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Flap-based breast reconstruction: clinical studies on donor sites, patient satisfaction, and health 
economics 

Jonas Löfstrand, MD, M.Sc. 
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ABSTRACT 

Background: Breast cancer is the most common cancer in women. Surgical treatment 
involves resection of a portion or the whole breast. There are multiple ways to reconstruct 
a breast, most commonly with implants or transfer of tissue from adjacent or distant parts 
of the body. This type of tissue transfer is called a flap, and it entails a donor site that 
might have postoperative concerns, so called donor site morbidity Comparisons between 
methods in terms of patient-reported outcome measurements and cost-effectiveness can 
provide more information and aid in the choice of reconstructive method.  

Aim: The aims of this thesis were to compare the outcomes in terms of donor-site 
satisfaction and breast satisfaction after surgeries with latissimus dorsi (LD) flap and deep 
inferior epigastric artery perforator (DIEP) flap, measured with validated questionnaires, 
as well as to compare cost-effectiveness in DIEP flap and implant-based reconstruction. 

Method: Patients reconstructed with an LD flap or DIEP flap during the years 2007-2017 
were identified and invited to the study. Included patients were sent questionnaires in the 
form of the BREAST-Q reconstruction module and the WOOS. A systematic review was 
performed on studies comparing DIEP flap with implant-based reconstruction in terms of 
cost-effectiveness. 

Results: The response rate was 75 % in the LD group and 60 % in the DIEP group. Paper 
I showed greater functional satisfaction of the donor site in the DIEP group whereas the 
esthetic satisfaction was higher in the LD group. Paper II showed greater satisfaction with 
the breast in the DIEP group. Paper III showed a worse function in the shoulder following 
LD flap surgery as compared to a control group consisting of DIEP flap patients. Paper 
IV included 7 articles in the systematic review, which showed that DIEP flap may be 
cost-effective when compared to implant-based reconstruction in the long term, however 
the scientific evidence was low. 

Conclusion: The DIEP flap is superior to the LD flap in terms of breast satisfaction and 
functional satisfaction of the donor site, whereas the esthetic concerns of the donor site 
are lower following LD flap surgery. LD flap surgery is related to a lower function of the 
shoulder compared to DIEP flap surgery, the clinical implications of this is unclear. The 
results of the systematic review favored DIEP flap vs. implants in the long term with 
regards to cost-effectiveness, albeit with a low level of scientific certainty. 

Keywords: breast reconstruction, latissimus dorsi flap, deep inferior epigastric artery 
perforator flap, patient satisfaction, health economics 
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SAMMANFATTNING PÅ SVENSKA 

Bakgrund: Bröstcancer är den vanligaste cancerformen hos kvinnor. Kirurgisk 
behandling innefattar borttagande av en del av eller hela bröstet. I fall där hela bröstet 
är borttaget kan återskapande av bröst, så kallad bröstrekonstruktion, komma i fråga. 
Det finns ett stort antal olika operativa metoder för att rekonstruera ett bröst. Det kan 
innefatta insättande av implantat eller att man tar vävnad från en annan del av 
kroppen och flyttar till bröstet. Det senare alternativet kallas för lambå och innefattar 
alltid ett “tagställe” där man tagit vävnaden ifrån och här kan det uppstå problem 
såsom smärta, ärrproblem eller liknande. Det kallas tagställesmorbiditet. Jämförelser 
mellan olika rekonstruktiva metoder genom frågeformulär och 
kostnadseffektivitetsanalyser kan förse mer information om de olika metoderna och 
bistå i val av metod för en specifik patient. 

Mål: Ett mål med den här avhandlingen var att med hjälp av frågeformulär jämföra 
utfallen mellan två typer av kirurgiska metoder: deep inferior epigastric artery 
perforator (DIEP)-lambå och latissimus dorsi (LD)-lambå. Utfallen mättes som 
nöjdhet med det rekonstruerade bröstet och nöjdhet med tagstället. Ytterligare ett mål 
med avhandlingen var att jämföra kostnadseffektivitet mellan DIEP-lambå och 
implantat-baserad rekonstruktion. 

Metod: Patienter som genomgått en LD-lambå eller DIEP-lambå under åren 2007-
2017 identifierades och bjöds in till att delta i studien. Inkluderade patienter erhöll 
frågeformulär, såsom BREAST-Q rekonstruktionsmodul och WOOS-formulär. En 
systematisk översikt genomfördes av studier som jämfört kostnadseffektivitet vid 
DIEP-lambå och implantatbaserad rekonstruktion. 

Resultat: Svarsfrekvensen var 75 % i LD-gruppen och 60 % i DIEP-gruppen. Studie 
I visade större nöjdhet i DIEP-gruppen vad gäller funktionen på tagstället, medan 
LD-gruppen var mer nöjd med det estetiska utfallet på tagstället. I Studie II sågs en 
större nöjdhet med själva bröstet i DIEP-gruppen än i LD-gruppen. Studie III visade 
att funktionen i axeln efter LD-lambå är sämre än i en jämförande grupp, som i det 
här fallet var DIEP-patienter. I Studie IV inkluderades 7 artiklar i den systematiska 
översikten och dessa visade att DIEP-lambå kan vara kostnadseffektivt i jämförelse 
med implantatbaserad rekonstruktion i det långa loppet, dock var den vetenskapliga 
säkerheten i detta låg. 

Slutsatser: DIEP-lambån ger bättre resultat än LD-lambån vad gäller nöjdhet med 
bröst och det funktionella utfallet på tagstället, medan det estetiska utfallet på 
tagstället bedöms bättre med LD-lambån. Patienter som genomgått en LD-lambå har 
sämre funktion i sin axel i jämförelse med patienter som genomgått DIEP-lambå. 
Den systematiska översikten visade att DIEP-lambåer kan vara kostnadseffektivt i 
jämförelse med implantatbaserad rekonstruktion, detta får dock bedömas i skenet av 
att det vetenskapliga värdet av den inkluderade artiklarna får sammanfattas som låg. 
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1 INTRODUCTION 

1.1 BREAST CANCER 
Breast cancer has an increasing incidence and has recently become the most 
commonly diagnosed cancer in the world(1). This increase is evident in 
nearly all regions and age groups globally(2). Currently, breast cancer 
constitutes 30 % of all cancer cases in Swedish women(3). There are several 
risk factors for contracting breast cancer, such as heredity, previous radiation 
to the chest wall, long duration of exposure to female sex hormones due to 
early menarche and/or late menopause or due to hormone substitution, having 
the first-born child at an old age, having no children. (4-6). The increasing 
life expectancy is likely also to increase the cumulative risk(1). 

 

1.1.1 TREATMENT OF BREAST CANCER 
Surgical removal of the breast tumor(s) is still the central part of breast 
cancer treatment with curative intent. The surgical techniques have evolved 
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ground-breaking technique in breast cancer treatment, described by dr 
William Halsted in 1894, involved the removal of the whole breast tissue and 
skin, as well as lymph nodes and pectoral muscle, followed by a large skin 
graft on the resulting chest wall defect(7). Subsequently, this technique was 
refined into a modified radical mastectomy by not removing any muscle and 
later removing just enough skin to enable primary closure of the skin edges, 
thus obviating the need for a skin graft. Studies showed that the modified 
approach was equally oncologically safe as the Halsted mastectomy but with 
lower patient morbidity(8). Further refinements involved surgical removal of 
just the tumor and adjacent breast tissue (lumpectomy) in combination with 
radiotherapy, so-called breast-conserving therapy, which was proven 
oncologically safe as compared to the modified radical mastectomy(9). 
Subsequently, reconstructive techniques such as the volume displacement 
technique have been introduced in breast-conserving therapy, entailing 
rearrangement of the local breast tissue and/or mammoplasty technique, as 
well as symmetrization mammoplasty to the contralateral breast, in order to 
improve the aesthetic outcome and symmetry(10). This has increased the 
possibility of using breast-conserving therapy in cases that previously would 
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undergo mastectomy or achieve poor cosmetic results, and still obtain 
adequate cosmetic outcomes and safe surgical margins. In 2022, 73 % of all 
breast tumor resections in Sweden were performed with a breast-conserving 
technique. Mastectomy is now primarily performed in cases where breast-
conserving therapy is not possible, for example, by patient request, large 
tumor in relation to breast size, inflammatory breast cancer, recurrence in 
previously irradiated breast, contraindications to radiation(11). 

Radiotherapy to the chest wall and/or axillary lymph nodes can be employed 
as an adjunctive therapy to surgery. As previously mentioned, it can be used 
as an adjunct to breast-conserving treatment but also in more advanced cases 
that have been treated with mastectomy(12). The purpose is to reduce the risk 
of local and regional cancer recurrence. 

Other adjuvant or palliative treatments for breast cancer include 
chemotherapy, endocrine therapy, immunotherapy, and targeted therapy. 

In contrast to the increasing incidence, the mortality rates in breast cancer are 
declining, where the 5-year survival rate in Sweden currently surpasses 90 
%(13). The reasons for this are likely multifactorial, including surveillance 
programs, extensive research yielding more effective treatment modalities, 
increased awareness, etc. (14-19).  

 

1.2 BREAST RECONSTRUCTION 

1.2.1 HISTORY 
Since the surgical treatment of breast cancer emerged and expanded, 
reconstructive options have been explored to reduce the morbidities, both 
mental and physical, associated with mastectomy. Transfer of tissue from 
adjacent or distant locations, so called flaps, to cover wounds is a common 
plastic surgery technique. Iginio Tansini described the latissimus dorsi (LD) 
musculocutaneous flap covering mastectomy defects as early as 1906(20). 
This did, however, not get widespread use until several decades later.  

Cronin and Gerow introduced the use of silicone implants for breast 
reconstruction in the early 1960s, and it is still a mainstay procedure in breast 
reconstruction(21).  
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The evolution of microsurgery led to the possibility of harvesting tissue, 
including blood vessels, from one part of the body and transferring it to a 
defect on another part of the body, where the blood vessels are anastomosed 
to recipient blood vessels, thus enabling the transferred tissue to survive. This 
method, so-called free flap surgery, was performed in breast reconstruction as 
early as the late 1970s, and the flap was taken from the lower abdomen(22). 
This technique was later refined into the deep inferior epigastric perforator 
(DIEP) flap. Several other donor sites for free flap harvest have later evolved, 
such as the superior or inferior gluteal artery perforator flaps from the 
buttocks, as well as free flaps from the medial thigh, such as the gracilis flap 
and the profunda artery perforator flap. 

The use of prosthetic implants for reconstruction is termed implant-based 
reconstruction. In contrast, the use of pedicled or free flaps for partial or total 
breast reconstruction is termed autologous reconstruction. Since autologous 
techniques entail tissue transfer from another location, this will lead to some 
kind of deterioration of function and cosmetic appearance at the site where 
the tissue was harvested. This deterioration is termed donor site morbidity 
and can vary between different donor sites. 

 

1.2.2 PATIENTS  
Patients undergoing breast-conserving therapy rarely need subsequent 
reconstructive surgery following their ablative surgery, whereas patients who 
have undergone mastectomy often will request such efforts. Since the 
proportion of patients who undergo breast-conserving therapy has increased, 
the number of patients in question for reconstruction has decreased. 
However, since breast cancer is the most common cancer in women and the 
incidence is steadily increasing, the absolute number of patients who will 
request reconstructive surgery will likely remain high in the near future. A 
recent study of a large Swedish cohort with follow-up > 5 years showed that 
31 % of mastectomy patients had subsequently undergone breast 
reconstruction(23) 

Another important aspect is the low mortality rates in breast cancer, leading 
to a situation where many reconstructed patients will live a long life with 
their reconstructed breasts, giving rise to demands on the reconstruction in 
terms of aesthetics, durability, and, in flap cases, low donor-site morbidity. 
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1.2.3 ELIGIBILITY FOR RECONSTRUCTION  
In Sweden, national guidelines state that patients should be informed of the 
option to undergo reconstruction. To be eligible for reconstruction, the 
patient should have a BMI under 30, be a non-smoker, show no signs of 
generalized disease, and be healthy enough to undergo the surgery with 
reasonable risk. When feasible, the reconstruction is performed immediately 
by means of implant-based reconstruction. In cases of delayed reconstruction, 
the reconstructive options depend on whether the patient has received 
radiation to the chest wall or not. If not irradiated, the patient is offered 
expander-based reconstruction. If the patient has received radiation to the 
chest wall, the chances of successful reconstruction by means of an expander 
are slim since there is a high risk of wound complications and/or capsular 
contracture due to tissue damage caused by the radiation(24). The capsular 
contracture may cause displacement of the implant, pain, and tightness, 
usually leading to the need for subsequent corrective surgeries or removal of 
the implant. Thus, the recommendation is to perform autologous 
reconstruction in delayed reconstruction of patients who have undergone 
radiation therapy. In autologous reconstruction, non-irradiated tissue is 
transferred to the chest wall, with or without the combination with an 
implant(25). The two most used flaps for autologous reconstruction in 
Sweden are the pedicled LD flap and the free DIEP flap.  

 

1.2.4 TIMING OF RECONSTRUCTION 
Most breast reconstructive options can be performed in an immediate or 
delayed manner. Immediate breast reconstruction is when the breast is 
reconstructed at the same operative session as the mastectomy. Delayed 
breast reconstruction occurs at a later stage when time has passed since the 
mastectomy. 

Advantages of immediate reconstruction are that the native breast skin and 
nipple/areola can be preserved in most cases, leading to a superior cosmetic 
result. Also, the patient needs only one surgery and thus less overall recovery 
time, unless complications occur. Disadvantages can be that any 
complications can delay potential adjuvant treatments, and if the pathology 
report shows tumor characteristics that necessitate radiation therapy, then this 
might affect the result of the reconstruction, especially in implant-based 
cases. 
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The advantages of delayed reconstruction are that the initial surgery 
(mastectomy) is quicker and that the reconstruction can later be performed 
when the patient is ready and under optimal conditions. Disadvantages are 
that it entails more than one surgery, some of the native breast skin and 
sometimes nipple/areola is missing, there is a risk of inferior cosmetic 
outcomes, and the patient needs to endure an asymmetry, with only one 
breast, for a time period. 

 

1.2.5 IMPLANT-BASED RECONSTRUCTION 
Implant-based breast reconstruction can be performed either in an immediate 
or delayed setting. In an immediate setting, following the removal of tumor 
and breast tissue, a prosthesis, often silicone-based, is used to replace the 
missing volume. Since all or most of the native breast skin is spared, there is 
often enough room to place an implant. The implant is usually put in a 
subpectoral plane, i.e., under the muscle. In a delayed setting, there is a lack 
of volume and skin following the mastectomy. Reconstruction is performed 
in a two-stage manner, where a deflated expander prosthesis is inserted under 
the pectoral muscle in the first stage. The expander is subsequently inflated 
with saline over a month or two to expand the skin overlying the defect, thus 
allowing it to harbor a permanent prosthetic implant. After 3-4 months, the 
expander prosthesis is through a second operation changed to a permanent 
implant (Figure 1).  

Figure 1. Basic description of two-stage breast reconstruction with expander 
prosthesis. (Illustration by Niclas Löfgren, medical photographer, 
Department of Plastic Surgery, Sahlgrenska University Hospital). 
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Early complications related to these surgeries are bleeding, infection, and 
implant loss(26, 27). Late complications primarily involve the development 
of a scar-like capsule of tissue around the implant, which can lead to capsular 
contracture, entailing pain, displacement of the implant, and/or poor cosmetic 
outcome(28). There is also a risk, albeit low, of contracting breast implant-
associated anaplastic large cell lymphoma (BIA-ALCL)(29). 

Breast implants are firmer and not as soft as natural breast tissue, leading to 
an asymmetry with regards to feel. With time, an implant does not droop 
down in the same manner as most natural breasts, leading to a potential 
positional asymmetry.  

 

1.2.6 LATISSIMUS DORSI FLAP 
The latissimus dorsi muscle is one of the largest muscles of the upper body, 
originating from the spine and iliac crest, running craniolaterally to attach to 
the proximal humerus. Its main functions are adduction and extension of the 
arm and internal shoulder rotation. It is primarily nourished by the 
thoracodorsal vessels and innervated by the thoracodorsal nerve.  

Although the flap was initially described for breast reconstruction as early as 
the beginning of the 20th century, widespread use was delayed until the 
second half of that century. The flap was reintroduced and popularized in the 
late 1970s by several authors (30-32). In breast reconstruction it is used as a 
pedicled flap, where all muscle attachments except the one to the humerus is 
divided, enabling the transfer to the front of the chest wall with preserved 
blood supply, since the main blood supply to the muscle originates close to 
the humeral part of the muscle. 

The technique has been refined to: 

• Include a skin paddle, making it a myocutaneous flap(30). 
• Be combined with prosthetic implants(31). 
• Be buried under native breast skin when possible(33). 
• Include extra, adjacent fat in an extended fashion to provide 

bulk(34). 
• Use fat grafting of the flap(35). 
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Figure 2. Basic description of LD flap harvest and breast reconstruction. 
(Illustration by Niclas Löfgren, medical photographer, Department of Plastic 
Surgery, Sahlgrenska University Hospital) 
 
The flap harvest entails a long oblique or horizontal scar on the back and loss 
of muscle function (Figure 2). This may lead to donor-site morbidities such 
as weakness in the back and shoulder functions, reduced range of motion in 
the shoulder, scar issues, contour deformity, and pain(36, 37).  
 

1.2.7 DIEP FLAP 
The DIEP flap is a lipocutaneous flap, including fat and skin from the lower 
abdomen (Figure 3. It is a perforator flap, where the flap is nourished by one 
or more small blood vessels (perforators), perforating the rectus abdominis 
muscle and fascia to enter the flap. During surgery, one or more perforator/s 
are isolated and traced back to the inferior epigastric vessels divided 
proximally. The flap is then transferred to the chest wall, where the flap 
vessels are anastomosed to recipient vessels, most often the internal 
mammary or thoracodorsal vessels, using microvascular technique. This 
restores the blood circulation to the flap, which is thereafter shaped to a 
breast. 



Flap-based breast reconstruction: clinical studies on donor sites, patient satisfaction, and health 
economics 

6 
 

Early complications related to these surgeries are bleeding, infection, and 
implant loss(26, 27). Late complications primarily involve the development 
of a scar-like capsule of tissue around the implant, which can lead to capsular 
contracture, entailing pain, displacement of the implant, and/or poor cosmetic 
outcome(28). There is also a risk, albeit low, of contracting breast implant-
associated anaplastic large cell lymphoma (BIA-ALCL)(29). 

Breast implants are firmer and not as soft as natural breast tissue, leading to 
an asymmetry with regards to feel. With time, an implant does not droop 
down in the same manner as most natural breasts, leading to a potential 
positional asymmetry.  

 

1.2.6 LATISSIMUS DORSI FLAP 
The latissimus dorsi muscle is one of the largest muscles of the upper body, 
originating from the spine and iliac crest, running craniolaterally to attach to 
the proximal humerus. Its main functions are adduction and extension of the 
arm and internal shoulder rotation. It is primarily nourished by the 
thoracodorsal vessels and innervated by the thoracodorsal nerve.  

Although the flap was initially described for breast reconstruction as early as 
the beginning of the 20th century, widespread use was delayed until the 
second half of that century. The flap was reintroduced and popularized in the 
late 1970s by several authors (30-32). In breast reconstruction it is used as a 
pedicled flap, where all muscle attachments except the one to the humerus is 
divided, enabling the transfer to the front of the chest wall with preserved 
blood supply, since the main blood supply to the muscle originates close to 
the humeral part of the muscle. 

The technique has been refined to: 

• Include a skin paddle, making it a myocutaneous flap(30). 
• Be combined with prosthetic implants(31). 
• Be buried under native breast skin when possible(33). 
• Include extra, adjacent fat in an extended fashion to provide 

bulk(34). 
• Use fat grafting of the flap(35). 

 

Jonas Löfstrand, MD, M.Sc. 

7 
 

Figure 2. Basic description of LD flap harvest and breast reconstruction. 
(Illustration by Niclas Löfgren, medical photographer, Department of Plastic 
Surgery, Sahlgrenska University Hospital) 
 
The flap harvest entails a long oblique or horizontal scar on the back and loss 
of muscle function (Figure 2). This may lead to donor-site morbidities such 
as weakness in the back and shoulder functions, reduced range of motion in 
the shoulder, scar issues, contour deformity, and pain(36, 37).  
 

1.2.7 DIEP FLAP 
The DIEP flap is a lipocutaneous flap, including fat and skin from the lower 
abdomen (Figure 3. It is a perforator flap, where the flap is nourished by one 
or more small blood vessels (perforators), perforating the rectus abdominis 
muscle and fascia to enter the flap. During surgery, one or more perforator/s 
are isolated and traced back to the inferior epigastric vessels divided 
proximally. The flap is then transferred to the chest wall, where the flap 
vessels are anastomosed to recipient vessels, most often the internal 
mammary or thoracodorsal vessels, using microvascular technique. This 
restores the blood circulation to the flap, which is thereafter shaped to a 
breast. 



Flap-based breast reconstruction: clinical studies on donor sites, patient satisfaction, and health 
economics 

8 
 

 

 
Figure 3. Basic description of DIEP flap harvest and breast reconstruction. 
(Illustration by Niclas Löfgren, medical photographer, Department of Plastic 
Surgery, Sahlgrenska University Hospital). 

The flap was initially described in 1979(22), which was in an early stage of 
the evolution of free flap surgery. Thus, these surgeries were tedious and 
time-consuming and often required an extended stay at the hospital for the 
patient. With time, microsurgery has become more common, and DIEP flap 
reconstructions are now much more efficient than previously, leading to 
operative times of 4-6 hours and hospital stays of 3-4 days for unilateral 
reconstructions(38, 39). 

The resulting scar on the abdomen is ideally a low horizontal scar similar to 
an abdominoplasty scar; however, the aesthetic result is not always desirable 
(36). Other possible donor-site morbidities include weakness of the 
abdominal muscles, wound healing issues, and distension/protrusion of a part 
of the lower abdomen, so-called bulging (40-42). 
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1.2.8 OTHER RECONSTRUCTIVE OPTIONS 
There are many other options for breast reconstruction, most of which are not 
covered by this thesis. The transverse rectus abdominis muscle (TRAM) flap, 
including a part of the rectus abdominis muscle and adipocutaneous tissue 
from the lower abdomen, can be performed as a pedicled or free flap(43). 
Other potential free flap options are the profunda artery perforator (PAP) flap 
from the medial thigh, the transverse upper gracilis (TUG) flap from the 
medial thigh, the lumbar artery perforator (LAP) flap from the lower back 
and the superior or inferior gluteal artery perforator (SGAP/IGAP) flap from 
the buttocks area(44-47). Another possibility for not using flaps is pre-
expansion and fat-grafting in multiple procedures (48). 

 

1.2.9 CHOICE OF RECONSTRUCTION 
Patients who are eligible for reconstruction will receive information 
regarding reconstructive options and are given the opportunity to choose 
reconstructive option whenever possible. Immediate implant reconstruction is 
possible in patients who have not previously received, nor are planned to 
receive radiation therapy. Immediate autologous reconstruction is currently 
rare in Swedish practice since autologous reconstruction is, according to 
national guidelines, primarily offered to patients who have received radiation 
therapy to the chest wall and thus are poor candidates for implant 
reconstruction. Immediate autologous reconstruction might be in question for 
a small number of patients who have undergone previous breast-conserving 
therapy and radiation, followed by a recurrence in the irradiated breast. 
However, the vast majority of autologous reconstructions in Sweden are 
performed in a delayed manner, including the patients who constitute the 
basis of this thesis. 

 

1.3 QUALITY OF LIFE 
In current medicine, patients are, and should be, more involved in decision-
making than in the past(49). With a plethora of different methods for breast 
reconstruction, there is a need to identify methods that are superior to others 
and characterize in which aspects the different methods supersede others. 
This will hopefully give a patient the opportunity to receive thorough 



Flap-based breast reconstruction: clinical studies on donor sites, patient satisfaction, and health 
economics 

8 
 

 

 
Figure 3. Basic description of DIEP flap harvest and breast reconstruction. 
(Illustration by Niclas Löfgren, medical photographer, Department of Plastic 
Surgery, Sahlgrenska University Hospital). 

The flap was initially described in 1979(22), which was in an early stage of 
the evolution of free flap surgery. Thus, these surgeries were tedious and 
time-consuming and often required an extended stay at the hospital for the 
patient. With time, microsurgery has become more common, and DIEP flap 
reconstructions are now much more efficient than previously, leading to 
operative times of 4-6 hours and hospital stays of 3-4 days for unilateral 
reconstructions(38, 39). 

The resulting scar on the abdomen is ideally a low horizontal scar similar to 
an abdominoplasty scar; however, the aesthetic result is not always desirable 
(36). Other possible donor-site morbidities include weakness of the 
abdominal muscles, wound healing issues, and distension/protrusion of a part 
of the lower abdomen, so-called bulging (40-42). 

 

Jonas Löfstrand, MD, M.Sc. 

9 
 

1.2.8 OTHER RECONSTRUCTIVE OPTIONS 
There are many other options for breast reconstruction, most of which are not 
covered by this thesis. The transverse rectus abdominis muscle (TRAM) flap, 
including a part of the rectus abdominis muscle and adipocutaneous tissue 
from the lower abdomen, can be performed as a pedicled or free flap(43). 
Other potential free flap options are the profunda artery perforator (PAP) flap 
from the medial thigh, the transverse upper gracilis (TUG) flap from the 
medial thigh, the lumbar artery perforator (LAP) flap from the lower back 
and the superior or inferior gluteal artery perforator (SGAP/IGAP) flap from 
the buttocks area(44-47). Another possibility for not using flaps is pre-
expansion and fat-grafting in multiple procedures (48). 

 

1.2.9 CHOICE OF RECONSTRUCTION 
Patients who are eligible for reconstruction will receive information 
regarding reconstructive options and are given the opportunity to choose 
reconstructive option whenever possible. Immediate implant reconstruction is 
possible in patients who have not previously received, nor are planned to 
receive radiation therapy. Immediate autologous reconstruction is currently 
rare in Swedish practice since autologous reconstruction is, according to 
national guidelines, primarily offered to patients who have received radiation 
therapy to the chest wall and thus are poor candidates for implant 
reconstruction. Immediate autologous reconstruction might be in question for 
a small number of patients who have undergone previous breast-conserving 
therapy and radiation, followed by a recurrence in the irradiated breast. 
However, the vast majority of autologous reconstructions in Sweden are 
performed in a delayed manner, including the patients who constitute the 
basis of this thesis. 

 

1.3 QUALITY OF LIFE 
In current medicine, patients are, and should be, more involved in decision-
making than in the past(49). With a plethora of different methods for breast 
reconstruction, there is a need to identify methods that are superior to others 
and characterize in which aspects the different methods supersede others. 
This will hopefully give a patient the opportunity to receive thorough 



Flap-based breast reconstruction: clinical studies on donor sites, patient satisfaction, and health 
economics 

10 
 

preoperative information regarding different operative methods and make a 
well-informed decision on which method to choose based on her preferences 
and wishes of what the reconstruction will fulfill.  

Quality of life (QoL) research focuses on several aspects of a patient’s daily 
life, such as social, physical, and psychological well-being. When evaluating 
larger cohorts of patients, questionnaires are most often used.  

Patients who undergo mastectomy may experience physical and emotional 
issues following the surgery, leading to lowered QoL(50-52). Breast 
reconstruction surgery is performed to reconstruct a defect and improve the 
patient’s QoL. However, the effect on QoL by means of breast reconstruction 
has previously been studied with conflicting results. A systematic review 
from 2009 found no significant differences in QoL between reconstruction 
and no reconstruction(53). However, several studies have shown an increased 
QoL in patients wanting to, and subsequently undergoing, breast 
reconstruction following mastectomy(52, 54, 55).  The limitations of most of 
these studies are that they are retrospective in nature, with no preoperative 
measurements of the patients’ QoL, entailing the risk of having different 
baseline QoL. The studies often include patients who have voluntarily chosen 
to decline or to accept reconstruction, meaning that they chose their own 
treatment, which also may affect their reported postoperative QoL.  

The goal of a breast reconstruction is to affect a patient’s QoL in a positive 
direction. The methods of getting there are diverse since women will have 
different views of what QoL is and how the mastectomy has affected their 
QoL. Although the choice of undergoing breast reconstruction can be driven 
by a mix of practical and emotional reasons (56, 57), which are not always 
straightforward to explain (58, 59), the reasoning for undergoing breast 
reconstruction can be divided into physical and psychosocial goals. 
Physically, breast reconstruction should create an ‘illusion of normalcy’ and 
diminish the risk that the woman is handicapped by her cancer treatment in 
her daily life, for example, in the choice of clothes, activities, and work (60). 
Moreover, it should eliminate the need for an external prosthesis (60). Other 
physical goals include the reconstructed breast, looking, feeling, and moving 
like a natural breast, which alters naturally with age and shifts in body 
weight. Psychosocially, many different, more holistic goals have been 
described. For example, breast reconstruction should give rise to an improved 
body image, an increased QoL, and a reduction of symptoms of 
depression/anxiety (61, 62), as well as enable the woman to feel feminine, to 
remain sexually attractive, and to avoid changes in sexual relationships (60, 
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61). It should also make the woman feel ‘whole again’ and feel the way she 
did before surgery (60), and eliminate daily reminders of breast cancer and 
fear of recurrence or high risk for breast cancer (62, 63).  

 It is unclear to what extent these diverse goals are reached with a breast 
reconstruction (64-69) and how the different goals relate to one another. For 
instance, if a more naturally moving reconstructed breast or a better volume 
symmetry leads to a better QoL or makes the woman feel the way she did 
before surgery. It is also largely unexplored what effect different breast 
reconstructive techniques can have on specific goals. However, it is well-
known that patients and surgeons often evaluate reconstructions differently, 
in that ‘objective’ aesthetic evaluations do not always coincide with patient 
satisfaction (70-72).  

The different goals of breast reconstruction, some of which are mentioned 
above, make outcome evaluation complex since the outcome cannot be 
measured in hard endpoints, such as disease-free intervals. The BRAVO 
study has developed a core outcome set for breast reconstruction (73), 
including core items for both patients and professionals (normality, major 
complications, unplanned surgery for any reason, quality of life, donor site 
problems/morbidity, and women’s cosmetic satisfaction), for professionals 
alone (implant-related complications and flap-related complications), and for 
patients alone (self-esteem, physical well-being, and emotional well-being) 
(73). Nonetheless, determining what is important to professionals and 
patients does not solve the issue of how different outcome measures should 
be weighed against each other when healthcare policy and clinical decisions 
are made, and how and when the different outcome measures are best 
evaluated.  

Most of the previous studies that compare patient-reported outcomes of 
different techniques compare implant-based techniques with autologous 
breast reconstruction, where the latter includes both free flaps, most 
commonly by means of the DIEP flap, and pedicled flaps such as the LD flap 
which is often combined with an implant. Two systematic reviews (74-76) 
concluded that patients seem more satisfied with the breast and psychosocial 
well-being when reconstructed with an autologous technique but that the 
difference is small regarding physical well-being and sexual well-being when 
breast-specific instruments are used. (74, 75). When evaluated with generic 
QoL instruments, no difference could be found between implant-based and 
autologous breast reconstruction (74). Few studies specifically analyze what 
aspects make patients more satisfied with autologously reconstructed breasts 
and their effects on the more holistic goals of breast reconstruction.  
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1.3.1 QUESTIONNAIRES 
Many questionnaires are used for evaluating QoL. They range from more 
general measurements regarding overall QoL to more organ-specific or 
specific concerning certain feelings or emotions associated with a region of 
the body. Questionnaires answered by the patients themselves are usually 
called Patient-Reported Outcome Measures (PROM). 

An example of a PROM that measures general health-related QoL is the SF-
36, consisting of 36 questions covering several aspects of mental and 
physical health and social function (77). It is probably the most widely used 
QoL PROM and is well-validated. However, the general nature of the SF-36 
makes it a bit blunt in identifying differences in QoL of lesser nuance or 
issues related to specific body regions. Hence, several questionnaires have 
been developed that are more specific to certain diseases or medical 
conditions. For example, a widely used and well-validated questionnaire in 
breast surgery-related research is the BREAST-Q(78). It has both primary 
domains related to general QoL, and several additional specific modules 
related to aspects such as mastectomy and reconstruction.  

The use of PROMs can have an impact on evaluating and improving care. It 
may help to detect areas of improvement that the physician might not detect 
in a regular clinical assessment and provide a wider view of the patient’s 
health in several aspects, such as physical, emotional, and sexual. It can help 
to compare outcomes between hospitals, regions and even countries. 
Disadvantages may include the fact that it is time-consuming for the patient, 
the answers may differ depending on cultural differences. When the form is 
answered, there is a risk of recall bias or an adaptation to changes over time. 

 

1.4 HEALTH ECONOMICS 
The resources of the health care system are, in most regions, not infinite. 
Thus, all procedures and treatments must be scrutinized to optimize the use of 
previously mentioned resources. This can be done with Cost-Effectiveness 
Analysis (CEA), in which the total cost is compared to the health outcome of 
the intervention(79). The costs can include all medical expenses related to the 
procedure and costs due to loss of productivity. The health outcome can, for 
some interventions, be measured as how many years the treatment prolongs 
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life, how long time the patient remains symptom-free, and/or how the 
treatment prevents disease recurrence. In reconstructive surgery, any of these 
outcomes are not applicable since the goal is to increase quality of life. This 
goal can rather be quantified in terms of Quality-Adjusted Life Years 
(QALYs)(80). This includes the number of remaining life years multiplied by 
a utility score. The utility score can vary for different illnesses and 
disabilities. It can be calculated using a generic utility instrument, of which 
there are several, such as the health utilities index (HUI), EQ-5D, and SF-
36(81, 82). Other ways could be using a visual analog scale, time-tradeoff, or 
standard gamble method(83-85). The calculations will render a utility score 
ranging from 0 (death) to 1 (perfect health). For example, if a unilateral 
below-knee amputee has a utility score of 0.75 and a life expectancy of 20 
years, the resulting number of QALYs will be 15, or the equivalent of living 
15 years with perfect health. 
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2 AIMS 
As previously described, the current situation in breast cancer surgery entails 
a large number of patients undergoing mastectomy, with a subsequent need 
for breast reconstruction in a significant portion of these patients. With a 
myriad of reconstructive options, there is a gap to fill in terms of preoperative 
information regarding the advantages and disadvantages of different 
procedures, preferably evaluated with head-to-head comparisons of 
procedures. In autologous breast reconstruction, two of the most used 
options, both internationally and at our center, are the LD flap and the DIEP 
flap. This opens up the possibility of comparisons between methods, as well 
as deep dives into the pros and cons of each technique. 

The specific aims of this thesis were to compare long-term breast 
reconstruction with DIEP-flap and LD flap regarding: donor-site satisfaction 
(I) and satisfaction with breast specific factors (II) and to investigate long 
term shoulder and back function after a breast reconstruction compared to 
controls (III). In addition, the cost-effectiveness of autologous and  implant 
based reconstruction will be explored (IV).  
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3 PATIENTS AND METHODS 

3.1 STUDY PROTOCOL  
The studies are described in the ‘Reconstruction with back donor site flaps 
study’ protocol (ClinicalTrials.Gov identifier NCT04526561). The studies 
were reported according to relevant reporting guidelines (STROBE for 
observational studies (86) and PRISMA (87) for systematic reviews).   

 

3.2 ETHICS  
The regional ethical committee of Gothenburg or the Swedish Ethics Review 
Authority vetted the study protocols. The numbers, amendments, and dates of 
approval are given below:  

Paper I-III:  

• Outcomes after breast reconstruction with autologous techniques 
(LD.vs DIEP) – previous title: ’Reconstruction with back donor site 
flaps study’ 254-18 (approval date 2018-05-11)  

• Amendment: 2021-00432 (approval date 2021-02-23), addition of 
DIEP control group  

• Amendment: 2022-06235-02 (approval date 2022-12-13).  

Paper IV:  

This study was a systematic review of previously published studies which 
does not require ethical approval, since there was no addition of new patients 
and the data could not be traced to any particular patients. 

 

3.3 SETTING 
Around 350-400 breast reconstructions are annually performed at the Plastic 
Surgery Department at Sahlgrenska University Hospital. This includes both 
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immediate and delayed breast reconstructions, which could be implant-based 
or autologous.  

During the study period for papers I-III (2007-2017), the number of 
autologous reconstructions performed was between 40-60 per annum, where 
most flaps were LD flaps and DIEP flaps. During the study period, all 
patients were offered autologous reconstruction following national 
guidelines, meaning that they had received radiotherapy to the chest wall, had 
a BMI < 30, were non-smokers, and did not show signs of generalized 
disease (25). The patients were informed of the two principal autologous 
reconstructive methods (LD and DIEP), and if both were technically possible, 
the patient was given the option to choose a method. 
 

3.4 STUDY SAMPLES AND INCLUSION  
For papers I-III, patients eligible for enrollment in the studies were identified 
using the operation planning system Operätt (C&S Healthcare Software AB, 
Mölndal, Sweden), the operative planning and database system used during 
the study period. For papers I-III, patients received an invitation via mail, 
including information about the study, a stamped return envelope, 
questionnaires, and a written consent form. If the patient did not reply, she 
would receive a reminder mail three and five weeks after the initial mail. An 
acceptance of participation included, besides filling out questionnaires, 
consent to perform a chart review and to publish the results. The invitations 
were sent out during a period from September 2020 to June 2021. The 
enrollment process is seen in Figure 4. 

Figure 4. Flow chart for patient inclusion. (Figure by Åsa Bell, medical 
photographer, Dept of Plastic Surgery, Sahlgrenska University Hospital.) 
DIEP, deep inferior epigastric artery perforator; LD, latissimus dorsi. 
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3.5 INTERVENTION 
During the study period, the surgeries were performed by a few surgeons 
operating with similar techniques. Pedicled LD flaps were raised in a non-
extended, non-muscle-sparing fashion with a skin paddle oriented in a way 
that it left a horizontal scar, aiming to be located in a line that could be 
hidden under a brazier. All flaps were augmented with implants, none were 
concomitantly fat augmented. The implants could either be permanent 
implants or expander prostheses, where the latter would need subsequent 
second stage surgery to exchange expander to permanent implant. The DIEP 
flaps were raised as lipocutaneous flaps, sparing the abdominal fascia besides 
from the incision needed to trace the blood vessels proximally. A routine 
preoperative CT angiography of the abdomen was performed, to be able to 
map the perforators and enable quicker surgery by targeting the largest 
perforator(s). Muscle nerves were spared to as high an extent as possible, and 
the abdominal fascia was repaired with continuous, non-absorbable sutures. 
The skin and umbilicus were sutured similarly to an abdominoplasty.  In both 
the back and abdominal donor sites, drains were put. These were removed 
when the drain output was < 40 ml a day. Patients received prophylactic 
antibiotics as long as drains were in place, and patients received DVT 
prophylaxis with dalteparin (Fragmin®) once a day for 14 days. 

 

3.6 STUDY DESIGNS 
Paper I aimed to compare donor-site satisfaction in LD flaps and DIEP flaps 
and was designed as a retrospective, cross-sectional study.  

Paper II aimed to compare breast-specific outcomes following breast 
reconstruction with LD flaps and DIEP flaps. It was designed as a 
retrospective, observational cohort study. The participant patient cohorts 
were the same as in Paper I, and the primary outcome measure was breast-
specific QoL, as well as physical well-being, cosmetic satisfaction, normality, 
self-esteem, and emotional well-being. Breast-related factors that patients 
were particularly satisfied or dissatisfied with were investigated as a 
secondary aim. 

Paper III was designed as a retrospective observational case-control cohort 
study and aimed to compare the function of the back and shoulder in an LD 
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flap transfer group with a control group consisting of patients with similar 
backgrounds albeit reconstructed with a different method (DIEP). Predictors 
for poorer back/shoulder outcome were also investigated. The participant 
patient cohorts were the same as in Papers I and II. Consecutive patients who 
had undergone delayed LD flap transfer in 2007-2017 were invited. Patients 
who had undergone a DIEP flap during the same years were invited and, if 
accepted inclusion, were used as control. The reason for this was that the 
DIEP patients were a group of patients that were closely matched with the 
LD group in terms of mastectomy, radiation, axillary surgery, and age. This 
to lessen the number of possible confounding factors. 

In Paper I and Paper IV, systematic reviews were performed. The systematic 
review in paper I was performed to compare the results of the current study 
with previously published results. The systematic review in paper IV 
compared autologous reconstruction (with DIEP) with implant-based 
reconstruction in terms of cost-effectiveness. A systematic review is a 
synthesis of existing evidence using an objective and reproducible transparent 
scientific method. The review is usually performed in five steps(88): 

1. Definition of the research question and objectives. This is often done 
according to a systematic model, such as PICO (Population, 
Intervention, Comparison, Outcome) (87). 

2. Perform a comprehensive search of the literature and identify all 
works of interest, followed by inclusion or exclusion of studies. 

3. Study quality assessment of studies that have been included. The 
quality of included studies is assessed based on risk of bias/es, 
whether they are prospective/retrospective, randomized/non-
randomized, risk of confounding factors, etc. 

4. Summarize the evidence through a presentation of the findings of 
included studies, their quality and use of statistical methods. 

5. Analysis of the findings in relation to quality of studies, possible 
biases, and heterogeneity. Interpret the findings and find if it is 
possible to do any recommendations for practice or suggestions for 
future research. 
 

3.7 DEMOGRAPHICS AND CLINICAL DATA 
Demographical data and surgical details for patients in paper I-III was 
collected regarding the following parameters: 
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• Age at time of surgery 
• Age at time of questionnaire 
• Time since surgery 
• Number of flaps (unilateral/bilateral) 
• Reoperation due to donor site complications  
• Nonsurgical complications of the donor site  
• Surgical corrections of the donor site  
• Reason for flap 
• Previous implant-based reconstruction 
• Implant/stages 
• Denervation of LD muscle 
• Reoperation due to complications of breast 
• Nonsurgical complications breast 
• Surgical corrections breast 
• Axillary surgery 
• Use of aromatase inhibitors 

 

3.8 OUTCOME MEASUREMENTS  

3.8.1 DONOR-SITE SATISFACTION (I) 
With regard to the analysis of patient-reported outcomes, the postoperative 
reconstruction module of BREAST-Q (version 1) was used. BREAST-Q has 
been developed by Drs. Pusic, Klassen, and Cano, and a license for its use 
was obtained from Memorial Sloan Kettering Cancer Center, New York. It 
has several different modules for different breast surgeries, such as breast 
reduction/mastopexy, breast augmentation, and breast cancer. The breast 
cancer module has three distinct parts: breast-conserving therapy, 
mastectomy, and reconstruction. There are both preoperative and 
postoperative versions. BREAST-Q has been validated and translated into 
Swedish(78, 89).  

The BREAST-Q reconstruction module can explore both physical well-being 
and satisfaction with appearance at donor sites. For physical well-being, the 
abdominal domain consists of 8 items, whereas the back/shoulder domain has 
11 items (Figure 5).  
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The recall period for the items in these domains is for the past 1-2 weeks, 
meaning that when the patient answers the questions, they should relate to 
their feelings and experiences for this time period, not to how they felt at a 
more previous point in time. The items can have 3 to 5 response options, 
scored on a Likert scale. 

 
Figure 5. Separate items included in the physical well-being domains: 
abdomen and back/shoulder. 

The scores of the items in each domain are used to calculate a total raw 
score. This score can, in turn, be converted through Rasch transformation to a 
score that have been logarithmized to yield a score ranging from 0 to 100, in 
which a higher score indicates a higher level of function or satisfaction. This 
was performed for the physical well-being and satisfaction with back 
appearance domains, whereas the abdominal satisfaction domain items were 
processed as separate items. All scores were calculated and converted in 
accordance with the BREAST-Q scoring manual. The single item responses 
as well as the total raw score are considered ordinal data, whereas the 
transformed standardized 0-100 score can be considered to be a continuous 
scale(90). 

To evaluate the results and to assess the clinical relevance of the findings, 
minimally important differences (MID) are often used. MID is defined as the 
most minor improvement (or deterioration) that the patient can experience 
that is relevant to their health status. This is to see whether a statistical 
difference between the two groups actually has relevance for the patient. 
MIDs can be anchor-based or distribution-based, where the former is based 
on specific meaningful changes, whereas the latter is a statistical calculation 
of a minimal score change that would not be affected by random variation. 

                                   
  ppearance of abdomen
  osition of navel
  ppearance of abdominal scar
  eeling of abdomen compared to pre 
operatively

  ppearance of abdomen compared to pre 
operatively

                                
  earing certain clothes in order to hide back scar
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 The shape (contour) of back
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There are currently no anchor-based MIDs for BREAST-Q(91). There are 
distribution-based MIDs for several BREAST-Q domains, but not all(92-94). 

Satisfaction with donor-sites in paper I was measured with the BREAST-Q-
domains: 

• Physical well-being abdomen 
• Physical well-being back/shoulder 
• Satisfaction with abdominal appearance 
• Troubled by the appearance of the back 

The abdominal domain has 5 items for satisfaction with appearance, whereas 
the back/shoulder domain consists of 8 items (Figure 6).  

 
Figure 6. Separate items included in the satisfaction with appearance 
domains: abdomen and back. 

For the physical well-being items, the range of options is related to how often 
the patients experience symptoms related to the item (for example, abdominal 
bloating), from “none of the time” to “all of the time”.  or satisfaction with 
appearance, the abdominal domain items range from “very dissatisfied” to 
“very satisfied.” In contrast, the back domain item questions relate to how 
often the patient is troubled by the appearance of the back, from “none of the 
time” to “all of the time.” 
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For physical well-being back it has been reported to be 9-10.5 points, and for 
satisfaction with back appearance 11-12 points(92, 93). There are currently 
no MIDs for the physical well-being of the abdomen. There is however 
normative data collected in two studies on normal populations, providing 
scores with a mean of 78±20 and 82±18 for this domain(95, 96).  

 

3.8.2 BREAST-SPECIFIC QUALITY OF LIFE (II) 
PROMs are considered to be a way of evaluating outcomes in terms of QoL 
after breast reconstruction, and there are several PROMs who have been 
developed for this task. The measurement of QoL related to breast 
reconstruction can be performed with a variety of PROMs. Because of the 
risk of heterogeneity and inconsistency over different PROMs, a core 
outcome set (COS) has been defined, including a minimum set of outcomes 
needed in an adequate PROM for breast reconstruction(73). This 11-item 
COS is spread over three outcome domains: 

•  Clinical: major complications, implant- and flap-based 
complications, unplanned surgery 

• Patient-reported:  QoL, emotional and physical well-being, donor 
site morbidity, normality, self-esteem. 

• Cosmetic:    satisfaction. 

A study evaluated available breast reconstruction PROMs based on the COS 
and found three PROMs that were deemed adequate for use in QoL outcome 
research(97). These were the BRECON-31 (Breast Reconstruction Outcomes 
– 31 items), the EORTC QLQ-BRECON-23 (European Organization for 
Research and Treatment of Cancer Quality of Life Questionnaire – Breast 
Cancer Module), and BREAST-Q. Since BREAST-Q is the most widely used 
of these three, and has been validated and translated into Swedish, it was 
chosen as PROM for this study(78, 89). Since paper II focuses on breast-
specific outcomes, Figure 7 shows the six domains (and their items) chosen 
for analysis.  
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Figure 7. Domains and included items that were analyzed in the study. 

There are no anchor-based MIDs for these domains. However, there are 
distribution-based MIDs for the domains satisfaction with breasts (4 points), 
sexual well-being (4 points), psychosocial well-being (4 points), and physical 
well-being (3 points)(94). The individual BREAST-Q items specifically 
related to the core outcome measures underwent a separate analysis. 

 

3.8.3 BACK AND SHOULDER FUNCTION (III) 
Paper III used two different questionnaires as outcome measures: the 
BREAST-Q LD reconstruction module, and the Western Ontario Shoulder 
Osteoarthritis Index (WOOS) (92, 98). The BREAST-Q LD reconstruction 
module has a Swedish translation, and a validation has been performed in a 
Swedish population(93). It consists of two domains: satisfaction with back 
appearance (8 items) and satisfaction with back and shoulder function (11 
items), as shown in Figures 5 and 6. As for other BREAST-Q items, the 
scoring is on a Likert scale, and for these domains, it ranges from 1 (none of 
the time) to 5 (all of the time) and should represent how troubled the patient 
has been regarding specific problems related to the donor site for the past two 
weeks. For the BREAST-Q LD reconstruction module, there are not yet any 
published MIDs.  
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The WOOS index was originally constructed as a PROM to evaluate QoL in 
glenohumeral osteoarthritis patients and has been used to evaluate treatments 
and monitor progression over time(98). The WOOS index has been translated 
and validated in Swedish(99). It has a total of 19 items spread over four 
domains, as shown in figure 8. 

Figure 8. Domains and items in WOOS. 
 
The patient rates each item on a visual analogue scale (VAS) from 0-100 
mm, and each millimeter on the scale represents one point. Since the intervals 
between the marks at the VAS scale cannot be assumed to be equal with 
regards to the item measured, the scale is treated as an ordinal scale(100). 

The items within a domain are added to a total score for each domain, where 
a higher score, as opposed to the BREAST-Q score, represents a higher level 
of symptom burden. A total score for the 19 items is also calculated, leaving 
the possibility for a range from 0 points (no symptom burden) to 1900 points 
(maximal symptom burden). The score can later be presented as a percentage 
of the score of a normal, healthy shoulder, where perfect shoulder function 
corresponds to 100 %. There are anchor-based minimal clinical important 
differences (MCID) for the total WOOS score, calculated in patients who 
have undergone total shoulder arthroplasty for osteoarthritis in the 
glenohumeral joint and was there stated to be 12.3 %(101). MCID is similar, 
but not identical to the previously mentioned MID. Whereas the MID 
describes a minimal difference (improvement/deterioration) that can be 
detected by the patient, the MCID describes the minimal difference 
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(improvement/deterioration) that has a clinical implication for the 
patient(102, 103).   

An investigation regarding predictors for a low patient-reported outcome in 
terms of poor results in BREAST-Q back/shoulder function score and 
WOOS-percentage scores was performed with the following potential 
predictors: 

• Years after reconstruction 
• Age at time of surgery 
• Use of aromatase inhibitors (yes/no) 
• Axillary surgery (sentinel node biopsy/axillary dissection/missing) 
• Radiotherapy (chest wall/chest wall and axilla) 
• Complications within the first 30 days (yes/no) 

Since denervation of the thoracodorsal nerve had > 50 % missing values and 
was not used in the analysis, and bilateral flaps was also omitted since it was 
only 8 patients.  

3.9 STATISTICAL ANALYSES  
All tests were two-sided; a p-value ≤ 0.05 was considered statistically 
significant. Descriptive data was written as medians with ranges, means with 
standard deviations (SD), and frequencies. Tools for database management 
and statistical analysis were Excel version 16.30 (Microsoft Corporation, 
Redmond, WA), QScore (the Mapi Research Trust, Lyon, France), SPSS 
version 26.0.0.0 (IBM, Armonk, NY), and SAS version 9.3 (SAS Institute, 
Cary, NC). 
Missing items in a BREAST-Q domain are treated so that if less than 50 % of 
the answers are missing, these items can be replaced with the in-person mean 
of the replied items in that domain, enabling the calculation of a total raw 
score. If more than 50 % of items are missing, a total raw score cannot be 
calculated, and thus, the domain is excluded. If there was missing data in a 
WOOS domain it was excluded. 

In paper I, comparisons between the two groups were performed with the 
nonparametric Mann-Whitney U-test.  
 



Flap-based breast reconstruction: clinical studies on donor sites, patient satisfaction, and health 
economics 

24 
 

The WOOS index was originally constructed as a PROM to evaluate QoL in 
glenohumeral osteoarthritis patients and has been used to evaluate treatments 
and monitor progression over time(98). The WOOS index has been translated 
and validated in Swedish(99). It has a total of 19 items spread over four 
domains, as shown in figure 8. 

Figure 8. Domains and items in WOOS. 
 
The patient rates each item on a visual analogue scale (VAS) from 0-100 
mm, and each millimeter on the scale represents one point. Since the intervals 
between the marks at the VAS scale cannot be assumed to be equal with 
regards to the item measured, the scale is treated as an ordinal scale(100). 

The items within a domain are added to a total score for each domain, where 
a higher score, as opposed to the BREAST-Q score, represents a higher level 
of symptom burden. A total score for the 19 items is also calculated, leaving 
the possibility for a range from 0 points (no symptom burden) to 1900 points 
(maximal symptom burden). The score can later be presented as a percentage 
of the score of a normal, healthy shoulder, where perfect shoulder function 
corresponds to 100 %. There are anchor-based minimal clinical important 
differences (MCID) for the total WOOS score, calculated in patients who 
have undergone total shoulder arthroplasty for osteoarthritis in the 
glenohumeral joint and was there stated to be 12.3 %(101). MCID is similar, 
but not identical to the previously mentioned MID. Whereas the MID 
describes a minimal difference (improvement/deterioration) that can be 
detected by the patient, the MCID describes the minimal difference 

Jonas Löfstrand, MD, M.Sc. 

25 
 

(improvement/deterioration) that has a clinical implication for the 
patient(102, 103).   

An investigation regarding predictors for a low patient-reported outcome in 
terms of poor results in BREAST-Q back/shoulder function score and 
WOOS-percentage scores was performed with the following potential 
predictors: 

• Years after reconstruction 
• Age at time of surgery 
• Use of aromatase inhibitors (yes/no) 
• Axillary surgery (sentinel node biopsy/axillary dissection/missing) 
• Radiotherapy (chest wall/chest wall and axilla) 
• Complications within the first 30 days (yes/no) 

Since denervation of the thoracodorsal nerve had > 50 % missing values and 
was not used in the analysis, and bilateral flaps was also omitted since it was 
only 8 patients.  

3.9 STATISTICAL ANALYSES  
All tests were two-sided; a p-value ≤ 0.05 was considered statistically 
significant. Descriptive data was written as medians with ranges, means with 
standard deviations (SD), and frequencies. Tools for database management 
and statistical analysis were Excel version 16.30 (Microsoft Corporation, 
Redmond, WA), QScore (the Mapi Research Trust, Lyon, France), SPSS 
version 26.0.0.0 (IBM, Armonk, NY), and SAS version 9.3 (SAS Institute, 
Cary, NC). 
Missing items in a BREAST-Q domain are treated so that if less than 50 % of 
the answers are missing, these items can be replaced with the in-person mean 
of the replied items in that domain, enabling the calculation of a total raw 
score. If more than 50 % of items are missing, a total raw score cannot be 
calculated, and thus, the domain is excluded. If there was missing data in a 
WOOS domain it was excluded. 

In paper I, comparisons between the two groups were performed with the 
nonparametric Mann-Whitney U-test.  
 



Flap-based breast reconstruction: clinical studies on donor sites, patient satisfaction, and health 
economics 

26 
 

Paper II studies both single items and domains. It should be clarified that the 
measurements for replies in each item can be considered as an ordinal scale. 
In contrast, the total score transformed to 0-100 can be regarded as a 
continuous scale, all according to the BREAST-Q developers(90). 
Differences between the two groups when comparing ordinal values (i.e., the 
BREAST-Q scores) were performed with Mann-Whitney U-test for unpaired 
samples as in paper I. The  earson’s Chi-squared test (χ2) was used when 
comparing categorical variables (i.e. the BREAST-Q items). The frequencies 
of different answers were presented for all items in the domains satisfaction 
with breast/s and satisfaction with outcome, as well as for three items (e, f, 
and h) in the psychosocial well-being domain. 

In paper III, the scores from WOOS and BREAST-Q were presented in radar 
charts. The Mann-Whitney U-test was employed for comparison of 
BREAST-Q and WOOS with regards to percentage of normal shoulder score.   
In the investigation of potential predictors for poor shoulder/back function, a 
collinearity check was performed to see whether any predictors were highly 
correlated to each other. This was performed with a paired Spearman 
correlation, subsequently followed by the linear regression where the 
potential predictors were independent variables and the BREAST-Q 
back/shoulder function and WOOS percentage scores were dependent 
variables. For these outcomes, a regression was fitted for each of the potential 
predictors previously mentioned, except for axillary surgery and radiotherapy 
to chest wall and axilla. These predictors were closely linked and hence were 
inserted in two separate models, first a model who included a predictor with 
the three categories: 

• Axillary surgery (SNB + radiotherapy chest wall) 
• Axillary dissection with radiotherapy to the chest wall and 
• Axillary dissection with radiotherapy to the chest wall and the axilla  

 
And secondly a model with the radiotherapy target (chest wall or chest wall + 
axilla) was performed. 
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3.10 METHODOLOGY OF THE 
SYSTEMATIC REVIEWS 

3.10.1 DONOR SITE SATISFACTION  
The systematic review in paper I targeted studies that had reported on 
abdominal satisfaction and well-being. A PICO (Population, Intervention, 
Comparison, Outcome) was defined as following(87): 

P – Women who have undergone breast reconstruction. 

I – Free flap based on the abdomen.  

C – None 

O – Satisfaction and QoL of the donor site, measured with validated PROMs. 

To be included in the review, studies needed to be original and include more 
than 50 patients. A Medline/Pubmed search was performed on 10th June 2021 
with the following search string: (((DIEP) OR (deep inferior epigastric artery 
perforator)) AND ((abdomen) AND (patient-reported))); (((DIEP) OR (deep 
inferior epigastric artery perforator)) AND (BREAST-Q)), and (((DIEP) OR 
(deep inferior epigastric artery perforator)) AND ((abdomen) AND (quality 
of life))).  

A total of 44 articles were identified and read in full text by two of the 
authors and determined in agreement which articles that could be included. 
Thirty of the articles were excluded, leaving 14 articles eligible for inclusion, 
all of which had used BREAST-Q (Figure 9).  

A search was also performed for articles reporting on the BREAST-Q 
satisfaction with back domain, which is a more recently developed domain, 
that  consequently rendered fewer results and only two articles with more 
than 50 patients. 
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Paper II studies both single items and domains. It should be clarified that the 
measurements for replies in each item can be considered as an ordinal scale. 
In contrast, the total score transformed to 0-100 can be regarded as a 
continuous scale, all according to the BREAST-Q developers(90). 
Differences between the two groups when comparing ordinal values (i.e., the 
BREAST-Q scores) were performed with Mann-Whitney U-test for unpaired 
samples as in paper I. The  earson’s Chi-squared test (χ2) was used when 
comparing categorical variables (i.e. the BREAST-Q items). The frequencies 
of different answers were presented for all items in the domains satisfaction 
with breast/s and satisfaction with outcome, as well as for three items (e, f, 
and h) in the psychosocial well-being domain. 

In paper III, the scores from WOOS and BREAST-Q were presented in radar 
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BREAST-Q and WOOS with regards to percentage of normal shoulder score.   
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correlation, subsequently followed by the linear regression where the 
potential predictors were independent variables and the BREAST-Q 
back/shoulder function and WOOS percentage scores were dependent 
variables. For these outcomes, a regression was fitted for each of the potential 
predictors previously mentioned, except for axillary surgery and radiotherapy 
to chest wall and axilla. These predictors were closely linked and hence were 
inserted in two separate models, first a model who included a predictor with 
the three categories: 

• Axillary surgery (SNB + radiotherapy chest wall) 
• Axillary dissection with radiotherapy to the chest wall and 
• Axillary dissection with radiotherapy to the chest wall and the axilla  

 
And secondly a model with the radiotherapy target (chest wall or chest wall + 
axilla) was performed. 
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3.10 METHODOLOGY OF THE 
SYSTEMATIC REVIEWS 

3.10.1 DONOR SITE SATISFACTION  
The systematic review in paper I targeted studies that had reported on 
abdominal satisfaction and well-being. A PICO (Population, Intervention, 
Comparison, Outcome) was defined as following(87): 

P – Women who have undergone breast reconstruction. 

I – Free flap based on the abdomen.  

C – None 

O – Satisfaction and QoL of the donor site, measured with validated PROMs. 

To be included in the review, studies needed to be original and include more 
than 50 patients. A Medline/Pubmed search was performed on 10th June 2021 
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Figure 9. Identification of eligible articles. 

The most common cause for exclusion was n<50 patients and not reporting 
abdomen scores (Table 1). 
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 Table 1. Excluded articles and reasons for exclusion 
 
 

First author, year, country  Reason for exclusion  

Brennan, 2016, Australia (104) Not DIEP (Implant based) 
Cornelissen, 2017, The Netherlands and USA 
(105) 

Abdomen not reported 

Cowen, 2021, France (106) 20 DIEPs 
Craig, 2018, USA (107)  Abdomen not reported 

Durry, 2019, France (108) 13 DIEPs  
He, 2017, China (109) 38 DIEPs 
Ho, 2018, Taiwan (110) Abdomen not reported 
Haddock, 2020, USA (111) Not DIEP (PAPs) 
Huang, 2011, Taiwan (112) 6 DIEPs 
Kiely, 2021, UK (113) 40 DIEPs  
Khajuria, 2017, UK (114) Study protocol  
Kulkarni, 2016, USA (115) Abdomen not reported  
Kuykendall, 2018, USA (116) Abdomen not reported  
Kuykendall, 2017, USA (117) Abdomen not reported  
Li, 2019, China (118) Not pre-defined language 

(Chinese)  
Ludolph, 2015, Germany (119) No data given separately for 

DIEP 
Malagon-Lopez, Spain (120) Abdomen not reported 
Matthews, 2017, UK (121) Abdomen not reported  
Matros, 2015, USA and Canada (122) Only QALYs reported 
Ménez, 2017, France and Italy (123) 42 DIEPs 
Nelson, 2019, USA (124) 19 DIEPs  
O’Connell, 2018, UK (125) Abdomen not reported  
Ritter, 2021, Switzerland (126) 32 DIEPs 
Schwitzer, 2015, Canada (127) 31 DIEPs 
Seal, 2018, Canada (128) 22 DIEPs  
Skraastad, 2019, Norway (129) 22 DIEPs  
Sugrue, 2013, USA (130) 4 DIEPs  
Tallroth, 2020, Sweden (131) 42 DIEPs  
Ulatowski, 2018, Poland (132) Not pre-defined language 

(Polish)  
Varela, 2020, Spain (133) Abdomen not reported  



Flap-based breast reconstruction: clinical studies on donor sites, patient satisfaction, and health 
economics 

28 
 

 
Figure 9. Identification of eligible articles. 

The most common cause for exclusion was n<50 patients and not reporting 
abdomen scores (Table 1). 

Jonas Löfstrand, MD, M.Sc. 

29 
 

 
 
 

 
 Table 1. Excluded articles and reasons for exclusion 
 
 

First author, year, country  Reason for exclusion  

Brennan, 2016, Australia (104) Not DIEP (Implant based) 
Cornelissen, 2017, The Netherlands and USA 
(105) 

Abdomen not reported 

Cowen, 2021, France (106) 20 DIEPs 
Craig, 2018, USA (107)  Abdomen not reported 

Durry, 2019, France (108) 13 DIEPs  
He, 2017, China (109) 38 DIEPs 
Ho, 2018, Taiwan (110) Abdomen not reported 
Haddock, 2020, USA (111) Not DIEP (PAPs) 
Huang, 2011, Taiwan (112) 6 DIEPs 
Kiely, 2021, UK (113) 40 DIEPs  
Khajuria, 2017, UK (114) Study protocol  
Kulkarni, 2016, USA (115) Abdomen not reported  
Kuykendall, 2018, USA (116) Abdomen not reported  
Kuykendall, 2017, USA (117) Abdomen not reported  
Li, 2019, China (118) Not pre-defined language 

(Chinese)  
Ludolph, 2015, Germany (119) No data given separately for 

DIEP 
Malagon-Lopez, Spain (120) Abdomen not reported 
Matthews, 2017, UK (121) Abdomen not reported  
Matros, 2015, USA and Canada (122) Only QALYs reported 
Ménez, 2017, France and Italy (123) 42 DIEPs 
Nelson, 2019, USA (124) 19 DIEPs  
O’Connell, 2018, UK (125) Abdomen not reported  
Ritter, 2021, Switzerland (126) 32 DIEPs 
Schwitzer, 2015, Canada (127) 31 DIEPs 
Seal, 2018, Canada (128) 22 DIEPs  
Skraastad, 2019, Norway (129) 22 DIEPs  
Sugrue, 2013, USA (130) 4 DIEPs  
Tallroth, 2020, Sweden (131) 42 DIEPs  
Ulatowski, 2018, Poland (132) Not pre-defined language 

(Polish)  
Varela, 2020, Spain (133) Abdomen not reported  



Flap-based breast reconstruction: clinical studies on donor sites, patient satisfaction, and health 
economics 

30 
 

 

3.10.2 COST-EFFECTIVENESS 
The systematic review in paper IV targeted studies that had reported on cost-
effectiveness of implant-based and autologous reconstruction. A PICO 
(Population, Intervention, Comparison, Outcome) was defined as 
following(87): 

P – Women who seek health care for breast reconstruction following 
mastectomy 

I – Breast reconstruction with a DIEP flap 

C – Breast reconstruction with an implant-based technique 

O – Incremental cost-effectiveness ratio (ICER) 

To be included in the review, studies needed to be original articles and not 
letters, editorials or other systematic reviews. A Medline, Pubmed, Embase, 
Cochrane library, Cinahl, EconLit, and NHS EED search was performed on 
9th May 2023 with the following search string: ((((cost effective) OR (cost 
utility)) OR (economic evaluation)) AND (breast reconstruction)) AND 
(((DIEP) OR (deep inferior epigastric perforator flap)) OR (autologous)). 
Identified articles of interest were subject to abstract reading and, if the 
eligibility for inclusion could not be assessed by the abstract, read in full-text 
when necessary. Authors collaborated to judge whether the articles could be 
included. 
 
A total of 256 articles were initially identified; 63 remained after removal of 
duplicates and irrelevant articles. After reading these 63 articles in full text, 
another 56 were excluded due to various reasons, most often due to lack of 
cost analysis. Excluded studies are seen in Table 2. Thus, a total of 7 articles 
were included in the review. The identification process is shown in figure 10.  
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Figure 10. Identification of eligible articles.  
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Table 2. Excluded studies from literature search. ICER - Incremental cost-
effectiveness ratio. 

Study  Reason for exclusion  
Albornoz, 2014 (134) Cost analysis – measured or compared costs without health outcomes 
Aliu, 2017 (135) Cost analysis – measured or compared costs without health outcomes 
Atherton, 2011 (136) Cost analysis – measured or compared costs without health outcomes  
Bailey, 2021 (137) Cost analysis – measured or compared costs without health outcomes 
Berlin, 2020 (138) Cost analysis – measured or compared costs without health outcomes 
Billig, 2017 (139) Cost analysis – measured or compared costs without health outcomes 
Bloom, 2023 (140) Visual abstract to (141) 
Boland, 2022 (142) Cost analysis – measured or compared costs without health outcomes.  
Boyd, 2023 (143) Cost analysis – measured or compared costs without health outcomes 
Cai, 2020 (144) Cost analysis – measured or compared costs without health outcomes 
Chattha, 2020 (145) Cost analysis – measured or compared costs without health outcomes 
Clarke-Pearson, 2013 (146) Does not analyze costs  
Dinis, 2021 (147) Cost analysis – measured or compared costs without health outcomes 
Damen, 2011 (148) Cost analysis – measured or compared costs without health outcomes 
Drinane, 2019 (149) Does not analyze costs  
Fischer, 2013 (150) Cost analysis – measured or compared costs without health outcomes 
Fischer, 2015 (151) Cost analysis – measured or compared costs without health outcomes 
Fischer, 2013 (152) Cost analysis – measured or compared costs without health outcomes 
Fitzpatrick, 2014 (153) Cost analysis – measured or compared costs without health outcomes 
Franchelli, 1998 (154) Cost analysis – measured or compared costs without health outcomes 
Holoyda, 2019 (155) Cost analysis – measured or compared costs without health outcomes.  
Hummelink, 2017 (156) Development of decision modelling  
Huo, 2016 (157) Cost analysis – measured or compared costs without health outcomes 
Israeli, 2014 (158) Cost analysis – measured or compared costs without health outcomes. 
Johnson, 2021 (159) Study protocol  
Khajuria, 2019 (160) Systematic review  
Khajuria, 2019 (161) Conference abstract excluded,results have been published in study(160) 
Khajuria, 2017 (114) Study protocol  
Klifto, 2021 (162) Conference abstract excluded,results have been published in study(163) 
Kouwenberg, 2020 (66) Does not analyze costs  
Kwok, 2019 (164) Cost analysis – measured or compared costs without health outcomes 
Lagares-Borrego, 2016 (165) Cost analysis – measured or compared costs without health outcomes 
Lemaine, 2020 (166) Cost analysis – measured or compared costs without health outcomes 
Lotter, 2012 (167) Cost analysis – measured or compared costs without health outcomes 
Lotter, 2013 (168) Cost analysis – measured or compared costs without health outcomes 
Neyt, 2005 (169) Cost analysis – measured or compared costs without health outcomes 
Marchac, 2011 (170) Cost analysis – measured or compared costs without health outcomes 
Molina, 2010 (171) Cost analysis – measured or compared costs without health outcomes 
Odom, 2018 (172) Cost analysis – measured or compared costs without health outcomes 
Paget, 2013 (173) Cost analysis – measured or compared costs without health outcomes 
Palve, 2022 (174) Cost analysis – measured or compared costs without health outcomes 
Park, 2022 (175) Cost analysis – measured or compared costs without health outcomes. 
Passarelli, 1998 (176) Cost analysis – measured or compared costs without health outcomes 
Porosnico, 2023 (177) Cost analysis – measured or compared costs without health outcomes.  
Reid, 2015 (178) Cost analysis – measured or compared costs without health outcomes 
Scampa, 2021 (179) Cost analysis – measured or compared costs without health outcomes.  
Shah, 2023 (180) Comment on (141) 
Sheckter, 2018 (181) Cost analysis – measured or compared costs without health outcomes 
Sheckter, 2018 (182) Systematic review  
Sinha, 2015 (183) Cost analysis – measured or compared costs without health outcomes.  
Tallroth, 2021 (131) ICER not given  
Thoma, 2020 (184) ICER not given  
Tran, 2017 (185) Conference abstract excluded,results have been published in study(185) 
Tran, 2017 (185) Cost analysis – measured or compared costs without health outcomes 
Weidman, 2023 (186) Cost analysis – measured or compared costs without health outcomes 
Yun, 2018 (187) Narrative review   
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For the included studies, the GRADE approach was used to evaluate the 
quality of evidence(188, 189). The risk of bias, indirectness of evidence, 
inconsistency of results, and imprecision were deemed as ‘low’, ‘unclear’ or 
‘high’(190). This rating of the included articles according to the GRADE 
manual would render a rating of the study’s certainty of evidence as 
‘High’(ƟƟƟƟ), ‘ oderate’(ƟƟƟО), ‘Low’(ƟƟОО), or ‘Very low’(ƟООО). 
The quality of reporting in the included studies was evaluated with the 
Consolidated Health Economic Evaluation Reporting Standard (CHEERS) 
2022(191). 
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4 RESULTS 

4.1 DEMOGRAPHICS AND CLINICAL DATA 
Following the identification and invitation of eligible study participants for 
paper I-III, the response rate was 75 % (n=135) of LD patients and 60 % 
(n=118) of DIEP patients. The mean follow-up time after surgery was 7 
years. The mortality during this period was 15 % in the LD group and 18 % 
in the DIEP group. There were no differences between groups regarding age 
at time of surgery, at the time of follow-up, or years since surgery (Table 3). 

 
Table 3. Demographics and clinical details for the LD and DIEP groups.        
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There were no emergent re-operations of LD flap patients due to donor site 
complications, whereas this happened in 3 % of the DIEP flap patients, all 
due to wound dehiscence or skin/fat necrosis of the donor site. Seroma at the 
donor site was more common in the LD group than in the DIEP group, 13 % 
vs 2 %, respectively. There were no late surgical corrections of the donor site 
in the LD flap patients, whereas it was employed in more than 20 % of the 
DIEP flap patients, most often in the form of skin corrections. 

4.2 PAPER I 

4.2.1 PHYSICAL WELL-BEING DONOR SITE 
The total BREAST-Q score for physical abdominal well-being in the DIEP 
group was 79, whereas the score for physical well-being back in the LD 
group was 63. This difference was statistically significant (Table 4).  

 
Table 4. Physical well-being donor-site for DIEP and LD. 
 
When looking at specific items of the physical well-being, the LD group were 
bothered (most or all of the time) to a greater extent than the DIEP group 
regarding a pulling feeling at the donor site (25.2 % LD, 13.9 % DIEP) and 
tightness at the donor site (28.4 % LD, 12.2 % DIEP).  

For everyday activities, there are 6 items in the LD module, with percentages 
of patients being bothered (most or all of the time) ranging from 12 % 
(difficulty reaching for objects) to 23 % (weakness in the arm). In contrast, 
the percentages of patients being bothered (most or all of the time) for the 
two everyday activity items in the DIEP module were only 3 % (difficulty 
sitting up because of abdominal weakness) and 4 % (difficulty doing 
everyday activities due to abdominal weakness). Specifics are shown in 
Figure 11. 
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Figure 11. Frequencies of individual item responses in the BREAST-Q 
physical well-being domains. 

Pain in the shoulder and pain in the back was eminent most or all of the time 
in 14 and 15 % of LD flap patients, respectively (Figure 12). The DIEP flap 
patients did not evaluate pain in this manner but rated abdominal symptoms 
where bulging was experienced most or all of the time in 15 % of cases 
(Figure 13).  

 
Figure 12. Frequencies of individual item responses as part of the BREAST-
Q back and shoulder well-being. 
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Figure 13. Frequencies of individual item responses in the BREAST-Q 
physical well-being abdomen. 
 

4.2.2 APPEARANCE OF THE DONOR SITE 
For the satisfaction with the back appearance domain in the LD group, the 
total mean score was 77 (SD 21). Since no conversion table exists for the 
DIEP abdominal appearance domain, these are treated and analyzed as 
individual items (Figure 14). Twenty-one per cent of the patients were 
somewhat or very dissatisfied with the appearance of the abdominal scar 
following DIEP surgery, whereas 6.4 % of the LD patients were troubled by 
the appearance of their back scar most or all of the time. The item where 
most LD patients were troubled (most or all of the time) by the appearance 
was the need for certain clothes to hide the scar, affecting 11 % (Figure 15). 

 
 



Flap-based breast reconstruction: clinical studies on donor sites, patient satisfaction, and health 
economics 

36 
 

Figure 11. Frequencies of individual item responses in the BREAST-Q 
physical well-being domains. 

Pain in the shoulder and pain in the back was eminent most or all of the time 
in 14 and 15 % of LD flap patients, respectively (Figure 12). The DIEP flap 
patients did not evaluate pain in this manner but rated abdominal symptoms 
where bulging was experienced most or all of the time in 15 % of cases 
(Figure 13).  

 
Figure 12. Frequencies of individual item responses as part of the BREAST-
Q back and shoulder well-being. 

Jonas Löfstrand, MD, M.Sc. 

37 
 

 
Figure 13. Frequencies of individual item responses in the BREAST-Q 
physical well-being abdomen. 
 

4.2.2 APPEARANCE OF THE DONOR SITE 
For the satisfaction with the back appearance domain in the LD group, the 
total mean score was 77 (SD 21). Since no conversion table exists for the 
DIEP abdominal appearance domain, these are treated and analyzed as 
individual items (Figure 14). Twenty-one per cent of the patients were 
somewhat or very dissatisfied with the appearance of the abdominal scar 
following DIEP surgery, whereas 6.4 % of the LD patients were troubled by 
the appearance of their back scar most or all of the time. The item where 
most LD patients were troubled (most or all of the time) by the appearance 
was the need for certain clothes to hide the scar, affecting 11 % (Figure 15). 

 
 



Flap-based breast reconstruction: clinical studies on donor sites, patient satisfaction, and health 
economics 

38 
 

 
Figure 14. Frequencies of individual item responses in the BREAST-Q 
abdominal appearance domain. 
 

 
Figure 15. Frequencies of individual item responses in the BREAST-Q back 
appearance domain. 
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4.2.3 SYSTEMATIC REVIEWS  
A total of 14 studies were included in the review, with a combined number of 
2,701 patients(Table 5)(40, 192-204). Five of these studies combined pre- 
and postoperative results regarding abdominal physical well-being, and all of 
these showed lower scores postoperatively as compared to 
preoperatively(194, 198, 201, 202, 204). These studies also repeated 
measurements on several time points after surgery and could see that 
postoperative scores improved with time. One of these studies also reported 
several risk factors for worse postoperative scores: diabetes, high 
preoperative score, smoking, and ethnicity(194).  

The mean scores for the physical well-being abdomen in the included studies 
were 73-84 (SD 13-23), as shown in Figure 16. Studies measuring bilateral 
DIEPs showed lower scores than unilateral DIEPs(201, 202, 204). Scores for 
transverse rectus abdominis muscle (TRAM) flaps, a more muscle and nerve-
sacrificing surgery, were lower than for DIEP flaps in several studies(193, 
199, 204). On the other hand, superficial inferior epigastric artery (SIEA) 
flaps, where the fascia and muscle of the rectus abdominis are left unharmed, 
scored higher than DIEP flaps(204). 
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 Table 5. The 14 studies that used the BREAST-Q satisfaction with donor site 
abdomen after breast reconstruction with DIEP flap. 
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Figure 16. Results from previous studies included in the systematic review, 
reporting the mean total score and standard deviation of the BREAST-Q 
physical well-being abdomen domain. 

The two studies who used the back domains, comprised a total of 1156 
patients(92, 205) (Table 6). These showed a mean physical well-being of 66 
(SD 18), and mean satisfaction with appearance of 77 (SD 22).  

 
Table 6. The two studies which used the BREAST-Q satisfaction with back 
domain following breast reconstruction with LD flap. 
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4.3 PAPER II 

4.3.1 CLINICAL DATA 
Demographical and clinical data has previously been seen in Table 3. Further 
clinical data relevant to paper II is seen in Table 7 below. 

 
Table 7. Clinical data regarding patients in the LD group and DIEP group.  
* = some patients had more than one complication and/or correction. 

Re-operations due to complications were more common in the DIEP group, 
19 % of patients as compared to 11 % in the LD group. Most common reason 
for re-operation in the LD group was removal of implant (5 %), whereas 
wound dehiscence or necrosis in the breast was more common in the DIEP 
group, affecting 17 %. Complications regarding breast infections (21 % 
DIEP, 7 % LD) and wound dehiscence not in need of surgery (28 % DIEP, 4 
% LD) were also more common in the DIEP group  than in the LD group. 
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4.3.2 BREAST-SPECIFIC QOL AND PHYSICAL 
WELL-BEING  

The results from the six studied domains are shown in Table 8. The DIEP 
group had higher scores than the LD group in all of these domains, 
statistically significant in all but one (physical well-being chest). Norm 
values are described for four of these domains(95, 96). The LD group had 
lower results than norms for sexual well-being and physical well-being chest; 
the DIEP group had lower scores than the norm for physical well-being chest.  

 
Table 8. BREAST-Q results and norm values for investigated domains. 
 

4.3.3 SATISFACTION WITH OUTCOME AND 
COSMESIS 

The largest differences between the groups were seen in the ‘satisfaction with 
breast’ and ‘satisfaction with outcome’, where the DIE  group surpassed the 
LD group with 13 and 15 points, respectively.  

With regards to ‘satisfaction with breast’ items, shown in Figure 17, the 
DIEP group scored significantly higher than the LD group in all but two 
items: ‘bra comfort’ and ‘size of the reconstructed breast’.                      
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Figure 17. responses to specific items in the satisfaction with breast domain. 

In the ‘satisfaction with outcome’ items, the DIE  group showed higher 
scores than the LD group in all items, statistically significant in all but one: ‘a 
breast reconstruction is better than no breast reconstruction’ (Figure 18). 
Nearly half (47 %) of the DIEP patients believed that the reconstruction 
turned out the way they thought; the same ratio for the LD patients was 21 %.  
Half of the LD patients fully agreed that the operation had improved their 
lives; the same ratio for the DIEP patients was 71 %.  or the item ‘I would 
have the operation again’, 7 % of DIE  patients and 18 % of LD patients 
disagreed. There are a number of patients who seem to regret having a breast 
reconstruction, 10 % in the LD group and 1 % in the DIEP-group (p=0.02). 
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Figure 18. Responses to specific items related so satisfaction with outcome. 
 

4.3.4 EMOTIONAL WELL-BEING, NORMALITY, 
SELF-ESTEEM AND FEMININITY   

The ‘psychosocial well-being’ results showed significantly higher scores in 
the DIEP group than in the LD group. The score difference exceeded the 
distribution-based MID with margin. For the specific items, femininity, self-
esteem, and feeling of normality, the DIEP group scored higher than the LD 
group, albeit only statistically significant in the ‘feeling of normality’ item 
(Figure 19).  
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Figure 19. Responses to specific items related to femininity, normality and 
self-esteem. 
 

4.3.5 BREAST-RELATED FACTORS OF GREATER 
AND LESSER SATISFACTION 

The specific breast aspects/items with the highest ratios of satisfaction (very 
or somewhat satisfied) were the same in both groups (Figure 17), namely: 

• Feeling normal in clothes (DIEP 93 %, LD 89 %, p=0.004) 
• Appearance in the mirror clothed (DIEP 95 %, LD 81 %, p<0.001) 
• Shape of reconstructed breast in a bra (DIEP 90 %, LD 78 %, 

p<0.001) 

When it came to the items that patients expressed the highest degree of 
dissatisfaction (very or somewhat dissatisfied), these three items stood out in 
both groups: 

• How closely the breasts match each other (DIEP 31 %, LD 61 %, 
p<0.001) 

• Appearance in the mirror naked (DIEP 27 %, LD 54 %, p<0.001) 
• How equal the breasts are in size (DIEP 25 %, LD 53 %, p<0.001) 
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4.4 PAPER III 

4.4.1 CLINICAL DATA 
Demographical and clinical data has previously been seen in Table 3 and 
Table 7. The only additional clinical data pertinent to paper III was the use of 
aromatase inhibitors, which was used in 35 % (n=47) of LD flap patients and 
30 % (n=35) of DIEP flap patients. 

 

4.4.2 PATIENT-REPORTED BACK AND SHOULDER 
FUNCTION 

Measured with the BREAST-Q ‘satisfaction with back and shoulder 
function’ domain, the LD group scored significantly lower than the control 
group, with a median result of 58 (range 0-100) versus 66 (range 21-100), 
respectively (p=0.006)(Table 9, Figure 20).  When measured with WOOS, 
the total function score was significantly worse in the LD group (median 241, 
range 60-1755) than in the control group (median 139, range 11-1721).  

 
Table 9. Back and shoulder function reported with WOOS and BREAST-Q. 
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Figure 20. Radar chart depicting mean total scores in the BREAST-Q 
satisfaction with back/shoulder function domain for LD patients and controls. 

When analyzing the percent of normal function in WOOS, the total score is 
significantly worse in the LD group (87 %) than in the control group (93 %). 
The same is true for three of the four domains, the exception being the 
‘emotional well-being’ domain (Table 9, Figure 21). However, the 
differences did not exceed the MCID for WOOS, which has been reported to 
be 12.3 % (101).  

 
Figure 21. Radar chart showing median WOOS score per cent of normal 
function in the four domains and total score. 

Jonas Löfstrand, MD, M.Sc. 

49 
 

When analyzing individual BREAST-Q items (back and shoulder), back pain 
most/all of the time was similar in both groups, 15 % in the LD group and 14 
% in the control group. Shoulder pain most/all of the time was more common 
in the LD group (14 %) than in the control group (7 %). Of the 11 items, the 
LD group scored significantly lower than the control group in four of them: 
shoulder pain, a pulling feeling in the back, difficulty carrying heavy objects, 
and difficulty doing activities with arms outstretched (Figure 22).  

Figure 22. Answer frequencies for the different items in the BREAST-Q back 
and shoulder function. 
 

4.4.3 PREDICTORS FOR A LOW BACK AND 
SHOULDER FUNCTION 

In the analysis regarding potential predictors for low back and shoulder 
function measured with BREAST-Q, the only predictors that reached 
statistical significance was axillary surgery, and radiotherapy target axilla. 
When measuring with WOOS, the only predictor that reached statistical 
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significance was age at surgery, where higher age was correlated to poorer 
result (Table 10). 

 
Table 10. Linear regression of poor back and shoulder function, using 
BREAST-Q and WOOS as dependent variables. 

 

Jonas Löfstrand, MD, M.Sc. 

51 
 

4.5 PAPER IV 

4.5.1 INCLUDED STUDIES 
The seven studies that were included in the study had somewhat different 
orientations, but all had comparisons between DIEP and implant-based 
reconstruction (Table 11). One study was from the Netherlands(206), the rest 
from North America (USA and Canada). Four studies did not mention 
radiation characteristics, two studies included only radiated patients(207, 
208), and one study compared radiated and nonradiated patients(209). The 
studies differed in time perspective, all from 12 months(184, 210) to 7-10 
years(163, 206, 209) to life time(122, 207). Two of the studies were part of 
non-randomized clinical cohort studies, where one was retrospective(206) 
and one was prospective(210). The other five studies were modeling in 
nature; one used Markov modeling(163), and four used decision trees(122, 
207-209). The calculations of QALYs also differed; two studies calculated it 
from QALY-weights/utility scores from previously published data (163, 
208), two studies used the more breast-specific BREAST-Q(122, 207) 
whereas two studies used more generic QoL questionnaires in form of 
“Euroqol 5 dimensions” and “Health Utilities Index  ark 3”(206, 210), and 
one study used preferences drawn from nine plastic surgeons(209).  

 

4.5.2 FINDINGS 
Based on a threshold of cost-effectiveness from $50,000 to $100,000, five of 
the studies suggested that DIEP may be cost-effective when compared to 
implant-based reconstruction, whereas two of the studies suggested that 
implant-based reconstruction is more cost-effective than DIEP. The reasoning 
for the latter was that one of the studies found high frequency of 
complications in the DIEP reconstructions(206), the other study had a follow-
up of only 12 months(210). One of the studies in favor of DIEP stipulated 
that it is especially cost-effective when a long life-expectancy is 
expected(122), whereas two of the studies implied that implant-based 
reconstruction may be more effective when a short life-expectancy is 
anticipated(207, 208).  
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4.5.3 QUALITY OF INCLUDED STUDIES 
4.5.3.1 RISK OF BIAS 
All studies used QALYs to measure the effectiveness, but they were derived 
in different ways, as described in 4.5.1. The use of previously described 
QALY-weights in two of the studies (163, 208) is troublesome since the 
existing preference values are of poor scientific quality(211). One study did 
not include the patients’ opinions, only the judgments of nine plastic 
surgeons using a VAS scale questionnaire(209). Four studies used PROMs to 
measure QALY-weights; two of these were breast-specific (BREAST-Q) 
which has not been validated to calculate QALY-weight, and two used 
generic PROMs which might be too blunt to find any differences between 
breast reconstructive methods(74, 212). In addition, only one study described 
the characteristics of the patients on which the QALY-weights were 
extracted(206). The five studies that used previously reported data to 
determine probability of complication did not report how the evidence was 
gathered and analyzed to develop averages and distributions of data. The 
heterogeneity of patients is another risk of bias since there are large 
differences in tumor stages, immediate or delayed setting, duration of follow-
up, radiation or not, etc. In summary, the risk of bias is high and the 
limitations are considerable. 

 

4.5.3.2 DIRECTNESS 
There is a need to evaluate how much the included studies reflect the real-life 
situation in terms of populations, comparators, interventions, outcomes, 
timelines and analytic perspectives. These are not well described in most of 
the studies, hence the directness is not clear. Outcomes and complications in 
a longer perspective is not recorded in most studies, which would be 
desirable since the survival in breast cancer is high, leading to situations 
where the patients will live a long time with their reconstructions. The use of 
a simple decision tree in several studies, with only one potential complication 
or outcome per patient, is not desirable since it does not reflect the reality of 
breast reconstructive surgery, where patients might have more than one 
complication and undergo several corrective surgeries(213, 214). In 
summary, the directness across the studies is unclear. 
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4.5.3.3 INCONSISTENCY 
This concerns any variability in the results that cannot be explained. Intra-
study sensitivity analyses showed that the greatest uncertainty regards life 
expectancy of the patients(122, 207), as well as complications after DIEP flap 
surgery(206, 208, 209). The interstudy discrepancies in the ICERs could be 
due to the fact that the different studies used various standard procedures as 
comparisons, and different ways to create QALYs. Five of the studies 
favored DIEP flap over implant in terms of cost-effectiveness, with a 
reservation in two of them claiming that implant is more cost-effective in 
patients with short life expectancy(207, 208), the latter claim being in line 
with a study claiming that implants are more cost-effective than DIEP in a 
one year perspective(210). The two studies that favored implant over DIEP in 
terms of cost-effectiveness used generic QoL measurements, which might be 
too general in nature to detect differences. Additionally, in one of these 
studies the baseline measurements were higher in the implant group 
preoperatively, indicating a difference between the groups from the start. 
Overall, the inconsistency over the studies is considered low. 

 

4.5.3.4 IMPRECISION 
This concerns how grave the variability is in the studies. All but one of the 
included studies conducted a sensitivity analysis with a range of estimates. 
Two of the studies included only estimates for age and tumor stage/life 
expectancy(122, 207). In summary, the imprecision risk is deemed to be low.  

 

4.5.3.5 CERTAINTY OF EVIDENCE 
When taking all aspects into account, the certainty of evidence that DIEP 
flaps are cost-effective when compared to implant-based reconstruction is 
low (GRADE ƟƟОО). The high risk of bias led to a downgrade of two 
levels, and one level further due to unclear directness, whereas it was 
upgraded one level because of the consistency of the results over the studies. 
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5 DISCUSSION 
Plastic surgery is one of the broadest surgical specialties, involving all parts 
of the body, patients of all ages, and a myriad of surgical options. Plastic 
surgeons' innovative and artistic traits have enabled solutions and increased 
QoL for millions of patients. However, many solutions to a problem can be 
both a blessing and a curse since it is often unclear which solution is the best 
for the specific patient. Different surgeons can, usually with emphasis, 
propagate for various solutions. Not always with strong scientific evidence to 
support it, but rather the “in my hands”-argument as the strongest selling 
point. 

The increased awareness of patient preferences and autonomy has raised the 
demands for plastic surgeons to be able to provide objective, scientific data 
that can be presented to a patient when facing different solutions to their 
problems. Breast reconstruction surgery is no exception to this evolution. As 
previously discussed, there is a plethora of different methods for breast 
reconstruction following mastectomy.  

A comparison between all breast reconstructive methods is challenging due 
to several factors, for example: 

• There are international and regional differences in the choice of 
reconstructive methods. 

• There are different guidelines and eligibility for various types of 
breast reconstruction in different countries. 

• There are different demographics, tumor characteristics, use of 
radiation, ablative surgery, and other clinical factors in different 
parts of the world. 

• Different PROMs are preferred in different regions/countries. 

Thus, comparing several methods might be challenging since it would require 
a multicenter, likely international, study encompassing relevant methods, 
entailing risks of heterogeneity in patient cohorts and imperfect conclusions. 

An ancient proverb states that there is only one way to eat an elephant: one 
bite at a time. One way to better understand the pros and cons of different 
methods is to compare similar cohorts who have undergone different breast 
reconstructions head-to-head, preferably by the same surgeons, at the same 
hospital with the same patient characteristics. These kinds of studies will by 
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no means cover the vast area of breast reconstruction. Still, they may provide 
a piece of a large puzzle and, as a well-needed byproduct, hopefully identify 
areas needing improvement. This thesis aimed to provide a small piece of that 
puzzle, using validated PROMs to evaluate QoL and systematic reviews. 

The nearly equal use of two different methods for breast reconstruction of 
radiated mastectomy defects at our center during the study period provided a 
foundation for the comparison of the two methods in Paper I-III. The long 
follow-up of the patients, with a mean of 7 years, is a strength in order to 
know how the patients are feeling in the long term, and the follow-up is 
longer than in most other studies of this kind. In an effort to continue method 
comparisons, this time between DIEP and implant, the first step was to do a 
cost-effectiveness analysis as in paper IV. 

 

5.1 SATISFACTION WITH BREAST 
Since the reason to reconstruct a breast is to increase QoL, patient-reported 
assessment of the results provides essential information of the reconstructive 
method. The breast satisfaction (Paper II), both physically and aesthetically, 
was measured with BREAST-Q. The results showed that the DIEP flap was, 
with statistical significance, superior to the LD flap in five out of six 
domains, except physical well-being chest where the results favored the DIEP 
flap but not statistically significant(p=0.088). The significance exceeded the 
distribution-based MIDs for three domains (psychosocial well-being, sexual 
well-being, and satisfaction with breasts). This emphasizes findings in 
previous studies that have compared these two methods(192, 215, 216). 
Unfortunately, there are no anchor-based MIDs for BREAST-Q. Therefore, it 
is difficult to evaluate how clinically significant the difference is and how 
much weight the results should be given when health care policy and clinical 
decisions are made. Nevertheless, this is true for all available patient-reported 
outcome measurements after breast reconstruction (217). 

 When analyzing individual items, the poorest scores show areas of possible 
improvement, being the appearance in the mirror naked, how closely matched 
the two breasts are, and how equal the breasts are in size. Since all cases were 
delayed and radiated, the reconstructions are challenging as there is a loss of 
skin, nipple/areola complex, volume, and a distortion of the breast’s 
“footprint”, the natural boundaries and attachments of a native breast(218, 
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219). The lack of skin necessitates an external skin island that does not match 
perfectly with the surrounding skin and entails an upper and lower scar line. 
This contrasts with an immediate reconstruction where the native breast skin 
and nipple is spared, and the flap can be buried underneath. The lack of a 
“footprint” will increase the difficulty of emulating the contralateral breast in 
terms of volume, contour, and boundaries. The appearance of the external 
skin island is complex and challenging to solve in delayed cases since it 
needs to be able to provide volume. The matching of the breasts and making 
them equal in size is an issue that can be addressed through more proper pre- 
and peroperative meticulousness, possibly helped by innovative methods 
such as preoperative volume measurements of both the flap and the breast/s 
through three-dimensional preoperative CT scans of abdomen and breast(220, 
221). With the dissatisfying items in mind, it is not surprising that the items 
where most patients are satisfied are three items that involve being clothed: 
appearance in the mirror clothed, feeling normal in clothes, and the shape of 
the reconstructive breast wearing a bra. These results, whether good or bad, 
are important information that the patient should be informed of 
preoperatively so that the patient can have reasonable expectations on the 
upcoming surgery. 

 

5.2 SATISFACTION WITH DONOR SITE 
An autologous breast reconstruction always entails a donor site, and since a 
breast reconstruction should increase the QoL of the patient, the donor site 
morbidity should be as limited as possible. Paper I investigated the difference 
in donor site morbidity between LD flaps and DIEP flaps.  

The results were somewhat ambiguous with regards to esthetics and function. 
The patients who underwent an LD flap had a low frequency of discontent 
with the esthetic appearance of their donor site (6.4 %) as compared to the 
DIEP flap patients (21 %). Similar results have previously been seen in 
smaller studies(215, 222). One reason may be that the donor site of the LD 
flap is rarely apparent to the patient since it is located on the back, whereas 
the donor site scarring after a DIEP flap is clearly seen when unclothed. 
Another possible reason might be that the DIEP flap patients are under the 
impression that their abdomen will be significantly improved, since the 
information not seldomly infer that they will receive an abdominoplasty as a 
“bonus” when doing a DIE . That is partly true in theory, but there are 
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important practical differences for a patient seeking cosmetic abdominoplasty 
surgery: 

• Perforator location might require the scar to be placed higher. 
• DIEP patients in general does not have the same skin excess as a 

patient seeking a cosmetic abdominoplasty, which also might lead to 
a higher scar location. 

• A DIEP flap entails injury to the abdominal fascia, muscle, and 
nerves which may lead to bulging and contour abnormalities.  

The current study showed that 21 % of patients were somewhat or very 
dissatisfied with the appearance of their abdomen compared to 
preoperatively. A previous study have shown that 34 % of patients preferred 
the preoperative appearance of their abdomen(223). The results regarding the 
esthetics infer that there are no apparent shortcomings in the surgical care or 
preoperative information provided to the LD patients, except for one possible 
aspect. The most common item of dissatisfaction (most or all of the time) 
regarding esthetics was the need to wear certain clothes to hide the back scar, 
which affected 12 % of patients. This might imply that the scar has not been 
properly placed in the bra line and needs additional clothing to hide it. Thus, 
this might be an area of improvement regarding the surgical technique. 
Regarding the DIEP patients there are at least two possible areas of 
improvement. Firstly, the information provided to the patient preoperatively 
should be nuanced based on the prerequisites of the patient in terms of skin 
laxity, perforator location, and body habitus in order not to mislead the 
patient to believe that since they will receive an “abdominoplasty-like” 
surgery, it is given that it will improve their abdominal appearance. It should 
not be equated to an esthetic abdominoplasty. Secondly, more effort should 
be given to the donor site regarding trying to spare muscle and spare nerves, 
minimizing the fascia incision, meticulous closure of the fascia, fascia 
plication when necessary, avoidance of dog ears, attention to umbilicus 
positioning, etc. It should not be left to a junior surgeon to close without 
guidance. Improvements in donor site management have been given more 
attention in recent years, with suggestions for reforms such as the use of 
progressive tension suturing to reduce seroma and avoid drains(224, 225), 
use of mesh to prevent hernia/bulging(195, 226), and various techniques to 
improve cosmetic outcomes(225). 

The comparison of functional results is not straightforward since the donor 
sites involve different body parts. The LD flap involves the sacrifice of a 
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large upper body muscle, whereas the DIE  flap “only” injures the muscle 
and fascia and, to various extent, denervates it. The physical well-being of the 
donor site was significantly higher in the DIEP group than in the LD group. It 
was more common with tightness at the donor site (25 % LD, 14 % DIEP) 
and pulling feeling at the donor site (28 % LD, 12 % DIEP) in the LD group 
than in the DIEP group. Regarding everyday activities, the LD group was 
bothered to a higher extent (12-23 %) than the DIEP group (3-4 %). Since 
back and shoulder problems are more common than abdominal problems in 
the general population(227-229), such a natural deterioration in function may 
confound the difference in results. This was further evaluated in Paper III. 
The results from the physical well-being of the back and shoulder in the 
current study were slightly lower than in the two previously published studies 
in the field(92, 205). However, the patients in the current study were older 
and possibly subject to natural deterioration, as previously discussed, and the 
longer follow-up time may also be a factor in these findings. 

Bulging is a donor site complication that might cause the patient discomfort 
and cosmetic implications. In the literature, the frequency of bulging 
following DIEP flap is reported from 1.7-7 %(204, 230, 231), whereas as 
many as 15 % of the patients reported it in the current study. This may be 
because this study has a long follow-up, with a possibility of slowly 
developing deterioration and stretching(231), and possibly confounded by 
weight gain since the BMI at follow-up was not recorded. Furthermore, this 
study reported patient-reported outcomes, whereas the three cited articles had 
bulging as a clinically reported complication. Even though the patient-
reported frequency was high in this study, at the time of follow-up only one 
patient was deemed to require surgical correction of bulging. This may be 
due to an over-reporting of the issue from the patients at the time of follow-
up and/or the possibility that it has evolved after the patient has ended their 
follow-up at the plastic surgery department, which is usually one year 
postoperatively. 

The effect of an LD flap harvest on back and shoulder function has 
previously been studied with somewhat conflicting results. Two systematic 
reviews and meta-analyses have been performed on this subject(36, 37), with 
results indicating that many patients experience minor impairment in 
shoulder function but that they seem to be able to recover with time. This is a 
complex area to investigate since most of the patients have undergone 
mastectomy, axillary surgery, and sometimes also radiation, three factors that 
can cause shoulder problems(232-235) and were not controlled for in most of 
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the previous studies. Thus, in an attempt to evaluate the true effect of LD flap 
transfer on the back and shoulder, Paper III focused on comparing the LD 
flap patients with a control group (DIEP flap patients) closely matched in 
terms of preoperative characteristics. The results revealed that in a long-term 
follow-up (mean seven years), the LD flap patients had significantly less 
satisfaction with shoulder and back function than the control group when 
measured with BREAST-Q (LD mean score 58, DIEP mean score 66). This 
was also true when measured with total WOOS percent (LD mean 87 %, 
DIEP mean 93 %) and in three out of four WOOS domains. The difference 
did not reach the previously described MCID for glenohumeral osteoarthritis 
(12.3 %). As a further reference of perspective, a study on patients with 
glenohumeral osteoarthritis receiving total shoulder arthroplasty showed a 
mean WOOS of 33 % preoperatively and 82 % postoperatively(101). In 
summary, the results show that the LD procedure negatively affects shoulder 
function compared to the DIEP. The exact clinical significance is uncertain 
but still to the extent of statistical significance beyond measurement error. 
Additionally, the degree of dissatisfaction in several items of BREAST-Q is 
significantly higher in the LD group than in the control. Interestingly, there 
are no differences in the frequency of back pain in the groups, but the 
frequency of shoulder pain was more common in the LD group, indicating 
that the LD flap harvest has more negative effects on the shoulder than the 
back. 
Furthermore, the true negative effects of the LD flap may be somewhat 
masked by the surgeon’s preference; this is because the notion in most 
reconstructive plastic surgeons is that the LD flap could have negative effects 
on shoulder function, which may lead a surgeon to dissuade a patient from 
undergoing LD flap surgery if they already have shoulder issues, thus 
recommending a DIEP flap instead. Regarding predictors for poorer shoulder 
function, there were not any big surprises. The notion that radiotherapy 
targets axilla and axillary clearance are predictors for poorer function has 
been shown before, as previously discussed. Old age at the time of 
reconstruction as a predictor for poor function is most likely due to the 
natural deterioration of shoulder function with age. Aromatase inhibitors, 
which have been associated with joint pain(236), did not show to be a 
predictor for poor outcomes. 
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5.3 COST-EFFECTIVENESS 
The comparison of DIEP and implant-based reconstruction in terms of cost-
effectiveness is not easy due to aspects reported in the result section, and the 
resulting certainty of the evidence in this study was deemed as low, GRADE  
ƟƟОО. The results did, however, show that five out of the seven included 
studies suggested that DIEP reconstruction may be cost-effective compared 
to implant-based reconstruction, especially if the patient has a long life 
expectancy. The two studies that propagated that implant-based 
reconstruction was more cost-effective used generic QoL instruments that 
might not be able to discriminate smaller differences in QoL. Additionally, 
one of them had only a one-year time frame. Patients with a short life 
expectancy are usually patients with generalized disease; they are not 
considered for reconstruction at our center. Since the overall survival rate for 
breast cancer is high, on a group level, the patients will live a long time with 
their reconstruction. Even in the short term, implant-based reconstruction can 
be associated with more operative procedures than autologous 
reconstruction(237), and in a longer perspective, this difference is likely to be 
more evident due to corrections of capsular contracture, implant change and 
other implant-related corrective procedures. Thus, a longer perspective on 
QoL in terms of cost-effectiveness is mandated. There is no international 
consensus on how much an acceptable cost per QALY is. In the United 
Kingdom, £20,000-£30,000 per QALY is deemed acceptable(238), whereas 
the United States has a threshold of $50,000-$150,000(239). 

In summary, the results of the systematic review indicate that DIEP flap may 
be cost-effective compared to implant-based reconstruction in the long term. 
However, since the level of evidence is low, these results should be 
interpreted with caution and are not enough to change recommendations. 
Further studies on the subject to further elucidate this area are mandated. 

5.4 LIMITATIONS 
First of all, these were retrospective studies with the subsequent limitations 
regarding data collection and quality, difficulties in obtaining complete 
baseline data, inability to have baseline PROM information, inability to 
randomize, etc. For papers I-III, the response rate is also an issue that limits 
the results. The response rate was 75 % in the LD group and 60 % in the 
DIEP group. Since the follow-up was a mean of 7 years after surgery, this is 
an acceptable response rate(240) and no apparent measures could have been 
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employed to increase it. It does, however, raise concerns regarding the 
generalizability of the results since we do not know how the non-responders 
are doing. If there is a higher propensity for disgruntled or satisfied patients 
to respond, there is an obvious risk of selection bias. Since there was a 
difference in responses between groups, this is also a possible issue. 
Unfortunately, since the non-responders were not accepted to be included in 
the study, it is not possible to do a separate analysis of them.  

It can be discussed if the breast-specific QoL instruments truly measure 
health-related QoL or merely breast satisfaction (241). BREAST-Q, measures 
breast health-related QoL and evaluates breast satisfaction, physical and 
psychosocial well-being and sexual well-being separately, has been 
developed and validated using scientific methods (89, 97, 242, 243) and 
therefore has to be considered to evaluate some of the domains of health-
related QoL that may be affected by breast cancer and breast cancer 
treatment.  

Another potential limitation is that patients might be prone to score 
higher/better if the questionnaire is sent from the treating institution as 
compared if it was sent from a neutral third party(244), a method that have 
been used previously(245). Since both groups in this study received the 
questionnaires from the same institution it should not bias the results, but it is 
still a factor worth mentioning. 

The comparison of donor sites is challenging since two parts of the body are 
compared in terms of functional and esthetic importance. Also, the questions 
for specific items are not always asked the same way, for example, in the 
BREAST-Q abdominal domain, the question is regarding “satisfaction with 
appearance”, whereas in the back/shoulder domain, the question is regarding 
whether the patient is “troubled by the appearance” and the question is 
whether these can be used interchangeably. However, this should not be a 
total discouragement to pursuing such comparisons, and by using well-
validated instruments in closely matched cohorts, we might get as close as 
possible. Even though the results cannot be unequivocally generalizable, it 
provides important information to both surgeons and patients in order to be 
able to customize treatments.  

The WOOS questionnaire is widely used in the orthopedic field but has not 
previously been used to evaluate shoulder function in breast reconstruction 
patients. Thus, the results can be challenging to interpret in terms of clinical 
relevance; statistically significantly poorer results were found in the LD 
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group than in the control group, albeit lower than MCIDs calculated for 
glenohumeral osteoarthritis.  

Another possible limitation is that several surgeons have been involved 
during these 10 years, with a possibility of minor differences in surgical 
technique. However, the techniques used were standardized for this single 
center and were performed by senior consultants. 

A few comments on the statistical analyses are warranted. When multiple 
statistical analyses are performed to compare differences between groups, as 
in this study, the risk for type I errors increases, that is that a null hypothesis 
is falsely rejected, which is a methodological weakness (246). In the present 
study, we opted not to adjust the statistical significance for the number of 
tests performed as that would increase the risk of type II errors, that is the 
probability of accepting the null hypothesis even though it is not true. That is, 
correction for multiple analyses might not necessarily lead to a more correct 
result, but rather a result that is incorrect in a different way. Moreover, it 
could be debatable how many multiple analyses we would have to correct for 
(246), given that BREAST-Q has been used in many other studies on breast 
reconstruction (246). Nonetheless, the risk for type I errors has to be taken 
into consideration when the results of individual analyses of the present study 
are interpreted.  
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6 CONCLUSIONS 
This thesis has a long-term perspective, mean 7 years, on patient-reported 
outcomes after DIEP flap and LD flap surgery. The studies aimed to provide 
more information regarding long-term outcomes, compare methods, provide 
patients with thorough information of potential outcomes, and find areas of 
improvement. 

Regarding satisfaction with the breast measured with BREAST-Q, DIEP flap 
patients are generally more satisfied than LD flap patients. Potential areas of 
improvement are improving the symmetry of the breasts in terms of shape 
and volume. 

Regarding satisfaction with the donor site, physical well-being is higher in 
the DIEP flap patients than in the LD flap patients. In contrast, the rate of 
esthetic dissatisfaction is higher in the DIEP flap patients. The shoulder 
function is lower in the LD group, as both BREAST-Q and WOOS show. 
The clinical implications of this difference are, however, unclear. The 
esthetic concerns, especially in the DIEP flap group, mandates more thorough 
preoperative information to DIEP flap patients as the surgery cannot be 
equated to an esthetic abdominoplasty, as well as a higher degree of 
meticulousness in the planning and closure of the donor site.   

The cost-effectiveness analysis indicates that DIEP flap surgery may be cost-
effective compared to implant-based reconstruction, especially in a long time 
horizon. However, the level of certainty of the evidence in the systematic 
review was low and should be interpreted cautiously. 

This thesis compared two common autologous methods for breast 
reconstruction and showed that the DIEP flap is superior to the LD flap in 
several perspectives, albeit not all. The tendency at our and many 
international centers is that the DIEP flap is becoming more common and the 
LD flap more rare. This transition has several reasons, but the scientific 
background based on patient-reported outcomes is not solid. With this thesis, 
we believe that the reasons for this transition are clearer and more justified. 
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7 FUTURE PERSPECTIVES 
With the vast number of different breast reconstructive methods and the 
diverse needs of different patients, it is naive to believe that there will come a 
time when only a few methods will be used for breast reconstruction. This is 
due to surgeon/surgical center preferences, national and insurance guidelines, 
and individual patient preferences. 

Even though one method can be found to be superior to another, it cannot 
automatically be judged to fit all patients. As previously discussed, the 
reason/s for breast reconstruction can differ substantially between patients. 
One patient just wants a chest wall contour and a quick rehabilitation; one 
patient thinks it is important for self-image and sexuality, and a third one 
thinks that the most important thing is not to have to use an external 
prosthesis. As a clinician, it is important to be able to guide the patient 
through the reconstructive process and have solid information regarding the 
pros and cons of each method, thus customizing the reconstruction to the 
specific patient’s needs. This thesis has provided more information that can 
be used in this process, but there are endless gaps to fill with regards to 
comparison between methods. 

The cost-effectiveness analysis indicated that DIEP flaps could be more cost-
effective in the long term than implants. This should be investigated further. 
If DIEP flap surgery is cost-efficient compared to implants, then it should be 
considered an option for the use of implants. DIEP flaps in Sweden are 
currently only used on radiated patients, whereas implants are most common 
in non-radiated patients. Since one of the basic rules in plastic surgery is to 
replace “like with like”, a DIE  flap to replace breast tissue seems more 
logical than to replace it with a synthetic silicone implant. This will be further 
investigated in a study called GoBreastII(247), a partially randomized 
comparing autologous reconstruction (DIEP) with implant-based 
reconstruction, judging outcomes in terms of patient satisfaction, 
complications, and health economics (Appendix). 

If this were to show the superiority of the DIEP flap, it would possibly 
mandate a revision of national reconstruction guidelines, enabling non-
radiated patients to have DIEP flap surgery. Since fewer patients are 
undergoing mastectomy, the resources for such a change should be sufficient. 
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