85, P=0.047). There is no significant difference between the need for a transfusion (RR=0.87, 95% 
CI 0.71~1.08, P=0.202), hemoglobin drop (MD=0.05, 95% CI -0.49~0.59, P=0.861), drainage (MD=-137.13, 95% 
CI -293.36~-19.09, P=0.085) and length of hospital stay (MD=-0.05, 95% CI -0.23~0.13, P=0.590). Conclusion: 
Based on the current meta-analysis, bipolar sealer is not superior to standard electrocautery and it is not recom-
mend as a routine administration in TKA.
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Introduction

Blood loss due to extensive soft tissue release 
and bone cutting in total knee arthroplasty 
(TKA) may result in clinically relevant total bl- 
ood loss and the subsequent need for a trans-
fusion [1, 2]. Blood transfusions not only incur 
high costs but are also associated with compli-
cations such as immunological rejection and 
infection [3]. All of the concerns about compli-
cations from blood loss have encouraged new 
technologies minimizing perioperative blood 
loss. Meticulous operative techniques and tour-
niquets are administrated to achieve intraop-
erative hemostasis; however, all of those meth-
ods are not satisfactory. Standard electro- 
cautery has been widely used to control blood 
loss during TKA; however, it is associated with 
severe patient burns, operating room fires and 

carcinogens in the smoke produced by the 
device during surgery [4]. Bipolar sealers use 
bipolar radiofrequency energy combined with 
continuous saline flow to prevent the tempera-
ture of the tissue from exceeding 100°C [5]. 
Theoretically, this temperature is sufficient to 
shrink collagen fibers in blood vessel walls, 
which seals their lumen, resulting in hemosta-
sis without surrounding tissue damage. Ano- 
ther advantage of bipolar sealer is that it can  
be used to broadly paint surfaces that could 
ooze after the soft tissues have been closed. 
There have been several random controlled tri-
als published; however, there is no consensus 
about the efficacy of bipolar sealer in reducing 
blood loss after TKA. Thus, a systematic review 
and meta-analysis is necessary to further iden-
tify the efficacy of bipolar sealer after TKA.

http://www.ijcem.com
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Materials and methods

Search strategy

Electronic databases including MEDLINE (Pub- 
Med), Embase, Cochrane Central Register of 
Controlled Trials (CENTRAL), and Web of Sci- 
ence were searched for relevant studies pub-
lished from the time of the establishment of 
these databases up to May 2016. In addition, 
the Google database was searched for addi-
tional literature. The reference lists of all the 
full-text literatures were reviewed to identify 
any initially omitted studies, and there is no 
restriction on the language of the publication. 
The search keywords were bipolar sealer, total 
knee arthroplasty, total knee replacement, 
TKA, and TKR. The relevant medical subject 
heading (MeSH) terms were used to maximize 
the specificity and sensitivity of the search. 
These keywords and mesh terms were com-
bined with the Boolean operators AND or OR. 
The detailed search strategies can be seen in 
Appendix A. Since this is a meta-analysis, no 
ethics committee or institutional review board 
approval was necessary for the study.

Reviews of Interventions was used to evaluate 
the methodological quality and risk bias, which 
includes (1) the randomization method, (2) allo-
cation concealment, (3) blinding of participant, 
personnel, and assessor; and (4) complete out-
come data and other bias. The quality of evi-
dence of outcomes was judged according to 
the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) criteria. 
Two independent authors evaluated five factors 
(risk of bias, inconsistency, indirectness, impre-
cision, publication bias) that may downgrade 
the quality level of evidence. The recommenda-
tion level of evidence was classified into four-
categories: high, moderate, low or very low. 

Data extraction

The following data were extracted and record-
ed: (1) demographic data about the patients in 
the literature, author’s name, publication date, 
the patient sample size, the number of female 
patients; (2) transfusion criteria, type of pros-
thesis, operative approach and the thrombo-
prophylaxis to prevent the occurrence of DVT; 
and (3) postoperative total blood loss, blood 
loss in drainage, the hemoglobin drop, blood 

Figure 1. The flow diagram for 
the included studies.

Eligibility criteria and study 
quality

Study selection was perfor- 
med according to the follow-
ing inclusion criteria: (1) pub-
lished RCTs and non-RCTs 
about patients who underw- 
ent primary total knee arth- 
roplasty; (2) intervention and 
comparison groups were bi- 
polar sealer and standard 
electrocautery respectively, (3) 
reported outcomes, including 
postoperative total blood 
loss, drainage, the hemoglo-
bin drop, length of hospital 
stay and the occurrence of 
need for transfusion. All of the 
included studies must include 
at least one of the outcomes 
above. Two reviewers inde-
pendently scanned the quali- 
ty of the eligible studies and 
discrepancies were solved by 
a senior reviewer. The Cochr- 
ane Handbook for Systematic 
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units transfused per patient and the number of 
patients receiving blood transfusion.

Outcome measures and statistical analysis

The main outcomes were total blood loss, 
drainage and hemoglobin drop. The second 
outcomes were the need for a transfusion and 
length of hospital stay. Continuous outcomes 
(total blood loss, drainage and hemoglobin 
drop and length of hospital stay) were expressed 
as the mean differences (MD) and respective 
95% CIs. Dichotomous outcomes (the need for 
transfusion) were expressed as relative risks 
(RR) with 95% confidence (CIs). Statistical 
significance was set at P<0.05 to summarize 
findings across the trials. Risk of bias assess-

If the heterogeneity is large, a sensitivity analy-
sis was conducted to further seek out the 
source of heterogeneity. Publication bias was 
assessed by funnel plot and quantitatively 
assessed by Begg’s test. Publications were 
considered to have no publication bias if the 
funnel plot was symmetrical and the P value 
was >0.05.

Results

According to the search strategies and inclu-
sion criteria, there are a total of 249 references 
generated: PubMed, n=38; Embase, n=88; 
Web of Science, n=83; Cochrane Library, n=40. 
Of these, we included 7 clinical trials with 554 
patients (235 patients in bipolar sealer group 

Table 1. The general characteristic of the included studies

Author and 
years

Case 
(BP/C)

Mean 
age 

(BP/C)

Male 
patients 
(BP/C)

Transfusion 
criteria

Operative  
approach Prosthesis Prophylactic 

antithrombotic
Follow-up 
(Month)

Type of 
studies

Diedo 2013 30/90 65.7/67.3 NS NS NS NS NS 3 day RCS

Marulanda 2009 35/34 66/66 22/23 NS NS NS NS 3 month RCT

Pfeiffer 2005 20/20 72/NS 13/NS NS NS Cemented LMWH NS PMT

Plymale 2012 50/61 38/51 64.9/66.3 NS NS Cemented LMWH 2 day RCT

Seviciu 2016 31/32 64.8/62.9 14/14 Hb<7 g/dl Mini-midvastus Cemented NS 3 day RCT

Kamath 2014 29/42 59.1/63.4 15/28 Hb<8 g/dl NS NS Aspirin or warfarin NS Case control

Derman 2013 40/40 59.9/64.2 8/18 NS Standard  
medial parapa-
tellar approach

Cemented Enoxaparin 30 mg NS Cohort

NS: not stated; LMWH: low molecular weight heparin, RCT: randomized controlled studies, RCS: retrospective compared studies, PMT: prospective matched-pair trials.

Table 2. The quality of the included RCTs

Study Random Sequence 
Generation

Allocation  
Concealment Blinding Incomplete  

Outcome Data
Selective 
Reporting

Other Sources  
of Bias

Marulanda 2009 Computer-generated Sealed envelopes Randomized block design Yes Unclear Unclear

Plymale 2012 No No No Yes Unclear Unclear

Seviciu 2016 Block randomization Pharmacy Block randomization Yes Unclear Unclear

Table 3. The minors quality score of the non-RCTs

First Author, Year
Minors Scale

1 2 3 4 5 6 7 8 9 10 11 12 Total
Diedo 2013 2 1 1 2 0 2 2 0 2 2 2 2 18
Pfeiffer 2005 2 2 2 2 2 2 2 2 2 2 2 2 24
Kamath 2014 2 2 0 2 0 2 2 0 2 1 2 2 17
Derman 2013 2 2 1 2 2 2 2 2 2 2 2 2 23
Note: Numbers 1-12 in heading signified: 1, a clearly stated aim; 2, 
inclusion of consecutive patients; 3, prospective collection of data; 4, 
endpoints appropriate to the aim of the study; 5, unbiased assessment 
of the study endpoint; 6, follow-up period appropriate to the aim of the 
study; 7, loss to follow-up less than 5%; 8, prospective calculation of the 
study size; 9, an adequate control group; 10, contemporary groups; 11, 
baseline equivalence of groups; and 12, adequate statistical analyses.

ment of each involved RCTs were con-
ducted according to the Cochrane 
Handbook for Systematic Reviews of 
Interventions and list in tables. Non-
RCTs were assessed by Newcastle-
Ottawa Scale (NOS) [6]. The meta-anal-
ysis was performed using Stata so- 
ftware, version 12.0 (Stata Corp., 
College Station, TX). Statistical hetero-
geneity was tested using the chi-
squared test and I2 statistic. When 
there was no statistical evidence of 
heterogeneity (I2<50%, P>0.1), a fixed-
effects model was adopted; otherwise, 
a random-effects model was chosen.  
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and 319 in control group) in the meta-analysis 
[5, 7-13]. Six studies compared the bipolar seal-
er versus standard electrocautery in total knee 
arthroplasty and the additional one in revision 
knee arthroplasty [12]. The search process can 
be seen in Figure 1. The sample size from each 
study ranged from 20 to 90 and the mean age 
ranged from 55.9 to 72.2. Only two trials refer-
enced the transfusion criteria; one trial set the 
trigger at Hb<7 g/dl, and the other set the trig-
ger at Hb<8 g/dl. Two studies state the opera-
tive approach; one study performed the TKA in 

ed that there is no significant difference 
between the bipolar sealer and standard elec-
trocautery in terms of the need for transfusion 
(RR=0.87, 95% CI 0.71~1.08, P=0.202, Figure 
2).

A funnel plot was drawn and shows that there  
is no bias between the included studies indicat-
ing a need for transfusion; moreover, the P 
value obtained from the Begg’s test is 0.806 
and this also indicated that there is no bias 
(Figures 3 and 4).

Figure 2. The forest plot that comparing the bipolar sealer with control group for need for transfusion.

Figure 3. The forest plot that comparing the need for transfusion.

the mini-midcastus approach 
and the other performed in 
standard medial parapatellar 
approach. Four trials inserted 
the cemented prosthesis and 
three studies did not state the 
prosthesis type. The detailed 
characteristic for the included 
studies can be seen in Table 
1. The quality assessment of 
RCTs was shown in Table 2 
and non-RCTs were shown in 
Table 3.

Results of meta-analysis

Need for transfusion: A total 
of five trials tested the need 
for transfusion after TKA, and 
pooled meta-analysis indicat-
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Total blood loss: A total of five trials reported 
the total blood loss after TKA and pooled 
results indicating that the bipolar sealer can 
decrease the total blood loss in a statistically 
significant manner with a mean of 165.32 ml 
(MD=-165.32, 95% CI -328.78~-1.85, P=0.047, 
Figure 5).

The results of sensitivity analysis show that no 
studies affected the heterogeneity of the total 
blood loss, and the detail of this information 
can be seen in Figure 6.

Drainage

Four trials were performed about the drainage 
after TKA, and pooled meta-analysis indicated 
that there is no significant difference between 
the bipolar and standard electrocautery in 
terms of drainage after TKA (MD=-137.13,  
95% CI -293.36~-19.09, P=0.085, Figure 7).

Hb drop

A total of five trials with 394 patients reported 
the Hb drop after TKA, and pooled meta-analy-
sis indicated that there is no significant differ-
ence between the bipolar sealer and standard 
electrocautery in terms of Hb drop (MD=0.05, 
95% CI -0.49~0.59, P=0.861, Figure 8).

Length of hospital stay

Three trials with 203 patients reported the 
length of the hospital stay after the use of the 
bipolar sealer and standard electrocautery. 
Results indicated that there is no significant 

Quality of evidence assessment

A summary of the quality of the evidence 
according to the GRADE approach is shown in 
Table 5. The GRADE level of evidence was low 
for need for transfusion, total blood loss and 
length of hospital stay; and moderate for drain-
age and Hb drop.

Discussion

This is the first systematic review and meta-
analysis comparing bipolar sealer for reducing 
blood loss after TKA. From the results of our 
meta-analysis, bipolar sealer can decrease the 
total blood loss, but bipolar sealer did not 
reduce hemoglobin drop, need for transfusion 
or hospital stay. A total of seven trials were sat-
isfied to define eligibility criteria for this meta-
analysis. The overall methodological quality of 
the included 3 RCTs was relatively high. Only 
one study did not state the randomized sequen-
tial generation and did not reveal the alloca- 
tion concealment and blinding. Another two tri-
als give detailed information on the randomiz- 
ed sequential generation, allocation conceal-
ment and blinding. Though 4 non-RCTs were 
included in our meta-analysis, the baseline of 
the included non-RCTs was relative with one 
accord and relatively high quality.

Perioperative blood loss during TKA is reported 
at about 715 ml to 3030 ml, and postoperative 
anemia has an adverse effect on morbidity and 
mortality of affected patients [14]. In addition, 
a low level of hemoglobin is always associated 

Figure 4. The Begg’s test for need for transfusion.

difference between the length 
of hospital stay (MD=-0.05, 
95% CI -0.23~0.13, P=0.590, 
Figure 9).

Subgroup analysis

All of the variables show a 
large heterogeneity between 
the included studies, and thus 
a subgroup analysis was con-
ducted to further analyze the 
results. Since RCTs and non-
RCTs were both included in 
this meta-analysis, subgroup 
analysis was based on the 
research type of the included 
studies. The final results were 
shown in Table 4. 
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with decreased patient participation in rehabili-
tation programs and prolongs the length of  
the hospital stay. Therefore, many strategies 
were utilized to decrease blood loss, including 
controlling intraoperative blood loss during 
TKA. Yang et al [15] conducted a meta-analysis 
to compare the bipolar sealer with standard 
electrocautery in primary total hip arthroplasty, 
and the results indicated that bipolar sealer is 
not superior to standard electrocautery. Our 
results also indicated that bipolar sealer is not 
superior to standard electrocautery in TKA. The 

transfusion. Meanwhile, the results conform 
with the previous results.

There is no significant difference between 
hemoglobin drop, need for transfusion, drain-
age and length of hospital stay. Seviciu et al 
[11] conducted an RCT to compare the combi-
nation of bipolar sealer with tranexamic acid 
(TXA). The results indicated that using bipolar 
sealer did not add to the effect of TXA in reduc-
ing hemoglobin drop in TKA. All of the success-
ful criteria of hemostasis and these devices is 

Figure 5. The forest plot that comparing total blood loss for bipolar sealer with control.

Figure 6. The sensitivity analysis that comparing the total blood loss.

pooled results indicated that 
bipolar sealer can decrease 
the total blood loss in a statis-
tically significant manner with 
a mean of 165.32 ml (MD= 
-165.32, 95% CI -328.78~ 
-1.85, P=0.047). The P value 
in this outcome is 0.047 and 
is close to 0.05 which is not 
statistically significant, but it 
should be cautiously treated 
and there is a need for furth- 
er studies. Subgroup analysis 
was conducted to try to elimi-
nate the heterogeneity acco- 
rding to the study type. The 
results indicated that there is 
still heterogeneity between 
the studies in terms of hemo-
globin drop and the need for 
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to decrease the need for a transfusion and 
decrease the hemoglobin drop. The results of 
meta-analysis indicated that there is no signifi-
cant difference between the need for transfu-
sion in the two groups. However, all of the final 
outcomes show heterogeneity between the 
studies. This may due to the inclusion of revi-
sion TKA and bilateral TKA. Marulanda et al [5, 
8] compared the bipolar sealer with a control 

group in two studies, since the latest article 
contains more samples and the latest pub-
lished article was included for meta-analysis. In 
the two studies, bipolar sealer can decrease 
the total blood loss and increase the hemoglo-
bin level; however, there is no statistically sig-
nificant need for a transfusion. Min et al [16] 
conducted an updated meta-analysis compar-
ing bipolar sealer with a control group in terms 

Figure 7. The forest plot that comparing drainage between bipolar sealer versus control.

Figure 8. Forest plot that comparing Hb drop between the two groups.
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of need for transfusion in THA, and the results 
indicated that bipolar sealer can decrease the 
need for transfusion and total blood loss. 

Meanwhile, complications associated with bi- 
polar sealer have also emerged, including the 
concern of early postoperative periprosthetic 
femoral condyle fracture after extensive ad- 
ministration in revision TKA. The occurrence  
of complications were attempted to be com-
piled to assess the safety of bipolar sealer; 
however, there is insufficient data to support 
the safety of bipolar sealer in TKA.

There were several limitations in this meta-
analysis: (1) only 3 RCTs and 4 non-RCTs were 
included, and the sample sizes in each trial 

were not large enough, which affects the final 
results; (2) the duration of follow-up in some 
studies was unclear, and long-term follow-up 
was needed for this analysis; (3) the publication 
bias that existed in the meta-analysis influ-
enced the results; (4) the time of bipolar sealer 
TXA administration differs among the included 
trials, which affects the final conclusion; and (5) 
the heterogeneity among the studies will also 
affect the final conclusion, although we tried to 
use subgroup analysis to solve it.

Conclusion

In conclusion, the administration of bipolar 
sealer can decrease the total blood loss; how-
ever, there is no significant difference between 

Figure 9. The forest plot that comparing the length of hospital stay between the two groups.

Table 4. The results of subgroup analysis

Variables Studies 
(n)

Patients 
(n) P-value

Incidence
95% CI Heterogeneity P-value (I2) Model

Hb drop
    RCT 3 244 0.79 -0.414, 0.315 72.1 Random
Total blood loss
    RCT 2 132 0.022 -340.05, -26.52 0 Fixed
Drainage
    RCT 2 180 0.464 -129.53, 59.04 0 Fixed
LOS
    RCT 2 132 0.496 -0.306, 0.148 0 Fixed
Need for transfusion
    RCT 2 180 0.593 0.474, 1.531 55 Random
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Table 5. Analysis and quality of the evidence using grading of recommendations, assessment, development and evaluation (GRADE)

Outcomes
Illustrative comparative risks* (95% CI) Relative effect 

(95% CI)
No of  

Participants (studies)
Quality of the  

evidence (GRADE) Comments
Assumed risk Corresponding risk
Control Outcomes

Need for transfusion Study population RR 0.87 (0.71 to 1.08) 451 (5 studies) ⊕⊕⊝⊝ low

401 per 1000 349 per 1000 (285 to 433)

Moderate

471 per 1000 410 per 1000 (334 to 509)

Total blood loss The mean total blood loss in the intervention groups was 165.32 lower 
(328.78 to 1.85 lower)

323 (5 studies) ⊕⊕⊝⊝ low

Drainage The mean drainage in the intervention groups was 137.13 lower 
(293.36 lower to 19.09 higher)

300 (4 studies) ⊕⊕⊕⊝ moderate

Hb drop The mean hb drop in the intervention groups was 0.05 higher (0.49 
lower to 0.59 higher)

394 (5 studies) ⊕⊕⊕⊝ moderate1

Length of hospital stay The mean length of hospital stay in the intervention groups was 0.05 
lower (0.23 lower to 0.13 higher)

203 (3 studies) ⊕⊕⊝⊝ low2,3

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative 
effect of the intervention (and its 95% CI). CI: Confidence interval; RR: Risk ratio; GRADE Working Group grades of evidence. High quality: Further research is very unlikely to change our confidence in the estimate of effect. Moderate quality: 
Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate. Low quality: Further research is very likely to have an important impact on our confidence in the estimate of 
effect and is likely to change the estimate. Very low quality: We are very uncertain about the estimate. 1I2=79.3%. 2no concealment. 3sample size is limited.
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the need for transfusion, hemoglobin drop and 
length of hospital stay. Overall, there is no 
superiority of bipolar sealer in the intraopera-
tive hemostasis than standard electrocautery. 
There is still a need for high-quality RCTs to fur-
ther identify the effect of bipolar sealer on the 
blood loss in TKA.
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