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ABSTRACT

To evaluate the efficacy and safety of bipolar sealer for the reduction of
intraoperative blood loss and transfusion requirements for patients undergoing major
orthopedic surgery, including total knee arthroplasty (TKA), total hip arthroplasty
(THA), and spinal surgery. Electronic databases, including PubMed, Embase,
CENTRAL (Cochrane Controlled Trials Register), Web of Science and Google scholar,
were searched within a date range from their inception up to November 2016. The
intraoperative blood loss, hemoglobin drop, operation time and length of hospital
stay were calculated as the weighted mean difference (WMD) with a 95% confidence
interval (CI), and the need for transfusion as well as the occurrence of infection were
calculated as relative risk (RR) with a 95% CI. The results indicated that bipolar sealer
can decrease intraoperative blood loss (WMD = -105.30, 95% CI -169.17~-41.43;
P < 0.00001), the need for a transfusion (RR, 0.68; 95% CI, 0.53~0.86; P = 0.001),
and hemoglobin drop (WMD, -0.14; 95% CI, -0.27-0.00; P = 0.05). There were
no significant differences between operation time, the length of the hospital stay
and the occurrence of infection (P > 0.05). Compared to standard electrocautery,
bipolar sealer can effectively reduce intraoperative blood loss and subsequent blood
transfusion without increasing the rate of infections.

INTRODUCTION

7]. Blood transfusion carries a risk of immunological
and non-immunological adverse effects and can even
increase mortality [8—10]. Surgical blood loss is an
important component of perioperative total blood loss

Major orthopedic surgery, including total knee
arthroplasty (TKA), total hip arthroplasty (THA), and

spinal surgery, are associated with significant blood
loss and subsequent blood transfusions [1]. The amount
of blood loss after TKA has varied from 900 mL to
2000 mL, and the percentage of patients who need a
blood transfusion can be as high as 39% [2-3]. For
THA, the blood loss ranges from 1000 mL to 2000 mL,
and the percentage of patients who require a blood
transfusion can be as high as 40% [4]. It has been
reported that the total perioperative blood loss during
posterior spinal fusion ranges from 600 to 1500 mL [5—

in major orthopedic surgery. Numerous studies have
investigated the efficacy of bipolar sealer for reducing
intraoperative blood loss and transfusion requirements
in patients undergoing orthopedic surgery with varying
results [11, 13]. Thus, we conducted a meta-analysis of
randomized controlled trials to assess the effectiveness
and safety of bipolar sealer for reducing intraoperative
blood loss and transfusion requirements in major
orthopedic surgery, including knee, hip, and spinal
procedures.
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MATERIALS AND METHODS

Search strategies

PubMed, Embase, and Cochrane Database of
Systematic Reviews, Web of Science and Google scholar
were searched within a date range from inception of
the databases up to November 2016. The search terms
included “bipolar sealer”, “total knee arthroplasty”, “total
hip arthroplasty” and “spinal surgery”. Manufacturer
documentation and published reviews were also reviewed
for additional studies. There were no restrictions on the
publication dates or language. Search strategies can be
obtained in Supplementary Table 1.

Inclusion criteria and exclusion criteria

Studies were included if they met the following
criteria: (i) participants underwent orthopedic surgery,
including TKA, THA and spinal surgery; (ii) patients
were randomly assigned to the treatment group with
bipolar sealer and the control group received standard
electrocautery; (iii) the study measured the following
outcomes: intraoperative blood loss, the need for
transfusion, hemoglobin drop, operation time, length of
hospital stay and the occurrence of infection; and (iv) the
study was an RCT.

Studies were excluded if they were non-RCTs,
letters, meeting abstracts or did not have sufficient data
for the meta-analysis.

Study selection

The initial electronic database searches for
identifying potential studies to include based on title and
abstract information were performed by two independent
authors. Complete study reports were assessed
independently by both authors. If there was insufficient
data, the authors of the study were contacted by e-mail
or telephone for more information and to clarify the
data. Any disagreement was resolved by consensus or a
consultation with the senior author. References and data
for each included study were carefully rechecked to ensure
that no overlapping data were present.

Data extraction

Data were extracted from the included studies and
recorded in a pre-generated standard Microsoft® Excel
(Microsoft Corporation, Redmond, Washington, USA)
file by two independent authors. Any disagreement was
resolved by consensus or consultation with the senior
author. The data that were extracted included the author
and publication year, case and mean age of the bipolar
sealer and standard electrocautery, transfusion criteria,
operation approach, follow-up, surgical methods and

outcomes. If the data were not reported numerically,
we extracted them using the Software “Getdata Graph
Digitizer” to analyze the published figures [14].

Quality assessment

The Cochrane risk of bias tool was used to evaluate
the risk of bias [15]. Two authors independently reviewed
all included RCTs and the following categories: selection
bias (random sequence generation and allocation
concealment), performance bias, detection bias, attrition
bias, reporting bias and other bias. The biases were
graded according to risk as ‘high’, ‘low’ or ‘unclear’.
All discrepancies were resolved by consensus or in
consultation with the senior author. Kappa values was
calculated by 2 reviewers and were rated as follows: fair,
0.40 to 0.59; good, 0.60 to 0.74; and excellent, 0.75 or
higher [16].

Quality of evidence assessment

Two reviewers independently evaluated the quality
of evidence assessment in accordance with the Grading
of Recommendations Assessment, Development and
Evaluation (GRADE) methodology [17]. Risk of bias,
inconsistency, indirectness, imprecision and publication
bias were the assessment items [17, 18]. Each result was
classified as high, moderate, low, or very low. GRADE
Pro software was used to construct summary tables for the
included studies.

Statistical analyses

Review Manager software (version 5.3.0; The
Nordic Cochrane Centre, Copenhagen, Denmark) was
used to analyze the results. Continuous data (intraoperative
blood loss, hemoglobin drop, operating time, length
of hospital stay) was calculated as a weighted mean
difference (WMD) with a 95% confidence interval (CI).
Dichotomous data (i.e., the need for transfusion and the
occurrence of infection) were expressed as relative risk
(RR) with a 95% CI. Statistical heterogeneity was assessed
using the I? value. An I?> value > 50% was considered
to suggest statistical heterogeneity and random effects
modeling was performed. Otherwise, a fixed effects
approach was used. Subgroup analysis was performed
according to surgical category and the quality of the
included studies. A P value less than 0.05 was considered
to indicate a significant difference.

Trial sequential analysis

Trial sequential analyses were performed with trial
sequential analysis version 0.9.5.5 beta (www.ctu.dk/tsa).
Due to sparse data and repetitive testing of cumulative
data, traditional meta-analyses have a risk of random errors
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[19-21]. Thus, trial sequential analysis was necessary if the
final results were too sparse to reach firm conclusions. Trial
sequential analysis is comparable to interim analysis in a
single trial, and the trial sequential monitoring boundary can
be applied to meta-analysis to determine whether the P value
is small enough to show the anticipated effect and whether
the trial should be terminated early [22]. If the cumulative
z-curve trial crossed the sequential analysis boundary or the
futility zone was crossed, more trials were not needed to
change the final conclusion.

RESULTS

Search results

Initially, a total of 238 studies were identified, and
183 studies were screened after duplicates were removed.
A total of 164 papers were excluded according to the title
and abstracts. Then, a total of 7 non-RCTs were excluded
according to the inclusion and exclusion criteria. Finally,
we identified 12 RCTs with 1130 patients (bipolar sealer
=555, standard electrocautery = 575) that were associated
with orthopedic surgery [11, 12, 23, 32] (Figure 1). A total
of 6 studies involved THA [11, 28, 32], 3 studies involved
TKA [12, 23, 24], and 3 studies involved spinal surgery
[25, 27]. The number of patients included in the studies
ranged from 25 to 100. The mean age of the patients in
the included studies ranged from 55.4 to 73.3. The ages
of the male patients ranged from 13 to 66. The general
characteristics of the included studies are shown in
Table 1.

Quality assessment

The quality assessment of the included RCTs
is shown in Figure 2 and Figure 3. Random sequence
generation were conducted adequately in 5 studies [23,
25, 28, 32] and allocation concealment was performed
adequately in 5 studies [11, 23, 24, 28, 32]. Because it
was impossible to blind the participants and surgeons who
performed the surgery, all outcomes had an unclear risk of
bias for this domain [11, 12, 23, 32]. The detection bias was
low in 6 studies [11, 23, 25, 28, 30], and the rest had unclear
risk bias [12, 24, 26, 27, 31, 32]. Attrition bias, reporting
bias and other biases were low in 9 studies [11, 12, 23, 25,
28, 32] and the remaining 3 studies all had unclear bias [24,
26, 27]. The overall kappa value was 0.704.

Quality of evidence assessment

A summary of the quality of the evidence according
to the GRADE approach is shown in Supplementary
Table 2. The GRADE level of evidence was low for
intraoperative blood loss, and it was moderate for the need
for transfusion, hemoglobin drop, operation time, length of
hospital stay and the occurrence of infection.

Intraoperative blood loss

Total blood loss was examined in 10 trials [11,
23, 28, 30, 32] with 955 patients. These trials randomly
selected 479 patients to receive bipolar sealer and 476
patients to received standard electrocautery. A pooled
WMD for all patients was completed, and the data showed
there was significant heterogeneity (I> = 94%). Compared
to standard electrocautery, bipolar sealer was associated
with less total blood loss by a mean of 105.30 mL (95%
CIL, -169.17 to -41.43; P < 0.00001, Figure 4). The
subgroup analysis results are presented in Table 2. Funnel
plot results for intraoperative blood loss are shown in
Figure 5. TSA demonstrated that the required information
size was reached, and the cumulative z-curve crossed
the traditional boundary, which indicated that additional
studies were not needed and would be unlikely to change
the conclusions (Figure 6).

The need for transfusion

Data on blood transfusion were available in 8
studies [11, 12, 23, 26, 28, 30, 32], which included a
total of 848 patients. A pooled RR for all patients was
completed and the data showed there was no significant
heterogeneity (I> = 31.7%). Bipolar sealer reduced the
probability of receiving a blood transfusion by 9.25%
(RR, 0.68; 95% CI, 0.53-0.86; P = 0.001, Figure 7).
Funnel plot results for the need for transfusion are
shown in Figure 8. The cumulative z-curve crossed
the traditional boundary, but not the trial sequential
monitoring boundary and did not reach the required
information size, which suggested there was a need for
more evidence to establish whether bipolar sealer was
associated with less intraoperative blood loss compared
to standard electrocautery (Figure 9).

Hemoglobin drop

Data on hemoglobin drop were available for 9 trials
[11, 12, 23, 24, 26, 28, 30, 32], including a total of 911
patients. A pooled WMD for all patients was completed,
and the data showed no significant heterogeneity (I
= 26.0%). Bipolar sealer was associated with less
hemoglobin drop compared to standard electrocautery
(WMD, -0.14; 95% CI, -0.27-0.00; P = 0.05, Figure 10).

Operation time

Data on operation time were available for 7 trials
[24, 26, 28, 31, 32], which involved 627 patients. A pooled
WMD for all patients was completed, and the data showed
no significant heterogeneity (I = 34.0%). Bipolar sealer
was associated with lower operating times compared to
standard electrocautery (WMD, -1.96; 95% CI, -5.46 to
1.53; P=10.27, Figure 11).
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Table 1: The general characteristic of the included studies

Author and Case Mean age  Male patients  Transfusion . .
year (BP/C) (BP/C) (BP/C) criteria Operation approach follow-up Surgical methods Outcomes
Marulanda 2008 25/25 57/56 13/14 NS Antero-lateral NS THA 1,2,3,5,6

approach

Standard posterior
approach and
Barsoum 2011 71/69 55.4/55.7 36/38 Hb < 7.0 g/dl modified direct 3 months THA 1,2,3,4,5,6
lateral
approach
Watson-Jones
Zeh 2010 55/50 63.7/68.3 15/20 NS approach and NS THA 1,4,5
standard Bauer
approach
Anterior supine

Morris 2013 100/100 63.5/61.3 48/48 NS intermuscular 1.5 months THA 1,2,3

approach
Falez 2013 26/38 NS NS NS NS NS THA 6
Suarez 2015 57/61 65.7/64.7 27/19 Hb<g0gd  Directanterior NS THA 1,2,3,4,5

approach
Marulanda 2009 35/34 66/66 22/23 NS NS 3 month TKA 1,2,3,5,6
Plymale 2012 50/61 38/51 64/66 NS NS 2 days TKA 2,3,6
Seviciu 2016 31/32 64.8/62.9 14/14 Hb <7 g/dl Mini-midvastus 3 days TKA 1,3,4,5
Fukui 2016 2505 73.3/693 15/14 NS Posterolateral NS Posterolateral 14,5

fusion
Wang 2016 50/50  63.5/63.9 19/15 Hb <7 g/dl Posterolateral 1 month D ege“:crxz:il“mbar 1,2,3,4,5.6
Spinal stenosis,

Hill 2012 30/30 62.6/61.8 8/11 Hb < 8.0 g/dl Posterolateral NS spondylolisthesis, and 1,2,3,4,5,6

degenerative scoliosis

BP, bipolar sealer, C, control group; NS, not stated; THA, total hip arthroplasty; TKA, total knee arthroplasty; Hb, hemoglobin; 1 intraoperative blood loss; 2 need for transfusion;
3, Hb drop; 4, operating time; 5, length of hospital stay; 6, the occurrence of infection.

Table 2: Subgroup analysis of intraoperative blood loss M-H Mantel-Haenszel, CI confidence
interval

Outcome or subgroup Studies Number Statistical method Effect estimate
Knee 2 132 ?&‘%ﬁﬁ;j{‘;d&fge@ﬁ —183.28 (~340.04, —26.52)
Hip 5 613 \Zvl\‘j[‘%“fa?;j;dg;fgegf —69.61 (—144.52, 5.29)
Spine 3 210 W(el\‘/%hl_tf‘;‘:;zzn gsig:régce —131.61 (-298.42, 35.20)
Low quality 3 200 ‘?’;‘%ﬁaﬁ(‘:‘;dﬁ;"gf ~72.85 (~135.41, 21.86)
Middle quality 4 523 ?&‘%ﬁ;gﬁdﬁ/ﬁ%ﬁ —128.55 (~308.69, 42.19)
High quality 3 132 Weighted mean difference ~200.18 (~300.99, —152.63)

(M-H, Random, 95% CI)

Length of hospital stay electrocautery (WMD, -0.21; 95% CI, -0.50 to 0.08; P =

0.16, Figure 12).
Data on the length of the hospital stay were

available for 9 trials [11, 23, 26, 28, 31, 32], which
included a total of 755 patients. A pooled WMD for all
patients was completed, and the data showed significant
heterogeneity (I> = 59.0%). Bipolar sealer was associated
with a lower length of hospital stay compared to standard

The occurrence of infection

Data on the occurrence of infection were available
for 7 trials [12, 23, 26, 29], which included a total of 549
patients. A pooled RR for all patients was completed, and
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the data showed no significant heterogeneity (I*> = 0%).
Bipolar sealer reduced the probability of infection by
2.19% (RR, 0.41; 95% CI, 0.15-1.15; P =0.09, Figure 13).

DISCUSSION
In the current meta-analysis, we evaluated the

efficacy and safety of bipolar sealer for patients that
received major orthopedic surgery. Based on the

Records identified through
database searching

pooled estimates, bipolar sealer, compared to standard
electrocautery, was associated with a significant
reduction in the total blood loss, need for transfusion
and hemoglobin drop. The use of bipolar sealer was not
associated with a significant reduction in operating time,
length of hospital stay and the occurrence of infection.
The current meta-analysis demonstrated that bipolar
sealer had a beneficial effect on the total blood loss and
the subsequent need for blood transfusion. In a previous

(n=238)
Pubmed=69
c Embase=123
,g Web of Science=58 Additional records identified
i Cochrane Database of Systematic through other sources
!E Reviews=12 (n=0)
o
S
\ ) A4 \ 4
PR Records after duplicates removed
(n=183)
a0 Records excluded
£ (n=164)
o --Irrelevant studies(n=74)
S --Systematic review(n=25
wv Records screened / ¥ —-Abstract(n:5;) )
(n=183) --Meetings(n=10)
— --Revison TKA(n=2)
)
- FuIl-te?:)f;tlli:iz?"iisessed Full-text articles excluded,
e with reasons
z (n=19) B (n=7)
20
[ --Non RCTs (n =7)
—J Studies included in
qualitative synthesis
(n=12)
-]
7}
3
= Studies included in
= quantitative synthesis
(meta-analysis)
(n=12)
—
12 RCTs

Figure 1: Flow diagram for study selection.
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meta-analysis of 6 studies that compared bipolar sealer
treatment with standard electrocautery in patients with
major orthopedic surgery, Min and colleagues [13] found
that bipolar sealer appeared to be effective for reducing
blood loss and the need for transfusion after THA.
However, Yang et al [33] observed that bipolar sealer did
not significantly reduce intraoperative blood loss, and
it is not recommended for primary THA. Lu et al. [34]
revealed that the use of a bipolar sealer is superior to
standard electrocautery for reducing intraoperative blood
loss during spine surgery. Thus, we could not determine
whether bipolar sealer had a significant influence on
controlling blood loss. Therefore, more large scale
trials are needed to verify the effects of bipolar sealer

on patients for major orthopedic surgery. Current meta-
analysis indicated that bipolar sealer was associated with
intraoperative blood loss by a mean of 105.30 mL and
reduced the probability of receiving a blood transfusion by
9.25%. Obviously, the difference had clinical importance.

As for operation time and length of hospital stay,
there was no significant difference between patients who
received bipolar sealer or standard electrocautery for
major orthopedic surgery. A previous meta-analysis that
included non-RCTs compared bipolar sealer to standard
electrocautery during total joint arthroplasty (including
TKA and THA) and found no significant differences
between bipolar sealer and standard electrocautery in
terms of operation time and length of hospital stay [35].

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0% 25% 50% 75%  100%

. Low risk of bias |:| Unclear risk of bias . High risk of bias

Figure 3: Risk of bias graph.

Bipolar sealer Standard electrocautery Mean Difference Mean Difference
ean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

8.1.1 Hip
Barsoum 2011 315.2 2034 7 368.5 277.8 69 10.8% -53.30 [-134.14, 27.54] -
Marulanda 2008 407 187.5 25 626 200 25  9.5% -219.00 [-326.46, -111.54] -
Morris 2013 140.8 70.7 100 127.5 60.7 100 12.9% 13.30 [-4.96, 31.56] ™
Suarez 2015 393.2 164.5 57 469.6 216.4 61 11.3% -76.40 [-145.49, -7.31] ]
Zeh 2010 483 288 55 539 254 50 9.7% -56.00 [-159.68, 47.68] 1
Subtotal (95% CI) 308 305 54.1% -69.61 [-144.52, 5.29] ’
Heterogeneity: Tau? = 5698.24; Chi? = 25.40, df = 4 (P < 0.0001); I = 84%
Test for overall effect: Z = 1.82 (P = 0.07)
8.1.2 Knee
Marulanda 2009 1,254 543 35 1,553 704 34  34%  -299.00 [-596.25, -1.75]
Seviciu 2016 9389 376 31 1,077.6 371 32 6.2% -138.70[-323.21, 45.81] - |
Subtotal (95% Cl) 66 66 9.6% -183.28 [-340.04, -26.52] ————
Heterogeneity: Tau? = 0.00; Chi? = 0.81, df =1 (P = 0.37); I>= 0%
Test for overall effect: Z = 2.29 (P = 0.02)
8.1.3 Spine
Fukui 2016 130 100 25 200 140 25 11.3% -70.00 [-137.44, -2.56] -
Hill 2012 66.2 353 30 102.4 39.6 30 12.8% -36.20 [-55.18, -17.22] -
Wang 2016 407.2 794 50 696.5 1563.9 50 12.1% -289.30 [-337.30, -241.30] -
Subtotal (95% Cl) 105 105 36.3% -131.61[-298.42, 35.20] —i—
Heterogeneity: Tau? = 21114.27; Chi? = 92.36, df = 2 (P < 0.00001); I2 = 98%
Test for overall effect: Z = 1.55 (P = 0.12)
Total (95% Cl) 479 476 100.0% -105.30 [-169.17, -41.43] -
Heterogeneity: Tau? = 8173.16; Chiz = 152.90, df = 9 (P < 0.00001); I2 = 94% _5=00 _2’50 ; 2éo 5(’]0

Test for overall effect: Z = 3.23 (P = 0.001)

y § Favours [Bipolar sealer] Favours [Standard electrocautery]
Test for subaroun differences: Chiz = 1.84. df =2 (P =0.40). 2= 0%

Figure 4: Forest plots comparing intraoperative blood loss between bipolar sealer and standard electrocautery from
the included studies.
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Bipolar sealer  Standard electrocautery Risk Ratio Risk Ratio

Ev E i -H, Fi % Cl M-H. Fixed. 95% CI
7.1.1 Hip
Barsoum 2011 15 71 14 69 12.0% 1.04 [0.54, 1.99] -
Marulanda 2008 5 25 13 25 11.0% 0.38 [0.16, 0.92] -
Morris 2013 4 100 6 100 5.1% 0.67 [0.19, 2.29] -
Suarez 2015 2 57 10 61 8.2% 0.21[0.05, 0.94] - -
Subtotal (95% CI) 253 255 36.3% 0.60 [0.39, 0.94] -
Total events 26 43

Heterogeneity: Chi? = 5.67, df = 3 (P = 0.13); 12 = 47%
Test for overall effect: Z = 2.24 (P = 0.03)

7.1.2 Knee

Marulanda 2009 10 35 16 34 13.8%  0.61[0.32, 1.14] —
Plymale 2012 20 50 22 61 16.8%  1.11[0.69, 1.79] I
Subtotal (95% CI) 85 95 30.6% 0.8 [0.61, 1.29] -
Total events 30 38

Heterogeneity: Chiz = 2.22, df = 1 (P = 0.14); I = 55%
Test for overall effect: Z = 0.65 (P = 0.52)

7.1.3 Spine

Hill 2012 13 30 19 30 16.1%  0.68[0.42,1.12] —
Wang 2016 9 50 20 50 17.0%  0.45[0.23,0.89] —
Subtotal (95% Cl) 80 80 331%  0.56[0.37, 0.85] -
Total events 22 39

Heterogeneity: Chi?=1.01,df=1 (P =0.31); P=1%
Test for overall effect: Z = 2.74 (P = 0.006)

Total (95% Cl) 418 430 100.0% 0.68 [0.53, 0.86] <&
Total events 78 120
Heterogeneity: Chi?=11.29, df =7 (P = 0.13); I? = 38% . iy

0.02 0.1 1 10 50
Test for overall effe(':t Z2=325 (P,_ 0.001) Favours [Bipolar sealer] Favours [Standard electrocautery]
Test for subaroun differences: Chiz=2.93. df =2 (P =0.23). 2=31.7%

Figure 7: Forest plots comparing the need for transfusion between bipolar sealer and standard electrocautery from
the included studies.
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Figure 8: Funnel plot for intraoperative blood loss.
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Seviciu et al [24]. revealed that there were no significant
differences between bipolar sealer versus standard
electrocautery in terms of operating time and length of
hospital stay after TKA. As for infection, there was no
significant difference between bipolar sealer and standard
electrocautery for major orthopedic surgery.

Another major concern was the cost-effectiveness
of using bipolar sealer for major orthopedic surgery.
Derman et al [36]. revealed that the bipolar sealer group
had a lower operation time and accounted for a savings

of $430 per patient, and these savings did not offset the
$500 cost of the device itself (which increased the cost
by $70 per operation). Morris et al. [30] also revealed that
bipolar sealer increased the costs several times compared
to standard electrocautery. Ackerman et al. [37] used a
hospital administrative database to show that there were no
significant differences in total hospital costs between the
bipolar sealer group and the standard electrocautery group.
Thus, a direct and specific cost-effectiveness comparison
is necessary before widely implementing bipolar sealer. F
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Figure 9: Trial sequential analysis of the need for transfusion.
Bipolar sealer Standard electrocautery Mean Difference Mean Difference
_Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
1.1.1 Hip
Barsoum 2011 54 16 7 53 1.8 69 5.9% 0.10[-0.46, 0.66]
Marulanda 2008 3 12 25 34 13 25 3.9% -0.40[-1.09,0.29] I
Morris 2013 33 14 100 3.3 13 100 13.5% 0.00[-0.37, 0.37] -1
Suarez 2015 39 09 57 4.3 1.2 61 13.0% -0.40[-0.78,-0.02] -
Subtotal (95% Cl) 253 255 36.3% -0.17 [-0.40, 0.06] @
Heterogeneity: Chi? = 3.49, df =3 (P = 0.32); I? = 14%
Test for overall effect: Z=1.46 (P = 0.14)
1.1.2 Knee
Marulanda 2009 29 1.2 35 24 11 34 6.4% 0.50 [-0.04, 1.04]
Plymale 2012 27 14 50 29 1.2 61 10.3% -0.20[-0.63, 0.23] -
Seviciu 2016 32 1.1 31 3.7 11 32 6.4% -0.50 [-1.04, 0.04] [
Subtotal (95% Cl) 116 127  23.1% -0.09 [-0.37, 0.20] -
Heterogeneity: Chi? = 6.98, df =2 (P = 0.03); I?=71%
Test for overall effect: Z = 0.61 (P = 0.54)
1.1.3 Spine
Hill 2012 11 04 30 12 0.6 30 284% -0.10[-0.36,0.16] =
Wang 2016 38 09 50 4 1.1 50 12.2% -0.20[-0.59, 0.19] 1
Subtotal (95% Cl) 80 80 40.6% -0.13[-0.35,0.09] L ¢
Heterogeneity: Chi2 = 0.17, df = 1 (P = 0.68); I = 0%
Test for overall effect: Z = 1.18 (P = 0.24)
Total (95% CI) 449 462 100.0% -0.14[-0.27, 0.00] ‘
Heterogeneity: Chiz = 10.83, df = 8 (P = 0.21); I2 = 26% 2 1 5 1 2

Test for overall effect: Z = 1.93 (P = 0.05)
Test for subaroun differences: Chi2 = 0.19. df =2 (P = 0.91). 12 = 0%

Figure 10: Forest plots comparing hemoglobin drop
included studies.

Favours [Bipolar sealer] Favours [Standard electrocautery]

between bipolar sealer and standard electrocautery from the
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Bipolar sealer Standard electrocautery

Mean Difference

Mean Difference

Study or Subgroup Mean _ SD_Total Mean SD Total Weight IV, Fixed. 95% Cl 1V, Fixed. 95% CI
6.1.1 Hip

Barsoum 2011 107.5 459 | 107 415 60 54%  0.50 [-14.48, 15.48]

Suarez 2015 922 16.7 57 92,5 16.3 61 34.3% -0.30 [-6.26, 5.66]

Zeh 2010 7727 55 85 37 50 7.8%  -8.00[-20.49, 4.49]

Subtotal (95% CI) 183 171 47.5% -1.47 [-6.54, 3.59]

Heterogeneity: Chi? = 1.26, df = 2 (P = 0.53); I? = 0%

Test for overall effect: Z = 0.57 (P = 0.57)

6.1.2 Knee

Seviciu 2016 90.6 11.8 31 89.1 116 32 36.5% 1.50 [-4.28, 7.28] -
Subtotal (95% CI) 31 32 365%  1.50([4.28,7.28] -
Heterogeneity: Not applicable

Test for overall effect: Z=0.51 (P = 0.61)

6.1.3 Spine

Fukui 2016 50 19 25 58 18 25 11.6%  -8.00[-18.26, 2.26] I
Hill 2012 206 43 30 219 56 30 1.9% -13.00 [-38.27, 12.27] - ]
Wang 2016 2234 458 50 248.9 65.2 50 2.5% -25.50[-47.59, -3.41 -
Subtgotal (95% Cl) 105 105 16.0% -11.33 [[-20406, -250]] i
Heterogeneity: Chi? = 2.00, df = 2 (P = 0.37); 2= 0%

Test for overall effect: Z = 2.54 (P = 0.01)

Total (95% ClI) 319 308 100.0% -1.96 [-5.46, 1.53]

Heterogeneity: Chi? = 9.11, df =6 (P = 0.17); I = 34%
Test for overall effect: Z = 1.10 (P = 0.27)
Test for subaroun differences: Chi2 = 5.84. df =2 (P = 0.05). 1= 65.7%

Figure 11: Forest plots comparing the operation time between bipolar sealer and standard electrocautery from the

included studies.

Bipolar sealer Standard electrocautery

50

Mean Difference

o4

-25
Favours [Bipolar sealer]

25 50

Favours [Standard electrocautery]

Mean Difference

_Study or Mean SD Total Mean SD Total Weight IV. 95% Cl 1V, 95% Cl
5.1.1 Hip
Barsoum 2011 33 11 7 3.4 1.6 69 15.2% -0.10 [-0.56, 0.36] -
Marulanda 2008 3.5 1 25 3.5 1.1 25 12.3% 0.00 [-0.58, 0.58] -1
Suarez 2015 25 07 57 2.6 0.8 61  20.0% -0.10[-0.37, 0.17] ™
Zeh 2010 58 21 55 6.6 27 50 7.0% -0.80 [-1.73, 0.13] B
Subtotal (95% CI) 208 205 54.5% -0.12 [-0.33, 0.09] <
Heterogeneity: Tau? = 0.00; Chi? = 2.24, df = 3 (P = 0.52); I = 0%
Test for overall effect: Z = 1.14 (P = 0.25)
5.1.2 Knee
Marulanda 2009 3.6 1 35 3.6 1.1 34 14.2% 0.00 [-0.50, 0.50] I
Seviciu 2016 25 056 31 26 0.47 32 20.4% -0.10 [-0.36, 0.16] T
Subtotal (95% CI) 66 66 34.6%  -0.08 [-0.31, 0.15] <>
Heterogeneity: Tau? = 0.00; Chi? = 0.12, df = 1 (P = 0.73); I? = 0%
Test for overall effect: Z = 0.68 (P = 0.50)
5.1.3 Spine
Fukui 2016 15 5 25 25 13 25 0.3% -10.00[-15.46, -4.54] ¢
Hill 2012 44 15 30 4.5 22 30 6.7% -0.10 [-1.05, 0.85] - 1
Wang 2016 11.94 3.06 50 13.52 3.82 50 3.9% -1.58 [-2.94, -0.22] -
Subtotal (95% CI) 105 10.9%  -2.27 [4.95,0.41] " —
Heterogeneity: Tau? = 4.09; Chi* = 14.25, df = 2 (P = 0.0008); I = 86%
Test for overall effect: Z = 1.66 (P = 0.10)
Total (95% Cl) 379 376 100.0%  -0.21[-0.50, 0.08] 1
Heterogeneity: Tau? = 0.09; Chi* = 19.50, df = 8 (P = 0.01); I> = 59% _'2 _'1 0 . é

Test for overall effect: Z = 1.40 (P = 0.16)
Test for subaroup differences: Chiz = 2.568. df =2 (P = 0.28). I = 22 4%

Figure 12: Forest plots comparing the length of hospital stay between bipolar sealer and standard electrocautery from

the included studies.

Favours [Bipolar sealer]

Favours [Standard electrocautery]

Bipolar sealer ~ Standard electrocautery Risk Ratio Risk Ratio

_Study or Events  Total Events Total Weight M-H. Fixed. 95% CI M-H. Fixed. 95% CI

2.1.1 Hip

Barsoum 2011 0 7 1 69 12.6% 0.32[0.01, 7.82]

Falez 2013 0 26 0 38 Not estimable

Marulanda 2008 1 25 2 25 16.6% 0.50[0.05, 5.17]

Subtotal (95% CI) 122 132 29.3%  0.42[0.06,2.77] e ——

Total events 1 3

Heterogeneity: Chi? = 0.05, df = 1 (P = 0.83); I = 0%

Test for overall effect: Z = 0.90 (P = 0.37)

2.1.2 Knee

Marulanda 2009 1 35 1 34  84% 0.97 [0.06, 14.91]

Plymale 2012 0 50 0 61 Not estimable

Subtotal (95% Cl) 85 95  8.4% 0.97[0.06, 14.91] e —

Total events 1 1

Heterogeneity: Not applicable

Test for overall effect: Z = 0.02 (P = 0.98)

2.1.3 Spine

Hill 2012 0 30 1 30 125% 0.33[0.01,7.87]

Wang 2016 2 50 6 50 49.9% 0.33[0.07, 1.57] - &

Subtotal (95% CI) 80 80 62.3%  0.33[0.08,1.34] e

Total events 2

Heterogeneity: Chi? = 0.00, df = 1 (P = 1.00); I* = 0%

Test for overall effect: Z = 1.55 (P = 0.12)

Total (95% CI) 287 307 100.0% 0.41[0.15, 1.15] ’

Total events 4

Heterogeneity: Chi? = 0.52, df = 4 (P = 0.97); I = 0% b T "

Test for overall effect: Z = 1.70 (P = 0.09)

Test for subaroun differences: Chiz = 0.47_df =2 (P = 0.79). 2= 0%

Figure 13: Forest plots comparing the occurrence of infection between bipolar sealer and standard electrocautery

from the included studies.
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There were several limitations to this meta-
analysis: (1) the blinding of participants and personnel
was unclear and may have resulted in performance
bias; (2) the duration of follow-up in some studies was
relatively short, and long-term follow-up is needed for
meta-analysis; and (3) the results for intraoperative
blood loss had large heterogeneity that affected the final
conclusion. Additionally, a direct and specific cost-
effectiveness comparison between bipolar sealer and
standard electrocautery is necessary before implementing
bipolar sealer.

CONCLUSIONS

In conclusion, the results of our meta-analysis
indicate that bipolar sealer can decrease intraoperative
blood loss, the need for transfusion, and hemoglobin
drop without increasing the occurrence of infection.
Additionally, there were no significant differences
between the operating time and the length of hospital stay.
This was the largest meta-analysis to evaluate the efficacy
and safety of bipolar sealer after major orthopedic surgery.
Although, cost-effectiveness should be evaluated before
implementing bipolar sealer.
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