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Abstract

Introduction Resection of musculoskeletal tumors and reconstruction with tumor endoprostheses often results in
blood loss requiring transfusion of blood products. We assessed the blood-saving potential of using monopolar tung-
sten needle electrodes and polytetrafluoroethylene (PTFE)-coated spatula electrodes (intervention) compared with
conventional dissection with sharp instruments and coagulation with uncoated steel electrodes (control).

Methods We retrospectively analyzed data of 132 patients (79 interventions, 53 controls) undergoing surgery by one
single experienced surgeon in our tertiary referral center between 2012 and 2021.

Results Intraoperative blood loss in the intervention group was reduced by 29% [median (IQR): 700 (400-1200) vs
500 (200-700) ml; p=0.0043]. Postoperative wound drainage decreased by 41% [median (IQR): 1230 (668-2041) vs
730 (450-1354) ml; p=0.0080]. Additionally, patients in need of PRBCs during surgery declined from 43% to 15%
(23/53 vs 12/79; p=0.0005), while the transfusion rate after surgery did not change notably. The number of patients in
need of revision surgery due to wound healing disorders was low in both groups (control group: 4/53 vs intervention
group: 4/79). Only one patient in the control group and two patients in the intervention group underwent revision
surgery due to hemorrhage. Baseline characteristics were similar between groups (sex, Charlson Comorbidity score,
tumor entity).

Conclusion Dissection with tungsten needle electrodes and PTFE-coated spatula electrodes appears an effective
surgical blood-saving measure without increased risk of wound healing disorders.

Level of evidence Il retrospective comparative study.
Clinical trial registration. The study was registered at ClinicalTrials.gov. Identifier: NCT05164809.
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Introduction

Extremity tumor resection and reconstruction with
tumor endoprostheses can result in relevant blood loss
that requires hemodynamic stabilization and transfusion
of blood products. This is mainly because extra-anatom-
ical approaches are necessary to achieve a wide resection
according to Enneking, involving large wound cavities
and exposure of large tumor-supplying blood vessels [1].
While in several other surgical fields machine autotrans-
fusion is an intraoperative blood-saving method, this is
avoided in tumor surgery as it bears the risk of hema-
togeneous dissemination of tumor cells [2, 3]. Therefore,
additional surgical measures are needed to reduce blood
loss in tumor orthopedics.

A feasible approach seems to be the use of monopo-
lar electrosurgery in order to improve hemostasis dur-
ing tumor dissection. At temperatures over 100 °C tissue
fluid vaporizes abruptly, proteins are denatured, blood
vessels shrink, and opposing vessel walls are thermally
fused, thus achieving hemostasis while performing an
incision. Minimizing heat damage to the tissue adjacent
to the dissection is achieved by keeping the diameter
of the working electrode as small as possible. Electrical
energy is concentrated at the narrowest part of the elec-
trode; thus, less power is required to maintain the cut-
ting effect without encountering high tissue resistance.
Needle electrodes made of tungsten are particularly suit-
able for this purpose as tungsten has the highest melt-
ing point of all metals (at 3422 °C); therefore it does not
deform, and is highly abrasion resistant. In 1994, Peter-
son observed reduced blood loss with a tungsten needle
electrode for scalp reduction surgery, although he did
not quantify this observation [4]. The electric properties
of tungsten resulted in less tissue damage in endoscopic
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polypectomy in an in-vivo pig study compared with steel
electrodes [5]. Spatula electrodes with polytetrafluoro-
ethylene (PTFE) coating can be used for dissection of
deep tissues with high efficiency in coagulating larger
vessels. They create less eschar and smoke compared
with uncoated stainless-steel electrodes.

To our knowledge, no clinical study has yet investigated
the benefit of the combined use of these monopolar elec-
trodes in a surgical field that, due to the inherent condi-
tions, causes a relatively high blood loss and transfusion
requirement. With this study, we assess whether dissec-
tion with these electrodes could reduce intraoperative
blood loss, postoperative wound drainage, and the need
for transfusions compared with conventional dissection
without these electrodes. In addition, the potential risk
for revision surgery due to wound healing disorders, as
described in early animal studies, was evaluated [6].

Methods

This is a single-surgeon retrospective cohort study based
on the recorded data of 132 patients treated in our ter-
tiary referral center between 2012 and 2021. All proce-
dures in this study were performed in accordance with
the ethical standards of the institutional research com-
mittee and with the 1964 Helsinki Declaration and
its later amendments. Ethical approval was obtained
from our local ethics committee (approval number:
2021-527-£-S).

The combined use of tungsten needle electrodes and
PTFE-coated spatula electrodes for dissection of mus-
culoskeletal tumors, as shown in Fig. 1, has not yet been
described in the literature. This technique was intro-
duced at our hospital in 2017 (tungsten needle electrode
REF 21191-316 and PTFE-coated spatula electrode REF

c)
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Fig. 1 Intraoperative photographs of tumor dissection performed exclusively with monopolar electrodes; a Monopolar tungsten needle electrode
(1), Teflon-coated spatula electrode (2) (both: Erbe Elektromedizin GmbH, Tuebingen, Germany). b Skin incision and superficial dissection of the
biopsy channel (¥), that is inevitably contaminated with tumor cells after incisional biopsy and thus must be completely removed together with
the tumor. This step is performed with the high-precision tungsten needle electrode (7). ¢ Deep dissection to achieve wide tumor resetion is then
performed with the teflon-coated spatula electrode (2). Visibility of the surgical site is excellent due to minimal bleeding
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21191-459, Electrosurgical unit: VIO 300D; Erbe Elektro-
medizin GmbH, Tuebingen, Germany). Both electrodes
are commercially available in over 100 countries (as of
January 2023). The settings for the tungsten needle elec-
trode are: AUTO CUT Mode, maximum power output
at rated load resistor: 100 W +20%, Effect: 1. This elec-
trode is used for skin incisions and superficial subcutane-
ous tissue. Then it is changed to the PTFE-coated spatula
electrode for deep dissection. The corresponding settings
are: TWIN COAG Mode, maximum power output at
rated load resistor: 200 W +20%, Effect: 5. These elec-
trodes have been used for dissection in our practice since
2017 as a standard method (intervention group). Previ-
ously, disposable scalpels were used for skin incision and
deep dissection was performed with sharp instruments
and uncoated stainless-steel electrodes for hemostasis
(control group).

After tumor resection and reconstruction with tumor
endoprostheses a minimum of one subfascial and one
subcutaneous drainage were inserted as a standard pro-
tocol for all studied patients. These drainages were left
in place until wound secretion was less than 50 ml per
24 h, or the maximum duration of 5 days was reached. All
tumor endoprostheses that were implanted belonged to
a single design implant system (modular tumor and revi-
sion system, MUTARS, Implantcast GmbH, Buxtehude,
Germany).

We identified 174 patients who underwent tumor
resection and reconstruction with tumor endoprosthe-
ses by one single surgeon between 2012 and 2021. This
surgeon had over 20 years of experience in this field in
2012 when the observation period began. This should
minimize potential bias of a learning curve. All surgeries
in 2017 were excluded (n=18) as this year was regarded
a transitional period from the old technique to the new
electrodes. With the novel electrodes, the need for tour-
niquets diminished to provide a bloodless surgical field.
We excluded all 24 cases where a tourniquet was used
from our cohort to adjust for this potential confounder.
This resulted in a total of 132 patients that were included
in the final analysis (=53 in the control group and
n="79 in the intervention group; Fig. 2).

Description of outcomes

Intraoperative blood loss was assessed via the volume
in the suction collection containers and documented in
the anesthesia protocol in a free text-box. The volume of
rinsing liquid during surgery was deducted. Postopera-
tive wound drainage was assessed via the volume in col-
lection containers from suction tubes and documented
twice daily by nurses in the digital patient chart in a free
text-box. The amount of transfused packed red blood
cells (PRBCs) in units was documented intraoperatively
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Identified n=774
Patients who underwent extremity tumor resection and reconstruction with a
tumorendoprosthesis in our department between 2012 and 2021. Surgery
was performed by one single surgeon

Excluded n=42

n=18 patients from the year 2017 (learning
curve)

n=24 patients with intraoperative use of a
tourniquet

Recruited n=132

Control Group n=53 Intervention Group n=79

Dissection performed with sharp
steel instruments, only punctual use
of uncoated steel electrodes for
hemostasis

Dissection performed solely with
Tungsten needle electrode for
superficial dissection and PTFE
coated spatula electrode for deep
dissection

Fig. 2 Flow of participants included in the analysis

in the anesthesia protocol and postoperatively in the
digital patient chart by the treating physicians. One
unit comprised 250-350 ml of allogenic concentrated
erythrocytes.

Additional data of the patients were retrieved from the
digital patient chart including age, sex, comorbidities,
tumor entity, surgery time, anticoagulants, coagulation
parameters [international normalized ratio (INR), par-
tial thromboplastin time (pTT)], hemoglobin level and
hematocrit (value before surgery and lowest value within
7 days after surgery), duration of hospitalization in days,
creatinine level (value before surgery and highest value
within 7 days after surgery), renal insufficiency requir-
ing dialysis pre- and post-surgery during hospitalization,
and number of revision surgeries needed due to impaired
wound healing or postoperative bleeding.

Statistical analysis

Statistical analyses were performed using GraphPad
Prism version 9.4.0 for macOS (GraphPad Software, San
Diego, California USA). All p-values and confidence lim-
its were two-sided and intended to be exploratory, not
confirmatory. Therefore, no adjustment for multiplicity
was made. Two-sided p-values<0.05 were considered
statistically significant.

In the descriptive analysis, continuous variables are
reported as median (25% quantile-75% quantile, IQR).
Absolute and relative frequencies are given for cat-
egorical variables. Groups were compared using the
Mann—Whitney U-test or Student’s ¢-test, depending on
normality, for continuous data; and Fisher’s exact test for
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Table 1 Overview of patient characteristics in the two study

groups

Patient Control group Intervention group p-value
characteristics (n=53) (n=79)

Age in years, median 29 (12.5-55) 48 (16-69) 0.0435"
(IQR)

Female, n (%) 19 (36%) 40 (51%) 0.1098"
Male, n (%) 34 (64%) 39 (49%) 0.1098"
Charlson comorbidity 2 (2-6) 3(2-7) 0.1388"

score, median (IQR)

IQR interquartile range

Bold font indicates p-value <0.05

* p-value from Mann-Whitney U-test
* p-value from Fischer’s exact test

categorical variables. The Shapiro—Wilk test was used to
assess normality.

Results

Baseline characteristics

Baseline characteristics, tumor entity and tumor loca-
tion were similar in both groups, except for higher age
(Table 1) and a larger proportion of metastases in the
intervention group (Table 2).

Outcomes: intraoperative blood loss, postoperative wound
drainage, transfusions

Blood loss in the intervention group was reduced by
29% [intervention group: median (IQR): 700 (400-1200)
vs control group: 500 (200-700) ml; p=0.0043] (Fig. 3a,
Table 3).

Postoperative wound drainage assessed via suction
tubes was decreased by 41% [intervention group: median
(IQR): 1230 (668—2041) vs control group: 730 (450-1354)
ml; p=0.0043] (Fig. 3b, Table 3). The amount of units of
PRBCs given intraoperatively were reduced in the inter-
vention group (Fig. 3¢, Table 3).

In addition, the intraoperative transfusion rate (num-
ber of patients in need of transfusions) was reduced
from 43% in the control group to 15% in the intervention
group (23/53 vs 12/79; p=0.0005) (Fig. 4).

No notable difference was observed for postopera-
tive PRBC transfusions within 14 days after surgery
(Table 3). The postoperative transfusion rate between
the two groups with 34% in the control group and 23%
in the intervention group did not differ significantly
(18/53 vs 18/79; p=0.17).

Similar results were observed regarding the secondary
outcome parameters: surgical time, number of surgical
revisions, and hospitalization time (Table 4).

Laboratory parameters between the two groups did not
differ in terms of hemoglobin, hematocrit, creatinine, and
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Table 2 Tumor entities and location in the two study groups

Tumor entity Control group Intervention group

(n=53) (n=79)
Osteosarcoma, n (%) 25 (47%) 28 (35%)
Metastasis, n (%) 4 (8%) 21 (27%)
Ewing sarcoma, n (%) 10 (19%) 12 (15%)
Chondrosarcoma, n (%) 8 (15%) 7 (9%)
Myxofibrosarcoma, n (%) 0 (0%) 3 (4%)
Giant cell tumor, n (%) 2 (4%) 2 (3%)
Other, n (%) 4 (8%) 6 (8%)
Tumor location
Upperarm
Proximal upper arm, n (%) 12 (22.6%) 6 (7.6%)
Distal upper arm, n (%) 0 (0%) 1(1.3%)
Total upper arm, n (%) 1(1.9%) 0 (0%)
Forearm
Proximal forearm, n (%) 1(1.9%) 0 (0%)
Distal forearm, n (%) 0 (0%) 0 (0%)
Thigh
Proximal thigh, n (%) 17 (32.0%) 20 (25.3%)
Distal thigh, n (%) 14 (26.4%) 27 (34.2%)
Total thigh, n (%) 5(9.4%) 9 (11.4%)
Total knee, n (%) 0 (0%) 2 (2.5%)
Lower leg
Proximal lower leg, n (%) 2 (3.8%) 13 (16.5%)
Distal lower leg, n (%) 1(1.9%) 1(1.3%)

the international normalized ratio (INR) (Table 5). The
intake of acetylsalicylic acid 100 mg per day as perma-
nent medication was similarly rare in both groups (8/79
vs 2/53; p=0.3143).

No patient suffered from acute kidney injury postop-
eratively. One patient in the control group was already in
a dialysis-dependent state prior to surgery due to chronic
renal failure.

Discussion

Reduction of blood loss

We observed a relevant reduction of intraoperative blood
loss in the intervention group using monopolar tungsten
needle electrodes and PTFE-coated spatula electrodes for
tumor dissection. In the literature for orthopedic surgery,
only two previous studies evaluated the effect of elec-
trosurgical dissection as a blood-saving measure. Wid-
man et al. in 1999 found no significant difference in total
blood loss in 67 patients with primary hip arthroplasty
[7]. In 33 patients the scalpel was used throughout the
operation and diathermy only for coagulation of bleeding
spots. In 34 patients a diathermy knife was used solely.
No wound infections or relevant postoperative bleeding
occurred in either group.
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a) Intraoperative blood loss
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b) Postoperative wound drainage
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Table 3 Overview of the primary outcome parameters of the two study groups

Primary outcome parameters Control group Intervention group p-value
(n=53) (n=79)
Intraoperative blood loss (ml), median (IQR) 700 (400-1200) 500 (200-700) 0.0043"
Postoperative wound drainage (ml), median (IQR) 1230 (668-2041) 730 (450-1354) 0.0080"
Intraoperative transfusion of PRBCs (units)
Median (minimum-maximum) 0(0-22) 0 (0-6) 0.0003"
0 units, n (%) 30 (57%) 68 (86%) 0.0023"
1 unit, n (%) 7 (13%) 3 (4%)
2 units, n (%) 9(17%) 4 (5%)
> 2 units, n (%) 7 (13%) 4 (5%)
Postoperative transfusions of PRBCs (up to 14 days; units)
Median (minimum-maximum) 0 (0-6) 0(0-4) 0.1541"
0 units, n (%) 35 (66%) 61 (77%) 047817
1 unit, n (%) 5 (9%) 6 (8%)
2 units, n (%) 8 (15%) 6 (8%)
>2 units, n (%) 5 (9%) 6 (8%)

IQR interquartile range, PRBCs packed red blood cells
Bold font indicates p-value <0.05

* p-value from Mann-Whitney U-test

* p-value from Fischer’s exact test

Byrne et al. in 2007 found a reduction of blood loss
in relation to the wound size using electrosurgery in
hemiarthroplasty in 100 patients with hip fractures
operated on by one single surgeon [8]. Bleeding from
bone marrow during reaming was considered a con-
founder, reducing the overall effect of electrosurgery on
total blood loss in their study. In our study, the blood-
saving effect was still very pronounced, although we did
not differentiate between blood loss during soft tissue
dissection and the following reconstruction phase.

Reduction of intraoperative transfusions of PRBCs

In total, fewer PRBCs were transfused and a lower
number of patients received transfusions in the inter-
vention group during surgery. To date, there are only a
few reports of surgical liver resections in which the use
of monopolar electrodes has resulted in a reduction of
the number of required transfusions of PRBCs [9]. So
far, no comparable results have been published in the
current orthopedic literature.
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Intraoperative Transfusionrate (PRBCs)

# No transfusion needed
i Transfusion needed
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12/79 (15%)
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Fig. 4 Comparison of the number of patients in need of transfusions with packed red blood cells (PRBCs) during surgery between the intervention

group and the control group. ** p-value <0.01

Table 4 Overview of the secondary outcome parameters of the two study groups

Secondary outcome parameters Control group Intervention group p-value
(n=53) (n=79)

Surgical time [incision to suture time in minutes, median (IQR)] 201 (157-272) 185 (145-243) 0.1563"

Length of hospital stay [days, median (IQR)] 18 (11-27) 14 (10-27) 0.1744"

Patients needing revision surgery due to wound healing disorders, n (%) 4 (8%) 4 (5%) 0.7133"

Patients needing revision surgery due to hemorrhage, n (%) 1 (2%) 2 (2.5%) >0.9999"

IQR interquartile range
" p-value from Mann-Whitney U-test

T p-value from Fischer’s exact test

Reduction of wound drainage

A significant reduction in postoperative wound drainage
was observed in the intervention group. This drainage
fluid consists of portions of blood and wound exudate
released over the wound surfaces. Persistent wound
secretion over several days may cause delayed wound
healing or even promote development of infection, and
may require surgical revision. The combination of cut-
ting and simultaneous sealing of small blood and lym-
phatic vessels during dissection might have created a
dry wound that resulted in reduced wound discharge. In
this instance, our results contradict earlier studies that
found larger formation of postoperative seroma when
electrosurgery was used. A meta-analysis of Ismail et al.,
including eleven studies (1258 participants), reported
higher rates of seroma formation in the diathermy group
[10]. The authors suggested that heat damage to adjacent

tissues resulted in inflammation, promoting excessive
wound discharge and seroma formation. Higher cytokine
levels in drainage fluids after mastectomy indicated that
electrosurgery could in fact induce a stronger acute
inflammatory response compared with scalpel dissection
[11]. Whether the use of PTFE-coated electrodes and
tungsten needle electrodes used in our study, powered
by a modern oscillator unit that can deliver pure sinusoi-
dal current, may cause less thermal damage than earlier
diathermy electrodes reported in the literature cannot be
conclusively determined here.

Wound healing disorders and postoperative hemorrhage

The overall rate of wound healing disorders and postop-
erative hemorrhage needing surgical revision in our study
is in keeping with reports in the literature [12, 13]. These
complications occurred with comparable frequency



Puetzler et al. Journal of Orthopaedics and Traumatology (2023) 24:22

Table 5 Overview of laboratory parameters of the two study

groups

Laboratory Control group Intervention group p-value
parameters (n=53) (n=79)

INR preop., median 1.04 (0.97-1.09)  1.02 (0.97-1.09) 0.5432"
(IQR)

Hemoglobin differ- 3.6 (1.9-4.7) 33(24-47) 0.8143"
ence

(preop. — postop?)

(g/dl)

Hematocrit differ- 10.7 (6.6-14.8) 104 (74-14.2) 0.7191"
ence

(preop. — postop?)

(%)

Creatinin difference 0.1(=0.1t00.2) 0.0 (= 0.1t00.1) 0.2555"

(preop. — postop?)
(mg/dl)

IQR interquartile range, INR International standardized ratio, pTT partial
thromboplastin time

Bold font indicates p-value <0.05
" p-value from Mann-Whitney U-test

@ Subtraction of postoperative value minus preoperative value. Preoperative
value: last value before surgery (not older than 7 days). Postoperative value:
highest value (creatinin) or lowest value (hemoglobin, hematocrit) within 7 days
after surgery

in the control and the intervention group. Ismail et al.
also found no difference in wound healing and infec-
tions, length of hospital stay, and scar formation in their
meta-analysis [10]. They included 41 studies with 6422
participants, but they were mainly abdominal surgeries,
and there were only two studies in the orthopedic field
[7, 8]. Early animal studies from 1980 raised concerns
about potential increased wound healing disorders and
infections when diathermy was used for skin incisions [6]
and the National Institute for Health and Clinical Excel-
lence (NICE) guidelines in 2008 objected to the use of
diathermy for skin incisions [14]. This recommendation
has not been revisited in the current 2019 edition [15].
Nevertheless, clinical trials, including our study, have not
found an association between wound healing disorders
and monopolar electrosurgery [16, 17].

Limitations

To our knowledge, this is the first study to evaluate the
use of these novel electrodes regarding blood-saving
potential in tumor orthopedics. However, several limi-
tations need to be considered when interpreting these
results. This is a retrospective analysis with a historical
control group, which has an inherent risk of bias, as other
conditions and parameters may have changed over time,
affecting our parameters of interest. In order to achieve
a high level of standardization between the groups we
limited the inclusion criteria to patients that were oper-
ated on by one single surgeon who already had 20 years
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of experience in this field at the beginning of the observa-
tion period. So, the potential bias due to a learning curve
or varying skills of different surgeons was eliminated.
We assume that after 20 years of experience in tumour
orthopedics, surgical skills have matured to a level where
an additional 9 years might not significantly influence the
outcomes of interest.

Furthermore, the intervention group was on average 9
years older. An explanation could be that older patients
are increasingly considered fit for surgery. Chronologi-
cal age is no longer regarded to be contraindication in
attempting curative surgical procedures in oncological
surgery [18]. Age-matched groups would be desirable to
investigate our hypothesis in conditions that are as stand-
ardized as possible, but would further reduce the number
of patients available for analysis. We proceeded from the
assumption that higher chronological age in adults does
not itself contribute to a reduction in blood loss and have
therefore refrained from age adjustment.

The principles of patient blood management were
already introduced in our hospital at the beginning of
our observation period in 2012, but an influence on the
reduction of intraoperative transfusions by more restric-
tive transfusion triggers, which were increasingly applied
during our study, cannot be completely excluded [19].
However, blood loss during surgery is a parameter that is
not affected by this. In addition, the postoperative trans-
fusion rate after surgery and the hemoglobin levels after
surgery were similar in both groups. This suggests that
the criteria for administering transfusions did not change
significantly during the observation period, otherwise
lower hemoglobin levels should be observed in the inter-
vention group. Due to the retrospective design, this is
not a confirmatory, but an exploratory approach, and the
observed results would need to be confirmed in prospec-
tive studies.

Conclusion

Monopolar electrosurgical dissection with tungsten
needle electrodes and PTFE-coated spatula electrodes
appears a relevant contribution to the concept of patient
blood management in tumor orthopedics.

Acknowledgements

The authors acknowledge support by the Open Access Fund and the Faculty
of Medicine of the Westfalian Wilhelms University of Minster for the publica-
tion fee.

Author contributions

Conceptualization: GG, MS, MJ, and JP; methodology: JP, DJ, and ND; software:
JP and JS; validation: AUS, AZ, and DJ; formal analysis: JP and GG; investiga-
tion: JS and JP; resources: GG, DJ, MJ, and AZ; data curation: JS, MS, MJ, and JP;
writing — original draft preparation: JP and JS; writing — review and editing:
JP, AUS, DJ, MS, and ND; visualization, JP; supervision: JP, GG, and AZ; project
administration: GG and AZ. All authors have read and approved the final
manuscript.



Puetzler et al. Journal of Orthopaedics and Traumatology (2023) 24:22

Funding

Open Access funding enabled and organized by Projekt DEAL. No financial
support was received for this study from third parties. Publication fees were
covered by the Open Access Fund of the Medical Faculty of the University of
Muenster, Muenster, Germany.

Data availability
The raw datasets are available from the corresponding author on reasonable
request.

Declarations

Ethics approval and consent to participate

Ethical approval was obtained from our local ethics committee (Ethik-Kom-
mission der Arztekammer Westfalen-Lippe und der Westfalischen Wilhelms-
Universitat Mlnster, approval number: 2021-527-f-S). Consent to participate
was not deemed necessary as the data were analyzed retrospectively.

Consent for publication
Consent for publication was not deemed necessary as the manuscript does
not contain individual data.

Competing interests
The authors declare that they have no competing interests.

Author details
'Department of Orthopaedics and Tumor Orthopaedics, University Hospital
Muenster, Albert-Schweitzer-Campus 1, 48149 Muenster, Germany. Depart-

ment of Anaesthesiology, Intensive Care Medicine and Pain Therapy, University

Hospital Frankfurt, Theodor-Stern-Kai 7, 60596, Frankfurt am Main, Germany.

3Department of Anaesthesiology, Intensive Care and Pain Medicine, University

Hospital Muenster, Albert- Schweitzer-Campus 1, 48149, Muenster, Germany.

Received: 23 November 2022 Accepted: 1 May 2023
Published online: 15 May 2023

References

1. Enneking WF, Spanier SS, Goodman MA (1980) A system for the surgical
staging of musculoskeletal sarcoma. Clin Orthop Relat Res 153:106-120

2. Frietsch T et al (2020) Safety of cell salvage in tumor surgery: systematic
review with meta-analysis. Anaesthesist 69(5):331-351

3. Winter A etal (2021) Removal of EpCAM-positive tumor cells from blood
collected during major oncological surgery using the Catuvab device: a
pilot study. BMC Anesthesiol 21(1):261

4. Peterson JL (1994) Application of electrosurgery in scalp reduction. Expe-

rience with an ultrasharp tungsten needle electrode. J Dermatol Surg
Oncol 20(3):209-212

5. Galloro G et al (2013) Comparison between tungsten and steel polypec-
tomy snares: evaluation of depth of colonic thermal wall injury in a pig
model. Endoscopy 45(2):121-126

6. Arnaud JP, Adloff M (1980) Electrosurgery and wound healing: an experi-
mental study in rats. Eur Surg Res 12(6):439-443

7. Widman J, Isacson J (1999) Diathermy knife does not reduce bleeding in
surgery for primary hip arthroplasty. A prospective randomized study of
67 patients. Acta Orthop Scand 70(1):23-24

8. Byrne FJ et al (2007) Diathermy versus scalpel incisions for hemiarthro-
plasty for hip fracture: a randomised prospective trial. Eur J Orthop Surg
Traumatol. https://doi.org/10.1007/500590-007-0220-6

9. Geller DA et al (2005) Hepatic resection in 170 patients using saline-
cooled radiofrequency coagulation. HPB (Oxford) 7(3):208-213

10. Ismail A et al (2017) Cutting electrocautery versus scalpel for surgical inci-

sions: a systematic review and meta-analysis. J Surg Res 220:147-163
11. Yilmaz KB et al (2011) Comparing scalpel, electrocautery and ultrasonic
dissector effects: the impact on wound complications and pro-inflam-

matory cytokine levels in wound fluid from mastectomy patients. J Breast

Cancer 14(1):58-63
12. Donati F et al (2016) Silver-coated hip megaprosthesis in oncological
limb savage surgery. Biomed Res Int 2016:9079041

Page 8 of 8

13. Hardes J et al (2013) Endoprosthetic replacement after extra-articular
resection of bone and soft-tissue tumours around the knee. Bone Joint J.
95-b(10):1425-1431

14. Leaper D et al (2008) Prevention and treatment of surgical site infection:
summary of NICE guidance. BMJ 337:a1924

15. Leaper D et al (2019) Guidelines for the prevention of surgical site infec-
tion: an update from NICE. Infect Prev Pract 1:100026

16. Groot G, Chappell EW (1994) Electrocautery used to create incisions does
not increase wound infection rates. Am J Surg 167(6):601-603

17. Rongetti RL et al (2014) Surgical site infection: an observer-blind, rand-
omized trial comparing electrocautery and conventional scalpel. Int J
Surg 12(7):681-687

18. Vitiello R et al (2020) The importance of geriatric and surgical co-manage-
ment of elderly in muscoloskeletal oncology: a literature review. Orthop
Rev 12(Suppl 1):42-46

19. Meybohm P et al (2016) Patient blood management is associated with
a substantial reduction of red blood cell utilization and safe for patient’s
outcome. Ann Surg 264(2):203-211

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1007/s00590-007-0220-6

	Blood-saving dissection with monopolar tungsten needle electrodes and Teflon-coated spatula electrodes in tumor orthopedics
	Abstract 
	Introduction 
	Methods 
	Results 
	Conclusion 
	Level of evidence 

	Introduction
	Methods
	Description of outcomes
	Statistical analysis

	Results
	Baseline characteristics
	Outcomes: intraoperative blood loss, postoperative wound drainage, transfusions

	Discussion
	Reduction of blood loss
	Reduction of intraoperative transfusions of PRBCs
	Reduction of wound drainage
	Wound healing disorders and postoperative hemorrhage
	Limitations

	Conclusion
	Acknowledgements
	References


