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INTRODUCTION
Patients undergoing bilateral autologous breast recon-

struction may benefit from multiple perforator flaps in 
a four-flap configuration for appropriate volume, ptosis, 
and avoidance of prosthesis.1–3 The senior authors have 

previously reported their experience with four-flap breast 
reconstruction using bilateral stacked deep inferior epi-
gastric perforator (DIEP) and profunda artery perforator 
(PAP) flaps.1,4 Early experience suggests an acceptable 
microsurgical risk and donor site morbidity profile.

Patient-reported outcome measures are critical in 
understanding patient perception and quality of life 
with autologous breast reconstruction.5–7 This is espe-
cially relevant when determining the appropriate choice 
of secondary or stacked flaps in selected patients.8 With 
regard to donor site morbidity, the most common donor 
site complications among four-flap patients include 
delayed wound healing and dehiscence, hematoma, and 
seroma.1,9 However, there is a paucity of data describing 
the quality of life and postoperative experience among 
four-flap patients. Four-flap breast reconstruction patients 
are also a unique population in which to directly com-
pare abdominal and posterior thigh donor site outcomes 
within the same patient population. Our aim was to review 
patient-reported outcome measures in four-flap breast 
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ABSTRACT

Background: Patients undergoing bilateral autologous breast reconstruction may 
benefit from increased flap volume using bilateral stacked deep inferior epigastric 
perforator (DIEP) and profunda artery perforator (PAP) flaps. Our aim was to 
characterize the donor site morbidity and patient-reported outcomes in four-flap 
breast reconstruction.
Methods: Retrospective review was performed for all patients undergoing four-flap 
breast reconstruction by two surgeons between January 2010 and September 2021. 
Outcome measures including the BREAST-Q reconstructive module, the lower 
extremity functional scale (LEFS), inpatient surgical site pain scores by numeric 
pain rating scale (NPRS), and a postoperative subjective survey comparing donor 
sites were obtained. Four-flap BREAST-Q scores were compared with bilateral 
DIEP and bilateral PAP patients.
Results: A total of 79 patients undergoing four-flap breast reconstruction were 
identified. Four-flap BREAST-Q scores (n = 56) were similar to bilateral DIEP and 
bilateral PAP reconstruction patients. Long-term survey outcomes from the LEFS 
demonstrated improved score trend after 6 months. Mean instances of donor site 
pain location recorded at the abdomen were significantly higher than the thigh 
during the postoperative admission. Subjective survey data revealed more long-
term donor site pain at the PAP site, a patient preference for the DIEP donor site, 
and easier postoperative care for the DIEP donor site.
Conclusions: This is the largest consecutive series of four-flap breast reconstruction 
outcomes reported to date. BREAST-Q scores in four-flap patients demonstrate 
overall patient satisfaction that is similar to both bilateral DIEP and bilateral PAP 
reconstruction patients. The DIEP donor site appears to be preferred by patients 
over the PAP donor site. (Plast Reconstr Surg Glob Open 2022;10:e4413; doi: 10.1097/
GOX.0000000000004413; Published online 25 July 2022.)
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reconstruction patients and to compare abdominal and 
posterior thigh donor site subjective outcomes within this 
cohort.

METHODS
Between January 2010 and September 2021, a ret-

rospective chart review was performed of all patients 
undergoing four-flap breast reconstruction by the two 
senior cosurgeons (N.T.H. and S.S.T.) at a single aca-
demic medical center. Following institutional review 
board approval, all data were collected within REDCap.10 
Patient demographics, including age, body mass index, 
history of cancer, radiation therapy, chemotherapy, medi-
cal comorbidities, and social history, were recorded. All 
four-flap patients were invited to complete the BREAST-Q 
module and lower extremity functional scale (LEFS) at 3-, 
6-, 12-, 18-, 24-, and greater than 24-month time points.11 
Rasche scores were calculated for each of the postopera-
tive BREAST-Q questions. Patients with missing responses 
to specific questions were removed from the analysis of 
that question, and kept for the analysis of completed 
questions. An additional nonvalidated postoperative sur-
vey was administered to assess subjective thigh aesthetic 
improvement, and to directly compare donor site pain, 
preference, and ease of postoperative care. For the pur-
poses of data analysis, the most recent scores were used 
for comparisons.

For surgical site pain analysis between four-flap 
patients, patient numeric pain rating scale (NPRS) and 
pain location were recorded by nursing staff into the 
electronic medical record during the postoperative inpa-
tient admission. Pain scores were recorded every 2 hours 

in the surgical intensive care unit, and every 4 hours after 
floor transfer. If no pain was present, a score of 0 was doc-
umented. Mean pain scores were calculated per donor 
anatomic location (abdomen, thighs, and breasts), along 
with the number of recorded pain instances per ana-
tomic site. As an example, if the recorded pain score was 
documented as 7 to the abdomen out of the 0–10 scale, 
one count of abdominal pain was recorded. Similarly, if 
both abdominal pain and thigh pain were documented 
for the pain score, each donor site received one count of 
recorded pain instance.

We then performed a comparative analysis of 
BREAST-Q scores of four-flap patients to bilateral DIEP 
and bilateral PAP patients as reference populations. 
All patients undergoing bilateral DIEP or bilateral PAP 
reconstruction within the study timeframe were reviewed. 
Patients were excluded from analysis if there was no 
response to BREAST-Q survey invitation. Estimated mar-
ginal means were obtained and adjusted for age, BMI, 

Takeaways
Question: What are the donor site morbidity and patient-
reported outcomes in four-flap breast reconstruction?

Findings: BREAST-Q scores in four-flap patients demon-
strate overall patient satisfaction similar to both bilateral 
DIEP and bilateral PAP reconstruction patients.

Meaning: Patients who require more volume for breast 
reconstruction have a safe choice in four-flap reconstruc-
tion that demonstrated similar satisfaction as DIEP and 
PAP reconstruction patients.

Fig. 1. BreaSt-Q patient flowchart.
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follow-up survey time, radiation, and neoadjuvant and 
adjuvant chemotherapy. Bilateral PAP patient LEFS 
scores were also obtained as a comparison to the four-flap 
group. Finally, normative BREAST-Q scores were obtained 
for all preoperative patients with available preoperative 
BREAST-Q surveys undergoing any reconstruction type 
(implant-based, autologous, unilateral, or bilateral) after 
invitation following the initial consult. These norma-
tive patients were then compared with the postoperative 
BREAST-Q scores of the three surgical groups (four-flap, 
DIEP, and PAP). Statistical significance was set at a P value 

less than 0.05 for all tests. All statistics were performed 
using SAS 9.4 (SAS Institute, Cary, NC).

RESULTS
A total of 79 patients undergoing four-flap breast 

reconstruction were identified, with a median clinic follow-
up time of 23 months. Completed BREAST-Q module was 
available for 56 patients, and completed LEFS was available 
for 60 patients. Inpatient postoperative NPRS pain score 
data were available for 60 patients. For bilateral DIEP flap 
patient comparison, 702 patients were identified, of which 

Table 1. Summary of Patient Demographics and History

Characteristics

Group

Four-flap PAP DIEP

(N = 56) (N = 31) (N = 256)

Age at flap procedure
 Mean ± SD 50.4 ± 9.3 47.4 ± 10 51.48 ± 9.2
 Median (IQR) 49 (45.8–59.0) 46 (41–56) 52 (45–58.3)
BMI for flap procedure*
 Mean ± SD 25.8 ± 3.7 24.7 ± 4.1 40 ± 5.6
 Median (IQR) 25.4 (23.0–28.9) 24.1 (22.7–25.6) 30.4 (26.63. 34.2)
Race
 White 43 22 172
 Asian 1 0 5
 Black 2 2 33
 Hispanic 5 7 37
 Other 5 0 9
HTN*
 No 49 29 196
 Yes 7 2 60
Diabetes
 No 55 30 244
 Yes 1 1 12
Autoimmune
 No 50 30 241
 Yes 6 1 15
History of abdominal surgery
 No 18 9 75
 Yes 38 22 181
History of cosmetic breast surgery*
 No 48 28 243
 Yes 8 3 13
History of DVT or PE
 No 55 28 242
 Yes 1 3 14
History of miscarriage
 No 55 31 252
 Yes 1 0 4
Family history or hematologic diagnosis of hypercoagulability
 No 53 29 244
 Yes 3 2 12
Prophylactic mastectomy due to genetic mutation
 No 47 30 215
 Yes 9 1 41
Radiation*
 No 25 13 170
 Yes 31 18 86
Neoadjuvant chemotherapy
 No 39 24 184
 Yes 17 7 72
Adjuvant chemotherapy
 No 46 23 181
 Yes 10 8 75
Procedure time cut to closure (min)*
 Mean ± SD 530.6 ± 111.5 358.6 ± 188.8 387.2 ± 162.1
 Median (IQR) 524 (464.0–611.5) 312 (256.5. 433.5) 364.5 (272.5–450)
Length of stay (d)*
 Mean ± SD 3.9 ± 1.2 3 ± 1 3.4 ± 2
 Median (IQR) 4 (3–5) 3 (2–3) 3 (2–4)
For categorical variables, P values were obtained using the Chi-square test or Fisher exact test. For continuous variables, P values were obtained using one-way 
ANOVA or nonparametric Kruskal–Wallis rank sum test.
*Denotes statistical significance.
ANOVA, analysis of variance; DVT, deep venous thrombosis; HTN, hypertension; PE, pulmonary embolism.
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256 patients had completed BREAST-Q data. For bilateral 
PAP patients, 86 patients were identified with 31 with com-
pleted BREAST-Q data, and 46 with completed LEFS data. 
A flowchart for patient inclusion is shown in Figure  1. 
Mean BREAST-Q postoperative survey time was 18.6 ± 10.4 
months for four-flap patients, 16.9 ± 10.7 months for bilat-
eral DIEP patients, and 16.4 ± 9.9 months for bilateral 
PAP patients, and was not statistically significant between 
groups (P = 0.518). Patient demographic data for patients 
with completed BREAST-Q data are shown in Table 1.

Four-flap BREAST-Q results demonstrated estimated 
marginal mean Rasch score of satisfaction with breasts of 
79.0 ± 18.2, psychosocial well-being 86.4 ± 18.4, physical 
well-being chest 84.3 ± 16.6, physical well-being abdomen 
77.0 ± 21.5, and sexual well-being 64.9 ± 25.7. For postop-
erative patient experience measures, four-flap patients 
demonstrated satisfaction with information 85.2 ± 18.2, sat-
isfaction with surgeon 94.2 ± 12.8, satisfaction with medical 
team 97.9 ± 7.1, and satisfaction with office staff 99.2 ± 3.64. 
When compared with bilateral DIEP patients and bilateral 
PAP patients, there was no difference in EMM scores for 
each of the outcome measures. The remainder of the 
results are shown in Table 2. Survey outcomes from the 
LEFS (n = 60) among four-flap patients demonstrated a 
most recent mean score of 92.4% (SD, 10.9), with score 
trend over time shown in Figure  2. For bilateral PAP 
patients, the most recent mean score was 90.4% (SD, 
12.45), which was not statistically significant (P = 0.7895).

With regard to donor site pain, mean instances of 
donor site pain location recorded at the abdomen (9.72 
instances; 95% CI, 7.78–11.66) were significantly higher 
than the thigh (2.82 instances; 95% CI, 1.63–4.00) during 
the postoperative admission (P ≤ 0.0001). The distribu-
tion of donor site complaint frequency between abdomen, 
thigh, and breast sites is shown in Figure  3. Mean pain 
score severity by NPRS was statistically similar between 
abdomen, thigh, and breast surgical sites.

Table 2. Summary of BREAST-Q Scores with DIEP Flap as 
the Reference

BREAST-Q (N = 352) Mean ± SD EMM P

Postoperative satisfaction with breasts
 DIEP 73.4 ± 23.2 74.2 Ref
 Four-flap 79.0 ± 18.2 78.2 0.737
 PAP 69.3 ± 19.3 66.1 0.205
Postoperative psychosocial well-being
 DIEP 75.9 ± 25.2 76.4 Ref
 Four-flap 86.4 ± 18.4 85.0 0.072
 PAP 71.0 ± 21.4 68.9 0.348
Postoperative physical well-being: chest
 DIEP 82.6 ± 18.1 83.3 Ref
 Four-flap 84.3 ± 16.6 82.3 1
 PAP 83.1 ± 16.2 81.0 1
Postoperative physical well-being: abdomen
 DIEP 71.2 ± 19.3 71.9 Ref
 Four-flap 77.0 ± 21.5 73.8 1
 PAP 68.3 ± 30.6 66.7 1
Postoperative sexual well-being
 DIEP 54.6 ± 29.8 56.0 Ref
 Four-flap 64.9 ± 25.7 62.1 0.704
 PAP 54.0 ± 29.8 48.9 0.753
Postoperative patient experience:  

 satisfaction with information
 DIEP 78.4 ± 19.2 79.8 Ref
 Four-flap 85.2 ± 18.2 82.2 1
 PAP 85.0 ± 17.5 79.2 1
Postoperative patient experience:  

 satisfaction with surgeon
 DIEP 91.6 ± 19.3 92.0 Ref
 Four-flap 94.2 ± 12.8 93.5 1
 PAP 95.8 ± 18.4 93.0 1
Postoperative patient experience:  

 satisfaction with medical team
 DIEP 95.7 ± 13.6 95.9 Ref
 Four-flap 97.9 ± 7.1 97.5 1
 PAP 96.6 ± 10.7 95.5 1
Postoperative patient experience:  

 satisfaction with office staff
 DIEP 97.0 ± 11.5 97.2 Ref
 Four-flap 99.2 ± 3.64 98.7 1
 PAP 99.1 ± 3.9 97.8 1
The EMMs were adjusted for age, BMI, follow-up survey time (continuous 
variable; values include 3, 6, 12, 24, and 30), radiation, neoadjuvant chemo-
therapy, and adjuvant chemotherapy.
EMM values were compared post hoc using Bonferroni test.
EMM, estimated marginal mean.

Fig. 2. lower extremity functional scale trend in four-flap patients.
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Postoperative donor site survey results were completed 
in 45 patients and are shown in Table 3. More than half 
of patients reported aesthetic improvement of the thighs 

(56.1%). With regard to donor site pain, 50% reported 
more pain to the PAP donor site, and 33.3% reported 
equal pain between PAP and DIEP donor sites. The DIEP 

Fig. 3. number of pain complaints per surgical location. a–c, Four-flap inpatient admission distribution of donor site complaint frequency 
of recorded instances of pain for the abdomen, thigh, and breast.
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donor site was preferred to the PAP in 55.6% of patients, 
with equal preference among 33.3%. A majority of 
patients did not have limitation in daily living (73.2%) and 
would make the same decision for four-flap reconstruc-
tion (87.3%).

Normative BREAST-Q data for all available BREAST-Q 
modules among any preoperative patients (n = 202) 
undergoing any reconstruction were compared with the 
BREAST-Q scores for each of the three postoperative 
surgical groups (four-flap, DIEP, and PAP), as shown in 
Table  4. BREAST-Q scores increased for all categories 

compared with normative preoperative patients with the 
exception of abdominal well-being, which decreased post-
operatively across all three surgical groups. Reliability and 
validity statistics are included in the appendix.

DISCUSSION
Increased patient choice for prophylactic mastectomy 

has led to higher rates of bilateral mastectomy over time.12 
Options for autologous bilateral breast reconstruction in 
patients with inadequate abdominal tissue for body-appro-
priate reconstruction are limited. Fat grafting following 
breast reconstruction is often insufficient to achieve large 
increases in volume, requires serial operations, and is 
associated with palpable masses and increased postrecon-
struction imaging.13,14 Furthermore, vascularized adipocu-
taneous tissue does not undergo anticipated resorption 
seen in fat grafting due to diffusion-limited oxygenation.15 
Patients undergoing radiation therapy after bilateral mas-
tectomy often choose to avoid implant-associated compli-
cations. Furthermore, secondary placement of implants 
after abdominal-based reconstruction is shown to have 
high rates of infection and implant loss.16 The use of four-
flap reconstruction provides adequate tissue for both 
envelope and volume allowing for ptosis and the feel of a 
natural breast.

We present the largest series of four-flap breast recon-
struction outcomes to date, and the first series of patient-
reported outcome measures for four-flap patients. Our 
results demonstrate that BREAST-Q scores for four-flap 
patients are comparable to bilateral DIEP flap patients and 
bilateral PAP patients. Overall, these results are encourag-
ing for patients who may require additional stacked flap 
configuration for body-appropriate reconstruction. The 
addition of a second donor site and increased complex-
ity of surgery does not seem to change the final patient 
outcome as measured by BREAST-Q when compared with 
bilateral DIEP flaps or bilateral PAP flaps.

Patients are indicated for four-flap reconstruction if 
there is insufficient abdominal tissue for body-appropri-
ate reconstruction. As expected in our cohort, patients 

Table 3. Postoperative Survey and Donor Site Comparison 
among Four-flap Patients

Do you feel your thighs were aesthetically  
 improved?

Frequency Percent

 Yes 32 56.1
 No 16 28.1
 Same 9 15.8
Do you feel your buttock shape was  

 aesthetically improved?
Frequency Percent

 Yes 15 26.3
 No 20 35.1
 Same 22 38.6
Is your thigh sensation changed? Frequency Percent
 Same 23 39.7
 Increased 5 8.6
 Decreased 30 51.7
Which donor site caused more pain? Frequency Percent
 DIEP 9 16.7
 PAP 27 50
 Both equal 18 33.3
Which donor site do you prefer? Frequency Percent
 DIEP 30 55.6
 PAP 7 13
 Both equal 17 31.5
Which donor site was easier to care for? Frequency Percent
 DIEP 40 78.4
 PAP 3 5.9
 Both equal 8 15.7
Does either donor site limit your daily living? Frequency Percent
 DIEP 6 10.7
 PAP 7 12.5
 Both 2 3.6
 Neither 41 73.2
Would you make the same decision for  

 four-flap reconstruction?
Frequency Percent

 Yes 48 87.3

Table 4. Comparisons of BREAST-Q Survey between Preoperative and Postoperative Groups

Breast-Q
Normative  

Group (N = 202)

Postgroup

P

Four-flap PAP DIEP

(N = 56) (N = 31) (N = 256)

Postoperative satisfaction with breasts
Mean ± SD 48.2 ± 23.5 79.7 ± 18.2 69.3 ± 19.3 73.4 ± 23.4 Kruskal–Wallis rank 

sum test <0.001*Median (IQR) 48.0 (34–58) 82.0 (69–92) 71 (54–84) 78 (58.25–92)
Postoperative psychosocial well-being  

equivalent
Mean ± SD 64.4 ± 21.5 86.4 ± 18.4 71.0 ± 21.4 75.9 ± 25.2 Kruskal–Wallis rank 

sum test <0.001*Median (IQR) 64.0 (48–80) 93.0 (76.25–100) 69.0 (56.5–90) 83.0 (58–100)
Postoperative physical well-being: chest
Mean ± SD 76.8 ± 23.3 84.3 ± 16.6 83.1 ± 16.2 82.6 ± 18.1 Kruskal–Wallis rank 

sum test = 0.179Median (IQR) 80.0 (64–100) 88.0 (79–100) 88.0 (78–92) 88.0 (76–96)
Postoperative physical well-being: abdomen
Mean ± SD 80.4 ± 20.7 77.0 ± 21.5 68.3 ± 30.6 71.2 ± 19.3 Kruskal–Wallis rank 

sum test ≤0.001*Median (IQR) 76 (69–100) 81.0 (62–100) 66.0 (52.5–83) 69.0 (58–81)
Postoperative sexual well-being
Mean ± SD 48.2 ± 23.8 64.9 ± 25.9 54.0 ± 29.8 54.6 ± 30.3 Kruskal–Wallis rank 

sum test = 0.002*Median (IQR) 48.0 (31–66) 54.0 (53–80.25) 57.5 (33.25–71) 53.0 (31–74)

Each survey question may have missing data between two groups.
*Indicates statistical significance.
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undergoing four-flap reconstruction have a lower BMI 
when compared with bilateral DIEP patients. In our expe-
rience, we find that patients tend to have a reciprocal phe-
notype of either abdominal or thigh adiposity. In light of 
this, a patient-centered approach based on each patient’s 
ideal donor site for tissue transfer is critical for aesthetic 
reconstruction and donor site management.17

The BREAST-Q module does not address alternative 
donor sites including the posterior thigh, gluteal, and 
lumbar regions used in autologous reconstruction. The 
BREAST-Q module has been used to evaluate alternative 
lumbar and superior gluteal artery perforator flaps in a non-
validated questionnaire by substituting abdominal donor 
site to lumbar and gluteal areas, respectively.8 In our study, 
rather than substitute donor site word for word and altering 
the BREAST-Q, we administered the standard BREAST-Q 
module to all patients and administered a different survey 
to compare donor sites of alternative regions, in our case 
the posterior thigh. To further characterize thigh donor 
sites in these patients, we have previously reported the LEFS 
scores for patients undergoing PAP flap reconstruction.7 
The LEFS is a validated patient reported outcome measures 
initially used in musculoskeletal conditions and is scored 
on a maximum of 80 with a minimum level of detectable 
change of nine points (90% confidence).18,19 Our results 
showed that four-flap patients had an overall high average 
LEFS score above 73 with an increasing score trend over 
time, which is comparable to our bilateral PAP patients in 
this series and similar to our previously published series on 
PAP flap reconstruction only patients.7

Four-flap patients are a unique population in which 
to subjectively compare the experience of both abdomi-
nal and thigh donor sites within the same patient. Our 
analysis of inpatient pain scales demonstrated no differ-
ences in the severity of pain between these two donor 
sites. When analyzing the frequency of pain recorded 
by location, there was a significantly higher number of 
abdominal pain instances recorded than the thigh dur-
ing admission. In contrast, results for our postoperative 
donor site survey showed that 50% of patients reported 
that the PAP donor site caused more pain than the abdo-
men, with 33.3% reporting equal pain between PAP and 
DIEP donor sites. We hypothesize the immediate postop-
erative difference to be due to increased muscle spasm of 
the rectus abdominus muscle from physiologic respira-
tory motion, coughing, and core abdominal movements. 
We attribute the patient survey difference of higher PAP 
pain to increased ambulation once at home and increased 
donor site contact through use of a commode. The loca-
tion of the PAP donor site is more difficult to reach and 
cumbersome with thigh compression garments, with the 
vast majority of patients reporting ease of care preference 
for the DIEP donor site over the PAP.

Though most patients felt that their thigh aesthetic 
appearance was improved, a small majority preferred the 
DIEP donor site over the PAP overall. This is likely due 
to the poor scar quality of the PAP closure, given high 
skin tension from wide beveling of the flap for volume. A 
majority of patients undergoing four-flap reconstruction 
would make the same decision again; however, 12.7% of 

our patients would not make the same reconstructive deci-
sion again. We hypothesize that this may reflect unrealistic 
expectations rather than true regret rate in some patients, 
but our survey does not specifically elucidate reasons 
for regret for four-flap surgery and is an area for further 
research. Scar quality was not specifically assessed in our 
study and is a limitation. Additional limitations of our study 
include variance of NPRS inpatient pain score assessment 
and documentation, low bilateral PAP flap BREAST-Q 
responses preventing matching, and relatively short-term 
follow-up. Finally, though institutional BREAST-Q norma-
tive data have been previously described, further data are 
needed to determine generalizability of our population to 
other geographic or institutional settings.20

CONCLUSIONS
We present the largest series of four-flap breast recon-

structive outcomes to date. A highly selected group of 
patients may require four-flap reconstruction for appro-
priate envelope, volume, and natural ptosis. Four-flap 
breast reconstruction provides equivalent BREAST-Q out-
comes to bilateral DIEP or bilateral PAP patients. Patients 
initially report higher frequency of pain to the abdomen 
during admission, but higher overall pain to the thighs 
on subjective survey. The majority of patients experienced 
aesthetic improvement of the thighs and more ease of 
care for the abdomen, with the vast majority reporting sat-
isfied results with four-flap breast reconstruction.
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