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Abstract:

Introduction: Thorough validation of novel microsurgical techniques is deemed essential before their integration into clinical
practice. To achieve proper validation, the design of randomized controlled trials (RCTs) should be undertaken, accompanied
by the execution of comprehensive statistical analyses, including confounder adjustment and power analysis. This systematic
review aims to provide an encompassing overview of the validation methodologies employed in microsurgical studies, with a
specific focus on innovative vessel anastomosis techniques.

Methods: A literature search was conducted in PubMed for articles describing the validation of novel microsurgical vessel anas-
tomosis techniques in animal or human subjects.

Results: The literature search yielded 6,658 articles. 6,564 articles were excluded based on title and abstract. Ninety-four ar-
ticles were assessed for full-text eligibility. Forty-eight articles were included in this systematic review. Out of 30 comparative
studies, nine studies validated novel modified interrupted suture techniques, six studies modified continuous techniques, six
studies modified sleeve anastomosis techniques, one study a modified vesselotomy technique, seven studies sutureless techni-
ques, and one study a modified lymphaticovenular anastomosis technique. Twenty-eight studies contained animals (n=1,998).
Fifteen animal studies were RCTs. Two studies contained human/cadaveric subjects (n=29). Statistical power-analysis and con-
founder adjustment were performed in one animal study. Out of eighteen non-comparative studies, five studies validated novel
modified interrupted suture techniques, one study a modified continuous technique, two studies modified sleeve anastomosis
techniques, four studies modified vesselotomy techniques, four studies sutureless techniques, and two studies modified lym-
phaticovenular anastomosis techniques. Ten studies contained animal subjects (n=320), with two RCTs. Eight studies contai-
ned human subjects (n=173). Statistical power-analysis and confounder adjustment were performed in none of the animal or
human studies.

Conclusion: The current methods of microsurgical technique validation should be reconsidered due to poor study design.
Statistical analysis including confounder adjustment and power-analysis should be performed as a standard method of novel
technique validation.
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Abstract

Introduction: Thorough validation of novel microsurgical techniques is deemed essential
before their integration into clinical practice. To achieve proper validation, the design of
randomized controlled trials (RCTs) should be undertaken, accompanied by the execution of
comprehensive statistical analyses, including confounder adjustment and power analysis.
This systematic review aims to provide an encompassing overview of the validation
methodologies employed in microsurgical studies, with a specific focus on innovative vessel
anastomosis techniques.

Methods: A literature search was conducted in PubMed for articles describing the validation
of novel microsurgical vessel anastomosis techniques in animal or human subjects.

Results: The literature search yielded 6,658 articles. 6,564 articles were excluded based on
title and abstract. Ninety-four articles were assessed for full-text eligibility. Forty-eight
articles were included in this systematic review. Out of 30 comparative studies, nine studies
validated novel modified interrupted suture techniques, six studies modified continuous
techniques, six studies modified sleeve anastomosis techniques, one study a modified
vesselotomy technique, seven studies sutureless techniques, and one study a modified
lymphaticovenular anastomosis technique. Twenty-eight studies contained animals
(n=1,998). Fifteen animal studies were RCTs. Two studies contained human/cadaveric
subjects (n=29). Statistical power-analysis and confounder adjustment were performed in one
animal study. Out of eighteen non-comparative studies, five studies validated novel modified
interrupted suture techniques, one study a modified continuous technique, two studies
modified sleeve anastomosis techniques, four studies modified vesselotomy techniques, four



studies sutureless techniques, and two studies modified lymphaticovenular anastomosis
techniques. Ten studies contained animal subjects (n=320), with two RCTs. Eight studies
contained human subjects (n=173). Statistical power-analysis and confounder adjustment
were performed in none of the animal or human studies.

Conclusion: The current methods of microsurgical technique validation should be
reconsidered due to poor study design. Statistical analysis including confounder adjustment
and power-analysis should be performed as a standard method of novel technique validation.
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Introduction

Microsurgery is a complex and precise field of surgery, which requires a high level of
technical skills (1). Microsurgical techniques are used in a wide variety of surgical
subspecialties for e.g., vessel and nerve anastomosis, which allows for repair of human tissue
and regain of function after trauma, tumor resection, anatomical reconstructions, congenital
abnormalities, and impending ischemia (Figure 1a & Figure 1b) (1). To construct patent
microsurgical vessel anastomoses in patients needing complex vascular reconstructions using
new and improved techniques, these techniques need to be validated. Proving the validity of a
new microsurgical technique could predict their safe and effective use in the clinical practice.
Designing randomized controlled trials (RCT), statistical analysis and confounder adjustment
involving outcome measures such as anastomosis time and patency rate are necessary to be
able to grant validation to new microsurgical techniques. In the past decades, over two
thousand articles on microsurgical anastomosis techniques have been published (2). This
systematic review aims to provide an overview of validation methods used by microsurgical
studies, proposing new vessel anastomosis techniques.

Methods

A literature search was conducted in PubMed from database inception to January 6™, 2024,
Combinations of search terms regarding “Microsurgical techniques”. To be included, articles
had to meet the following criteria: (1) microsurgical techniques had to be applied to blood
vessel anastomosis (2) studies had to include human or animal subjects (3) articles had to
contain more than 5 subjects, (4) articles were written in English. Reasons for exclusion of
articles were (1) non-original articles, (2) articles reporting data on other types of
anastomoses than blood vessels, (3) reviews, (4) training models.

The title and abstract of the articles were screened for eligibility by five of the authors (YS,
IM, AJ, ATG, HS). If their abstracts met the inclusion criteria, full-text articles were
obtained. Each full-text article was then assessed for final inclusion in this systematic review.
All articles were rescreened and reassessed by one author (YS). Disagreements were resolved
through discussion with the senior author (VV).



Relevant data from included articles were extracted by independent authors (YS, IM, AJ,
ATG, HS) into an extraction template. Study information extracted included: study design
(comparative, non-comparative, RCT, experimental, retrospective observational cohort, case
series), country, number of study subjects and type of subjects (animal, human), type of novel
modification, type of anastomosis (end-to-end, end-to-side, side-to-side), description of
technique, the study’s main outcome(s), control group, if technique is clinically used, whether
power analysis was performed, and whether confounder adjustment was performed. All data
was reextracted by one author (YS). The novel microsurgical techniques were divided into
six groups: modified interrupted suture techniques, modified continuous techniques, modified
sleeve anastomosis techniques, modified vesselotomy techniques, sutureless techniques, and
modified lymphaticovenular anastomosis techniques.

Quality assessment of the included articles was performed by the senior author (VV) using
Cochrane RCT-2 for RCTs and A Cochrane Risk Of Bias Assessment Tool: for Non-
Randomized Studies of Interventions (ACROBAT-NRSI) for non-randomized studies.

Results

The search strategy yielded 6,658 articles, which were put through initial screening. 6,564
articles were excluded based on title and abstract. Ninety-four articles remained to be
assessed for eligibility based on full-text sifting. Ultimately, 48 articles were included in this
systematic review based on full-text eligibility (Figure 2). Quality assessment revealed a low
risk of bias for RCTs (n=17), and for the non-randomized studies (n=31) a critical risk of
bias.

Comparative studies

Thirty of the included studies were comparative studies (Table 1). In total, 28 studies
contained animal subjects (n=1,998 animal subjects) and two studies contained human
subjects (n=29) (Supplementary Appendix: Table 1).

Nine studies proposed a novel modified interrupted anastomosis technique, with
modifications such as double stitch everting in two studies (Table 1). Seven studies were
performed on animal subjects and two on human subjects (Table 1). Five studies were RCTs
(Table 1). Conventional interrupted suture technique was used in the control group in all nine
studies (Table 1). The immediate postoperative patency rate (n=4) and the postoperative flow
rate (n=3) were the most investigated main outcomes (Table 1). Two techniques were
clinically used, and for five techniques details on their clinical use was unavailable (Table 1).
Statistical power-analysis and confounder adjustment were performed in one animal study by
Dindelegan et al. (21) (Table 1).

Six studies proposed a novel modified continuous anastomosis technique, with modifications
such as knotless continuous anastomosis in two studies (Table 1). All studies were performed
on animal subjects (Table 1). Four studies were RCTs (Table 1). Conventional interrupted
suture technique was used in the control group in three studies and conventional continuous
suture technique in four studies (Table 1). The immediate postoperative patency rate (n=2)
and the postoperative flow rate (n=2) were the most investigated main outcomes (Table 1).
Two techniques were clinically used, and for five techniques details on their clinical use was



unavailable (Table 1). Statistical power-analysis and confounder adjustment were performed
in none of the studies (Table 1).

Six studies proposed a novel modified sleeve anastomosis technique, with modifications such
as suture placement in three studies, and extra cut placement in two studies (Table 1). All
studies were performed on animal subjects (Table 1). Two studies were RCTs (Table 1).
Conventional interrupted suture technique was used in the control group in five studies and
conventional continuous suture technique in one study (Table 1). The immediate
postoperative patency rate (n=5) was the most investigated main outcomes (Table 1). For five
techniques details on their clinical use was unavailable (Table 1). Statistical power-analysis
and confounder adjustment were performed in none of the studies (Table 1).

Seven studies proposed a novel sutureless anastomosis technique, with modifications such as
use of absorbable (n=1) and non-absorbable cuffs (n=1) in two studies. All studies were
performed on animal subjects (Table 1). Two studies were RCTs (Table 1). Conventional
interrupted suture technique was used in the control group in six studies and unabsorbable
cuff technique in one study (Table 1). The immediate postoperative patency rate (n=4) and
anastomotic time (n=2) were the most investigated main outcomes (Table 1). For five
techniques details on their clinical use was unavailable and one technique was clinically used
(Table 1). Statistical power-analysis and confounder adjustment were performed in none of
the studies (Table 1).

One RCT proposed a novel elliptic vesselotomy technique (7) on animals, which was
clinically used (Table 1). Statistical power-analysis and confounder adjustment were not
performed (Table 1). One RCT proposed a modified lymphaticovenular anastomosis
technique (12) on animals, with no statistical power-analysis and confounder adjustment
(Table 1).

Non-comparative studies

Eighteen of the included studies were non-comparative studies (Table 2). In total, ten studies
contained animal subjects (n=320) and eight studies contained human subjects (n=173)
(Supplementary Appendix: Table 2).

Five studies proposed a novel modified interrupted anastomosis technique, with
modifications such as fewer sutures and single loop sutures (Table 2). Two studies were
performed on animal subjects and three on human subjects (Table 2). One RCT, one
prospective observational cohort study, and one retrospective observational cohort study were
conducted (Table 2). The immediate postoperative patency rate (n=2) was the most
investigated main outcomes (Table 2). One technique was clinically used, and for four
techniques details on their clinical use was unavailable (Table 2). Statistical power-analysis
and confounder adjustment were performed in none of the studies (Table 2).

One experimental study proposed a novel modified continuous anastomosis technique (37) on
animals (Table 2). Statistical power-analysis and confounder adjustment were not performed
(Table 1). Two experimental studies proposed modified sleeve anastomosis techniques on
animals, with modifications such as heat-induced tissue-welding (Table 2). Statistical power-
analysis and confounder adjustment were not performed in both studies (Table 2). Two
prospective observational studies proposed multiple barrel modified lymphaticovenular



anastomosis techniques on human subjects (Table 2). As the main outcome, relief of
lymphedema symptoms were measured (Table 2). Statistical power-analysis and confounder
adjustment were not performed in both studies (Table 2).

Four studies proposed a novel modified vesselotomy technique, with modifications such as
longitudinal vesselotomy (Table 2). One study was performed on animal subjects and three
studies were performed on human subjects (Table 2). Two techniques were clinically used,
and for two techniques details on their clinical use was unavailable (Table 2). Statistical
power-analysis and confounder adjustment were performed in none of the studies (Table 2).

Four studies proposed a novel sutureless anastomosis technique, with modifications such as
heat-induced tissue-welding (n=2) and non-absorbable cuffs (n=2) (Table 2). All studies were
performed on animal subjects (Table 2). One study was an RCT (Table 2). Operative time
(n=2) was the most investigated main outcomes (Table 2). For five techniques details on their
clinical use was unavailable and one technique was clinically used (Table 1). Statistical
power-analysis and confounder adjustment were performed in none of the studies (Table 1).

Discussion
Summary of findings

This systematic review summarized evidence from 48 articles, including data on both animal
(n=2,318) and human (n=202) subjects. Thirty of the included studies were comparative
studies, with fourteen RCTs containing animal subjects and one RCT containing human
subjects. Nine comparative studies validated novel modified interrupted suture techniques,
six studies modified continuous techniques, six studies modified sleeve anastomosis
techniques, one study a modified vesselotomy technique, seven studies sutureless techniques,
and one study a modified lymphaticovenular anastomosis technique. Statistical power-
analysis and confounder adjustment were performed in one comparative animal study.
Eighteen of the included studies were non-comparative studies, with two RCTs containing
animal subjects. Five non-comparative studies validated novel modified interrupted suture
techniques, one study a modified continuous technique, two studies modified sleeve
anastomosis techniques, four studies modified vesselotomy techniques, four studies
sutureless techniques, and two studies modified lymphaticovenular anastomosis techniques.
Statistical power-analysis and confounder adjustment were performed in none of the non-
comparative animal or human studies.

Current methods of technique validation

Many types of validity are used in scientific literature (51). Face validity, construct validity,
and predictive validity are important aspects on which validity of microsurgical techniques
should be based. Firstly, face validity indicates if the new technique is as effective as the
standard technique or not. Secondly, construct validity compares and correlates the current
anastomosis outcomes with other outcomes, to reveal possible associations. At last, when
these associations have been revealed, predictive validity can determine how the studied
techniques will perform in clinical practice based on the used method of measurement. It
remains abundantly clear from the studies assessed that while a plethora (hundreds) of reports



is available detailing either a new trick, technique, or anastomosis modification, researchers
and clinicians are completely unaware of the possibilities and responsibilities regarding
proper validation. Even when techniques are validated, the exact facet of validity is not
specifically mentioned, despite some articles being of high methodological rigor. Reviewers
and editors should be wary of these practices and demand exact validation methodologies for
the different facets of validity. Non-comparative studies should not be accepted as proper
proof of validation. Best of all, predictive validity should be encouraged, i.e. that a new trick
of technique actually leads to better overall results in the clinical setting.

The non-comparative studies (n=16) included in this systematic review failed to properly
validate their newly proposed techniques by including no control group, which makes their
outcomes less reliable. No studies evaluated construct validity, except for Dindelegan et al.
(21), which performed confounder adjustment. Besides, predictive validity has not been
proven in any of the studies included, except for Dindelegan et al. (21), which is the most
important and relevant type of validity in case of microsurgical techniques. Out of over 6,000
published studies about microsurgical techniques, only forty-seven proposed new techniques,
of which only one study succeeded to properly validate their technique. The optimal situation
of technique validation is when a technique is first validated in an RCT comparison in
animals, and then for predictive validity in an RCT in a clinical setting. No study in our
systematic review succeeded in reaching this standard. Therefore, the second-best strategy is
to validate a technique in a prospective study/RCT clinically using a control group, worst
case scenario historical matched controls, which is also not met by the included studies. At
last, a fair method of validation is performing RCT comparison with conventional suture
techniques in animals, which has been conducted in fourteen studies included in this
systematic review (5-7, 9-12, 17-19, 21, 22, 29, 30). However, only one study amongst these
RCTs succeeded in proper predictive validation, which has been mentioned earlier (21). The
validated techniques in these studies are merely modifications to existing anastomosis
techniques or efforts to minimize steps in suturing anastomosis, aiming to reach a faster and
more efficient anastomosis time, with the same or improved patency rate as conventional
methods. Additional adhesive tools such as fibrin glue and cyanoacrylate were added to the
anastomosis suturing steps to speed up the process of suturing and tricks, such as open guide
suturing, were introduced to provide a better exposure during suturing and improve eversion
of the vessel wall.

Recommendations

Our results indicate that only very few studies, and even fewer RCTs have been conducted to
validate new microsurgical techniques, the least of which in the patient population of interest.
Although, these techniques are being routinely used in surgeries without proper evidence of
their effectiveness or proof that they achieve their goal when used clinically. The current
scientific methods employed in the validation of new microsurgical techniques is rudimentary
and scientifically barren and needs to be refined. Confounder adjustment with predefined
confounders should be part of any data analysis plan, as well as adequate power analysis
before commencing any study.

Strengths and limitations

To our knowledge, this article is the first systematic review discussing the current methods of
validation of microsurgical techniques. Some limitations should be noted such as the fact that



three studies did not define their main outcomes, which they simply address as e.g., ‘success
rate’. Besides, the main outcomes measured in the studies appeared to be quite heterogenous,
which prevented us from pooling results or performing statistical inferences on the data
collected. Lastly, thirty-one (67%) of the articles failed to mention whether their novel
technique is being used in clinical practice. Articles should at least mention if their technique
has been clinically used in their own institute, and if not, this information should also be
reported.

Conclusion

The current scientific methods employed in the validation of microsurgical techniques are
rudimentary and should be reconsidered. Statistical analysis plans, including confounder
adjustment and power analysis should be employed routinely in each predefined statistical
analysis plan.

Disclosures: The authors have no conflicts of interest to disclose. No funding was received
for this work.

Financial conflict of interest: No financial conflicts of interest to report.
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FR: Postoperative flow rate, N/A: Not Available.
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Bakhac CS Lebanon 14 V-Plasty ETE
h, patien technique

the
proximal
vessel is
placed
inside the
lumen of
the distal
vessel

A
simplified
method of
ETS
anastomosi
s with
three
sutures

A cuff was
created
from
vessel
lumps and
connected
together
without
sutures

Facilitatin
g vessel
eversion
by the
creation of
a wedge-
shaped gap
to generate
an
adjustable
cuff
diameter at
one end of
the cuff
and the
creation of
a barb to
facilitate
the fixing
of draped
vessel
edges to
the cuff.

Anastomos
is is
created by
heat-
induced
tissue-
welding

Creating a
V-shaped

Postopera N/A
tive PR

Postopera N/A
tive PR,
postopera

tive

subject

survival

Operative N
time

Postopera N
tive PR
and FR

Vessel Y
discrepan

N

N




2015“9

Inbal,
2019“Y

RO

Yamam CS
oto,
1999“»

Masood PO
i’
202249

Nakaga RO
wa,
200847

Sen, RO

2006“®

Matsuo, PO
20204

Chen, PO
2015¢%

USA

Japan

Austria

Japan

Turkey

Japan

Japan

ts

100  Modified
patien Kunlin's
ts technique

17 Back Wall
patien Technique
ts

12 Double Barrel
patien Lymphaticove

ts nous
Technique

9 Modified

patien | technique for

ts anastomosis
of the
posterior
wall

5 Diamond

patien arteriotomy

ts technique

7 Single loop

patien | interrupted

ts suture
technique

9 Octopus

patien Lymphaticove

ts nular
Technique

ETE

ETE

ETE

ETS

ETS

ETS

ETE

flap in the
vessel of
larger
diameter

An oblique
transection
of the
donor and
recipient
vessels is
performed
with
greater
angle of
transection
for the
smaller
vessel to
approxima
te
circumfere
nces

The back
wall is
sutured
first

Two
lymphatic
vessels
have been
intussusce
pted into
the vein

Short
pedicle
without
turn-over
to the
posterior
wall

Diamond-
shaped
arteriotom
yis
performed
Knots
were
placed
after loop
stitch
placement

Multiple
lymphatic
vessels
have been
intussusce

Cy ratio

Flap Y N
survival

rate,

Postopera

tive

complicat

ion rate

Postopera N/A N
tive FR

and

complicat

ion rate

Reliefof N N
lymphede

ma

symptom

]

Postopera N/A N
tive

venous

thrombos

is

Operative N/A N
time

Postopera ' Y N
tive PR,

operative

time

Relief of N N
lymphede

ma

symptom

s




pted into
the vein

RCT: Randomized Controlled Trial, RO: Retrospective Observational, CS: Case Series, PO:
Prospective Observational N: No, ETE: End-to-End, ETS: End-to-Side, STS: Side-to-Side,

Postoperative PR: Postoperative patency rate, Postoperative FR: Postoperative flow rate, N/A:
Not Available.






Identification

Identification of studies via databases and registers

Records identified from:
PubMed (n = 6,660)
External Sources (n = 6)

'

Records removed before
screening:
Duplicate records removed
(n=8)

Screening

Included

Records screened

(n =6,658)

Records excluded
(n =6,564)

Reports sought for retrieval

(n = 94)
'

Reports not retrieved
(n=0)

Reports assessed for eligibility
(n=94)

Studies included in systematic
review
(n=48)

Reports excluded (n = 46):
No new technique (n = 19)
Full-text not in English (n = 1)
Full-text unavailable (n = 5)
Training model (n = 3)
Less than S subjects (n = 3)
No original study (n = 15)




