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ABSTRACT

Background Microsurgical breast reconstruction with deep inferior epigastric perforator (DIEP) flaps has become increasingly
popular. While surgeons undergo rigorous training, it is believed that plastic surgeons continue to refine and enhance their
performance through independent practice. This study evaluates the effect of surgeon experience on clinical outcomes in DIEP
flap breast reconstruction.

Methods A retrospective review was conducted on consecutive DIEP flap procedures performed by a single surgeon from
fellowship completion in 2013 to 10 years of independent professional practice in 2023. Patients were categorized into “early”
and “late” groups, separated by a midpoint surgery date (July 30, 2018). Statistical analyses included student’s t-tests, chi-
squared analysis with Fisher’s exact test, and multivariable regressions controlling for comorbidities.

Results The study included a total of 1,182 DIEP flaps in 632 patients, with 238 in the early group and 394 in the late group. The
late group had a lower mean body mass index (28.83 vs. 29.98, p=0.004), prevalence of hypertension (26.6% vs. 35.3%,
p=0.021), and prevalence of diabetes (7.9% vs. 14.3%, p=0.010) than the early group. After controlling for potential
confounders, the late group was independently associated with decreased length of stay (incidence rate ratio [IRR]=0.611,
p <0.001) and fewer revision surgeries (IRR =0.689, p < 0.001).

Conclusion This large, single-surgeon series demonstrates that even with extensive initial training, plastic surgeons continue to
evolve their surgical outcomes through accumulated experience. These findings emphasize the importance of consistent

volume over time in achieving optimal results in microsurgical breast reconstruction.

Keywords microsurgical breast reconstruction, surgeon experience, learning curve

received December 26, 2024 | accepted after revision August 17, 2025 | accepted manuscript online August 21, 2025 | article published online 2025

Bibliography ] Reconstr Microsurg DOI 10.1055/a-2687-0207 Art ID |RM-24-12-0337
© 2025. Thieme. All rights reserved. Thieme Medical Publishers, Inc., 333 Seventh Avenue, 18th Floor, New York, NY 10001, USA

Correspondence Neil Tanna, MD, MBA, Northwell Health, 600 Northern Boulevard, Suite 310, Great Neck, NY 11021, United States,

Email: NTanna@northwell.edu; neiltanna@gmail.com

Breast reconstruction following mastectomy is a critical compo-
nent of comprehensive care for breast cancer patients, significant-
ly enhancing quality of life and self-image. Over the past few
decades, microsurgical techniques have revolutionized the field of
breast reconstruction, with the deep inferior epigastric perforator
(DIEP) flap emerging as the gold standard."? First introduced in
the early 1990s by Dr. Robert Allen Sr., the DIEP flap has gained
widespread popularity due to its favorable outcomes and reduced
donor site morbidity.>> While the DIEP flap offers numerous
advantages, microsurgical breast reconstruction is a technically
demanding procedure that requires high levels of precision and
expertise. Achieving desirable outcomes from this operation relies
on a plastic surgeon’s skill and expertise.

Although surgeons receive rigorous training throughout their
residency and fellowship programs, plastic surgeons are believed
to continue refining and improving throughout their independent
practice, well beyond training. The relationship between surgical
volume and clinical outcomes has been well-documented across
various surgical specialties.®® However, this phenomenon has
been less explored within microsurgical breast reconstruction.
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International studies have explored the learning curve and case
volume relationship for DIEP flaps with varying results. Some
research indicates a significant learning curve effect, with com-
plications decreasing as surgeon experience increases. For exam-
ple, an early study in Norway found such an effect, with
complications decreasing as surgeon experience increased.'®
Similarly, Hofer et al observed significantly higher complication
rates in the first 30 flaps compared with subsequent cases."’
Additionally, Varnava et al, in a retrospective analysis of 115
patients in Germany, noted a significant reduction in length of
stay (LOS) over time, although they did not observe a significant
change in complication rates.'? While these studies underscore
the importance of experience and surgical volume in improving
outcomes, other studies suggest that well-trained surgeons can
achieve high success rates from the outset of their independent
practice, challenging the notion of an extensive learning
curve.'>™

Despite these international studies, the specific learning curve
for DIEP flap breast reconstruction in the United States remains
understudied. To date, no large single-surgeon series has
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examined the learning curve effect in DIEP flap breast reconstruc-
tion for a plastic surgeon trained and practicing in the United
States. The senior author of the study has collected an ongoing
extensive database of their DIEP flap cases over the first 10 years
since their microsurgical fellowship graduation, which provided a
unique opportunity to assess how their operative acumen has
improved over time. By analyzing a comprehensive dataset
spanning this period, we seek to provide valuable insights into
the learning curve and volume-outcome relationship in this
complex procedure.

Methods

Data Collection

After obtaining Institutional Review Board approval, we con-
ducted a retrospective review of all consecutive DIEP flap breast
reconstructions performed by the senior author (NT) during the
period from May 2013 to October 2023. Alternative flap types,
such as profunda artery perforator, lumbar artery perforator, and
transverse rectus abdominus myocutaneous flaps, were excluded
from this study. Robotic-assisted DIEP flap procedures were also
excluded from this analysis as they represent a distinct technique
with their own unique learning curve and operative consider-
ations.'® Enhanced recovery after surgery (ERAS) protocols were
implemented at our institution in January 2017.

Comprehensive data were collected, including patient demo-
graphics, comorbidities, operative details, and postoperative out-
comes. The demographic variables of interest included age, body
mass index (BMI), and smoking history. Comorbidities of interest
included hypertension, diabetes, hyperlipidemia, and coronary
artery disease. The surgical details of interest focused on flap type,
specifically whether the reconstruction was unilateral or bilateral.
Primary postoperative outcomes include LOS, complications, and
the number of revision surgeries. Postoperative complications
were classified as donor site complications or recipient site
complications occurring within 90 days of the primary surgery.
Donor site complications included seroma, hematoma, infection,
and wound dehiscence occurring at the abdominal donor site.
Recipient site complications included seroma, hematoma, infec-
tion, wound dehiscence, arterial insufficiency, venous congestion,
flap necrosis, revision of anastomoses, and partial or total flap loss.
To assess the impact of surgeon experience over time, patients
were divided into two cohorts based on the midpoint date of the
study period to equally divide the surgeon’s first decade of
independent practice. This time-based division was chosen as a
practical surrogate for surgical volume and experience, consistent
with prior learning curve studies in microsurgical breast recon-
struction.'>'® The “early group” included patients who under-
went surgery from the start of the study period to July 30, 2018.
The “late group” comprised patients who underwent surgery from
July 31, 2018, to the end of the study period.

Statistical Analysis
Descriptive statistics were calculated for all variables and are
presented as mean and SD.

To control for potential confounding factors, multivariable
regression analyses were performed. These analyses adjusted
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for age, BMI, and tobacco use when comparing outcomes be-
tween the early and late groups. For binary outcomes (complica-
tions), logistic regression was used. For count data (number of
revision surgeries and LOS), Poisson regression was employed.
Significance was set at p < 0.05. Statistical analysis was performed
using R version 4.4.1 (R Foundation for Statistical Computing,
Vienna, Austria).

Results

A total of 1,182 DIEP flaps in 632 patients were included in our
study. The early group consisted of 238 patients with 419 flaps (57
unilateral and 181 bilateral), while the late group included 394
patients with 763 flaps (25 unilateral and 369 bilateral). The mean
BMI (28.83 vs. 29.98, p = 0.004) of patients in the late group was
significantly lower than those in the early group. Additionally, a
significantly lower percentage of patients in the late group had
hypertension (26.6% vs. 35.3%, p=0.021) and diabetes (7.9% vs.
14.3%, p=0.016) compared with the early group. There were no
statistically significant differences between the two groups in
terms of age (50.50 vs. 52.26, p=0.11), prevalence of hyperlip-
idemia (20.8% vs. 24.8%, p=0.2), prevalence of coronary artery
disease (0.8% vs. 021%, p=0.2), or smoking history (28.5% vs.
29.4%, p=0.8). Table 1 summarizes the patient demographics
and clinical characteristics for both early and late groups.

The length of hospital stay was significantly shorter in the late
group compared with the early group (2.39 days, SD =3.07 vs.
3.80 days, SD=2.20, p<0.001). Additionally, the number of
revision surgeries was significantly lower in the late group
(0.424 vs. 0.620, p<0.001). Overall complication rates were
lower in the late group, though this difference did not reach
statistical significance (12.18% vs. 17.23%, p=0.077). When
complications were categorized by anatomic location, recipient
site complications were lower in the late group (10.15%) com-
pared with the early group (14.29%), though this difference did
not reach statistical significance (p=0.12). Donor site complica-
tions (4.62% vs. 5.84%, p = 0.5) showed no significant differences
between the early and late groups.

A regression analysis was conducted to explore the LOS,
number of revision surgeries, recipient site complications, donor
site complications, and total complications between the early and
late groups, adjusting for confounders such as age, BMI, and
tobacco use. The analysis demonstrated a significantly lower LOS
in the late group (incidence rate ratio [IRR]=0.611, confidence
interval [Cl]=[0.56-0.67], p<0.001) compared with the early
group. Additionally, we found a significantly lower number of
revision surgeries (IRR =0.689, Cl =[0.55-0.87], p < 0.001) in the
late group. The late group was not associated with a significantly
different risk of recipient site complications (IRR=0.726, Cl
=[0.44-1.19], p=0.203), donor site complications (IRR=1.44,
Cl=[0.68-3.21], p=0.345), or any complication (IRR=0.682,
Cl=[0.43-1.08], p=0.104). Table 2 summarizes the multivari-
able regression analyses.

Discussion

Microsurgical breast reconstruction has significantly increased in
practice over the past few decades. Among the available
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Table 1 Demographic and clinical outcome data of patients within the early and late groups
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Respondent Early group (n=238) Late group (n=394) p-Value
Number of flaps 419 763
Unilateral 57 25
Bilateral 181 369
Mean patient age 52.26 (SD=238.07) 50.50 (SD=11.11) 0.11
Mean patient BMI 29.98 (SD=5.28) 28.83 (SD=5.75) 0.004°
Comorbidities
Coronary artery disease 5(2.1%) 3(0.8%) 0.2
Diabetes 4 (14.3%) 31 (7.9%) 0.010°
Hyperlipidemia 59 (24.8%) 82 (20.8%) 0.2
Hypertension (35 3%) 105 (26.6%) 0.021°
Smoking history 0 (29.4%) 109 (28.5%) 0.8
Any complication 41 (17.23%) 48 (12.18%) 0.077
Donor site complications 1(4.62%) 22 (5.84%) 0.5
Recipient site complications 34 (14.29%) 40 (10.15%) 0.12
Length of stay 3.80 (SD=2.20) 2.39 (SD=3.07) <0.001?
Number of revision surgeries 0.620 (SD =0.909) 0.424 (SD = 0.540) <0.001°

Abbreviations: BMI, body mass index; SD, standard deviation.
“represents values with statisitical significance.

techniques, the DIEP flap has become the most preferred due to its
favorable morbidity and mortality profile for patients and its
robust aesthetic outcomes.>'” However, the success of this
technically demanding operation heavily relies on the surgeon’s
microsurgical expertise.'® The procedure requires a specific set of
advanced techniques to achieve strong results.'® Although sur-
geons undergo rigorous training during medical school, residency,
and often fellowship, their operative case volume is typically
program-dependent and, in some cases, relatively limited. Fur-
thermore, surgeons often face a stark transition to independent
practice. Therefore, it is believed that surgeons continue to refine
their operative skills and expertise through accumulated experi-
ence. This study evaluated the impact of surgeon experience on
clinical outcomes in DIEP flap breast reconstruction.

Our study revealed a significant reduction in both the number
of revision surgeries and the length of hospital stay in the late

group. Additionally, while the difference in complication rates was
not statistically significant, there was a noticeable trend toward
fewer complications in the late group. These findings suggest that
as the surgeon’s experience increased, their technical proficiency
and patient outcomes also increased. The reduced LOS between
the early and late groups provides compelling evidence of im-
proved surgical acumen over time. We interpret the shorter LOS as
an indication of enhanced surgical proficiency because this metric
reflects the impact of both major and minor complications, along
with other factors contributing to extended hospitalizations. 22
The decrease in LOS is particularly meaningful as it has been
associated with improved outcomes, enhanced patient satisfac-
tion, and reduced healthcare costs.?>~> One possible explanation
for the decreased LOS in the late group is that as surgeons master
the technical aspects of microsurgery, they can focus more
attention on process improvement and operational efficiency.

Table 2 Comparison of clinical outcomes between patients within the early and late groups

Unadjusted model

Adjusted model

Characteristic IRR|OR 95% Cl p-Value IRRJOR 95% Cl p-Value
Late group
Any complication 0.649 [0.41-1.03] 0.062 0.682 [0.43-1.08] 0.104
Donor site complications 1.28 [0.63-2.77] 0.512 1.44 [0.68-3.21] 0.345
Recipient site complications 0.678 [0.42-1.11] 0.119 0.726 [0.44-1.19] 0.203
Length of stay 0.607 [0.54-0.67] <0.001° 0.611 [0.56-0.67] <0.001°
Number of revision surgeries 0.681 [0.55-0.85] 0.001° 0.689 [0.55-0.87] <0.001°

Abbreviations: IRR, incidence rate ratio; OR, odds ratio.
“represents values with statisitical significance.
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Previous studies have demonstrated that experienced surgeons
often develop more standardized and efficient approaches to
complex procedures, which may contribute to improved patient
outcomes.?'-26-28

The implementation of ERAS protocols during our study period
represents an important consideration in interpreting our results.
ERAS protocols were introduced at our institution in January 2017,
affecting the latter portion of the early cohort and the entirety of
the late cohort. Enhanced recovery protocols have consistently
demonstrated improvements in pain management and significant
reductions in LOS for DIEP flap breast reconstruction across multiple
studies.2%2429-31 While these protocols undoubtedly contributed
to some of the observed improvements in our late group, it is
important to note that the surgeon’s experience with refinements
and optimization of ERAS protocols may have worked synergistical-
ly with accumulated surgical experience. The successful implemen-
tation of ERAS protocols requires a multidisciplinary approach and
ongoing refinement, factors that may have been enhanced by the
surgeon’s growing experience with the nuances of perioperative
care optimization. Although it would be difficult to study the effects
of surgeon experience and protocol refinements in isolation, we
believe both factors work together in clinical practice to improve
patient outcomes. Future studies examining learning curves in
microsurgical reconstruction should carefully consider the timing
and implementation of institutional protocol changes.

While our study demonstrated a statistically significant reduc-
tion in revision surgeries between the early and late groups, the
clinical significance of this finding warrants careful interpretation.
The mean number of revisions in both groups was less than one
per patient (0.620 vs. 0.424), suggesting that many patients
undergo reconstruction without any subsequent revisions. The
decision to pursue revision surgery is multifactorial and influenced
by both objective and subjective factors such as technical out-
comes, personal preferences, patient satisfaction, and quality of
life considerations.>>33 Patients in the late group may have
benefited from improved initial reconstructive outcomes, poten-
tially reducing the perceived need for revisions—or alternatively,
may have had different expectations regarding aesthetic refine-
ments. This relatively low revision rate may reflect our surgical
philosophy of achieving optimal results during the initial opera-
tion, though we acknowledge that revision rates can vary consid-
erably depending on the interplay of the factors noted above.
Furthermore, the observed difference of 0.2 revisions between
groups, while statistically significant, may not represent a clinically
meaningful difference for individual patients.

The findings of this study have significant implications for
surgical training and continued education. While surgical residen-
cy and fellowship programs provide a foundation for surgeons, our
study illustrates that refining surgical skills and acumen continues
well beyond formal education. The ongoing improvement of
a U.S.-trained surgeon suggests that even those with the highest
level of formal training benefit from continued volume, repetition,
and experience. This implies that training programs should maxi-
mize the quantity of cases that provide exposure to complex
microsurgical procedures.'®3* Moreover, these findings under-
score the importance of mentorship in the early years of practice,
where less experienced surgeons could benefit from the guidance
of more seasoned colleagues.
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This study also has critical implications for patients by
highlighting the importance of surgeon experience as a key factor
in achieving optimal outcomes in DIEP flap breast reconstruction.
Our data suggest that patients may benefit from selecting
surgeons with extensive experience in this specific procedure.
Surgeons might consider discussing their experience with DIEP
flaps and providing outcome data to assist patients in making
informed decisions. However, numerous factors contribute to
choosing the right surgeon.>>=37 While our study indicates that
extensive experience can be beneficial, it does not imply that
surgeons with less experience cannot achieve excellent results.
The choice of surgeon should ultimately be made by the patientin
consultation with their care team to ensure the best possible
outcomes.

Limitations

This study has several limitations beyond its retrospective design.
First, the findings are based on a single surgeon’s experience, which
may limit their generalizability. Future research should include
multiple surgeons across different institutions to broaden the
applicability of the results. Additionally, although the study con-
trolled for BMI, age, and tobacco use, other unmeasured factors may
have influenced outcomes between the early and late groups.
Moreover, this study did not consider the impact of changes within
the hospital environment outside of the surgeon’s control. It is
possible that the surrounding team’s efficiency or other departmen-
tal changes contributed to the improved patient outcomes. Finally,
since the study spans a decade, advancements in surgical techni-
ques, anesthesia, and ERAS protocols may have independently
influenced the outcomes.?”3%3° Notwithstanding these limitations,
the study provides valuable insights into the learning curve and
volume-outcome relationship associated with DIEP flap breast
reconstruction by U.S.-trained and practicing plastic surgeons.
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