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Abdominal-based free tissue transfer is the most common
method of autologous breast reconstruction in the United
States.1 To optimize clinical and aesthetic outcomes, preop-
erative planning is paramount. One such component of
planning is the estimation of flap weight. The ability to

accurately estimate flap weight serves to guide patient
expectations and aid in achieving a symmetric reconstruc-
tion. Without preoperative planning, the anticipated size of
the newly reconstructed breast may be unknown, and the
need for a contralateral symmetry procedure may not be
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Abstract Background Accurate flap weight estimation is crucial for preoperative planning in
microsurgical breast reconstruction; however, current flap weight estimation methods
are time consuming. It was our objective to develop a parsimonious and accurate
formula for the estimation of abdominal-based free flap weight.
Methods Patients who underwent hemi-abdominal-based free tissue transfer for
breast reconstruction at a single institution were retrospectively reviewed. Subcuta-
neous tissue thicknesses were measured on axial computed tomography angiograms
at several predetermined points. Multivariable linear regression was used to generate
the parsimonious flap weight estimation model. Split-sample validation was used to for
internal validation.
Results A total of 132 patients (196 flaps) were analyzed, with a mean body mass
index of 31.2�4.0 kg/m2 (range: 22.6–40.7). The mean intraoperative flap weight was
990� 344 g (range: 368–2,808). The full predictive model (R2¼0.68) estimated flap
weight using the Eq. 91.3xþ36.4yþ6.2z – 1030.0, where x is subcutaneous tissue
thickness (cm) 5 cm lateral to midline at the level of the anterior superior iliac spine
(ASIS), y is distance (cm) between the skin overlying each ASIS, and z is patient weight
(kg). Two-thirds split-sample validation was performed using 131 flaps to build a model
and the remaining 65 flaps for validation. Upon validation, we observed a median
percent error of 10.2% (interquartile range [IQR]: 4.5–18.5) and a median absolute
error of 108.6 g (IQR: 45.9–170.7).
Conclusion We developed and internally validated a simple and accurate formula for
the preoperative estimation of hemi-abdominal-based free flap weight for breast
reconstruction.
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readily apparent. Additionally, accurate flap size estimation
also guides decision making when performing conjoined
flaps or four flap reconstructions to ensure an adequately
voluminous breast mound. This estimate can mean the
difference between turning to an alternative donor site or
doing a stacked/conjoined flap. Furthermore, preoperative
volumetric planning may reduce perfusion-related flap
complications.2

Several flap weight and volume estimation methods have
been previously described.2–11 Although precise, these
methods require a multitude of anthropomorphic measure-
ments obtained using either caliper-based subcutaneous
thickness, computed tomography angiography (CTA), mag-
netic resonance imaging, or three-dimensional photography.
Given the necessity of utilizing multiple measurements to
obtain an estimate, these methods are often time consuming
and may be rendered cumbersome to perform.

CTA is a routine component of preoperative planning in
autologous breast reconstruction and has been highlighted
for improving operative efficiency.12–15 Although the chief
purpose of preoperative imaging is to discern perforator
anatomy, it additionally offers insight into potential flap
dimensions. It was our objective to determine the parsimo-
nious flap weight estimation model utilizing preoperative
imaging. We hypothesized that a prediction model utilizing
measurements obtained from a single axial plane on CT scan
could predict flap weight within �10% of the actual flap
weight.

Methods

A retrospective review of all patients who underwent ab-
dominal-based free flaps for breast reconstruction between
2012 and 2020 at a single institutionwas conducted. Patients
were included in the study if the flap was harvested as a
hemi-abdominal flap (i.e., flaps extending beyond the mid-

line were excluded), if there was a recent (within one year)
preoperative CTA scan of the abdomen and pelvis available
for review, and if flap weight was documented immediately
after harvest and prior to any excision of excess tissue.
Patient demographics and perioperative characteristics in-
cluding age, bodymass index (BMI), history of chemotherapy
or radiotherapy, mastectomy technique, flap type, laterality,
and extent of lymphadenectomy were collected.

Abdominal Wall Measurements
Subcutaneous tissue thicknesses were measured on each
CTA scan by a single investigator (N.G.) at the following
predetermined points: in the midline at the level of the
anterior superior iliac spine (ASIS), 5 cm lateral to midline at
the level of the ASIS, directly anterior to the ASIS, at the
midline point equidistant from the xyphoid process and the
umbilicus, and at the thickest overall point in the midline.
Measurements were obtained on axial CT scan by drawing a
line tangential to the abdominal wall at the point of interest
and then measuring the thickness perpendicular to this
tangent (►Fig. 1). Additionally, hip size was measured by
drawing a line connecting the skin overlying each ASIS.

Flap Design
Theflap ismarked as an ellipse bound superiorly by the point
�1 cm above the umbilicus, inferiorly by the point �5 cm
above the pubis, and laterally by each ASIS. The cranial and
caudal flap boundaries may be adjusted based on perforator
location and abdominal wall soft tissue laxity, such that the
abdomenmay be closed primarilywithout excessive tension.
For our standard hemi-abdominal flap, we do not extend our
dissection past the midline (i.e., Hartrampf zone II is exclud-
ed from hemi-abdominal flap). Perforators are identified on
preoperative CTA scan, location is verified using pencil
Doppler, and preoperative marking of perforators is per-
formed in the operating room.

Fig. 1 Axial computed tomography angiography demonstrating subcutaneous thickness measurements (mm) 5 cm lateral to midline in the
plane of the anterior superior iliac spine (ASIS), as well as cutaneous distance between each ASIS.
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Statistical Analysis
All analyses were computed using Stata Version 16.0 (Stata-
Corp LLC, College Station, TX). The samplewas randomly split
for model building (two-thirds of the cohort) and model
validation (one-third of the cohort) using a single iteration. A
backward stepping multivariable linear regression analysis
was performed to determine the parsimonious prediction
formula using the larger of the split sample. All first-order
interactions were evaluated, and none were found. All test
assumptions were assessed, and violations of test assump-
tions were appropriately addressed. Given that flap weight
predictionwasmodeled using each flap as its own individual
observation, and that multiple linear regression does not
account for the clustered nature of these data, we developed
a mixed effects model to verify the robustness of our predic-
tionmodel (not reported). Themodelswere found to be quite
similar and thewithin-subject variancewas found to be great
enough to continue with standard multiple linear regression
analysis. After the parsimonious model was determined, the
prediction formula was then validated on the remainder of
the sample. Additionally, a model was built using the full
sample to provide more precise coefficient estimates. Alpha
was set at the 0.05 level.

Results

A total of 175 patients (259 flaps) were identified; however,
35 of these patients did not have a flapweight recorded prior
to flap trimming, 2 patients underwent flaps extending
beyond the midline, and 7 patients had CT scans performed
over 1 year preoperatively; therefore, 132 patients (196
hemi-abdominal flaps) were analyzed. Operations were
performed by five different surgeons. The mean age of the
study population was 51.3�9.4 years and the median BMI
was 31.2�4.0 kg/m2 (►Table 1). The mean flap weight was
990�344g (range: 368–2808). One-hundred thirty-eight
(70.4%) flaps were deep inferior epigastric perforator
(DIEP) flaps, 14 (7.1%) were muscle sparing (MS)-0 trans-
verse rectus abdominis myocutaneous (TRAM) flaps, and 44
(22.4%) were MS-1 or -2 TRAM flaps. Sixty-five (49.2%)
patients underwent bilateral reconstruction and 23 (17.4%)
underwent nipple-sparing mastectomy.

Abdominal-Based FlapWeight Estimation and Internal
Validation
Flapweightwas regressedon theaforementionedpoints along
the abdominal wall in the larger of the split sample (n¼131).
The parsimonious flap weight prediction formula was de-
scribed by 99.8xþ32.4yþ4.5z – 810.9, where x is subcutane-
ous tissue thickness (cm) 5 cm lateral tomidline at the level of
the ASIS, y is distance (cm) between the skin overlying each
ASIS, and z is patient weight (kg) (►Table 2). For instance, a
patient with a subcutaneous tissue thickness of 3.8 cm (x), a
distancebetweentheskinoverlyingeachASISof32.8 cm,anda
weight of 110kg (z) would have an estimated flap weight of
1,126g with a 95% confidence interval of 1,037–1,222g; the
actual flapweight was 1,220g. This model had a coefficient of
determination (R2) that equaled 0.67.

The aforementioned model was then validated using the
remaining 65 flaps in the sample. The median percent error
(calculated as the absolute differencebetween estimated and
actual flap weight divided by the latter) was 10.2% (inter-
quartile range [IQR]: 4.5–18.5). The median absolute error
was 108.6 g (IQR: 45.9–170.7).

To calculate increasingly precise flapweight estimates, an
additional model was formulated using the entire sample
(n¼196). This flap weight prediction formula was described
by 91.3xþ36.4yþ6.2z – 1030.0, where the variables are as

Table 1 Patient and flap characteristics

Summary statistic
(n¼132 patients,
196 flaps)

Age, y 51.3� 9.4

BMI, kg/m2 31.2� 4.0

Neoadjuvant radiotherapy 56 (42.4)

Neoadjuvant chemotherapy 53 (40.2)

Bilateral reconstruction 65 (49.2)

Flap type

DIEP 138 (70.4)

TRAM 58 (29.6)

Mastectomy technique

Skin-sparing 109 (82.6)

Nipple-sparing 23 (17.4)

Lymphadenectomy

None 26 (19.7)

Sentinel node biopsy 65 (49.2)

Axillary lymph node
dissection

41 (31.1)

Flap weight, g 990�344

Abbreviations: BMI, body mass index; DIEP, deep inferior epigastric
perforator; SD, standard deviation; TRAM, transverse rectus abdominis
myocutaneous.
Reported as mean� SD or n (%).

Table 2 Linear regression for flap weight prediction in the split
sample

Measurement Regression coefficient
(95% CI)

Subcutaneous thickness 5 cm
lateral to midline, cma

99.8 (55.7–144.0)

Distance between skin
overlying each ASIS, cm

32.4 (18.0–46.8)

Weight, kg 45.0 (13.1–77.0)

Constant �810.9 (�1113.5–�508.2)

Abbreviations: ASIS, anterior superior iliac spine; CI, confidence interval.
R2¼ 0.67, n¼ 131 flaps.
aMeasured at the level of the ASIS.
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above (►Table 3). The R2 equaled 0.68. This predictive model
is published on our web-based calculator, which can be
accessed at plasticsurgerycalc.com (►Fig. 2). Given the po-
tential flap weight impact of rectus muscle inclusion, a
sensitivity analysis was performed by generating a predic-
tion model utilizing solely DIEP flaps. This model, with a
sample size of 138 flaps, had an R2 of 0.68 and a median
percent error of 11.1% (IQR: 5.4–20.3).

Discussion

Our findings demonstrate that hemi-abdominal free flap
weight can be estimated to �10% error using two measure-
ments obtained from axial CTscan in the plane of the ASIS, in
addition to patient weight. The aforementioned model uti-
lizes subcutaneous tissue thickness 5 cm lateral tomidline as
well as the cutaneous distance between each ASIS. This
model was internally validated using one-third of our sam-
ple, and the median percent error was 10.2%. Of note, the
range of flap weights examined was 368 to 2,808 g, meaning
the predictionmodel can be utilized over awide array of flap
sizes.

Current methods of flap weight and/or volume estima-
tion, although accurate, are cumbersome and limited in their
clinical applicability. For instance, ultrasonography has been
utilized to estimate abdominal flap volume, a method that
requires up to 30minutes to complete.5,7,9 Although ultra-
sonography has been described for preoperative perforator
mapping, it is less commonly used than CTA and thus may
not be a routine component of preoperative planning atmost
institutions.13 Another method described by Woo et al,
dubbed the “pinch test,” is comprised of three paraumbilical
abdominal thickness measurements obtained using a skin-

Table 3 Linear regression for flap weight prediction in the
entire sample

Measurement Regression coefficient
(95% CI)

Subcutaneous thickness
5 cm lateral to midline, cma

91.3 (56.2–126.3)

Distance between skin
overlying each ASIS, cm

36.4 (25.2–47.5)

Weight, kg 61.2 (35.1–88.1)

Constant �1030.0 (�1275.2–�784.8)

Abbreviations: ASIS, anterior superior iliac spine; CI, confidence interval.
R2¼ 0.68, n¼ 196 flaps.
aMeasured at the level of the ASIS.

Fig. 2 Abdominal-based-free flap weight estimation calculator webpage, which can be accessed at plasticsurgerycalc.com. ASIS, anterior
superior iliac spine; DIEP, deep inferior epigastric perforator.
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fold caliper, in addition to flap height, flapwidth, and patient
BMI.11 Despite being useful when preoperative CTA is not
available, the pinch test is particularly limited by interoper-
ator variation in thickness measurements and relies heavily
on consistent user technique.

Several studies have demonstrated shorter operative
times when CTA is utilized, attributing these findings to
enhanced understanding of perforator anatomy.12,14–16 Giv-
en its established role in preoperative planning, as well as its
cost-effectiveness, CTA remains the preferred flap weight
estimation modality.3 A predictive model by Woo et al was
developed using BMI, flap height, flap width, and subcuta-
neous tissue thickness measured on CTA at three paraum-
bilical sites: 5 cm right, left, and inferior to the umbilicus.10

Thismodel yielded an absolute error of 7.7%with amean flap
weight of 680 g and range of 241 to 1,770 g. Although the
aforementioned model was validated with an absolute error
2.5% less than our model, it is limited in its clinical
applicability secondary to requiring three subcutaneous
thickness measurements performed in multiple axial planes
as well as flap height and width to be measured topographi-
cally during office visit. Additionally, it is valid over a narrow
range of flap weight, limiting its generalizability. Another
predictive model by Nanidis et al was developed using an
isosceles triangle-based geometric formula requiring meas-
urements obtained on CT scan in both the axial and sagittal
planes.6 The authors reported an absolute error of 6.8% with
a mean flap weight of 657 g and a range of 300 to 1,290 g.
Despite having a lesser percent error than our model, this
study encounters many of the same qualms as the study by
Woo et al, namely a cumbersomemethod and a narrow range
of flapweights. Additionally, the sample size is small, with 17
flaps being utilized to build the model and 15 flaps for
prospective validation. Of note, the aforementioned models
predict the weight of the entire abdominal flap; therefore,
direct comparison of prediction error with our model must
be interpreted with caution. Lastly, several studies have
described using CTA for three-dimensional flap volume
estimation.2,4,8 Although highly accurate, these methods
are time consuming and software may not be easily accessi-
ble by most institutions. We describe a flap weight estima-
tion method that utilizes just two-thickness measurements
obtained from a single axial plane on CTA. Although this
parsimonious approach favors ease of use over prediction
accuracy, we maintain an acceptable median absolute error
of �10%. This balance of accuracy and estimation efficiency
provides an increasingly encouraging and user-friendly
method.

Several abdominal wall measurements were considered
during model development including the midline thickness
at the level of the ASIS, midline thickness at the midpoint
between the xiphoid process and umbilicus, thickest overall
midline point, 5 cm lateral to midline at the level of the
ASIS, and hip size at the level of the ASIS. Subcutaneous
thickness 5 cm lateral to midline at the level of the ASIS was
deemed to be the most predictive thickness measurement
on the abdomen. We speculate that the midflap location of
the ASIS contributed to this point’s predictive strength.

Additionally, the distribution of adiposity lateral to the
midline is more representative of overall abdominal wall
adiposity than subcutaneous thickness in the midline.
Although a flap weight prediction formula utilizing just
this measurement yielded a median absolute error of �12%,
we felt that measuring hip size at the level of the ASIS added
minimal additional time while increasing estimation
accuracy.

We recognize several key limitations in our study. First,
our model was validated both retrospectively and internally.
Prospective, external validation is needed to support the
accuracy and generalizability of our prediction method.
Second, we only included patients who underwent hemi-
abdominal freeflaps and are therefore unable to comment on
the prediction of other flap designs. Third, a single author
measured all variables, which may limit generalizability.
Fourth, we combined both DIEP and TRAM flap weight
estimation into a single formula, which may contribute to
the observed prediction variance. However, a sensitivity
analysis was performed using only the 137 DIEP flaps in
the study and demonstrated comparable prediction error;
therefore, the decision was made to include both DIEP and
TRAM flaps in a single formula. Fifth, we can only generalize
our estimation to hemi-abdominal flaps, as the error of our
prediction formula may be compounded if applied to the
entire abdomen. Lastly, we excluded patients who under-
went magnetic resonance angiography; therefore, our model
cannot be extrapolated to patients imaged using this
modality.

Nonetheless, our study encompasses a relatively large
sample of hemi-abdominal free flaps performed by multiple
surgeons. Given thewide range of flapweights, as well as our
split sample validation method, we believe this study pro-
vides a reliable, validated, and streamlined method of esti-
mating abdominal-based free flap weight for breast
reconstruction.

Conclusion

Hemi-abdominal free flap weight can be estimated to �10%
error using measurements obtained on CTA. Subcutaneous
tissue thickness 5 cm from midline in the plane of the ASIS,
hip size at the level of the ASIS, and patient weight were the
only parameters needed to obtain an accurate flap weight
estimation. Thismodel is valid forflapweights in the range of
368 to 2,808 g.

Presented at
Northeastern Society of Plastic Surgeons Virtual Meeting,
September 26th – 27th, 2020.
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