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Abstract

Background Abdominally based free flaps are commonly used in breast reconstruction. A frequent complica-
tion is venous congestion, which might contribute to around 40% of flap failures. One way to deal with it is venous
supercharging. The primary aim of this study was to investigate the scientific evidence for the effects of venous
supercharging.

Methods A systematic literature search was conducted in PubMed, CINAHL, Embase, and Cochrane library. The
included articles were critically appraised, and certainty of evidence was assessed using the Grading of Recommenda-
tions, Assessment, Development and Evaluations (GRADE) approach.

Results Thirty-six studies were included. Most studies had serious study limitations and problems with directness.
Three studies report routine’ use of venous supercharging and performed it prophylactically in patients who did

not have clinical signs of venous congestion. Seventeen studies report on flap complications, of which one is a ran-
domised controlled trial demonstrating statistically significant lower complication rates in the intervention group. The
overall certainty of evidence for the effect of a venous supercharging on flap complications, length of hospital stay
and operative time, in patients without clinical signs of venous congestion, is very low (GRADE® @ © ©), and low

on and surgical takebacks (GRADE & @ © ©). Twenty-one studies presented data on strategies and overall certainty
of evidence for using radiological findings, preoperative measurements, and clinical risk factors to make decisions

on venous supercharging is very low (GRADE© © © ©).

Conclusion There is little scientific evidence for how to predict in which cases, without clinical signs of venous
congestion, venous supercharging should be performed. The complication rate might be lower in patients in which
a prophylactic venous anastomosis has been performed.

Trial registration PROSPERO (CRD42022353591).
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Introduction

Nowadays, the usage of abdominally based free flaps
is considered one of the standard techniques to recon-
struct breasts [1]. It was first described in 1979 and
popularised as the transverse rectus abdominus muscle
(TRAM)-flap, including the muscle, and later devel-
oped to a muscle sparing technique (ms-TRAM) and
to a technique not sacrificing any muscle at all, deep
inferior epigastric perforator (DIEP)-flap [2-7]. One
of the pitfalls of abdominally based free flaps is venous
congestion, which occurs in 2 to 15% of flaps and it has
been estimated that venous congestion contributes to
around 40% of flap failures [8—11]. Venous congestion
can be caused by both surgical factors, such as anasto-
motic or vessel failure, and poor perforator selection,
as well as anatomical factors, principally superficially
dominant flap drainage which makes the deep inferior
epigastric vein insufficient to drain the flap [12].

The abdominal free flaps used for breast reconstruc-
tion are most often based on the deep inferior epigas-
tric artery, arising from the external iliac artery, which
is the most significant supplier of the skin and subcu-
taneous tissue of the abdominal wall, the source artery
to the angiosome [13, 14]. The abdominal cutaneous
territory of the superficial epigastric artery is smaller
[13]. Contrary to this, the venous drainage of the skin
and subcutaneous tissue of the lower abdomen is pri-
marily via the superficial venous system and secondar-
ily via the deep venous system. As the main pedicle of
the abdominally based flaps is part of the deep system,
a working flap drainage is dependent on veins inter-
connecting the deep and superficial venous system and
can explain some of the venous congestion sometimes
seen in flaps with a patent deep epigastric vein anasto-
mosis [15-18]. It was recognised already in the early
publications; for example, by Hartrampf et al.,, who
described that he tried to improve venous drainage by
ligating the ipsilateral deep inferior epigastric vessels
in 3 of 8 cases to achieve an opening of connections
between the deep and superficial venous system before
the flap was raised [3].

Anastomosis of the superficial inferior epigastric vein
(SIEV) to a recipient vessel, and thereby connecting the
superficial venous system, is a well-described technique
to increase the amount of tissue that can be transferred,
to salvage postoperatively congested DIEP flaps, and to
resolve intraoperative venous congestion, when a single-
vein anastomosis of the deep inferior epigastric system
is not sufficient [19-24]. The technique is called venous
supercharging, augmentation, or super-drainage. None-
theless, there is no clear consensus regarding how the
SIEV should be anastomosed, if it should be performed
prophylactically, and if it can be predicted in which cases
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the superficial venous system must be anastomosed to
achieve a working flap drainage.

The primary aim of this study was to investigate the sci-
entific evidence for how and when venous supercharging
should be performed in autologous breast reconstruction
with an abdominally based free flap.

Methods

Protocol

This is a systematic review of the evidence for the usage
of SIEV for venous supercharging in autologous breast
reconstruction with a DIEP-flap. The protocol was pre-
registered in PROSPERO (CRD42022353591) (https://
www.crd.york.ac.uk/prospero/display_record.php?Recor
dID=353591) and reported according to the PRISMA
guidelines [25]. The PRISMA checklist is included in the
Additional files.

Eligibility criteria

Inclusion criteria were studies examining the effects of
the usage of SIEV and strategies for when it should be
used. Narrative and systematic review, textbooks, com-
ments, and case reports describing aspects that have
been included in other studies were excluded. Included
article had to meet criteria defined in a PICO (Popula-
tion, Intervention, Comparison, and Outcome) [26],
which is described in Fig. 1. The authors independently
assessed if the articles met the inclusion criteria and disa-
greements were resolved by discussion.

Information sources, search strategy and selection process
PubMed, CINAHL (EBSCO), Embase, and Cochrane
library databases were searched for articles and abstracts
published before 18.09.2023, the date when the search
was conducted. The search string was (((DIEP) OR (deep
inferior epigastric perforator)) OR (breast reconstruc-
tion)) AND (((superficial inferior epigastric) OR (SIEV))
OR (superficial venous)) in PubMed, CINAHL and
Cochrane library and (‘diep’ OR ‘deep inferior epigastric
perforator flap’/exp OR ‘deep inferior epigastric perfora-
tor flap’) AND ‘superficial inferior epigastric’ in Embase.
Moreover, all bibliographies of included studies were
manually checked. The search was limited to studies pub-
lished in English, French, German, Italian, Swedish, Dan-
ish, and Norwegian. When eligibility for inclusion could
not be assessed with the information in the abstract, the
entire article was read and assessed.

Data collection process and data items

The authors collected data from the articles indepen-
dently and collected in a Microsoft Excel (Microsoft
Corporation, Redmond, Washington, USA). Informa-
tion collected included first author, year of publication,
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P P1. Women who have breast reconstruction with a DIEP flap, due to breast cancer
P2. Healthy women and men, or women planned for a reconstruction using an abdominally based flap

1 11. Extra anastomosis with the superficial inferior epigastric vein (SIEV) due to venous congestion intraoperatively
12. Extra anastomosis with the SIEV due to venous congestion postoperatively (‘salvage procedure”)

13. Extra anastomosis with the SIEV for prophylaxis against venous congestion

14. 14: Examination to investigate anatomy/physiology of SIEV

C C: No extra venous anastomosis

[o) Effects of venous supercharging on:
O1. Flap complications

02. Donor site complications

03. Length of hospital stay (LOS)
04: Operative time

0O5: Surgical takebacks

Fig. 1 PICO patients interventions comparison outcomes

study country, study design, study objective, number of
included participants and controls, interventions, defini-
tion of venous congestion, and on the outcomes defined
in the PICO (Fig. 1). In the table of included stud-
ies (Table 1), the study design of the study is given. In
the outcome tables, the study design used to study that
particular outcome is stated. During the collection pro-
cesses, it became clear that some outcomes had to be
subdivided into different themes to allow for interpre-
tation and synthesis of the information. Strategies were
subdivided into pre-operative radiological findings, intra-
operative measurements and clinical signs.

Risk of bias in individual studies and across studies

The included studies were critically appraised using
checklists modified from the Swedish Agency for Health
Technology Assessment and Assessment of Social Ser-
vices (SBU) [61].

The overall certainty of evidence was classified as very
low (GRADE©D ©©0O), low (GRADE® ® © ©O), mod-
erate (GRADED® DD O), or high (GRADED D D D)
according to the GRADE system (Grading of Recom-
mendations, Assessment, Development and Evalua-
tions) [62]. Factors determining the quality of evidence
are described under the headline ‘risk of bias within
studies and across studies’ in the results section.

Results

Study selection

A total of 567 abstracts were retrieved following the
searches, when duplicates had been removed (Fig. 2). Of
these, 125 did not meet the inclusion criteria and were
excluded, leaving 442 articles that were read in full text.
After a more detailed scrutiny, a further 406 articles were

06. Strategies for the usage of venous supercharging

excluded, resulting in 36 studies to be included in the
review (Table 1).

Study characteristics

Effects of venous supercharging were studied mainly in
non-randomised cohorts with controls, where venous
supercharging was performed in case of signs of venous
congestion intraoperatively or postoperatively. Three
studies report ‘routine’ use of venous supercharging and
performed it prophylactically in patients who did not
have clinical signs of venous congestion. One of the stud-
ies randomised patients to venous supercharging or not
supercharging (29 vs. 23 pats) [31], one reported two
consecutive series comprising 30 pats in each group [58]
and one did not state how the patients were allocated to
the two groups [35]. For the randomised controlled trial
(RCT), a sample size calculation was not performed and
primary and secondary end points as well as outcome
measures were not defined.

Flap complications

Seventeen studies report on flap complications [27-29,
31, 32, 35, 37, 38, 42, 43, 46, 49, 51, 55-58], of which
one is an RCT [31] and two are controlled cohort stud-
ies [35, 58] including prophylactic venous supercharging
in patients without clinical signs of venous congestion
(Additional file 1). The groups of the RCT [31] and the
study comparing two consecutive cohorts [58] have
groups that are comparable with regards to age, body
mass index (BMI) and comorbidities (Additional file 1).
The three studies share the methodological weakness
that they have not defined complications and how, when
and by whom they were diagnosed. The RCT [31] dem-
onstrated statistically significant lower complication
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rates in the intervention group. The findings were simi-
lar in the two cohort studies [35, 58]. Nonetheless, the
magnitude of the effect on complications of a SIEV must
be interpreted with caution as the samples are small and
there is a clear heterogenicity in the frequency of com-
plications. Venous congestion was 13% in the interven-
tion group and 55% in the control group and partial flap
loss 9% in the intervention group and 45% in the control
group in the RCT [31]. Total flap loss was 0 in all three
intervention groups and ranged from to 0% [35, 58] to
17% [31] in the control groups. The numbers of the stud-
ies comparing two incomparable groups, patients with
and without clinical signs of venous congestion, are
given in Additional file 1.

The overall certainty of evidence for the effect of a
SIEV anastomosis on flap complications, in patients
without clinical signs of venous congestion, is low

(GRADE® ® © ©). The evidence was downgraded three
levels due to a high risk of bias, imprecision and incon-
sistency in the magnitude of effect and upgraded one
level as magnitude of the effects of venous supercharging
on flap complications seems to be large and is consistent
across studies.

Donor site complications

Three retrospective non-randomised studies with con-
trols reported donor site complications (Additional file 2)
[45, 54, 63]. One of the studies [55] reported that there
were zero donor site complications, whereas the other
[45] stated that the rate of abdominal seromas requiring
drainage was higher in the group where the SIEV had
been harvested, especially if it had been harvested bilat-
erally. However, the study did not control for other fac-
tors that might increase the rate of seromas. The third
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study reported that the usage of the cephalic vein as a
recipient vessel does not seem to increase the risk for
arm lymphoedema [54].

The overall certainty of evidence for the occurrence of
donor site complications after SIEV harvesting is very
low (GRADE® ©O©O). The evidence was downgraded
three levels due to a very high risk of bias, indirectness,
and imprecision.

Length of hospital stay

Five retrospective non-randomised controlled cohort
studies reported LOS [28, 29, 42, 45, 46]. Most of the
studies stated a longer LOS in the venous supercharging
group than among the controls (Additional file 3). None-
theless, the studies did not have comparable groups and
did not control for confounders that might affect LOS,
such as both patient related and surgical factors as well
local tradition.

The overall certainty of evidence for the effect of venous
supercharging on LOS is very low (GRADE®O©OO).
The evidence was downgraded three levels due to a high
risk of bias, indirectness, and imprecision.

Operative time

Seven studies reported operative time, of which one
was an RCT and six were retrospective non-randomised
controlled cohort studies [28, 30-32, 37, 46, 49]. Most
of the studies stated a longer operative time in the
venous supercharging group than among the controls
(Additional file 4). The RCT demonstrated that the
mean time increased from 405 to 510 min [31]. How-
ever, all the included studies had methodological flaws
such as lack of information on learning curves and tech-
niques used and in case of the retrospective studies,
different populations among the interventions and the
controls and no adjustment for confounders that might
affect operative time. As only patients with clinical signs
of congestion were included in the venous supercharg-
ing group, it is likely that aspects, other than the SIEV
dissection and anastomosis itself, also affected operative
time. Moreover, none of the studies took possible sav-
ings in re-operation times into considerations.

The overall certainty of evidence for the effect of
venous supercharging on the operative time is very low
(GRADE® © ©0©). The evidence was downgraded three
levels due to a very high risk of bias, indirectness, and
imprecision.

Surgical takebacks

Seven studies reported surgical take backs of which one
was an RCT [31] and six retrospective non-randomised
controlled cohort studies (Additional file 5) [31, 35, 38,
42, 55, 57, 58]. In the RCT [31] and the study with two
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consecutive series [58], there were considerable differ-
ences in takebacks between the groups, 13% vs. 55% and
1% vs. 10%, respectively. The other studies also consist-
ently showed that the takeback rates were lower in the
intervention groups. However, the magnitude of the
decrease of takebacks is unclear as intervention and con-
trol groups were completely different in some studies
which could result in an underestimation of takebacks.
In brief, the magnitude of the effect of venous augmenta-
tion on surgical takebacks is unclear due to uncompilable
groups in many studies and small samples in the more
high-quality studies.

The overall certainty of evidence for the effect of
venous supercharging on surgical takebacks is low
(GRADE® ® © Q). The evidence was downgraded three
levels due to a high risk of bias, imprecision and indirect-
ness and upgraded one level as magnitude of the effects
of venous supercharging on surgical takebacks seems to
be large and is consistent across studies.

Strategies for the usage of venous supercharging
Twenty-one studies presented data on strategies for when
venous supercharging should be performed (Additional
file 6) [9, 18, 30, 33, 34, 36, 3941, 44, 46-48, 50, 52, 53,
55, 58—60]. Nine [18, 33, 36, 40, 41, 50, 52, 59, 60] of them
present radiological signs that could predict venous con-
gestion, four intra-operative measurements [30, 34, 47,
53] and six [9, 39, 46, 48, 50, 55] clinical signs that could
predict the need for venous supercharging. Two studies
[44, 58] merely give recommendations based on their
clinical experience. The studies investigation predictors
generally compare patients who have had clinical venous
congestion with those that have not and can thereby be
classified as non-randomised observational studies with
controls.

Regarding radiological findings predictive of venous
supercharging, a few studies have investigated the role of
the SIEV diameter. One study concluded that a big SIEV
diameter or deep inferior epigastric vein (DIEV) diam-
eter and a high SIEV/DIEV diameter ratio (no cut off val-
ues are given) [36] and another that SIEV size > DIEV size
at origin (5.2 vs 3.5 mm, p=0.007) [59] were predictive
of the need for supercharging, whereas two other found
that the diameter seems to be negatively correlated to
the need for venous supercharging [40] and that the was
no correlation between SIEV diameter and the need for
supercharging [50]. Four studies investigated connection
between the deep and superficial system on computed
tomography (CT) and concluded that venous supercharg-
ing is needed when there are no direct [52, 59] or atypical
connections (in terms of caliber, tortuosity or superficial
path) [18] between the superficial and the deep system
radiologically or signs of a superficially dominant system
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[41] or an axial non-arborising superficial system [59].
The thickness of the suprascarpal fat pad on CT has given
rise to contradictory results as one study [33] found that
a suprascarpal fat pad thickness of >23 mm and another
[40] that a suprascarpal fat pad thickness of <18 mm is
predictive of the need for venous supercharging. In brief,
branching patterns have consistently shown to be predic-
tive of the need for venous supercharging, whereas there
have not been any consistent findings for SIEV size and
suprascarpal fat pat thickness.

A potential intraoperative measurement that could be
used include the ratio of blood glucose content in the
flap to systemic blood glucose, where a low index seems
to be predictive of venous congestion [30]. Similarly, the
relative haemoglobin concentration in the flap also seems
predictive of the need for supercharging [47], as well
as a pressure increase in the SIEV [53]. One centre has
used a combined laser Doppler spectrophotometry sys-
tem, which seemed to be helpful in some cases that were
not clearly congested clinically [34]. The four studies
on intraoperative measurements that could predict the
need for venous supercharging have all studied different
methods in small samples and must be considered pilot
studies.

Suggested clinical risk factors for the need for venous
augmentation are a SIEV diameter of>1.5 mm [9], a big-
ger flap [48], previous abdominal surgery (odds ratio
(OR): 0.8 (0.66—0.99), p=0.03) [46] and a high BMI (OR:
10.4 (0.99-1.10), p=0.14) [46]. The latter has been con-
tradicted by a study showing no correlation between the
need for venous augmentation and BMI or the BMI:SIEV
size ratio [50]. In brief, there are no risk factors, that have
been scientifically validated clinical and adjusted for con-
founders, that can used to predict the need for venous
supercharging.

The overall certainty of evidence for using radiologi-
cal findings, preoperative measurements and clinical risk
factors to decide whether to use venous supercharging
is very low (GRADE®@ © © ©). The evidence was down-
graded three levels due to a very high risk of bias, indi-
rectness, and imprecision.

Risk of bias within studies and across studies

A summary of the evaluation of individual studies is
given in Table 1. The studies had serious study limitations
(risk of bias) affecting the quality of evidence. Regarding
study design, only one RCT [31], providing high-quality
evidence, could be included in the review, whereas the
others were observational, providing low quality evi-
dence. Among the other two studies that investigated
‘routine’ use of venous supercharging at least one [58]
of the two studies with two consecutive series can be
regarded as ‘quasi’ or ‘pseudo’ randomised as it allocated
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patients according to when the patient was operated. In
the other studies, the patients were allocated to inter-
vention or control based on subjective clinical signs of
venous congestion and at the ‘discretion of the surgeon’
and therefore it can be presumed that the exposed and
the unexposed patients were selected from different pop-
ulations, one with a higher risk of complications due to
venous congestion than the other. This makes the groups
incomparable.

None of the surgeons who performed the operations
were, for natural reasons, blinded to the allocation of
patients. None of the studies state if the outcome asses-
sors of complications were blinded. It is less important
for outcomes such as total flap failure but might influ-
ence less defined surgical outcomes such as fat necro-
sis. All the studies have an incomplete account of the
outcome events, that is definition of complications and
how and when they were diagnosed, surveyed and reg-
istered, which makes the outcome measures unvalidated
and probably varying both within and across studies.
Moreover, there are several other aspects than venous
supercharging that might affect the outcomes, both
patient-related and related to the operation, and most
of the studies had not controlled for these and therefore
there are a lot of potential confounding factors.

For several outcomes, there was a clear inconsistency,
an unexplained heterogeneity of results, for example
in the magnitude of treatment effect of venous super-
charging. This is probably explained by different baseline
risks (different patients among the exposed and the non-
exposed) and different definitions of the outcomes and
different follow-up times. The small samples could also
have contributed.

Looking at sources of indirectness, we can con-
clude that there is a limitation of the applicability of
the results as the populations in the different studies
probably vary considerably. Moreover, the delivery of
interventions, when venous supercharging was per-
formed, by whom and in which patients probably also
vary considerably across studies. None of the studies
have defined primary and secondary outcomes and
none specified which outcomes are the most impor-
tant to the patients. However, most of the studies use
outcomes that we can assume are important for the
patients, such as flap loss and length of hospital stay,
and few use surrogate outcomes. Moreover, most of
the studies make direct comparisons between venous
supercharging and not venous supercharging, albeit it
in non-comparable groups.

All of the studies suffer from imprecision as small sam-
ples were included. The studies with a somewhat lower
risk for bias included between 20 and 30 patients in the
different groups [31, 58], which has to be considered few.
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In many of the studies there were few cases of clinical
venous congestion and thereby of intervention. Moreo-
ver, there were few serious adverse advents, such as total
flap loss, in the studies, which also makes the results less
reliable.

Discussion

The usage of venous supercharging in abdominally based
autologous breast reconstruction is a matter of con-
tinuous clinical discussion. This systematic review has
identified studies on venous supercharging on different
aspects. The scientific quality of the existing studies is
weak and further high-quality studies are necessary to
evaluate the effects of routine use of it.

The potential benefit of routine use of venous super-
charging could be a lower rate of venous congestion
requiring surgical intervention and of consequent com-
plications [20, 21]. Venous supercharging could poten-
tially increase the safety of abdominally based free flaps
as venous congestion is a significant cause of total flap
failures [11]. It could be particularly useful for example
in frail patients [64]. Some authors have concluded that
the only disadvantage of routinely performed venous
supercharging would be ‘an increase of operative time
of 20 min and the cost of an extra coupler [COUPLER®
device (Synovis Micro Companies Alliance, Inc. Birming-
ham, AL, USA)]’ [58]. Nonetheless, this review demon-
strates that there are other potential drawbacks, such as
potential donor site complications where the SIEV has
been dissected as well as where the recipient vessel has
been dissected, that should be considered [45].

It seems straightforward that abdominally based flaps
that are superficially dominant, where there are no con-
nections between the superficial and deep venous system
on a pre-operative computed tomography angiography
(CTA), need venous supercharging [18, 52, 59]. However,
there are less clear cases; for example, in cases with atypi-
cal connections or in cases where dynamic changes occur
when the flap has been raised [15, 18]. Such dynamic
changes cannot be predicted from the pre-operative
CTA and might not always give rise to immediate intra-
operative clinical signs of venous congestion. None of the
clinical signs investigated in this review, such as the clas-
sical proposal that a SIEV diameter of>1.5 mm or a high
BMI indicate a need for venous supercharging, seem to be
valid predictors [9, 50].

Most of the included studies are cohorts comparing
patients with clinical signs of venous congestion, and
thereby an indication for venous supercharging, with
patients without clinical signs of venous insufficiency.
Hence, two completely different groups are compared.
Although, it has been performed in three studies [31, 35,
58], it is not viable that all patients are randomly allocated
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to venous supercharging or no venous supercharging,
as it will be clinically indicated in some cases and not
in others. To randomise patients with clinical signs of
venous congestion would be both ethically and scientifi-
cally wrong. A solid uncertainty about which treatment
alternative (venous supercharging or not venous super-
charging) is more beneficial is a fundamental prerequi-
site to allow for a randomised trial (theoretical equipoise)
and as most plastic surgeons would agree that clinical
venous congestion has to be treated, there is no such
general uncertainty in the case of venous supercharging
[65]. An alternative could be to randomise only patients
without clinical signs of venous congestion, to answer the
question if venous supercharging is beneficial in patients
without clinical signs of venous congestion. Such a trial
would necessitate definitions of complications, such as
venous congestion, to enable correct sample size calcu-
lations and quantification of the magnitude of the effect.

Another weakness of the included studies, for example
in the RCT [31], is that the frequency of venous conges-
tion, total/partial flap loss (Additional file 1) and surgical
take-backs (Additional file 5) seems to be higher respec-
tive to most high volume centres. Hence, in future stud-
ies, it might be useful to include information about the
volumes and experience of flaps in the centre where the
study is performed.

For many years, the lack of widely accepted stand-
ardised definitions and reporting of complications
has been a major weakness in surgical research and
an obstacle to increase the quality of evidence [66].
Great efforts, such as the work of Clavien and Dindo,
have been made to develop and validate classification
systems and general definitions of surgical complica-
tions, which has advanced evidence based medicine
in the surgical fields [67, 68]. The Clavien—-Dindo
Classification is based on ranking the severity of the
intervention required to treat a given complication;
for example, grade I is a complication that results in
deviations from the postoperative course not requiring
the need for pharmacological treatment intervention
or surgical/endoscopic/radiological intervention and
grade V complications that result in death [67]. None-
theless, to optimize reconstructive microsurgical tech-
niques, standardised reporting of procedure specific
complications, not just the severity of the intervention
to treat them, is necessary.

In the present paper, we found that most studies report
complication, such as venous congestion, fat necrosis, and
partial flap loss, without defining the complication or how
and by whom it has been diagnosed (Additional file 1).
Fat necrosis is a common complication after abdominally
based free flaps [69, 70]. Even so, there is no uniformly
accepted definition of how it should be diagnosed or
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quantified [69], which makes the true frequency as well as
studies on how it can be lowered of a low scientific quality.
The most common definitions include “palpable subcuta-
neous firmness not due to cancer, “firmness measuring 1
or 2 cm in diameter” or an “ultrasound-detectable lesion”
[69]. All these definitions contain a substantial part of
subjectiveness and have never been validated. In fact,
a protocol for how fat necrosis should be diagnosed and
quantified with ultrasound has never been described [71],
let alone validated/reliability tested. Other complications,
such as total flap loss, are, per definition, more standard-
ised. However, total flap loss is a rare adverse event which
makes it difficult to use as a single primary outcome in a
scientific study comparing different techniques. Moreover,
the frequency of complications is affected by both patient
related factors, such as comorbidities, BMI, and smok-
ing, as well as surgical factors. Hence, to study surgical
factors, for example the effect of venous supercharging,
patient-related factors must be controlled and the analy-
ses adjusted for them. In the present review, most included
studies did not report patient-related factors, which is a
clear weakness. In brief, the complication reporting of the
studies included in the present studies makes the result
unreliable. It also casts doubt on the validity of the pre-
vious reviews where meta-analyses seem to have been
performed on unacceptably heterogenic data [72, 73]. To
advance the field of abdominally based free flaps and refine
our techniques in a scientific manner, as well as enabling
comparison of the result from different studies, further
studies on standardisation of diagnosing and reporting of
specific complication must be performed. In addition, the
standardisation must comprise follow-up times, registra-
tion of complications, as well as adjustment for risk factors
for complications and base line characteristics.

In conclusion, it might be difficult to predict in
which in cases where there are no clinical signs of
venous congestion. The overall certainty of evidence
is very low (GRADE®@ © O ©) for using radiological
findings, preoperative measurements, and clinical risk
factors to decide whether to use venous supercharg-
ing, for the occurrence of donor site complications
after SIEV harvesting and for the effect on length of
hospital stay and on the operative time. The over-
all certainty of evidence is low (GRADE® ® © ©) for
the effect of venous supercharging on flap complica-
tions and on surgical takebacks. To enable an increase
of the scientific evidence, a standardised classification
and reporting system of common complications after
abdominally based free flaps are needed.

Abbreviations
BGMI Blood glucose measurement index
BMI Body mass index
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BV Basilic vein
C Comparison
@] Confidence interval
CLBS Combined laser Doppler spectrophotometry system
csv Circumflex scapular vein
(@) Computer tomography
CTA Computer tomography angiography
cv Cephalic vein
DIEA Deep inferior epigastric artery
DIEP Deep inferior epigastric perforator flap
DIEV Deep inferior epigastric vein
DIEVC Vena comitantis of the DIEV
EJV External jugular vein
GRADE  Grading of Recommendations, Assessment, Development and
Evaluations
| Intervention
ICG Indocyanine green
IMV Internal mammary vein/internal thoracic vein
IQR Interquartile range
LMV Lateral mammary vein
LOS Length of hospital stay
LTV Lateral thoracic vein
MAS Macrovascular arteriovenous shunt
MDCTA  Multidetector-row computed tomography angiography
MRA Magnetic resonance angiography
ms Muscle sparing
MSIEV The medial branch of the SIEV
NA Not applicable
NR Not reported
NS Non-significant
) Outcome
p Population
PICO Population, Intervention, Comparison, and Outcome

RR Relative risk

SA Serratus anterior muscle branch of thoracodorsal vein
SQv Superficial circumflex iliac vein

SCIVe Vena comitantis of the SCIV

SIEV Superficial epigastric vein

SOS Superficial outside-flap shunt

TAV Thoracoacromial vein

DV Thoracodorsal vein

TRAM Transverse rectus abdominus muscle flap

VG Venous graft
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