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it a daunting task for the junior surgeon.
Aim: To report the lessons learnt from the experience of a single

I;gr::/rgj;g surgeon performing their first 150 DIEP reconstructions as a guide
Plastic surgery procedures for junior surgeons. ) ) ) )

Learning curve Methods: Data regarding patient demographics and surgical out-
Efficiency comes from April 2021 to October 2022 were collected retrospec-
Clinical decision making tively from medical records. Surgical outcomes were analysed using

Microsoft Excel.

Results: Over 17 months, 150 flaps were completed in 97 patients
by the senior author (BS). Operative duration was negatively corre-
lated with case number for unilateral DIEPs (r = -0.73, p < 0.05)
and for bilateral DIEPs (r = -0.67, p = 0.14). Raise time and is-
chaemic time were also negatively correlated with case number
(r =-0.82, p < 0.05 and r = -0.79, p < 0.05, respectively). There
were 10 complications and no flap losses.

Discussion: The data demonstrate an expected improvement in sur-
gical efficiency with increased experience. We describe the key fac-
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tors contributing to efficiency in our series, such as preoperative CT
angiography, surgical markings prior to the day of surgery, a two-
team approach with three diathermy sets, flap raise using monopo-
lar diathermy, preference towards choosing a single dominant per-
forator and early commitment to perforator choice. This case series
acts as a guide for the junior plastic surgeon in achieving safe, aes-
thetic and efficient results when completing free DIEP flap breast
reconstructions.
© 2024 The Author(s). Published by Elsevier Ltd on behalf of
British Association of Plastic, Reconstructive and Aesthetic
Surgeons.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Breast cancer is the second commonest cancer amongst women worldwide.! Aesthetic concerns
following breast cancer treatment, especially following mastectomy, are an important health issue ow-
ing to the psychological distress caused by poor aesthetic outcomes.? Therefore, reconstructive tech-
niques must be oncologically and surgically safe, and also aesthetically pleasing.

Autologous breast reconstruction has multiple benefits over implant-based reconstruction. In par-
ticular, autologous reconstruction avoids the risks associated with long-term implant failure while
providing a naturally textured, well-shaped and permanent aesthetic result.3-* Deep inferior epigastric
artery perforator (DIEP) flap reconstructions are associated with greater satisfaction and psychosexual
well-being when compared to implants.” The DIEP flap was first described by Koshima and Soeda in
1989 and its first use in breast reconstruction was documented by Allen and Treece in 1994.5:7 Since
then, the DIEP flap has grown in popularity owing to the decreased abdominal and overall morbidity
and shorter hospital stay when compared with transverse rectus abdominis muscle flaps.®-°

Aim

This case series documents the experience of a single surgeon performing their first 150 DIEP re-
constructions. The DIEP flap is a technically demanding, resource intensive and time-consuming op-
eration, making it a daunting task for the new surgeon. We report the specific lessons learnt and
compare the outcomes from before and after these changes were introduced. We intend to provide
strategies which the junior plastic surgeons can implement to improve their outcomes and efficiency
without compromising safety.

Methods

Data were collected retrospectively from the patient’s medical records. Demographics (age and
sex), medical background (medical history, smoking status and American Society of Anaesthesiolo-
gists score), surgical variables (defect, history of radiotherapy and/or chemotherapy, raise time, is-
chaemic time and microsurgical details) and outcomes (complications, follow-up and oncological out-
come) were recorded.

Data were recorded and analysed using Microsoft Excel V16. Normality was tested using the
Shapiro-Wilk test and frequency histograms. Outliers were identified using boxplots and were sub-
sequently removed for data analysis. Correlation was determined using the Pearson correlation coeffi-
cient and variables were compared using the Mann-Whitney U test. A p-value of < 0.05 was consid-
ered statistically significant.

Ethics approval was granted by Western Sydney Local Health District Research and Education Net-
work (2304-02).
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Technique

The method below stipulates a refined technique settled upon after considering the lessons learnt
throughout the series.

Preoperatively, all patients underwent computed tomography angiography (CTA) to map the deep
inferior epigastric artery (DIEA) and its perforators. Where possible, the patients were marked at an
outpatient appointment one day prior to surgery and all patients were admitted on the day of surgery.

A two-team approach was used. The ‘bottom team’ completed the DIEP flap raise and closed the
abdominal donor site. The ‘top team’ prepared the breast pocket and recipient vessels and completed
microsurgery and flap inset.

Flaps were raised using solely monopolar diathermy set to coagulation and blend. Three monopolar
instruments were required: a ‘hot’ instrument set to 60/60 (coagulation/cut) with smoke suction and
a ‘cold’ instrument set to 20/20 without suction for the ‘bottom team’ and an additional instrument
for the ‘top team’.

The safe and efficient use of monopolar cautery around vessels was achieved using the ‘tension-
tap-sweep’ technique. Throughout dissection, it was essential that the assistant provided gentle ten-
sion on the tissue by folding and lightly tractioning the flap medially to avoid inadvertent damage
from tissue folding onto the perforator. The ‘hot’ instrument was first used to dissect from lateral to
medial until the lateral border of the rectus. At this point, the ‘cold’ instrument was used for perfo-
rator dissection. The use of one dominant perforator was preferred, with a decision to commit to the
preoperatively selected perforator. While the assistant retracted the flap, the surgeon used forceps in
their non-dominant hand to tension the tissue surrounding the perforator. The ‘cold’ monopolar was
then used to ‘tap’ this taught tissue between the forceps and perforator. This ‘tap’ should be light and
very short in duration. It should also be far enough away from the vessel to avoid thermal damage
but close enough to allow clean dissection. Following this, the blunt blade of the monopolar was used
to ‘sweep’ the cauterised tissue away from the vessel.

Once the perforator was isolated, a fascial incision was made with a small cuff surrounding the
vessels. The same ‘tension-tap-sweep’ technique was used to trace the pedicle until a suitable calibre
(not necessarily extending to the DIEA/V origin). Tension during intramuscular dissection was aided
through careful placement of Gelpi retractors on either side of the vessel. The provision of muscle re-
laxant by the anaesthetist is fundamental to avoid jumping of the muscle with monopolar diathermy.

Langenbecks retractors were then used as the vessel descends towards its origin. Care was taken to
preserve crossing nerves, especially at the arcuate line, and not to split the anterior sheath and muscle
past the arcuate line, rather relying on good lighting and firm retraction to allow the completion of
vessel dissection. Thereby, mitigating the risk of rectus denervation.'”

Once pedicle dissection was completed, the flap was islanded and de-epithelialised on the ab-
domen.

Whilst the raise was completed, the ‘top team’ prepared the chest wall. Haemostasis was priori-
tised and drains were inserted. The breast pocket was plicated inferolaterally to allow medialisation
of the DIEP flap when inset to achieve a better aesthetic result. Completing these steps prior to vessel
preparation limits flap manipulation post-microsurgery.

Arterial anastomosis was end-to-end to the internal mammary artery with interrupted 8/0 nylon
sutures. Venous anastomosis was completed using a venous coupler. Two venous anastomoses (ante-
grade/retrograde with the addition of superficial inferior epigastric vein) were completed if the deep
inferior epigastric vein appeared engorged when the flap was islanded or if the flap appeared con-
gested. The pedicle was wrapped with Surgicel mesh and Spongostan sponge was used to prevent
kinking.

The flap was coned and prior to formal inset, stapled in place and the patient sat up for full ap-
preciation of the aesthetic outcome. The flap shape was adjusted and this process was repeated until
an excellent aesthetic result was achieved.

As the ‘top team’ completed microsurgery and inset, the ‘bottom team’ completed subscarpal fat
excision, mons pubis liposuction, rectus abdominis plication and closed the abdominal donor site af-
ter progressive tension sutures. Abdominal tap blocks were completed for regional anaesthesia and
negative pressure wound therapy with 3M Prevena was applied to the abdominoplasty suture line.
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Table 1
Patient Demographics.

Total Patients (n) 97

Mean age (years) 53.6 (38-73)

Mean weight (kg) 73 (53-109)

BMI (kg/m?) 27.6 (20.2-36.5)

Smoking status Non-smoker 69 (71%)
Smoker (quit within 6 weeks) 3 (3.1%)
Ex-smoker 25 (26%)

Reconstruction timing Immediate 69 (71%)
Delayed 28 (29%)

Bilateral/Unilateral Bilateral 53 (55%)
Unilateral 44 (45%)

Total flaps 150

Defects Skin sparing mastectomy 113 (75%)
Nipple sparing mastectomy 18 (12%)
Simple mastectomy 17 (11%)
Radical mastectomy 2 (1.3%)

Radiotherapy Pre-reconstruction 51 (34%)
Neo-adjuvant 24 (13%)
Delayed reconstruction 27 (21%)
Post-reconstruction 5 (3.3%)
None 94 (63%)

Chemotherapy Pre-reconstruction 42 (43%)
Post-reconstruction 34 (35%)
None 21 (22%)

Post-operatively, patient-controlled analgesia was started immediately. Intravenous heparin, 5000U,
was administered once on table with regular chemical venous thromboembolism prophylaxis com-
mencing on the night of operation until discharge. Patients were administered 48-hours of intravenous
antibiotics and oral antibiotics were continued for five days. In accordance with our unit's enhanced
recovery after surgery (ERAS) guidelines, normal diet and oral aperients were started on day one post-
operative and patients sat out of bed and progressed to mobilisation with physiotherapists.

Results
Patient Demographics

Between April 2021 and October 2022, the senior author (BS) completed his first 150 free DIEP
flap reconstructions in Sydney, Australia. Patient demographics are presented in Table 1. Fifty-three
of the 97 patients had bilateral DIEP reconstructions and 44 patients had unilateral reconstructions.
Treatment options for all patients regarding mastectomy type, radiotherapy, chemotherapy and tim-
ing of reconstruction were discussed in a multi-disciplinary meeting. Mean age was 53.6 years (38-73
years) and mean BMI was 27.6 kg/m? (20.2-36.5 kg/m?2). Sixty-nine (71%) patients were non-smokers,
25 (26%) were ex-smokers and three (3.1%) were smokers who had quit within 6 weeks of operation.
Sixty-nine (71%) patients had immediate resection and reconstruction, whilst 28 (29%) underwent de-
layed reconstruction. There were 113 (75%) skin-sparing mastectomies, 18 (12%) nipple-sparing mas-
tectomies, 17 (11%) simple mastectomies and 2 (1.3%) radical mastectomies. Twenty-seven flaps (18%)
were completed post mastectomy and adjuvant radiotherapy with delayed reconstruction, 24 flaps
(16%) were completed post neo-adjuvant radiotherapy followed by mastectomy and immediate recon-
struction with the average time between completion of neo-adjuvant radiotherapy and mastectomy
and reconstruction being 6.8 weeks, and five patients underwent radiotherapy to a neo-breast post-
reconstruction.
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Table 2
Operative and hospital outcomes.
Mean surgical duration (hh:mm) Unilateral 4:32 (3:29-7:39)
Bilateral 6:11 (4:20-8:55)
Mean raise time (min) All flaps 53 (38-71)
Mean ischaemic time (min) All flaps 34 (20-75)
Mean flap weight (g) All flaps 554.8 (330-1041)
Number of perforators (n) 1 137
2 13
Number of veins (n) 1 32
2 118
Mean length of stay (days) All patients 5 (4-8)
Mean length of follow-up (months) All patients 10.4 (9-14)
Table 3
Improvement.
Group A Group B p-value
Unilateral DIEP Count 10 10
Mean operative duration (hh:mm) 5:48 3:45 < 0.05
Bilateral DIEP Count 10 10
Mean operative duration (hh:mm) 8:26 4:35 < 0.05
Outcomes

Mean length of hospital stay was 5 days (4-8 days) with mean length of follow-up being 10.4
months (9-14 months). Mean operative duration for unilateral DIEP reconstructions was 4 h 32 min (3
h 29 min to 7 h 39 min) and 6 h 11 min (4 h 20 min to 8 h 55 min), for bilateral DIEP reconstructions.
The mean raise time for each flap was 53 min (38-71 min) and mean ischaemic time was 34 min (20-
75 min). A single perforator was used in 137 flaps and two perforators were used in 13 flaps. A single
venous anastomosis was completed in 32 flaps and two venous anastomoses were completed for 118
flaps. Operative and hospital outcomes are displayed in Table 2.

Progression and Improvement

Statistical analysis of our results demonstrated that the operative duration decreased with more ex-
perience. Unilateral DIEP operative durations were negatively correlated with case number, r = -0.73
(p < 0.05), according to Pearson’s correlation coefficient. Similarly, bilateral DIEP operative durations
decreased as case number increased, r = -0.67 (p = 0.14). Additionally, raise time and ischaemic time
were negatively correlated with case number, r = -0.82 (p < 0.05) and r = -0.79 (p < 0.05), respec-
tively. All four of the correlation trends described above were best represented using a logarithmic
function (Figures 1-3).

Moreover, as shown in Table 3, our results demonstrate a statistically significant improvement in
operative efficiency when comparing the mean total operative duration of the first 10 unilateral DIEP
flaps (5 h 48 min) to the last 10 unilateral DIEP flaps (3 h 45 min) and the first 10 bilateral DIEP flaps
(8 h 26 min) to the last 10 bilateral DIEP flaps (4 h 35 min). This represents a comparison from before
and after several key operative processes, described as lessons learnt below, were implemented.

Complications

Complications (listed in Table 4) amongst the 150 flaps in 97 patients totalled 10. Two compli-
cations were medical (hospital acquired pneumonia requiring intravenous antibiotics and pulmonary
embolus despite venous thromboembolism prophylaxis requiring therapeutic anticoagulation). Seven
patients had minor surgical complications, with one patient developing a breast seroma requiring
ultrasound-guided drainage and six patients developing superficial wound infections requiring antibi-
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Table 4
Complications.

Minor surgical complications 7 patients
Major surgical complications 1 patient

Flap loss 0 patients
Microsurgical complications 0 patients
Medical complications 2 patients
Total complications 10 patients
Fat necrosis 8 flaps

otics and dressings (four abdominal and two neo-breast). Finally, one patient had necrosis of her mas-
tectomy flaps, requiring re-operation for skin grafting. No flap failure or microsurgical complications
were recorded across the series. Clinically significant fat necrosis developed in eight flaps in eight dif-
ferent patients. There was no significant difference in the complication rates or fat necrosis amongst
flaps with single perforators compared to those with two perforators, and single veins compared to
those with two veins.

Discussion
Training and Experience

During his Reconstructive Microsurgical fellowship at the Health Sciences and Maples Surgical Cen-
tres in Winnipeg, Canada, the senior author (BS) completed 123 free flaps, including 96 free DIEP flaps,
under the guidance of Professor Edward Buchel. It is here that he learnt the major time-saving tech-
nique of raising the DIEP flap solely using monopolar diathermy.

Learning Curve and Key Lessons

Over the 150 flaps, surgical technique was refined into a formulaic method to improve operative
efficiency. Time was saved in straightforward parts of the operation, allowing sufficient time for per-
forator dissection, microsurgery, abdominal contouring and breast shaping.

Laporta et al. and Varnava et al. showed that increased experience leads to decreased operative
time."""1? In our study, the decrease in operative duration was logarithmic. In keeping with Grinsell
et al. but contrary to Busic et al., Hofer et al. and Cubitt et al., we did not find a change in complication
rates through the series, potentially implying that pre-consultancy training is adequate in preparing
the plastic surgeon to achieve safe results.!3-16

Our analysis in Table 3 demonstrates significantly shorter operative durations in the last 10 unilat-
eral and bilateral DIEP operations compared to the first 10 unilateral and bilateral DIEP operations. The
first 10 and last 10 unilateral and bilateral flaps were chosen for comparison as they represent a time
before and after specific new processes were introduced. These processes were introduced through-
out this intervening period. Table 5 stipulates which processes were already present at the beginning
of the series and those that were present by the end. Whilst experience alone may have contributed
to shorter operative duration, we believe that the specific processes implemented between these two
time points allowed for improved efficiency without compromising patient safety or outcomes.

Preoperatively, patients must have CTA. di Pompeo et al. contend that a ‘free-style’ technique to
perforator choice without preoperative CTA did not increase operative time or complications.!” How-
ever, our experience is that preoperative CTA allows for accurate preoperative markings, reduces un-
certainty during the raise and permits early commitment to one large perforator. This is supported
by O’Connor et al. who showed that preoperative CTA saved 13 min in flap harvest time and reduced
complications by 4.3%.® Secondly, preoperative markings are ideally completed prior to the day of
operation. The DIEA perforators are identified according to CTA, dopplered out and marked. This prac-
tise was adopted to avoid delays in theatre start-time and rushed preoperative markings when the
patients were marked in the anaesthetic bay. Furthermore, this provides a valuable opportunity for
patients to ask questions and adjust expectations in line with the planned incisions.
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Table 5
Lessons Learnt.

Techniques employed throughout series Techniques introduced through the series and
present at the end of the series

.

Preoperative « CTA is imperative Markings are completed prior to the day of

surgery

Intraoperative - A two-team approach is used throughout the « Two monopolar instruments are required for
entire operation the raise (a “hot instrument” set to 60/60 and
« The flap is raised using solely monopolar a “cold instrument” set to 20/20) and a third
diathermy diathermy instrument is needed for the “top
« An increased proportion of operative time is team” to prepare the chest wall
spent on prioritising the aesthetic outcome: A decision to commit to a single dominant
o Plication of the rectus abdominis perforator is prioritised early rather than
o Inferolateral plication of the breast pocket after lengthy exposure of multiple perforators
Gelpi retractors are used during pedicle
dissection to allow easy and atraumatic vessel
visualisation
The flap is disconnected as soon as it is
raised so the “bottom team” can start closing
the abdominal donor site, regardless of
whether the chest wall is ready
An increased proportion of operative time is
spent on prioritising the aesthetic outcome:
o Progressive tension sutures
o Subscarpal fat resection on the abdominal
flap
o Liposuction of the mons pubis
o Flap coning

.

.

.

.

Post-Operative « Adequate analgesia is administered
intraoperatively and under the guidance of
the acute pain service

- Patients are encouraged to mobilise on day
one post-operative

« Full diet and aperients are started on day one
post-operative

Intraoperatively, raising the flap with monopolar diathermy significantly reduces raise time. Whilst
this technique remains foreign to many, we believe that plastic surgeons possess the skills to safely
transition from traditional bipolar perforator dissection to exclusively monopolar. To begin, surgeons
unfamiliar with the technique may start with dissection around the pedicle and progress to perfo-
rator dissection when more confident. At first, a single diathermy machine was used and settings
were changed as required. This slowed the operation as the scout nurse had to constantly change the
diathermy settings. Therefore, multiple diathermy stacks were employed by using one ‘hot’ and one
‘cold’ instrument for the raise, which immediately reduced the operating time as the surgeon did not
have to wait for the diathermy settings to change.

Additionally, the flap was disconnected from its donor blood supply as soon as it was raised, re-
gardless of whether the chest wall vessels were ready, so that the ‘bottom team’ could immediately
start closing the abdominal donor site or raising the second flap in bilateral cases. As the DIEP flap is
adipocutaneous and does not include muscle, it can withstand a long ischaemic time when problems
in identifying appropriate recipient vessels are encountered, although this did not occur in this series.

Finally, having a collaborative two-team approach with like-minded surgeons and a consistent
nursing team leads to greater familiarity, reduced uncertainty, more confidence and therefore, im-
proved efficiency. Acosta et al. stipulated the importance of having an experienced theatre team in
reducing operative time as they demonstrated the feasibility of completing 2 DIEP flaps in a working
day.'® Additionally, Sharma et al. showed that having a 100-step process map reduces operative dura-
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tion. This result, which is similar to our team’s approach, showed that a formulaic plan and consistent
team leads to shorter operations.2’

After achieving these improvements in efficiency, aesthetic outcomes can be prioritised. To provide
better abdominal contour, the following steps were employed: subscarpal fat resection on the ab-
dominal flap, liposuction of the mons pubis, plication of the rectus abdominis regardless of whether
diastasis is present and using progressive tension sutures as in abdominoplasty techniques. To im-
prove the breast shape, time was taken for preparing pocket with plication inferolaterally, flap coning
and finally sitting the patient up or down to allow readjustment.

Post-operatively, patients are managed according to the ERAS principles. Post-operative pain, re-
turn to normal gut function and return to safe mobility are the three major factors which determine
patient discharge post-DIEP reconstruction. Therefore, intraoperative regional anaesthesia and imme-
diate implementation of the acute pain service is essential. Adequate analgesia also allows early mo-
bilisation. Lastly, allowing the patient to suck ice overnight and upgrading to full diet on day one
post-operatively along with aperients mitigates the risk of post-operative ileus and subsequent de-
layed discharge.?!-22

Importance of Operative Efficiency

Operative efficiency is essential in achieving success in DIEP reconstructions and it is well docu-
mented that shorter surgeries are safer for patients.>> Moreover, prolonged DIEP operating times are
associated with increased rates of flap failure and extended length of hospital stay.227 Haddock et al.
examined 1000 DIEP free flaps while controlling for intraoperative complexity and surgeon experi-
ence and found that surgical duration is an independent predictor of operative outcomes and length
of stay. In fact, with each hour of increased operating time, patient morbidity (unplanned re-operation,
donor site complications, fat necrosis, flap compromise/loss and medical complications) increases by
19%.28 Finally, shorter operations, fewer complications, and reduced length of hospital stay decrease
healthcare costs.>°

A more efficient theatre environment, flap raise and microvascular anastomosis allows for more
time to be spent on the aesthetic outcome, in particular, shaping the abdomen and insetting the flap.
When achieved, a good aesthetic outcome following DIEP surgery has been shown to significantly
improve a patient’s psychological well-being.?

Limitations to this study include: firstly, it is a retrospective case series based on a single sur-
geon’s experience; hence, generalisability to surgeons in different contexts may be difficult. Secondly,
only univariate analysis was conducted on the relatively small sample size. In addition, we could not
assess the individual contribution of each of the introduced processes to the overall improvement in
efficiency. Despite this, we believe that this study serves as a tool for junior surgeons to implement
and develop strategies to improve efficiency and patient outcomes in what can be a daunting, com-
plex and potentially inefficient procedure. Finally, patient-rated outcomes were outside the scope of
this study but demonstrate a future direction for research in examining operative duration.

Conclusion

Through documenting this case series and the specific lessons learnt as a surgeon beginning their
career in free DIEP flap breast reconstructions, we provide a guide for junior surgeons to achieve safe
and efficient results. With improved operative experience and implementation of a few key steps, op-
erative efficiency will improve, and surgeries will be shorter. A shorter surgery means reduced com-
plications, lower patient morbidity, shorter hospital stay and lesser healthcare costs. Finally, shorter
operative times allow the surgical team to place greater emphasis on the final aesthetic outcome,
thereby, ensuring that the woman’s psychosocial well-being is kept at the forefront of the surgical
team’s goals.
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