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Breast cancer has become the most common cancer among women worldwide [1]. 

Due to lifestyle changes, early detection and advances in treatment the incidence and survival 

rate continue to rise [2, 3].  

 

In the Netherlands, a screening program was introduced in 1990 for women between 50 and 

75 years of age. This program is remarkably successful with a coverage of 83% [4]. The effects 

of screening can be seen in the estimated lifetime risk which increased from 1 in 8 to 1 in 6.6 

and the 5-year survival rate that improved to 90% [5, 6]. Besides women receiving treatment 

for breast cancer, another group of women undergoes risk-reducing treatment. As a result of 

standardized genetic testing (BRCA1/2 mutations) prophylactic treatment is performed more 

often [7]. Therefore, more women have to live with the consequences of (prophylactic) breast 

cancer treatment. In addition, the time after treatment continues to prolong since women are 

younger when receiving therapy. Consequently, the quality of life after (prophylactic) breast 

cancer treatment is becoming of fundamental importance.  

 

The purpose of this thesis is to determine whether long-term, chronic side effects of 

(prophylactic) breast cancer treatment can be redressed by surgical reconstructive 

interventions in an effort to improve quality of life. More specifically, this thesis focuses on 

two debilitating consequences of breast cancer treatment: lymphedema and loss of breast 

sensation.  

 

Part I: Breast cancer related lymphedema 

Anatomy and physiology of the lymphatic system  

The lymphatic system presents two functions, returning interstitial fluid to the vascular 

system, and an immunologic defense mechanism [8].  

Interstitial fluid is a transudate produced through capillary filtration; hydrostatic pressure 

causes blood plasma to leave the vessels into the interstitial space. Eighty-five percent of the 

filtered plasma is immediately reabsorbed into the blood vessels through osmotic pressure. 

The remaining five percent contains proteins, bacteria etc. due to a balance in osmotic 

pressure it is not reabsorbed and enters the lymphatic system. Lymphatic capillaries start blind 

ended and gradually develop into vessels. Lymph fluid is moved along these vessels by intrinsic 

contractions (lymphatic collector vessels which contain a smooth muscle cell layer within their 
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walls) or extrinsic contractions (e.g. contractions of skeletal muscles). Intraluminal valves 

ensure a unidirectional lymph flow from distal to proximal. Eventually, the lymphatic vessels 

empty into lymphatic collector vessels and converge to the thoracic duct or the right lymphatic 

duct. The right lymphatic duct is responsible for draining the lymph fluid from the upper right 

quadrant of the body into the right subclavian vein. The thoracic duct is larger and drains 

lymph fluid from the rest of the body into the left subclavian vein [9-11].  

Lymph fluid passes through lymph nodes, which are rich in immunological cells, mostly B 

lymphocytes. They act as a defense mechanism before the lymph fluid re-enters the vascular 

system [8]. Lymph nodes can be found in clusters particularly in areas that are likely to sustain 

pathogen contamination from injuries, for instance the base of limbs (e.g. axilla and groin) and 

the neck because they are able to recognize foreign pathogen or cancer cell  [8, 9].  

In the majority of women (75%) breast lymphatic collector vessels drain into the 

axillary lymph nodes. Lymph fluid from the deep lymphatic system (draining muscles, fascia, 

nerves, joints, ligaments and bones) and the superficial lymphatic system (draining skin and 

subcutis) of the arm also end up in these 20-49 axillary lymph nodes. In the case of metastasis, 

breast cancer tumor cells frequently spread via lymph fluid to these nodes [12].  

 

Definition and pathophysiology  

Breast cancer related lymphedema is characterized by the accumulation of fluid in the 

arm caused by an interruption of the lymphatic system post breast cancer treatment (i.e., 

sentinel lymph node dissection, axillary radiotherapy, and all the more so with complete 

axillary lymph node dissection) [13-16]. Stasis of lymph fluid occurs in the collector vessels 

causing pressure to rise, which then leads to an outflow of lymph fluid into the interstitial 

space [17]. An inflammatory process is triggered and a cascade of cells and cytokines is 

activated, thereby generating an excessive deposition of extracellular matrix, in particular 

collagen. Extra collagen in the interstitial tissue and lymphatic system induces fibrosis. 

Lymphedema is thus a progressive disease, evolving from a predominantly fluid preserved 

swelling into predominantly fibrosis and fat deposition [18].  
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The exact mechanism of pathophysiology in breast cancer related lymphedema is not 

well understood. It is unclear why lymphedema develops in certain patients or why the 

disease manifests at any time after breast cancer treatment [19]. Previous research has 

identified radiotherapy, chemotherapy, the number of metastatic lymph nodes, treatment on 

the side of the dominant arm, age and obesity as risk factors in the development of breast 

cancer related lymphedema [19-21]. 

 

The prevalence in literature is variable due to different diagnostic methods and 

thresholds [21, 22]. Between 10% and 25% of women will develop breast cancer related 

lymphedema [23-26]. The disease mostly manifests in the first 4 years after treatment [21, 23, 

27]. Patients with breast cancer related lymphedema experience swelling, heaviness, pain 

and/or tightness of the arm [24, 28]. Additionally, the psychological effects caused by the 

impairment of daily activities, reduced limb aesthetics and the constant reminder of breast 

cancer cannot be underestimated [15, 24, 29, 30]. Lymphedema might also increase the risk 

of cellulitis, lymphangitis, and occasionally lymphangiosarcoma [31, 32]. All these factors may 

contribute to a decrease in quality of life [21, 22].  

 

Diagnosis and staging 

Existing diagnostic methods range from water displacement technique, 

circumferential limb measurement (e.g. upper and lower extremity lymphedema index), 

optoelectronic perometry to bioimpedance spectroscopy. Volume or circumference 

measurement is the preferred method to determine the presence of swelling [33].  This 

however is not relevant in non-limb swelling lymphedema which only causes pain and 

heaviness. In this thesis, lymphedema is diagnosed via the responses provided by patients to 

a disease specific quality of life questionnaire [34]. A review of these questionnaires is 

presented in chapter 2.  

 

There are several classification methods for lymphedema. Throughout this thesis the 

International Society of Lymphology (ISL)-staging based on clinical evaluation of lymphedema 

patients (table 1.1) and the arm dermal backflow (ADB) staging according to Yamamoto based 

on imaging with an infrared camera are used (table 1.2) [35, 36]: 
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The time needed to move through the different progression stages of lymphedema is 

unknown. In case of fibrosis the disease becomes practically irreversible with more severe 

symptoms and impairment [35].  

  

 

 

 

 

 

 

 

Table 1.1 International society of lymphology staging 

ISL-Stage  Definition Clinical findings   

I mild 

lymphedema 

Tissue fluid accumulation, subsides with 

limb elevation. Soft tissue. 

IIa persistent 

lymphedema 

Tissue fluid accumulation that does not 

reduce with elevation. Firm tissue with 

pitting edema. 

IIb fibrotic 

lymphedema 

Evident irreversible limb swelling, column 

shaped limb. Firm, evident fibrotic tissue 

without pitting edema. 

III Elephantiasis Severe limb deformation due to swelling 

and fibrosis with prominent skin folds. 

Firm tissue with prominent skin changes.  

Table 1.2 Arm dermal backflow staging  

Stage Image findings  

0 No dermal backflow 

1 Splash + 

2 Stardust + 

3 Stardust ++ 

4 Stardust +++ 

5 Diffuse + 
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Treatment  

The goals of lymphedema management are twofold: symptomatic relief and slow 

down progression to prevent irreversible fibrosis. Early recognition of the disease and 

adequate referral is therefore of utmost importance [37].  

 

Lymphedema is traditionally treated with complex decongestive therapy which 

consists of two treatment phases; manual lymphatic drainage aimed at volume reduction and 

preserving this reduction with the (lifelong) use of compression garments [38]. Unfortunately, 

curative treatment for lymphedema has yet to be discovered. The quest for a curative 

treatment, or in any case, a treatment that stops further progression and would not require 

lifelong treatment afterwards, has been ongoing for over half a century. This resulted in 

surgical procedures which can be divided in physiologic and excisional procedures (e.g. 

liposuction and Charles procedure). The current thesis focuses on the physiologic surgical 

procedures [39].  

 

Lymphaticovenous anastomosis (LVA) 

LVA consists on the creation of an artificial bypass between the lymphatic system and 

the vascular system to bypass the axillary iatrogenic interruption in the lymph fluid [25]. A 

functioning lymphatic collector vessel is essential for LVA and is therefore only suitable in 

patients with early stage lymphedema (ISL stage I-IIa) [40]. This is further discussed in chapter 

3. 

 

Using a canine model the first attempts for an LVA were conducted in the late 1960s.  

Subcutaneous veins were used with unsuccessful results. The higher hydrostatic pressure in 

these veins caused a reversed pressure gradient and consequently blood clot formation within 

the anastomosis [41-43]. In the early 1990s, technical refinements gave birth to a new 

discipline ‘supermicrosurgery’ suitable for performing anastomosis of vessels with a diameter 

of 0.3 mm to 0.5 mm. Subdermal veins with lower pressure could then be utilized in LVA which 

secured the direction of the flow leading to better patency of the anastomosis [44, 45]. In 

chapter 4 the LVA technique specific for breast cancer related lymphedema is illustrated.  
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Lymph node transfer (LNT) 

Lymph nodes from a healthy donor site are transplanted to the axilla or distal in the 

arm. A functioning lymphatic collector vessel in the edematous limb is not a requirement. This 

treatment is therefore qualified for severe lymphedema (ISL stage IIb-III) [46]. The first 

successful LNT was performed in humans in 2006 [46]. The artery and vein supplying the 

transplanted lymph nodes are anastomosed to a recipient artery and vein using a surgical 

microscope [47]. The inguinal, submental, supraclavicular, thoracic and the omentum lymph 

nodes have been described as LNT donor sites. In breast cancer, the most applied donor site 

is the inguinal area based on the superficial inferior epigastric vessels in combination with 

autologous breast reconstruction using abdominal tissue based on the deep inferior epigastric 

vessels.   

 

LNT has shown promising results, currently the mechanism is not completely 

understood. Previous studies showed transplanted lymph nodes secrete high levels of 

vascular endothelial growth factor C (VEGF-C). This may induce lymphangiogenesis and 

facilitate recanalization of the lymphatic vessels between the transplanted lymph node and 

the recipient lymphatic vessels [46].  

 

In contrast to LVA, LNT has a higher chance of morbidity. The most serious 

complication might be inducing lymphedema in the healthy donor site. Recent developments 

in imaging techniques introduced reverse mapping - the combination of the following two 

techniques: radioisotope (technetium 99mTc) and indocyanine green which are 

simultaneously injected in the abdomen and the foot. The contrast is detected respectively by 

a gamma probe and an infrared camera. The technique allows for the specific selection of 

lymph nodes that do not drain the limb, for transplantation. Another method to avoid donor 

site lymphedema is the use of submental or supraclavicular nodes with low susceptibility. 

However, this leaves scars at cosmetically compromised areas. Furthermore, the dissection of 

the supraclavicular vascular pedicle is more complexed due to anatomical variability and the 

harvest of submental nodes risks damaging the marginal branch of the facial nerve.  

Previous studies have shown conflicting evidence on the necessity of vascularization in LNT. 

The non-vascularized LNT concept is not new; the first one was described in 1928. The 

evidence is revisited in chapter 5.  



 12 

Part II: Sensation of the reconstructed breast  

 The number of women undergoing a mastectomy as part of breast cancer treatment 

keeps growing [48-51]. Approximately 40% of women with invasive breast cancer and 33% of 

women with ductal carcinoma in situ have to undergo a mastectomy [52-54]. In addition, 

prophylactic mastectomies have increased due to standardized genetic testing, for mutations 

such as BRCA1, BRCA2 or CHEK2.  

 

A mastectomy has a proven negative impact on femininity and attractiveness which in 

women partially determines their body image [55, 56].  Breast reconstruction has shown to 

improve body image and quality of life after a mastectomy [57-60].  

 

In order to further improve quality of life after a mastectomy the concept of restoring 

sensation after breast reconstruction is studied in part two of this thesis.  

 

Breast reconstruction 

Breast reconstruction techniques can be divided mostly into two major groups: 

implant-based breast reconstruction and autologous breast reconstruction. Autologous 

reconstruction has shown superior results in terms of quality of life if compared to implant 

reconstruction [61]. The transplantation of abdominal skin and subcutaneous fat based on the 

deep inferior epigastric perforator vessels (DIEP-flap) is the most frequently performed and 

most extensively studied autologous breast reconstruction [62].  Due to refinements in the 

technique, in particular with the introduction of perforator flaps instead of muscle flaps, the 

DIEP-flap breast reconstruction has become part of standard breast cancer care and is widely 

available in the Netherlands [63].  

 

In terms of aesthetics, exceptional, natural looking results can already be achieved by 

DIEP-flap breast reconstruction. However, previous research show that the question ‘does 

your reconstructed breast feel like your own?’, is one of the most important determinants in 

patient satisfaction [64, 65].  Previously, contentment about aesthetic appearance was 

considered the most important factor.  Although, their reconstructed breasts without 

sensation are aesthetically pleasing, it is debatable that women would describe them like 

‘their own’. 
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Tactile sensation of the reconstructed breast seems vital to enable women to feel 

feminine and sexually attractive again. Breast reconstruction should not only focus on the 

appearance of a breast but also the function, in particular sensation.  

This is a complex concept involving tactile, temperature, pain and erogenous 

sensation. Numerous cases concerning burns or injuries of the insensible autologous 

reconstructed breast have been described in literature.  These emphasize the protective 

function of sensation and the importance of restoring sensitivity to the reconstructed breast 

for pain and temperature [66, 67]. The physiological mechanism of erogenous sensation 

remains unclear. In addition, there is no evidence so far, that erogenous sensation improves 

patient satisfaction after breast reconstruction.  

 

The importance of sensation might explain the higher satisfaction after autologous 

versus implant-based breast reconstruction. The texture and temperature of an implant is 

different from that of a natural breast.  That is the reason the autologous breast 

reconstruction technique, rather than the implant-based technique, was researched further 

throughout this thesis. The ultimate goal of autologous breast reconstruction is to create a 

natural breast. The hypothesis is that restoration of tactile sensation in the reconstructed 

breast will help create a more natural breast thereby, further improving quality of life. 

However, the result will never look and feel exactly as a normal breast. 

 

Nerve coaptation 

 In DIEP-flap breast reconstruction the artery and vein supplying the transplanted tissue 

are anastomosed to an artery and vein on the thorax, mostly the internal mammary vessels. 

Technically, it is possible to coapt a sensible nerve of the transplanted tissue to one of the 

thorax to facilitate nerve regeneration of the reconstructed breast [68].  

 

There are several sensible nerves on the thorax that can be used.  Normal sensation of 

the breast is provided medially by the anterior cutaneous branches of the first to sixth 

intercostal nerves, laterally by the lateral cutaneous branches of the second to sixth 

intercostal nerves, and cranially by branches of the supraclavicular nerve. The nipple-areola 

complex is mainly supplied by the lateral cutaneous branch of the fourth intercostal nerve [69, 

70].  
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Slezak et al. first described innervated transverse rectus abdominis myocutaneous 

flaps for autologous breast reconstruction in 1992. The lateral cutaneous branch of the fourth 

intercostal nerve was used because the main goal was to restore erogenous sensation [71]. 

The first DIEP-flap breast reconstruction with nerve coaptation was published by Allen and 

Treece in 1994 [72]. In this case nerve coaptation to the lateral cutaneous branch of the fourth 

intercostal nerve was performed. Spiegel et al. presented a technique in 2013, using the 

anterior cutaneous branch of the third intercostal nerve for coaptation. In contrast to the 

lateral cutaneous branch, this nerve is located in the same microsurgical field as the internal 

mammary vessels resulting in a less time-consuming procedure [68, 73].  This technique is the 

focus of part II of the thesis.   

 

Current evidence on the effect of sensation remains conflicting and outcomes on 

quality of life have not been proven. The thesis will elaborate further on these two research 

questions.  

 

Aim of the thesis  

 Improving the quality of life of the ever-growing group of breast cancer survivors or 

women who have undergone prophylactic treatment is the purpose of the thesis. In particular, 

the potential of reconstructive surgery for two important and debilitating side effects of 

breast cancer treatment; arm lymphedema and no sensation in the reconstructed breast. The 

effect of LVA or (non-vascular) LNT and sensible nerve coaptation in autologous breast 

reconstruction are evaluated.  Furthermore, this thesis attempts to establish the current gap 

of knowledge to determine future research goals. 

 

Outline of the thesis  

In chapter one, a systematic literature review to research how to evaluate the quality of life 

in breast cancer related lymphedema is performed.  

  

In chapter two, the existing evidence of LVA in breast cancer related lymphedema patients 

and especially the improvement in quality of life are studied by performing a systematic 

review of the literature. 
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In chapter three, a prospective clinical study evaluates the quality of life of women who 

underwent an LVA under local anesthesia.   

 

In chapter four, the evidence on experimental animal models using non-vascular LNT 

compared to vascular LNT is discussed.  

 

In chapter five, a qualitative study is performed using in depth interviews among a diverse 

group of healthy women to truly understand the importance and concept of sensation of the 

breast.  

 

In chapter six, a systematic review to investigate the effect of nerve coaptation on sensation 

in autologous breast reconstruction and the methods used to evaluate these effects is 

conducted.  

 

In chapter seven, a prospective study evaluating the effect of a sensible nerve coaptation to 

the current DIEP flap autologous breast reconstruction technique on the objective sensation 

is performed.  

 

In chapter eight, a prospective pilot study to evaluate the effect of a sensible nerve coaptation 

to the current DIEP flap autologous breast reconstruction technique on the disease specific 

quality of life is researched. 

 

In chapter nine, a cross-sectional trial among healthy women to study the native skin sensation 

of different donor sites is performed.     

 

A summary and discussion as well as future perspectives regarding part I and part II is 

presented in the last chapte
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Purpose 

Lymphedema of the arm is one of the most common and underestimated side effects of breast 

cancer treatment. It is known to negatively affect quality of life (QoL) in breast cancer 

survivors. However, there are multiple questionnaires used to measure QoL in lymphedema 

patients. The current study aimed to determine the most complete and accurate 

questionnaire.  

 

Methods 

A systematic literature search in Cochrane Library database CENTRAL, MEDLINE and EMBASE 

was conducted in August 2016 by two independent researchers. The strategy used for the 

search was: ((“Lymphedema”[Mesh]) AND (“Quality of life”[Mesh])). All QoL questionnaires 

for patients with breast cancer related lymphedema were included. An overview of the 

assessed QoL domains and arm symptom specific questions was made, to assess the most 

complete and accurate questionnaire. 

 

Results 

A total of 142 studies were identified of which 49 met the inclusion criteria and 15 different 

questionnaires were extracted. The Lymphedema Quality of Life Inventory (LyQLI), assesses 

all QoL domains and except for the possibility of wearing the clothes of choice all specific arm 

symptoms. The Lymphedema Functioning, Disability and Health Questionnaire (Lymph-ICF) 

assesses all QoL domains except for sexual functioning and does assess all specific arm 

symptoms.  

 

Conclusion 

According to the results obtained, the LyQLI and Lymph-ICF questionnaires were the two most 

complete and accurate questionnaires to assess QoL in patients with breast cancer related 

lymphedema, because these questionnaires assess the largest number of QoL domains and 

specific arm symptoms.  
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Introduction 

Breast cancer is the most frequent cancer affecting women all over the world and its 

incidence has doubled during the last decades.[1,2] Due to early detection and improved 

treatment there is an increased number of long-term breast cancer survivors.[1-3] Therefore, 

there is an increased focus on Quality of Life (QoL) and Patient Reported Outcome Measures 

(PROMs).[4,5] Besides overall QoL in these long-term breast cancer survivors it is important 

to measure the impact of specific treatments on the different QoL domains. [6-8] 

 

Lymphedema of the arm is considered one of the most distressing and underestimated 

side effects of breast cancer treatment.[9-13] Breast cancer related lymphedema is caused by 

an acquired interruption of the axillary lymphatic system after loco regional treatment such 

as radiotherapy and/or lymph node dissection.[14-17] Previous studies showed that the 

incidence of lymphedema of the arm ranged between 8.4% and 21.4% after breast cancer 

treatment, with an estimate incidence of 16.6%.[18]  

Lymphedema is known to have a significant impact on the physical, psychological and social 

health of patients. [18-21] To measure the actual impact of breast cancer related lymphedema 

(BCRL) on QoL a good questionnaire is mandatory. However, there is no consensus about the 

best questionnaire to measure QoL in these patients with BCRL. Several different 

questionnaires have been used for patients with BCRL in previous studies.[22-35]. A recent 

review assessed the quality of four QoL questionnaires in patients with BCRL.[36] However, 

more different questionnaires than four have been used in all other previous studies.[22-35] 

Furthermore, the previous review compares the validity of the questionnaires but the amount 

of different aspects of QoL was not taken in account. In the present study a literature review 

was performed to provide an overview of the different questionnaires, to assess the most 

complete and accurate one, not only based on validity but on the amount of different aspects 

of QoL as well. The different subdomains included in the questionnaires were analysed in 

order to target the impact of BCRL with more accuracy. 
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Methods 

This systematic review was conducted according to the PRISMA guidelines.[37]   

Data sources 

A systematic literature search in MEDLINE, EMBASE and the Cochrane Library database 

CENTRAL was conducted in March 2017 to identify all questionnaires reporting on QoL in 

breast cancer related lymphedema patients. The search was performed using predefined 

search terms: (("Breast cancer related lymphedema"[Mesh]) AND ("Quality of life"[Mesh])). 

The reference lists of included articles were hand searched to supplement the literature 

search to ensure that no relevant studies were missed by the search strategy.  

 

Selection process 

Eligibility assessment of the articles was performed in a standardized manner by two 

independent reviewers. The title and abstract of all retrieved hits were screened and reviewed 

individually to identify all relevant articles reporting on quality of life in patients with 

lymphedema of the arm. No restrictions for language, publication date or publication type 

were applied. All variations of questionnaires measuring quality of life were identified based 

on the full text versions of the articles. Disagreements between both reviewers were resolved 

by consensus.  

 

Data extraction 

A data extraction sheet was developed containing information about the 

questionnaires. For each of these questionnaires the following variables were gathered: full 

name and abbreviation of the questionnaire, validity (Cronbach’s alpha coefficient), type of 

answer, the assessed QoL domains (physical function, mental function, daily activities, 

hobbies and job, mobility, social activities and sexual function). Using this data extraction 

sheet, a selection of questionnaires was made, based on the number of QoL domains 

assessed. Questionnaires which assessed all or all except one QoL domains were selected. For 

the selected questionnaires another data extraction sheet was developed, containing 

information about the arm symptom specific questions which were assessed in the 

questionnaires. Specific arm symptoms were: pain, heaviness, swelling / tightness, loss of 

strength, tingles / burning / pins, skin problems, possibility to elevate the arm, movement 

difficulties of the arm, problems in wearing the clothes of choice.  
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Figure 2.1 Flow diagram of the literature search according to PRISMA statement 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results 

Study selection 

The literature search identified a total number of 142 studies. After selection, using 

the criteria described in figure 2.1, 49 studies were included. In these 49 studies, 15 different 

questionnaires were used.  

 

Questionnaire characteristics  

The 15 identified questionnaires, were subdivided in three categories:  

Group I: General health questionnaires; This group consisted of 6 questionnaires 

Group II: Cancer specific questionnaires; This group consisted of 3 questionnaires 

Group III: Lymphedema specific questionnaires; This group consisted of 6 questionnaires 

All of the assessed questionnaires were validated previously (table 2.1). 

Records identified through database 
searching (n = 142) 

Additional records identified through 
other sources (n = 0) 

Records after duplicates removed 
(n = 142) 

Records screened 
(n = 142) 

Records excluded 
(n = 21) 

Full-text articles assessed for 
eligibility  
(n = 121) 
(n = 23) 

Full-text articles excluded, with 
reasons (n = 72) 

- No questionnaire was used or no 
lymphedema (n = 41) 

- Review (n = 11) 
- Unclear which questionnaire  

(n = 15) 
- Questionnaire different topic 

 (n = 5) 

Studies included  
(n = 49) 
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Table 2.1 Overview of assessed questionnaires, with validation 
Questionnaire 
(abbreviation) 

Questionnaire 
(full name) 

Number 
of 
studies 

Validation 
Author 
Year 

Consistency  
Validity   (n) 

Cronbach’s 
α 
coefficients 

Group I      
SF-36 Short Form 36 12 Brazier et al 

1992 
1582 0.73 – 0.96 

DASH Disabilities of Arm, 
Shoulder and Hand 

4 Dias et al 
2008 

100 0.98 

HADS Hospital Anxiety and 
Depression Scale 

1 Bjelland et al 
2002 

Review 0.67 – 0.93 

McGill Pain 
score 

McGill Pain score 1 Melzack 
1987 

16 0.74 – 1.00 

MYMOP Measure Yourself 
Medical Outcome Profile 

1 Lima et al  
2016 

74 0.38 – 0.62 

PANAS Positive and Negative 
Affect Schedule 

1 Watson et al 
1988 

Unknown 0.86 – 0.90 

Group II      
EORTC QLQ-
C30 

Quality of Life 
Questionnaire Core-30 

12 Tan 
et al 2014 

170 0.85 

EORTC QLQ-
BR23 

Quality of Life 
Questionnaire Breast-23 

11 Sprangers et 
al 
1996 

170 0.57 – 0.89 

FACT-B Functional Assessment 
of Cancer Therapy 
Breast Cancer 

11 Coster et al 
2001 

279 0.62 – 0.88 

Group III      
Lymph-ICF Lymphedema 

Functioning, Disability 
and Health 

5 Devoogdt et 
al 2011 

60 > 0.70 

ULL 27 Upper Limb 
Lymphedema 27 

3 Launois et al 
2002 

301  0.82 – 0.93 

LSIDS-A Lymphedema Symptom 
and Intensity Survey-
Arm 

1 Ridner et al 
2015 

236 0.93 – 0.94 

LyQLI Lymphedema Quality of 
Life Inventory 

2 Klernäs et al 
2015 

126 0.87 – 0.92 

PBI-L Patient Benefit Index - 
Lymphedema 

1 Blome et al 
2014 

65 0.80 – 1.00 

LYMQOL Quality of Life measure 
for limb lymphedema 

1 Keeley et al 
2010 

209 0.83 – 0.88 
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In group I, one out of six questionnaires used a combination of VAS-score (visual 

analogue scale) and categories. The rest of the questionnaires used categories. All the 

questionnaires reported on mental function. Only one questionnaire reported on hobbies and 

jobs. Four questionnaires reported on physical function and daily activities. In addition, only 

one questionnaire included questions on mobility, two on social activity and one on sexual 

function. The DASH questionnaire was the only questionnaire in this group which assessed all 

QoL domains.  

 

In group II, the EORTC QLQ-C30 is a cancer specific questionnaire which is commonly 

used in combination with the EORTC QLQ-BR23 questionnaire. Together these questionnaires 

provide a complete breast cancer specific questionnaire, assessing all QoL domains.  All 

questionnaires in this group used a categorical score.  

In group III, only the Lymph-ICF questionnaire used a VAS-score. The rest of the questionnaires 

used categories. Two out of six questionnaires assessed all QoL domains, the other four 

assessed all QoL domains except for sexual function. (table 2.2) 

 

Eight of the included questionnaires assessed all or all except one QoL domains, these 

questionnaires were selected for further analyses on assessment of arm symptom specific 

questionnaires. Four of them assessed all QoL domains, the other four assessed all QoL except 

for sexual function. One of the selected questionnaires was in Group I, one in Group II and six 

were in Group III. Table 2.3 shows an overview of the assessed arm symptom specific 

questions for each selected questionnaire.  

 

The questionnaires from group I and II assessed only four out of nine arm symptoms. 

The questionnaires from group III assessed between six and nine arm symptoms. The Lymph-

ICF was the only questionnaire which assessed all nine arm symptoms. The LyQLI assessed all 

arm symptoms except for the possibility to wear the clothes of choice.  
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Table 2.2 Overview of assessed QoL domains in the different questionnaires 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table 2.3 Overview of arm symptom specific questions in complete questionnaires on QoL 
domains 

 

 
 
 
Questionnaire 

 
 
 
Answer type 
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Group I 
SF-36 categories x x x - - x - 
DASH categories x x x x x x x 
HADS categories - x - - - - - 

McGill Pain Score categories-
VAS x x x - - - - 

MYMOP categories x x x - - - - 
PANAS categories - x - - - - - 
Group II 
EORTC QLQ-C30 categories x x x x x x - 
EORTC QLQ-BR23 categories x x - - - - x 
FACT-B categories x x - x - x x 
Group III 
Lymph ICF VAS x x x x x x - 
ULL 27 categories x x x x x x - 
LSIDS categories x x x x x x x 
LyQLI categories x x x x x x x 
PBI-L categories x x x x x x - 
LYMQOL catergories x x x x x x - 

 Pain Heaviness Swelling 
/ 
tightness 

Loss of 
strength 

Tingle / 
burning 
/ pins 

Skin 
problems 

Elevation 
of the 
arm 

Movement 
difficulties 

Wearing 
clothes of 
choice 

Group I 
DASH x - - x x - - x - 
Group II 
C30 + 
BR23 

x x - - - - x x - 

Group III 
Lymph-
ICF 

x x x x x x x x x 

ULL-27 - x x x x x x x - 
LSIDS x x x - x - x x - 
LyQLI x x x x x x x x - 
PBI-L x - x - - x - x x 
LYMQOL x x x x x - - x x 
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Discussion 

A large number of questionnaires are currently used to assess Quality of Life in breast 

cancer related lymphedema patients.[22-35] The objective of the present study was to 

provide an overview of the different questionnaires, to assess the most complete and accurate 

one to measure QoL.  

Previous studies showed that lymphedema of the arm in breast cancer survivors did not 

influence global QoL. However, there was a major impact on many specific symptoms such as 

fatigue and arm symptoms.[6-8] This suggests that more specific Patient Reported Outcome 

Measures (PROMs) are needed to measure QoL. In this context, to measure the impact of 

lymphedema on QoL it is not only important to assess global QoL and the different QoL 

domains, but also to assess all specific arm symptoms.  

The Lymph-ICF and the LyQLI assessed most QoL items, the different QoL domains and the 

specific arm symptoms. In the Lymph-ICF all QoL domains except for sexual function are 

assessed and all arm symptom specific questions are assessed. In the LyQLI, all QoL domains 

are assessed and all arm specific questions except for the possibility of wearing all clothes of 

choice are assessed. 

 

An important difference between the Lymph-ICF and the LyQLI is the answer type. The 

Lymph-ICF uses visual analogue scales (VAS), whereas the LyQLI uses categorical answers. A 

VAS is commonly used to rate various subjective experiences, and therefore it is often used in 

QoL measurements. Potential advantages of these scales are the wide score range and high 

sensitivity. An important disadvantage is that they have a lower completion rate than other 

rating scales.[38] 

 

 In the present study the EORTC QLQ-C30 and QLQ-BR23 questionnaires were assessed 

together because this combination is commonly used for breast cancer survivors. This 

questionnaire combination contains all QoL domains. However, only four out of nine arm 

symptom specific questions were assessed in this combined questionnaire. Therefore, this 

questionnaire combination might not be accurate enough to measure QoL in patients with 

breast cancer related lymphedema.  
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Another questionnaire which seemed to fulfil the demands after the first analysis was the 

DASH. The DASH also contains all QoL domains. However, similar to the QLQ-C30 / QLQ-B23 

only four out of nine arm symptom specific questions were assessed.  

Both the DASH and the QLQ-C30 and QLQ-BR23 did not contain questions about swelling of 

the arm. However, it should be mentioned that often before an increase in volume is 

measurable, patients experience symptoms such as tenderness and numbness of the arm.[39] 

 

Conclusion 

In conclusion, the Lymph-ICF and LyQLI questionnaires seem to be the two most 

complete and accurate questionnaires to assess QoL in patients. Based on our results one of 

these two questionnaires should be used in research and clinical practice concerning QoL in 

breast cancer related lymphedema patients. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Chapter 1: quality of life in lymphedema patients: review of the literature 

 31 

References:  
1. Kiemeney LA, Lemmers FA, Verhoeven RH, Aben KK, Honing C, de Nooijer NJ, Peeters PH, Visser O, Vlems FA (2008) The 
risk of cancer in the Netherlands. Ned Tijdschr Geneeskd. 152(41):2233–2241 
2. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D (2011) Global cancer statistics. CA Cancer J Clin. 61(2):69-90 
3. Klein D, Mercier M, Abeilard E, Puyraveau M, Danzon A, Dalstein V, Pozet A, Guizard AV, Henry-Amar M, Velten M (2011) 
Long-term quality of life after breast cancer: a French registry-based controlled study. Breast Cancer Res Treat. 129:125–134 
4. Cano SJ, Klassen A, Pusic AL (2009) The science behind quality-of-life measurement: a primer for plastic surgeons. Plast 
Reconstr Surg. 123: 98–106 
5. Sprangers MAG, Cull A,  Groenvold M,  Bjordal K, Blazeby J, Aaronsonand NK (1998) The European Organization for Research 
and Treatment of Cancer Approach to Developing Questionnaire Modules: An Update and Overview. Quality of Life Research. 
7(4):291-300 
6. Arndt V, Stegmaier C, Ziegler H, Brenner H (2006) A population-based study of the impact of specific symptoms on quality 
of life in women with breast cancer 1 year after diagnosis. Cancer. 107:2496–503 
7.  Dawes D.J, Meterissian S, Goldberg M, Mayo NE (2008) Impact of lymphoedema on arm function and health-related quality 
of life in women following breast cancer surgery. J Rehabil Med. 40: 651-658  
8. Beaulac SM, Mcnair LA, Scott TE, LaMorte WW, Kavanah MT (2002) Lymphedema and quality of life in survivors of early-
stage breast cancer. Arch Surg. 137: 1253–1257  
9. Passik SD, McDonald MV (1998) Psychosocial aspects of upper extremity lymphedema in women treated for breast 
carcinoma. Cancer. 83:2817-2820 
10. Passik S, Newman M, Brennan M, Holland J (1993) Psychiatric consultation for women undergoing rehabilitation for 
upper-extremity lymphedema following breast cancer treatment. J Pain Symptom Manage. 8:226-233 
11. Tobin MB, Lacey HJ, Meyer L, Mortimer PS (1993) The psychological morbidity of breast cancer-related arm swelling: 
Psychological morbidity of lymphoedema. Cancer. 72:3248-3252 
12. McWayne J, Heiney SP (2005) Psychologic and social sequelae of secondary lymphedema. Cancer. 104:457-466 
13. Kuehn T, Klauss W, Darsow M, Regele S, Flock F, Maiterth C, Dahlbender R, Wendt I, Kreienberg R (2000) Long-term 
morbidity following axillary dissection in breast cancer patients: Clinical assessment, significance for life quality and the 
impact of demographic, oncologic and therapeutic factors. Breast Cancer Res Treat. 64:275-286 
14. Wilke LG, McCall LM, Posther KE, Whitworth PW, Reintgen DS, Leitch AM, Gabram SG, Lucci A, Cox CE, Hunt KK, Hendon 
JE 2nd, Giuliano AE (2006) Surgical complications associated with sentinel lymph node biopsy: Results from a prospective 
international cooperative group trial. Ann Surg Oncol. 12:491-500 
15. Fisher B, Redmond C, Fisher ER, Bauer M, Wolmark N, Wickerham DL, Deutsch M, Montague E, Margolese R, Foster R 
(1985) Ten-year results of a randomized clinical trial comparing radical mastectomy and total mastectomy with or without 
radiation. N Engl J Med. 312:674-81 
16. Penha TR, Botter B, Heuts EM, Voogd AC, von Meyenfeldt MF, van der Hulst RR (2016) Quality of life in patients with 
Breast Cancer Related Lymphedema and reconstructive breast surgery. J Reconst Microsurg. 32:484-90 
17. Ganz PA (1999) The quality of life after breast cancer-solving the problem of lymphedema. N Engl J Med. 340:383-5 
18. Di Sipio T, Rye S, Newman B, Hayes S (2013) Incidence of unilateral arm lymphoedema after breast cancer: a systematic 
review and meta-analysis. Lancet Oncol. 14(6):500-15 
19. Lopez Penha TR, van Bodegraven J, Winkens B, Heuts EM, Voogd AC, von Meyenfeldt MF (2014) The quality of life in long-
term breast cancer survivors with breast cancer related lymphedema. Acta Chir Belg. 114(4):239-44 
20. Rockson SG (2001) Lymphedema. Am J Med. 110(4): 288-95 
21. Ahmed RL,  Prizment A, Lazovich D, Smitz KH, Folsom AR (2008) Lymphedema and quality of life in breast cancer survivors: 
the Iowa Women's Health Study. J Clin Oncol. 26(35):5689-96 
22. Dias JJ, Rajan RA, Thompson JR (2008) Which questionnaire is best? The reliability, validity and ease of use of the Patient 
Evaluation Measure, the Disabilities of the Arm, Shoulder and Hand and the Michigan Hand Outcome Measure. J Hand Surg 
Eur Vol. 33(1):9-17 
23. Barbosa Lima PM, Fernanded de Brito R, Fernandes de Brito Farias RT, Souza de Paiva G, Barbosa FT, Fernando de Sousa 
Rodirues C, Calheiros da Silva PN (2016) Cultural adaption and reproducibility of the Measure Yourself Medical Outcome 
Profile (MYMOP 2). Fisioter Mov. 29(2):251-67 
24. Devoogdt N, van Kampen M, Geraerts I, Coremans T, Christiaans MR (2011) Lymphoedema Functioning, Disability and 
Health questionnaire (Lymph-ICF): reliability and validity. Phys Ther. 91(6):944-57 
25. Launois R, Mègnigbeto AC, Pocquet K, Alliot F (2002) A specific quality of life scale in upper limb lymphedema: the ULL-
27 questionnaire. Lymphology 35. 1-760:181-187 
26. Bjelland I, Dahl AA, Haug TT, Neckelmann D (2002) The validity of the Hospital Anxiety and Depression Scale. An updated 
literature review. J Psychosom Res. 52(2):69-77   
27. Melzack R (1987) The short-form McGill Pain Questionnaire. Pain. 30(2):191-7 
28. Ridner SH, Dietrich MS (2015) Development and validation of the Lymphedema Symptom and Intensity Survey-Arm. 
Support Care Cancer. 23(10):3103-12 
29. Klernäs P, Johnsson A, Horstmann V, Kristjanson LJ, Johansson K (2015) Lymphedema Quality of Life Inventory (LyQLI)-
Development and investigation of validity and reliability. Qual Life Res. 24(2):427-39 
30. Watson D, Clark LA, Tellegen A (1988) Development and validation of brief measures of positive and negative affect: the 
PANAS scales. J Pers Soc Psychol. 54(6):1063-70 



 32 

31. Brazier JE, Harper R, Jones NM, O’Cathain A, Thomas KJ, Usherwood T, Westlake L (1992) Validating the SF-36 health 
survey questionnaire: new outcome measure for primary care. BMJ. 305(6846):160-4 
32. Sprangers MA, Groenvold M, Arraras JI, Franklin J, te Velde A, Muller M, Franzini L, Williams A, de Haes HC, Hopwood P, 
Cull A, Aaronson NK (1996) The European Organization for Research and Treatment of Cancer breast cancer-specific quality-
of-life questionnaire module: first results from a three-country field study. J Clin Oncol. 14(10):2756-68 
33. Tan ML, Idris DB, Teo LW, Loh SY, Seow GC, Chia YY, Tin AS (2014) Validation of EORTC QLQ-C30 and QLQ-BR23 
questionnaires in the measurement of quality of life breast cancer patients in Singapore. Asia Pac J Oncol Nurs. 1(1):22-32 
34. Coster S, Poole K, Fallowfield LJ (2001) The validation of a quality of life scale to assess the impact of arm morbidity in 
breast cancer patients post-operatively. Breast Cancer Res Treat. 68(3):273-82 
35. Blome C, Augustin M, Heyer K, Knöfel J, Cornelsen H, Purwins S, Herberger K (2014) Evaluation of patient-relevant 
outcomes of lymphedema and lipedema treatment: development and validation of a new benefit tool. Eur J Vasc Endovasc 
Surg. 47(1):100-7 
36. Gordon S, Sheppard L, Selby A (2009) BCRL questionnaires: climate and indigenous groups. Journal of lymphoedema. 
4(2):44-51 
37. Moher D, Liberati A, Tetzlaff J, Altman DG, et al (2009) Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. Ann Intern Med. 151(4): 264-9  
38. Hauser K, Walsh D (2008) Visual analogue scales and assessment of quality of life in cancer. J Support Oncol; 6(6):277-82 
39. Armer J, Fu MR, Wainstock JM, Zagar E, Jacobs LK (2004) Lymphedema following breast cancer treatment, including 
sentinel lymph node Biopsy. Lymphology. 37(2):73-91



 

 33 

 

 

 
Chapter 2 

The effect of lymphaticovenous anastomosis 

in breast cancer-related lymphedema: 

A review of the literature. 
 

AJM Cornelissen*, J Beugels*, L Ewalds, EM Heuts, XHA Keuter, A Piatkowski, RRWJ van der 

Hulst, S Qiu Shao 

 

 

 

 

 

 
Edited from: Lymphatic Research and Biology Jan 2018 
*Both authors contributed equally



 34 

Purpose 

Lymphedema affects approximately 15% of all patients after breast cancer treatment. The aim 

of this review was to assess the clinical effects of lymphaticovenous anastomosis (LVA) in 

treating breast cancer-related lymphedema (BCRL).  

 

Methods 

A systematic literature search was conducted in Medline, Embase and the Cochrane Library in 

July 2017, to identify all studies on lymphaticovenous anastomosis for the treatment of BCRL. 

The primary outcome was limb volume or circumference reduction and the secondary 

outcome was the improvement of subjective symptoms.  

 

Results 

The search yielded 686 results of which fifteen articles were included in this review. All studies 

reported on BCRL in terms of volume or circumference reduction. Thirteen out of the included 

studies reported a positive surgical effect on reduction in volume or circumference.  

Twelve articles mentioned qualitative measures, being symptom improvement and 

improvement in quality of life. The number of patients who experienced symptoms relief 

ranged from 50% to 100% in the studies.  

 

Conclusion 

The current review showed that the effects of LVA for the treatment of BCRL are variable 

among studies. Higher quality studies are needed to confirm the effectiveness of LVA. 
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Introduction  

Lymphedema is one of the major complications after breast cancer treatment. The 

incidence of breast cancer-related lymphedema (BCRL) varies between 10% and 25%. [1, 2] 

The first step in the approach of BCRL might be complex decongestive therapy, but as 

lymphedema progresses this treatment may become less effective. None of the described 

treatments is able to completely treat the lymphedema, so lifelong and intensive treatment is 

necessary. [3] Therefore, lymphedema is considered as a chronic, irreversible, and invalidating 

disease. [4, 5] However, several surgical procedures are available to prevent lymphedema 

progression in the early stages such as lymphaticovenous anastomosis (LVA) or autologous 

lymph node transplantation whereas liposuction or debulking techniques can be considered 

in the chronic stage of lymphedema. [6] The effectiveness of the LVA has been well described 

for upper and lower limb lymphedema in previous studies, especially in early stages. [7, 8] 

Better results were found when the surgery was combined with decongestive therapy. [4] In 

addition, LVA is a less invasive procedure than the autologous lymph node transplantation; it 

can be performed under local anesthesia. [9, 10] Despite the advantages mentioned in this 

paragraph, it should be considered as an option only in early stages when functioning 

lymphatic channels are still present. [11] 

 

A previous systematic review and meta-analysis by Basta et al. addressed the 

advantages and disadvantages of the various surgical techniques for the treatment of 

peripheral lymphedema. [12] In contrast, the current review of the literature specifically 

focused on the results of LVA for the treatment of BCRL, thereby omitting other surgical 

options and lower extremity lymphedema to create a more homogenous population. 

 

The aim of this review was to evaluate the effectiveness of LVA for the treatment of 

BCRL in terms of volume and/or circumference reduction and improvement in subjective 

symptoms. Additional analysis will be performed to assess which patients are most suitable 

for this intervention to be able to select the optimal patients with BCRL for this surgical 

intervention. Stage of lymphedema and the time from onset will be assessed as possible 

effectors. 
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Materials  

Eligibility criteria 

All published studies on LVA for the treatment of BCRL were considered. A date 

restriction was applied. Only articles published after 1999 were included, since the quality of 

microscopes before that time are not deemed comparable to the current operating 

microscopes. Lymph vessels with a diameter varying between 0.2 and 0.9 millimeters are used 

in this technique to reduce the chance of venous backflow; hence the quality of the 

microscope is an important factor. No language restrictions were applied. 

 

Information sources and search 

A comprehensive and reproducible electronic search was conducted by three 

independent researchers (AC, JB and LE) in Embase, Medline and the Cochrane Library to 

identify all published studies on LVA. Additionally, clinicaltrials.gov was searched for ongoing 

trials and recently completed studies. Databases were searched from inception until July 1, 

2017. Search terms are specified in table 3.1.  

 

Table 3.1 Database search 

Database Syntax 

Embase and Medline (lymphoedema OR lymphedema) AND ((anastomosis OR 

anastomoses OR bypass OR shunt) AND (lymphaticovenular OR 

lymphaticovenous OR lymphovenous OR lymphovenular)) 

The Cochrane Library Lymphedema AND anastomosis 

Clinicaltrials.gov Lymphedema AND anastomosis 

 

Study selection 

All references were stored in EndNote Reference Manager X7. Three reviewers (AC, JB, 

and LE) independently screened the titles and abstracts to determine which met the inclusion 

criteria. Any disagreements between the researchers were resolved by consensus. Studies 

performing LVA in patients with BCRL were included. Full text articles were screened by the 

same three reviewers when articles seemed appropriate for inclusion. All potentially relevant 

publications excluded from the review are listed as such with the reason for exclusion. A flow 

diagram of the literature search is presented in figure 3.1. 
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Figure 3.1 Flow diagram of the literature search according to PRISMA statement 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data collection process 

A data extraction sheet was developed containing items on type of study, number of 

patients, oncological treatment, type of anastomosis, postoperative complications, follow-up 

and outcome measures (volume, circumference, subjective complaints and quality of life). The 

sheet was completed for all included studies. 

 

Risk of bias in individual studies 

The risk of bias in individual studies was assessed by the three aforementioned 

independent reviewers. Studies were screened for selection, intervention and measurement 

bias.  

 

Summary measures 

The primary outcome measure was the mean limb volume or circumference reduction. 

The secondary outcome was the improvement of subjective symptoms. 

 



 38 

Synthesis of results 

A systematic, narrative synthesis was provided with information presented in text and 

tables to summarize the effects of LVA in BCRL patients and to explain the characteristics and 

findings of the included studies. The narrative synthesis explored the connections and results 

both within and between the included studies.  

 

Additional analysis 

Additional analysis of subgroups was provided to investigate whether LVA was more 

effective in early or moderate stages of lymphedema in comparison to severe lymphedema. 

The included studies used different types of classification systems. Therefore, the system to 

categorize the different classification systems into early, moderate or severe lymphedema, 

used in the current study, can be found in table 3.2. Another analysis was performed to assess 

the effect of the time from onset of lymphedema till the surgical intervention.   

 

Table 3.2 Division of different classification systems into three 
groups 
Group Campisi ISL MDA Cheng Lymphedema 

classification 
Early I 0 and 1 1 0 and I 
Moderate II and III 2 2 II 
Severe IV and V 3 and 4 3 and 4 III and IV 

 

 

Results 

Study selection  

The literature search identified 686 studies after removal of duplicates. Full-text 

screening of 249 articles was performed. Case reports and studies on the results of LVA in 

lower extremity lymphedema were excluded. Studies were the etiology of upper limb 

lymphedema was omitted were excluded. Clinicaltrials.gov revealed two additional studies 

concerning LVA, however these were not completed at the time of the literature search and 

writing. Finally, fifteen of these articles explored the results of LVA in breast cancer-related 

lymphedema and were included in the review. [13-27] The flow diagram is displayed in figure 

3.1.  
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Study characteristics 

Fifteen articles concerning LVA in women with BCRL were analyzed. Eleven prospective 

studies and four retrospective studies were included. The average follow-up was 20 months, 

ranging from 2 months to 8 years.  

 

Participants  

The total study population consisted of 268 patients; 263 patients presented with 

BCRL, one patient with upper limb lymphedema after an elbow fracture [13] and 4 patients 

with primary upper limb lymphedema. [19, 20] Twelve patients were included as a control 

group, they were not included in the study population since they did not undergo LVA. [19] 

The mean age was 55 years. The classification scales used for the staging of lymphedema 

greatly varied: the Campisi staging was most commonly used [13-15, 17, 18, 25-27], followed 

by the International Society of Lymphedema (ISL) classification system [20, 22, 23] and the 

MD Anderson classification [16, 21], and. One study used Cheng’s lymphedema scale. [24] One 

study did not report on the use of any classification system. [19] The study and patient 

characteristics are presented in table 3.3.  

 

Intervention 

The intervention in all the included studies was a lymphaticovenous anastomosis. 

However, the technical procedure differed largely between studies.  In six studies, only end-

to-end anastomoses were used [13, 15, 18, 19, 25, 26], in four studies both end-to-end and 

end-to-side were used [14, 16, 24, 27], in one study the “Octopus technique” was used [17] 

and in four studies the type of anastomosis was not reported [20-23].  

 

Control group 

A control group was provided in two articles. One study included a control group where 

the patients who only received continuous bandaging were compared with those who 

underwent the intervention and continuous bandaging. [19] Another study included several 

groups to compare the effect of different interventions including LVA and lymph node 

transfers in combination with or without microvascular breast reconstruction, to groups only 

receiving decongestive therapy. [24]
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Koshima 2000 R III Yes 12 57 8,2 NR moderate 
(1)  
severe (11) 

Mast (10)  
Mast + RT (12)  
ALND (2) 

26 GA NR IC Distal NR E-E 0,3-0,5 0,3-0,6 NR 

     12 62 3,5  >6,4 cma           
Damstra 2009 P IV No 10 59 5,3  

[3-
14] 

Campisi III (10) Mast + ALND + 
RT + CT (10) 

96 GA 1 MB Proxima
l 

3,5 E-E <0,3 0,1-0,3 NR 

Chang 2010 P IV No 20 54 4,8  
[1-
17] 

Campisi II (10)  
III (10) 

ALND (4)  
ALND + RT (16) 

18 GA 3,3 IB Distal 3,5 E-E NR NR None 

Auba 2012 P IV No 7b 56 10  
[4-
20] 

Campisi II (1)  
III (4)  
IV (1) 

RT (5) 24 LA NR NR Distal 3 E-E NR NR None 

Mihara 2012 P IV No 12
c 

61 NR ISL 1 (2)  
2 (8)  
3 (2) 

NR 2 NR NR ICG NR 4 NR NR NR None 

Ayestaray 2013 P IV No 20 60 3,2  
[1-9] 

Campisi II (9)  
III (7)  
IV (3)  
V (1) 

NR 6 LA 2,3 PB Distal 7,2 73% 2 E-S  
15,4% 1 E-E  
11,6% 1 E-E 
+ 1 E-S 

0,57 NR None 

Chang 2013 P IV No 30 54 3,5  
[1-
10] 

MDAd 1 or 2 (16)  
3 or 4 (14) 

NR 30,4 GA 4 ICG 
+ IB 

Based 
on ICG 

NR E-E + some 
E-S 

0,2-1 NR None 

Chen 2015 P IV No 6 49 NR Campisi I (1)  
II (1)  

NR 7,6 GA 6 ICG 
+ IB 

Based 
on ICG  

4 Octopus 0,2-0,9 0,4-1,8 None 
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III (3)  
IV (1) 

Torrisi 2015 P IV No 6 51 6  
[2-
20] 

MDA 3 (4)  
4 (2) 

Neoadjuvant RT 
(5) 

6 GA NR ICG 
+ IB 

Based 
on ICG 

3,8 NR NR NR NR 

Gennaro 20
16 

R IV No 39 55 4,7 
[1-
18] 

ISL 2 (1) 
3 (24) 
4 (14) 

RT (33) 12 LA 3 ICG Based 
on ICG 

5 NR NR NR None 

Cornelissen 20
17 

P IV No 20 56 6  
[2-
30] 

ISL I or IIa ALND (20) + CT 
(17) or RT (15) 

7,8 LA 1,5 ICG 
+ 
MB 

Based 
on ICG 

1,5 NR NR NR Yes 
(2)e 

Engel 20
17 

R III Yes 23 58 17,3 Cheng 
lymph. 
gradef  

I (13) 
II (10) 

RT (20) 19,1 GA NR ICG 
+ PB 

Based 
on ICG  

NR E-S or E-E 0,5-0,8 0,7-1,0 NR 

Lee  20
17  

R IV No 3 41 7  
[6-9] 

Campisi II (2) 
III (1) 

NR 24 NR 3,7 NR Distal 2,7 E-E 0,1-0,8 0,2-1,0 None 

Poumellec 20
17 

P IV No 31 64 >1 Campisi II (18) 
III (10) 
IV (3) 

NR 12,7 LA 2,5 PB Stepped 3 E-E NR NR None 

Winters 20
17 

R IV No 29 57 9  
[2-
39] 

Campisi Ib/IIa NR 12 GA 2,8 ICG Distal 1,8 84% E-E 
12% E-S 
4% 
invaginatio
n 

0,3-0,8 NR None 

R, retrospective; P, prospective; MDA, MD Anderson classification; ISL, International Society of Lymphedema staging; Mast, mastectomy; RT, radiotherapy; ALND, axillary lymph node 
dissection; CT, chemotherapy; GA, general anaesthesia; LA, local anaesthesia; ICG, indocyanine green; IB, isosulfan blue; PB, patent blue; MB, methylene blue; E-E, end-to-end anastomosis; 
E-S, end-to-side anastomosis; NR, not reported. 
a The average excess circumference of the affected arm compared to the normal forearm. 
b One patient was lost to follow-up. 
c Two patients had primary lymphedema. 
d MD Anderson classification based on indocyanine green lymphangiographic findings. 
e Two patients experienced skin irritation on the contrast injection site, both were treated conservative 
f Cheng lymphedema grade 
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Outcome measures 

The volume or circumference reduction was mentioned as the primary outcome in 

eleven studies. [13-19, 22, 25-27] Most studies also reported on subjective outcomes such as 

symptom reduction, improvement in quality of life or a decrease in hardness of the limb. 

 

Risk of bias within studies 

To begin with, the level of evidence of the studies investigating the effect of LVA is low, 

with only two-level III study and the rest being level IV evidence. The low level of evidence is 

due to the lack of control groups in most trials and the small sample sizes.  

 

Furthermore, most trials did not mention whether consecutive patients were included, 

so the chance of selection bias could not be dismissed. Most studies did not mention whether 

the procedure was performed by the same surgeon or failed to mention the experience of the 

surgeon. The follow-up in some studies is not long enough to evaluate the long-term effect of 

the anastomoses in the limb reduction and decrease in subjective symptoms. Table 3.4 shows 

the methodological quality assessment.  

 

Results of individual studies 

Koshima et al. showed that the mean decreases in total excess circumference postoperative 

was 4.1 cm (47.3%) in the LVA group compared to 0.8 cm (11.8%) in the bandaging group, 

implying a higher circumference reduction for the LVA group. [19] 

Damstra et al. included 10 patients with Campisi stage III lymphedema in a prospective study. 

Although 50% of the patients presented subjective relief of their complaints, after 12 months 

the volume reduction was 2%. [18] 

Chang conducted a prospective study with 20 patients with variable lymphedema stages. The 

mean volume reduction after 12 months was 35%. Furthermore 80% of the patients reported 

a long-term symptom improvement in the 18-month follow-up. [15] 

Auba et al. retrospectively performed a study concerning LVA in 7 patients with upper limb 

lymphedema who had a variable Campisi stage and only reported a circumference reduction 

of 0.85 cm after an 18 months follow-up. One patient was lost to follow-up. Ninety percent of 

the patients had noticeable improvement of symptoms. [13] 
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Table 3.4 Methodological quality assessment of the included case series 
studies. 

  Selection bias Intervention 
bias 

Measurement 
bias 
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Koshima 2000 + NR NR + NR + + + 
Damstra 2009 + NR + + + + + NR 
Chang 2010 + NR +/- + NR + + + 
Auba 2012 + NR + + NR + + NR 
Mihara 2012 + NR - + NR +/- - + 
Ayestaray 2013 + NR - + NR +/- +/- + 
Chang 2013 + + +/- + NR + + + 
Chen 2015 + + +/- + NR + +/- + 
Torrisi 2015 + NR + + NR + +/- + 
Gennaro 2016 + NR + + - + + + 
Cornelissen 2017 + + + + - + + + 
Engel 2017 + + + + NR + + + 
Lee 2017 + + + +/- + + + + 
Poumellec 2017 + + + + + +/- + + 
Winters 2017 + NR + + - + + + 
+, yes; +/-, moderate; -, no; NR, not reported. 

 

Mihara et al. reported a reduction rate of 6% after LVA with a follow-up of 2 months. 

Furthermore, patients experienced a decrease in hardness of the arm. [20] 

Ayestaray et al. reported a mean volume reduction of 22.8%. In addition, three out of four 

patients could discontinue lymph drainage therapy for four months and 90% of the patients 

reported a better quality of life after 6 months. [14] 

Chang et al. published results on a prospective study concerning 30 patients with BCRL. In one-

year follow-up, a mean reduction of 61% in the early stage group (MD Anderson stage I or II) 

was reported whereas a mean reduction of 17% in the late stage group (MD Anderson stage 

III or IV) was presented. Overall 96% of the patients presented subjective improvement of 

their symptoms. [16] 
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Chen et al. performed a prospective study including 6 patients with the “Octopus” technique 

to create the anastomosis. The mean upper extremity lymphedema (UEL) index 

preoperatively was 135 and, postoperatively this was reduced to 122. [28] The average 

reduction was 9.6%. Furthermore, all patients experienced prompt relief of symptoms during 

the follow-up. [17] 

Torrisi et al. presented a prospective study with 6 patients in which half of the patients had a 

moderate decrease in limb volume. An opto-electronic limb volumeter was used. Five patients 

reported improvement of symptoms. [21] 

Gennaro et al. performed a retrospective study on 69 patients of which 39 presented with 

upper limb lymphedema due to BCRL. An average volume reduction of 50% after LVA was 

observed. Many patients could also stop their decompression therapy and noticed 

improvement in subjective symptoms such as reduction in heaviness, hardness, functional 

impairment and pain of the affected arm. [22] 

Cornelissen et al. prospectively performed a study on the improvement in quality of life after 

LVA in women with BCRL. They didn’t find a significant decrease in volume but did find a 

significant improvement in quality of life after one year of follow-up. Moreover, 85% of the 

patients discontinued compressive stockings. [23] 

Engel et al. presented a study comparing the outcome of microsurgery including LVA and 

vascularized lymph node flap transfer with or without microvascular breast reconstruction for 

the treatment of BCRL. One group with 23 patients only received LVA, they were included in 

the review. A mean reduction rate of 17.3% was observed after a follow-up of 19 months. [24]  

Lee et al. performed a retrospective study on LVA with a follow-up of two years. Three patients 

with upper limb lymphedema due to breast cancer were included. Two patients with Campisi 

stage II lymphedema showed an increase in volume after two years and one patients with 

stage III lymphedema showed a decrease. The mean volume reduction rate was -4.7% after 

two years. [25] 

Poumellec et al. published results on a prospective study with 31 patients who had undergone 

stepped LVA for BCRL. No patients were lost to follow-up. 84% of the patients experienced a 

moderate to substantial increase in quality of life. 93.5% of the patients showed a reduction 

in circumference. However, the mean overall decrease after a one-year follow-up for all 

patients was only 24.7% They also report that patients with a lower Campisi lymphedema 

stage had better results. No patient was lost to follow-up. [26] 
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Winter et al. performed a retrospective study on the efficacy of LVA in BCRL on 29 patients. 

After one-year follow-up, the percentage volume reduction was 33%. Only one patient 

showed an increase in volume. The overall perceived quality of life also increased. 15 patients 

were able to discontinue the use of compression garment. [27] 

 

The number of patients with early and late stage lymphedema for each study is shown 

in figure 3.2. The results concerning volume reduction are presented in figure 3.3.  

 

          Figure 3.2 Division between early and late stage lymphedema within studies 

 
 

            Figure 3.3 Volume reduction as measured over a period of time 
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Additional analysis 

The additional analysis performed studied the effect of LVA in different lymphedema 

stages and differences concerning the years from the onset of BCRL. Since the articles used 

different ways to present their outcome measurements, it was not possible to analyze all 

articles. Therefore, the forest plots are limited. Subanalysis concerning years of onset was 

performed (figures 3.4 and 3.5), and a subanalysis of the effect of LVA in patients with 

moderate versus delayed lymphedema was performed (figure 3.6). 

 

Figure 3.4: Forest plot comparing years of onset of BCRL on the effect of LVA years of onset 

since 2–5 years versus >5 years. Effect of LVA was considered either volume or circumference 

reduction in the affected arm comparing preoperative measurements with postoperative 

measurements (longest available follow-up was used).  

 

Figure 3.5: Forest plot comparing years of onset of BCRL on the effect of LVA years of onset 

since <2 years versus 2–5 years. Effect of LVA was considered either volume or circumference 

reduction in the affected arm comparing preoperative measurements with postoperative 

measurements (longest available follow-up was used). 

 

Figure 3.6: Forest plot comparing stage of lymphedema on the effect of LVA moderate versus 

severe lymphedema. Effect of LVA was considered either volume or circumference reduction 

in the affected arm comparing preoperative measurements with postoperative 

measurements (longest available follow-up was used). 
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Discussion  

Summary of evidence 

A reduction in either circumference or volume was shown in 13 out of 15 studies. Two 

studies report an increase in upper limb volume. [18, 25] This lack of volume reduction could 

have been caused by the more advanced stage of lymphedema of the entire study population. 

Furthermore, the postoperative scintigraphy in that study showed absence of lymph 

transport, dermal backflow and few signs of organized transport at the level of the LVA. This 

might indicate that the quality of the lymph vessels that were used, was not good enough to 

create the anastomosis. Lastly, the anastomoses were made in the upper arm where the 

lymph flow is already damaged and therefore creating the LVA more distally could have 

provided better results. [18] The other study reports that during the treatment of some 

patients, the ICG lymphography was not available in their nation during the study period. 

Therefore, some surgeries may have been performed with inappropriate lymph vessels with 

a suboptimal function. [25] Twelve out of fifteen included studies reported an improvement 

of symptoms in patients after LVA. In some cases, this improvement was already noticed 

during the first postoperative week. [15, 17] The number of patients that experienced 

improvement varied between 50% and 100%.  

 

 One of the largest included studies in this review by Chang et al. clearly proposed that 

LVA is substantially more effective in early stages of lymphedema in the upper extremity. [16] 

Due to the fact that in early stages the lymphatic wall is not completely damaged and the 

contractility is still present. [29] Contributing to the idea that LVA is more effective during 

early stages of lymphedema, some studies, not included in this review, suggest the use of LVA 

as preventive measure in women with breast cancer undergoing mastectomy and further 

treatment. Boccardo et al. were the first to describe this approach as the ‘Lymphatic 

Microsurgical Preventing Healing Approach’ (LYMPHA) and reported that the incidence of 

secondary arm lymphedema after preventive LVA was 4.1% in comparison with a 13-65% 

incidence rate after axillary dissection without LVA. [30] They reported that it is a safe 

procedure to prevent lymphedema and allows surgeons to preserve blue nodes, but it was 

not possible to make sure that the preserved nodes are not metastatic. [31] This also suggests 

that applying LVA as preventive measure, or in an early stage provides beneficial outcomes 

for women with BCRL.  
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Additional analysis 

 The additional subgroup analysis showed that the effect of LVA was statistically 

significantly better in patients with moderate lymphedema when compared to severe 

lymphedema (figure 3.4). Preferably, we would have also performed subgroup analysis 

regarding years from the onset of lymphedema, distal versus proximal anastomosis, number 

of anastomosis and follow-up period. Unfortunately, we were not able to retrieve enough 

information from the included studies. However, in our available date we did see a trend; in 

the group of patients with the years of onset more than 5 years the LVA seemed less effective 

than in the group of patients with the years of onset less than 5 years. Although, this did not 

reach statistical significance and was only bases on two studies. Lymphedema is known to 

worsen over time as it is a progressive chronic disease. The physiology of the lymphatic vessels 

changes over time to fibrotic tissue which no longer function as lymphatic transporters. This 

process in BCRL starts proximally and progresses distally. Therefore, chances to find a 

functioning lymphatic vessel are higher in early onset, non-severe lymphedema patients in the 

distal arm. This hypothesis is confirmed by our results.  

 

Limitations 

The volume and level of evidence of the studies on the effects of lymphaticovenous 

anastomosis in this specific patient population was low. Thirteen out of fifteen studies 

provided level IV evidence and only two studies provided level III evidence, but these were 

retrospective studies. No randomized controlled trial could be included, which displays the 

lack of solid evidence on this topic.  

Furthermore, the follow-up time in some studies was too short, with follow-up ranging from 

2 months to 6 years. This raises doubts, since studies with a short follow-up time reported 

good outcomes, but it remains unknown whether this reduction was maintained over a period 

of time.  

Another contributing factor to the low level of evidence, were the low number of patients 

included in the studies and the lack of control groups in almost every study.  

The broad variety in the years from onset till the LVA contributed to the heterogeneity of our 

study population. Some patients only suffered from lymphedema for 1 year till the operation, 

whilst others were operated after 10 years, this also affects the condition of the lymph vessels.  
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The success of LVA depends upon surgical skills. Unfortunately, a lot of details on the surgery 

itself were unknown or poorly described. It is unknown how experienced the surgeons were. 

This means that the quality of the LVAs cannot be guaranteed.  

Lastly, the way the outcomes were described, varied enormously between studies. Some 

reported in terms of absolute or relative volume reduction whilst others mentioned 

circumference reduction. Contributing to the differences in reporting, sometimes the 

reduction was calculated using the preoperative volume, but other times the reduction was 

calculated by comparing it to the contralateral healthy arm.   

 

Conclusion  

Heterogeneous results of LVA in the volume reduction for the treatment of BCRL were 

reported amongst studies. Improvement of the subjective symptoms were presented in most 

of the studies. The current review showed that LVA may be particularly useful to improve the 

subjective symptoms in the early stages of lymphedema. Further prospective, randomized 

controlled studies are required to confirm the effectiveness of LVA and to determine the 

appropriate candidates for this procedure.  
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Purpose 

Lymphedema is a chronic and disabling sequel of breast cancer treatment that can be treated 

by lymphatico-venous anastomosis (LVA). Artificial connections between the venous and 

lymphatic system are performed supermicrosurgically. This prospective study analyses the 

effect of LVA on quality of life.  

 

Methods 

A prospective study was performed between November 2015 and July 2016 on consecutive 

patients in the Maastricht University Medical Centre. Quality of life was considered as the 

primary outcome, and the Lymphedema International Classification of Functioning (Lymph-

ICF) questionnaire was used. Discontinuation of compressive stockings and arm volume, using 

the Upper Extremity Lymphedema index (UEL-index), were the secondary outcomes.  

 

Results  

Twenty women with early stage breast cancer related lymphedema (BCRL) were included. The 

mean age was 55.9 ±4 years and the median BMI was 25.1 [21-30] kg/m². The mean follow-

up was 7.8 ±1.5 months.  

Statistically significant improvement in quality of life was achieved in the total score and for 

all the quality of life domains after one year of follow-up (p < 0.05). The discontinuation rate 

in compressive stockings use was 85%. The difference in mean relative volume did not show 

a statistically significant decrease. 

 

Conclusion 

LVA for early stage BCRL resulted in a significant improvement in quality of life and a high rate 

in stocking discontinuation.    
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Introduction 

 Lymphedema is a debilitating disease with a profound adverse effect on quality of life 

[1]. Breast cancer related lymphedema (BCRL) is caused by an acquired interruption of 

lymphatic drainage after loco regional treatment such as radiotherapy and/or lymph node 

dissection [2-5]. Since breast cancer survival rates have risen over the past decades, there is 

an increasing demand by patients to focus on the improvement of quality of life after breast 

cancer [6;7].  Therefore, the search for effective treatments in BCRL has gained popularity.  

 

 Standard therapy for lymphedema remains ‘complex decongestive therapy’, which 

aims to ameliorate the symptoms and delay progression of this chronic disease [8,9]. 

However, for most patients a lifelong, complex decongestive therapy might be necessary.  

Supermicrosurgical techniques, such as lymphatico-venous anastomosis (LVA), have been 

used with satisfactory results since the introduction of this technique by Koshima in the late 

‘90s [10-13]. By means of an LVA, an artificial connection is created between a patent 

lymphatic collector and a subdermal vein in a lymphedematous limb. This principle is based 

on the existence of physiological anatomic connections between the lymphatic and the 

venous system [14-17].  

Recent advances in techniques, such as the indocyanine green (ICG) fluorescence 

lymphangiography, more precise microscopes, and optimal patient selection have resulted in 

less invasive and faster LVA procedures, allowing LVA to be performed under local anesthesia 

with a substantially reduced operating time [18-22]. 

 

 In previous studies, reduction in volume was mostly named as the primary outcome 

after lymphedema treatment [10-13]. Yet an improvement in quality of life should be 

considered as the ultimate aim in treating BCRL patients. Therefore, this current prospective 

study evaluates the effect of LVA on the quality of life of patients with BCRL. 
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Methods 

Patient selection 

 A prospective study was performed, including consecutive patients between 

November 2015 and July 2016 in the Maastricht University Medical Centre. Inclusion criteria 

consisted of an evidenced upper limb lymphedema secondary to breast cancer in stage 1 or 

2A according to the International Society of Lymphology (ISL) classification [23], patent 

lymphatic ducts seen by ICG lymphangiography, and an absence of skin infections and 

complex decongestive therapy for at least 3 months.  

Demographic data and other factors that might influence lymphedema such as chemotherapy, 

radiotherapy, lymph node dissection and previous skin infections, were documented. 

Complications secondary to the surgery were registered. 

 

ICG lymphangiography 

 Preoperatively, all patients underwent ICG lymphangiography to determine whether 

patent lymphatic ducts could be tracked. ICG 0.5%, 0.05 ml (PULSION® 25mg for solution, 

PULSION Medical Systems SE, Feldkirchen, Germany) was subcutaneously injected in the 

second and fourth web spaces. After 15-30 minutes, the fluorescence was detected using a 

near infrared camera (Fluobeam®; Fluoptics, Grenoble France).  

Surgical technique  

 

 The operation was performed (SQ and RH) using the technique described by Koshima 

et al. [24] under local anesthesia (bupivacaine hydrochloride 5mg/ml with adrenaline 5�g/ml). 

In brief, the lymphatic ducts were located and an anastomosis was made with a subcutaneous 

vein using Ethilon 11-0. Patency was checked intraoperatively by distal injection of methylene 

blue in all cases, and when possible, by ICG lymphangiography after finishing the anastomosis. 

Patients were told not to use stockings or conservative treatment in the first month after 

surgery to prevent damage of the fragile, newly performed anastomosis. 

Outcomes 
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 Quality of life was considered as the primary outcome, measured by the Lymphedema 

international classification of functioning (Lymph-ICF) questionnaire (Dutch version) [25]. This 

questionnaire comprises of five domains: physical function, mental function, household 

activities, mobility activities, and life and social activities. The values range from 1 to 100; a 

lower score on the questionnaire indicates a better quality of life. Patients were asked to fill 

in the questionnaires at 1, 3, 6 and 12 months post-operatively with a time window of 4 weeks. 

A decrease in the VAS score of more than 11, and an increase of more than 9 are considered 

to be statistically significant (p < 0.05) as validated previously [25]. 

Secondary outcomes were the use of compressive stockings and arm volume changes 

according to the Upper Extremity Lymphedema index (UEL-index)[26]. Measurements were 

obtained preoperatively and at 1, 3, 6 and 12 months post-operatively by the same 

independent researcher (AC) to prevent inter-observer bias.  

 

Statistical analysis  

Continuous variables were reported as mean with standard deviation or median with 

range, depending on the normality tested by the Kolmogorov-Smirnov test. Categorical data 

were reported as frequencies and proportions. Statistically significant differences in mean 

between groups were tested using a paired two-tailed t test. A p-value < 0.05 was considered 

to be statistically significant. Results were analyzed using SPSS Statistics 24. 

 

Results 

Study characteristics 

 A total of 20 patients with BCRL were included. Stage 1 according to ISL was present in 

one patient, whereas stage 2A was seen in the rest of the patients. All these patients were 

female with a mean age of 55.9 ±4 years and a median BMI of 25.1 [21-33] kg/m². The median 

time since the onset of arm lymphedema was 6 [2-30] years and 25% of the patients had 

experienced at least one episode of skin infection since the diagnosis of lymphedema. The 

mean follow-up time was 7.8 ±1.5 months. Information on (neo)-adjuvant breast cancer 

treatment can be retrieved in table 4.1. 
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Table 4.1 Included patients characteristics  
Charachteristics Outcome 
Patient characteristics  
   Number of patients 20 
   Female 20 
   Age 55.9 ±4 years 

   BMI 25.1 [21-30] kg/m²  

   Time from lymphedema onset 6 [2-30] years  
   Mean follow-up 7.8 ±1.5 months 
Type of treatment   
   Chemotherapy  85% 
   Radiotherapy 75% 
   Lymph node dissection 100% 
   Mean number of Lymph nodes 
dissected 15.9 

   Mean number of positive lymph nodes 4.2 
Surgery characteristics  
   Mean operating time 92 ±8 min 
   Mean number of anastomosis 1.5 [1-2] 

 

The average operating time was 92 ±8 minutes. The number of anastomoses per 

patient varied between one and two, and no statistically significant difference was found. 

Minor complications were observed postoperatively in two cases due to skin irritation at the 

site of the contrast injection. These complications were resolved with a conservative 

approach.  

 

Outcomes 

 Regarding quality of life, all the domains and the total score of the Lymph-ICF showed 

improvement postoperatively. In comparison with the preoperative results, statistical 

significance was encountered for all the domains and the total score after one year of follow-

up (p < 0.05). (figure 4.1) 

 The discontinuation of compressive stocking use was achieved in 85% (n = 17) of 

patients.  

 The mean relative volume difference in UEL between a healthy and lymphedematous 

arm preoperatively was 14.92 ±8.01 and postoperatively 12.99 ±7.47. However, the difference 

did not reach statistical significance (p = 0.582). 
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Figure 4.1 The mean outcome on the VAS score pre- and postoperative according to the 

Lymph-ICF preoperatively and after 3, 6 and 12 months. * indicates a statistical significant 

decrease compared to the preoperative measurement. n = number of patients who filled in 

the questionnaire at that time of follow-up 

 

Discussion 

Lymphedema might be considered as one of the main complications of breast cancer 

treatment, with a crucial impact on the quality of life of breast cancer survivors. Therefore, 

the main goal in treating lymphedema patients should be an improvement in their quality of 

life. In the current prospective study, according to the pre- and postoperative QOL 

questionnaires, a substantial improvement was achieved after performing LVA procedures 

within the first-year follow-up.  

 

 It was remarkable that the total score, obtained via the questionnaires, showed a 

statistically significant difference, suggesting that through this surgical procedure, quality of 

life can be improved. The current study reported a statistically significant QOL improvement 

in 90% of the cases. In those patients with no significant difference, the preoperative scores 

were low, which might indicate that the lymphedema, even though clinically evident, did not 

have a relevant impact on their quality of life. However, in none of the cases did the total 
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score of quality of life deteriorate after surgery. The physical function presented a statistically 

significant improvement after surgery. This domain evaluates the ‘classic’ lymphedema 

symptoms like pain, stiffness, swelling, loss of strength, tingling and tenseness. The majority 

of patients stated that a less disagreeable feeling was experienced in their arm 

postoperatively, mainly due to less heaviness and partially because of the discontinuation of 

compressive stockings. The improvement in physical symptoms could have led to a 

betterment in mobility, household activities and life and social activities. These three domains 

improved statistically significantly only after 6 and/or 12 months, but not immediately after 

the surgery. Significant differences were also present in the mental function of the patients 

after surgery. As mentioned before, the use of stockings was considered as one of the 

patients’ predominant complaints. Without stockings, the lymphedema may become less 

obvious to the patients’ surroundings, thus enhancing their self-confidence and self-control 

about the disease.  

 

Previous studies achieved similar percentages in the subjective symptoms after LVA 

(61.5-100%) [11-13;27-29]. A wide variety of methods were used to measure these subjective 

symptoms, such as retrospective interviews [30], scale scoring systems for subjective pre- and 

postoperative complaints [31,32], or subjective assessment by a skin therapist [33]. Masia et 

al. [34] and Chen et al. [35,36] used two different, standardized self-developed questionnaires 

on lymphedema-related quality of life and reported an improvement in 100% of their patients. 

The drawbacks were that no detailed results per category were available on these scales, and 

neither were they developed according to the three stages recommended for patient reported 

outcome measures (PROM) nor validated according to those standard stages. Therefore, no 

statistical analysis on significance could be performed. Moreover, the questionnaire used by 

Chen included only the physical function, which represents only one of the five domains of 

the Lymph-ICF. In contrast, the Lymph-ICF is validated and reproducible, allowing to 

systematically measure the changes resulting from surgery. The Lymph-ICF questionnaire 

gives a score on five different domains, which may provide a wider coverage of all the aspects 

related to lymphedema [25]. This questionnaire can determine changes over time and may 

provide useful and detailed information for long-term follow-up. Furthermore, the used 

questionnaire is the only lymphedema-related questionnaire that uses a VAS-score answering 

model, which is more sensitive to subtle changes. In addition, the existence of a different 
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version of the same questionnaire for lower limb lymphedema is interesting. Since the impact 

of quality of life may differ depending on the location of this disease, having two different 

versions might allow for a more accurate assessment of the results. Although a questionnaire 

aims to objectify subjective symptoms, the blinding of the patients might not be possible since 

it is an self-completed questionnaire.  

 

 The current study demonstrated a high discontinuation rate in the use of compressive 

stockings after surgery. This might be explained by the release of arm heaviness as indicated 

by the patients in the questionnaire. Patients reported an immediately noticeable effect after 

the surgery. This improvement was maintained during the follow-up period, and patients felt 

that stockings were no longer needed in order to control the volume of their arms. Even 

though the use of stockings represented one of the most deleterious factors for their quality 

of life, only few studies have reported their results on stocking discontinuity. A recent 

literature review performed by Basta et al. reported a discontinuation of compression therapy 

of 56.3% in the previous studies reporting on LVA in upper and lower limb [12].  

 

 In contrast with the good rate of quality of life improvement and stocking 

discontinuity, the volume reduction did not show a proportional change in the present study. 

A non-statistically significant reduction in excess limb volume of 12.94% was observed in 

comparison with previously reported rates of 42.9 - 64.6% [37-40]. This difference in results 

might be explained by the fact that 80% (n = 16) of the patients in this study came to the 

preoperative outpatient clinic visit wearing their stockings. Within the group of patients who 

ceased to use stockings after surgery, 50% (n = 10) showed an increase in arm volume. The 

fact that all these patients wore stockings during the preoperative measurements should be 

taken into account. The other 50% (n = 10) of the patients did show a volume reduction. Of 

these patients, only 15% (n = 5) wore their stockings during preoperative measurements.   

 

 The improvement in quality of life and the high rate of stockings cessation suggests 

that the LVA procedure may be successful in reducing complaints related to BCRL by 

preventing an accumulation of lymph fluid in the interstitial tissue [14-17]. Objective 

measurements alone might not be sufficient to assess the improvement in other factors such 

as the sensation of heaviness, and unstable volume of the arm or pain. For this purpose, the 
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use of quality of life questionnaires should be encouraged to properly assess the impact of 

this disease and its treatments on patients.  

 

Conclusion 

LVA performed under local anesthesia in patients with early stage BCRL resulted in a 

high rate of stocking discontinuation, contributing significantly to an improvement in the 

quality of life of breast cancer survivors.  
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Purpose 

Lymph node transfer has been performed to treat lymphedema for several years. The goal of 

this procedure is to provide a bridge between the lymphatic system distal and proximal to the 

lymph node dissection. There is a lack of consensus about the necessity of an additional 

vascular anastomosis for the transplanted lymph nodes.  

 

Methods 

A systematic literature search in Cochrane Library database CENTRAL, MEDLINE and EMBASE 

of animal studies using lymph node transplantation with and without additional 

vascularization was performed in March 2016. The strategy used for the search was: 

(("Models, Animal"[Mesh]) AND (("Lymphedema"[Mesh]) OR "Lymph Nodes"[Mesh]) OR 

"Lymph Node Excision"[Mesh])) AND ((vascularized lymph node transfer) OR ((non-

vascularized lymph node transfer) OR lymph node graft)). The primary outcomes were: 

survival of transplanted lymph node and lymphatic vessel regeneration.  

 

Results 

Sixteen studies were included. Vascularization and the use of growth factors were significantly 

associated with lymph node survival. Lymphatic vessels regeneration was independent from 

vascularization.  

 

Conclusion 

According to the results of the current study, additional vascular anastomosis might improve 

the transplanted lymph node survival. Further studies in both experimental and clinical setting 

are needed in order to support it. 
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Introduction 

 Lymph node transplantation has been used for the treatment of lymphedema for 

several years. Promising results have been obtained in advanced cases of lymphedema [1] 

where better outcomes were evidenced in comparison with lymphaticovenous anastomosis. 

[2] Due to its anti-inflammatory effect and its impact on the clinical improvement of these 

patients, this technique may increasingly be considered in more centers within the surgical 

armamentarium for lymphedema. [3] 

 

 Despite its increasing popularity there is still a lack of strong evidence regarding the 

necessity of providing own vascularization to the transplanted lymph nodes and its effect on 

the final results.  

The current systematic review in experimental models was conducted in order to address the 

differences between vascularized and non-vascularized lymph node transplant in terms of 

lymph node survival and lymphatic system regeneration.  

 

Methods 

Data sources 

 A systematic literature search in MEDLINE, EMBASE and Cochrane Library database 

CENTRAL was conducted in March 2016 to identify all studies on lymph node survival and the 

lymphatic vessels regeneration with lymph nodes transplant (LNT) either vascularized or non-

vascularized. The search was performed using predefined search terms: (("Models, 

Animal"[Mesh]) AND (("Lymphedema"[Mesh]) OR "Lymph Nodes"[Mesh]) OR "Lymph Node 

Excision"[Mesh])) AND ((vascularized lymph node transfer) OR ((non-vascularized lymph node 

transfer) OR lymph node graft)).  The reference list of included articles were hand searched to 

supplement the literature search.  

 

Selection process 

 Two investigators independently performed the study selection. A third investigator 

was consulted in case of disagreement. Studies either performing vascularized lymph node 

transfer, non-vascularized lymph node transfer or both in an animal model, reporting on 

lymph node survival and/or lymphatic vessel regeneration were included. Systematic reviews 

and meta-analysis were excluded. No language restriction was used.  
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Data extraction 

 A data extraction sheet was developed containing items on animal characteristics, 

study characteristics, information on whether a lymphedema model was used and what type, 

type of lymph node transplant, length of follow-up, use of growth factor and outcome 

measures. The data extraction sheet was completed for all eligible studies by two independent 

authors.  

 

Statistical analysis 

 The extracted data was pooled and the main outcomes were lymph node survival and 

lymph vessel regeneration. Pre-specified subgroup analyses were performed; the use of 

growth factor and its impact on the lymph node survival and lymphatic vessels regenerations 

was evaluated in vascularized and non-vascularized lymph node transfer separately. All 

analyses were performed using SPSS. Either the Fisher’s exact test or chi-square test were 

used, depending on the expected values, to determine a p-value for the relation found within 

different groups. Furthermore, an odds ratio with a p-value and 95% confidence interval was 

calculated using binary logistic regression and the Wald test. All p-values reported were 

derived from two-tailed tests. A value of p< 0.05 was considered significant.  

 

Results 

Study selection 

 The literature search identified a total number of 382 studies. 359 out of them were 

excluded after title and abstract reviewing. Another five were excluded after reading the full 

article. Reasons for exclusion were that no lymph node transfer was performed, only a 

description of an animal model for lymphedema was explained, the number of included 

animals was not reported or different outcomes were included in the study. The reviewing 

process resulted in 16 studies eligible for inclusion in this review. A detail of the search 

strategy was represented in the flow-diagram (figure 5.1).  
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figure 5.1 Flow diagram of the literature search according to PRISMA statement 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Three of the four studies which report on vascularized LNT used the inguinal lymph 

nodes and one study used the omental lymph nodes. Two of these four studies used a free 

flap and the other two a pedicled flap. Furthermore, two of these four studies reported on the 

lymph vessel regeneration as outcome and two on lymph node survival with a follow-up 

ranging from two to six months. Moreover, two of these four studies explored growth factor 

use.  

 

Five of the ten studies which report on non-vascularized LNT used the inguinal lymph 

nodes, two studies used the popliteal lymph nodes, two studies used the axillary lymph nodes 

and one study transplanted lymphatic ducts and veins. In addition, eight of these ten studies 

reported on lymph node survival and five on lymph vessel regeneration with a follow-up 

ranging from one to six months. Growth factor use was explored in seven of the ten studies.  

The two studies that compared both vascularized and non-vascularized lymph node 

transfer used inguinal and popliteal lymph nodes. Both studies reported only on lymph node 

survival with a follow-up ranging from one and a half to three months. (table 5.1) 
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Main results 

 The main outcomes consisted of lymph node survival and regeneration of the lymph 

vessels in vascularized and non-vascularized lymph node transfer in experimental studies. In 

vascularized lymph node transfer 97.1% of the transferred lymph nodes survived whereas in 

non-vascularized lymph node transfer only 52.6% survived. This difference reached statistical 

significance (p<0.000). 

In vascularized lymph node transfer 60.9% of the cases showed lymph vessels regeneration 

and in non-vascularized lymph node transfer 84.4% of the cases. However, this difference did 

not reach statistical significance (p=0.522).  

 

The use of growth factor and its impact on the outcomes was studied separately for 

vascularized and non-vascularized lymph node transfer. A total of 64.7% of lymph nodes in no 

growth factor group survived whereas in the growth factor group 92.3% of lymph nodes 

survived. This difference reached statistical significance (p=0.023).   

 

In non-vascularized lymph node transfer the use of growth factor increased the 

survival of the lymph nodes, 47.8% versus 59.4%. This difference was significant (p=0.044).  

In non-vascularized lymph node transfer the difference in lymph vessels regeneration and the 

use of growth factor did not reach statistical difference, 45.6% versus 50.4% (p=0.481). (table 

5.2) 

 

 Reporting on these main outcomes in odds ratio conducted the following results: the 

vascularized lymph nodes had a significantly higher chance of survival with an odds ratio of 

29.7 (p<0.000). In addition, this procedure presented higher chance on lymphatic 

regeneration with an odds ratio of 1.331. However, this is not statistically significant 

(p=0.523). When a growth factor was used in either vascularized or non-vascularized LNT the 

lymph node survival was significantly higher than without using growth factor; odds ratios 

were 4.836 (p=0.014) and 1.594 (p=0.045) respectively. Growth factor use in non-vascularized 

LNT is also associated with a higher chance on lymphatic regeneration, but is not statistically 

significant (p=0.482). (Table 5.3) 
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Table 5.1 Characteristics of the included studies. 

Author Year  Animal N Type of LNT Outcome Growth 
factor 

Follow-
up* 

Studies with vascularized LNT 

Chen 1990 Dogs 10 Free inguinal Lymph vessels - 6 

O’ Brien 1990 Dogs 13 Free omentum Lymph vessels - 6 

Lähteenvuo 2011 Pigs 19 Pedicled inguinal Lymph nodes VEGFC n=5 
VEGFD n=9 

2 

Honkonen 2013 Pigs 49 Pedicled inguinal Lymph nodes VEGFC n=25 2 

Studies with non-vascularized LN grafts 

Tilak 1965 Dogs 24 
Fragmented 
popliteal 
Medulla popliteal 

Lymph nodes 
Lymph vessels - 5 

Chang 1985 Dogs 16 Lymphatic duct graft 
Vein graft Lymph vessels - 5 

Blum 2007 Pigs  5 Fragmented inguinal Lymph nodes - ? 

Tammela 2007 Mice 20 Fragmented Lymph vessels VEGFC n=11 
VEGFD n=9 

6 

Hadamitzky 2009 Rats 44 Fragmented inguinal Lymph nodes SRBC n=9 1 

Blum 2010 Pigs 23 Fragmented inguinal Lymph nodes SRBC n=4 5 

Sommer 2012 Rats 41 Fragmented inguinal Lymph nodes VEGF n=19 1 

Aschen 2014 Mice 8 Axillary lymph node Lymph nodes Tamoxifen 1 

Schindewolff
s 2014 Rats 109 Popliteal and 

inguinal 
Lymph nodes 
Lymph vessels VEGFC n=49 1 

Tervala  2015 Mice 50 Axillary lymph node Lymph nodes 
Lymph vessels 

VEGFC n=20 
VEGFD n=10 
VEGFA n=10 

3 

        
Studies with vascularized LNT or non-vascularized LN grafts 

Shesol 1979 Rats 60 
Pedicled inguinal LN 
Free inguinal LNT 
Inguinal LN graft 

Lymph nodes - 1.5 

Tobbia 2008 Sheep 49 Free popliteal LNT 
Popliteal LN graft Lymph nodes - 2 or 3 

* reported in months.  
LNT = lymphnode transfer, LN = lymphnode, VEGFC = vascular endothelial growth factor C, VEGFD = vascular 
endothelial growth factor D, SRBC = sheep red blood cells, VEGF= vascular endothelial growth factor and VEGFA 
= vascular endothelial growth factor A. 
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Table 5.2 Results between the groups reported in percentages. 

Dependent value Variable 
Number 
of 
animals 

Percentage p-
value 

Lymph node survival Vascularized  102 97.1% 
0.000  Non-

vascularized  
302 52.6% 

Lymph vessel 
regeneration Vascularized 23 60.9% 

0.522 
 Non-

vascularized 
219 84.4% 

Lymph node survival 
in vascularized LNT  

Growth factor  39 92.3% 
0.023* No growth 

factor  
94 64.7% 

Lymph node survival 
in non-vascularized 
LNT  

Growth factor  128 59.4% 
0.044 No growth 

factor 
184 47.8% 

Lymph vessel 
regeneration in non-
vascularized LNT 

Growth factor  129 50.4% 
0.481 No growth 

factor 
90 45.6% 

* Fisher’s exact test was used instead of chi-square test. 
LNT=Lymph node transfer 
 
 
 
Table 5.3 Results between the groups reported in odds ratio. 

Dependent value Variable Odds 
ratio 95% C.I. p-

value 

Lymph node survival Vascularisation 29.679 9.206 – 
95.684 0.000 

Lymph vessel 
regeneration Vascularisation 1.331 0.553 – 3.205 0.523 

Lymph node survival 
in vascularized LNT  

Growth factor 
use 4.836 1.372 – 

17.043 0.014 

Lymph node survival 
in non-vascularized 
LNT  

Growth factor 
use 1.594 1.010 – 2.516 0.045 

Lymph vessel 
regeneration in non-
vascularized LNT 

Growth factor 
use 1.214 0.708 – 2.082 0.482 

LNT = lymph node transfer, C.I. = confidence interval 
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Discussion 

 According to the results of the current study, the lymph node survival might be 

improved with vascularized LNT. Moreover, the use of growth factors in combination with LNT 

either vascularized or non-vascularized may increase its survival rate. However, the lymphatic 

vessels regeneration might not be influenced either by vascularization or the use of growth 

factors.  

 

 Of the 16 studies included, only two presented both vascularized and non-vascularized 

groups in the same study,[4, 5] allowing for more consistent conclusions. The heterogeneity 

in the experimental lymphedema model might have an impact on the final results since in 

some studies the lymphedema was clinically evidenced[6, 7], in other studies the model was 

created with removal of lymph nodes and/or lymphatic vessels [8-15] or without removal of 

lymph nodes.[16, 17] The measured outcomes were variable within included studies and the 

diagnostic techniques.  Heterogeneity in the follow-up time might have also an impact in the 

final results.  

 

 In the models using vascularized LNT, connections between the lymphatic and the 

vascular system was obviated by restoration of the distal lymphatic drainage, [12] the 

existence of the high endothelial venules and the connection between the lymph and the vein 

system visualized with indocyanine green lymphography by Cheng et al. [18] Contradictory 

results exist in the effectiveness of the growth factors in the vascularized LNT and in the 

concern whether they should be injected intranodally or perinodally.[6, 19] According to 

O’Brien et al. the VEGF-C and D might increase the functionality and survival of the transferred 

lymph nodes since the former induces lymphangiogenesis.[6] However, there were some 

disadvantages in using growth factors since they would lead to seroma formation.[20] One of 

the reasons might be that the newly forming lymphatic vessels lead to more leakage than the 

mature vessels.[6] According to the majority of the studies with vascularized LNT, the viability 

of the lymph node was a result of proper vascularization in addition to the lymphatic 

reconnection of the lymph nodes. Lymphatic flow between the transplanted lymph nodes and 

the surrounding lymphatic vessels should be re-established in order to survive. [14] 
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 In the studies using non-vascularized LNT the connection of the lymph nodes with the 

surrounding lymphatic vessels was considered even more relevant than the vascularization in 

order to restore the lymph flow. [15] Fragmentation of lymph nodes might facilitate the 

diffusion of the nutrients allowing multiple lymphatic regeneration foci, although some of 

them demonstrated that the whole lymph node survived better. [16] The capsule of the lymph 

nodes might play a crucial role in the viability of the transferred lymph nodes. The location for 

the placement of the lymph nodes was not a relevant factor for a successful re-establishment 

of the lymphatic system. [13] Moreover, the presence of functional lymphatic collectors might 

represent the limiting factor. [4] According to Tobbia et al. providing good vascularity to the 

lymph nodes did not ensure the lymph nodes viability. [5] Moreover, they found that better 

results were found in the patients with short time from the lymphedema onset. The presence 

of endogenous VEGF-C might facilitate lymph nodes survival and functionality and some 

studies demonstrated that this growth factor level increased with hypoxia. [11]  

 

 In the clinical setting, lymph node transfer has been demonstrated to be more effective 

than lymphaticovenous anastomosis in advanced cases of lymphedema.[1, 2, 21] Its potential 

role as a bridge between proximal and distal lymphatic system has allowed surgeons to choose 

recipient sites at the different levels in the extremity.[22, 23] Even when the placement of 

lymph nodes is anti-physiological, they might be able to restore both proximal and distal 

lymphatic system. Benefits of these surgeries have been found when breast reconstruction 

and lymph node transfer are performed within the same procedure.[24, 25] Since the latter 

surgeries required long operating time, a deeper knowledge of the impact of the 

vascularization in lymph node transfer may be beneficial for the patients. For instance, when 

additional vascular anastomosis has no impact on the outcomes, it would be spared and the 

operating time would be reduced. In that case, lymph node grafting might be another option 

if the survival rate was high enough to achieve clinical improvement.  

 

The lymphatic vessels regeneration was found to be independent of the type of surgery 

and the use of growth factors did not show relevant improvement of their regeneration.  
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 Despite the essential differences between human and experimental models, this is the 

first study analyzing the effect of vascularized or non-vascularized lymph node transfer in the 

lymph node survival and lymphatic vessels regeneration. According to the results from the 

current systematic review, vascularized lymph node transfer does have an impact on the 

survival rate of the lymph nodes. The use of growth factors might improve the survival, and 

the effect may not be related to the type of lymph nodes transfer. Since the viability of the 

transferred lymph nodes might depend on both vascular and lymphatic system re-

establishment, we postulate that the inclusion of the surrounding fat tissue during the 

harvesting of lymph nodes in addition to the vascular anastomosis may facilitate an earlier 

connection with the surrounding lymphatic vessels.  

 

Conclusion 

 Vascularized lymph node transfer and the use of growth factors might improve 

significantly the lymph node survival.  Lymphatic vessel regeneration was found to not be 

associated with vascularization or growth factor use. Further experimental and clinical studies 

are required to clarify the differences between vascularized and non-vascularized procedures 

and its role in lymphedema.   
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Purpose 

Restoring the body as normal as possible increases quality of life. Aesthetically, almost perfect 

breast reconstructions can be created. However, these reconstructed breasts have almost no 

sensation. Our hypothesis is that if we succeed in restoring sensation, this will increase quality 

of life. So far, little is written about the phenomenon of breast sensation, which makes it 

difficult to evaluate whether the quality of life increases after restored sensation. Therefore, 

the primary goal of this study is to determine what the importance and meaning is of breast 

sensation among healthy women.  

 

Methods 

A qualitative, descriptive phenomenological study was performed in an academic hospital 

between October 2016 and March 2017. A total of 10 semi-structured in-depth interviews 

were conducted in healthy women who did not undergo prior breast surgery. The sample size 

was based upon ‘saturation’. The interviews were tape-recorded, transcribed verbatim, coded 

and analyzed according to phenomenology keeping in mind the research question ‘what is the 

importance and meaning of sensation of the breast?’. 

 

Results 

Seven interrelated themes on how sensation of the breast is experienced were found: the 

absent breast (1), the present breast (2), the well-functioning breast (2a), the feminine breast 

(2b), the sensual breast (2c), the alien breast (2d), the safe breast (2d).  

 

Conclusion 

The seven interrelated themes can form the basis to develop a quantitative research tool to 

evaluate quality of life after innervated breast reconstruction and can be implemented in 

counselling before breast reconstructive surgery in the form of shared treatment decisions. 

 

 

 

 

 

 



Chapter 5: What does a breast feel like? a qualitative study among healthy women 

 79 

Introduction 

 Quality of life after breast cancer treatment should be an important goal during 

treatment because breast cancer incidence and survival rate keeps growing due to changing 

lifestyle, early detection and advances in therapy [1]. Previous studies suggest that restoring 

the body as normal as possible after mastectomy, increases the quality of life [2-4]. Although 

excellent cosmetic results can be achieved with autologous breast reconstruction, most 

reconstructed breasts fail to regain sensation [5]. Technically, surgeons are able to perform a 

sensible nerve coaptation [6-10]. Currently, multiple randomized studies are on their way to 

provide level A evidence on the effect of nerve coaptation therefore it is not yet standard 

treatment.  

Another reason why this technique is not yet widely spread might be that the (importance of) 

breast sensation is undervalued in literature. Some studies quantified the loss of sensation, 

measured by pressure on the skin, in women who underwent a breast operation [11-13]. 

However, breast sensation is far more complex than only pressure sensitivity, since the 

question ‘does your breast feel like your own’ seems to be one of the most important 

determinants of patient satisfaction after breast reconstruction [14].  

 

 Our hypothesis is that (the qualitative aspect of) breast sensation is important to 

women and if we can restore sensation of the reconstructed breast, quality of life of breast 

cancer survivors will improve further. This hypothesis could assume that techniques to 

improve sensation of the autologous reconstructed breast, should be encouraged [8]. 

However, to properly restore the sensation of the (reconstructed) breast we should, first, 

understand the phenomenon of breast sensation.  

 

Therefore, the primary goal of this study is to explore the importance and meaning of 

sensation of the breast. The results can be used in a follow-up study in operated women, to 

finally develop an evaluation tool (questionnaire) to evaluate the qualitative aspect of breast 

sensation.  
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Methods 

Study Design  

In the Maastricht University Medical center a qualitative study, based on in-depth 

interviews was performed between October 2016 and March 2017. A phenomenological 

analyzing method was used to address the research question ‘What is the importance and 

meaning of sensation of the breast?’. Phenomenology focusses on a person’s perception of 

an ‘event’ and tries to understand people’s perspective and understanding of a certain 

‘phenomenon’[15].  

 

 This study was approved by the local ethical committee. Informed consent was 

retrieved from all participants.  

 

Participants  

 In total 10 interviews with healthy women who did not undergo prior breast surgery 

were performed. One interview was a duo interview with a couple. We used purposive 

sampling to interview highly educated women, to answer this research question subjects 

needed to be able to express themselves well. Previous research shows that age, body mass 

index (BMI) and breast size are inversely correlated to breast sensation [16, 17]. Therefore, 

we created heterogeneity for these factors. Characteristics of our participants can be found 

in table 6.1. Participants were recruited through snowball sampling [18].  

The sample size was calculated by ‘saturation’, so the appropriate sample size was met if 

interviews did not supply new themes [19].  

Table 6.1 Participants Characteristics 
# Age Ethnic Identity 

(self-declared) 
Sexuality Children Breastfeeding Cup 

Size 
BMI Education 

         
1 25 Asian/Caucasian Hetero 1 Yes C 18 University 
2 56 Caucasian Hetero 1 Yes B 22 University 
3 74 Caucasian Hetero 3 Yes E 31 University 
4 21 African Hetero 0 No A 30 Elementary 
5 43 Caucasian Hetero 2 Yes B 25 University 
6 20 Caucasian Lesbian 0 No A 23 University 
7 21 Caucasian Lesbian 0 No A 20 University 
8 22 Caucasian Hetero 0 No D 22 University 
9 27 Caucasian Hetero 0 No D 21 University 
10 25 Caucasian Hetero 0 No B 21 University 
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Semi-structured interviews  

 The in-depth interviews were semi-structured. A topic list was developed based upon 

brainstorming among the authors. (table 6.2) This topic list was considered a dynamic 

instrument and changed over time based on new insights which developed as more interviews 

were performed. Participants were encouraged, by questions like ‘What do you mean?’, 

‘Could you give an example?’, to speak freely about their breasts. Interviews were held at the 

participants house or a location of choice e.g. a café. The interviews were tape-recorded, on 

average the interviews lasted 30 min.  

Table 6.2 Topic list of themes of semi-structured in-depth interview 
 
General information full name, age, BMI, cup size, children, breastfeeding, self-

declared ethnic identity, sexuality and education. 
Sensation of the breast Breast self-exam, reaction of the nipple, pain, breastfeeding, 

development in life (child, puberty, adulthood and motherhood), 
erogenous zone 

Menstrual cycle Pain, difference in feeling, nipple 
Hypothetical No sensation in the breast, importance of sensation in 

reconstructed breast, situations in which miss sensation in the 
breast would be missed 

Analysis  

 The interviews were transcribed verbatim after which transcripts were anonymized for 

further analysis. Transcripts were first coded by hand, starting with descriptive open codes, 

like reaction of the nipple, progressing to clustering of these codes into axial codes, like 

sexuality and eventually themes [20]. Developing of these codes/themes was supported by 

the question ‘how women experience sensation of the breast and what does it mean to 

them?’.  

 

 We chose not to perform member checking. Since, this does not increase validity and 

might even pose a threat to validity if participants want to correct their answers. Furthermore, 

our goal is not internal validity but rather comprehensiveness of the phenomenon breast 

sensation [21]. To minimize the effect of subjectivity during analysis ‘Multiple Coding’ was 

performed in the form of supervised sessions during research meetings with the first and last 

author. Segments of the data with content of disagreement were coded multiple times and 

discussed to create further insight to refine our coding system [22].  
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 The entire analysis was based upon a phenomenological approach, according to which 

we can explore how different meanings can be attributed to one’s body. Our analysis focuses 

on different meanings of the breast, i.e. the different ways in which the breast “appears” to a 

person. 

 

Results 

Through the analysis of our data, we identified seven interrelated themes, which are 

derived from Leder’s distinction between absent and present body. These themes represent 

different ways in which sensation of the breast is related to different meanings of the breast 

in healthy women.  

 

The absent breast (1) 

 Most respondents were not aware of (sensation in) their breast during their daily life. 

The fact that their breasts were ‘absent’ was mentioned as a positive aspect. At the beginning, 

it was difficult to interview healthy women about their breast sensation which was not actively 

sensed. Moreover, our respondents said that sensation of the breast is an unfamiliar topic in 

conversations among friends.  

 

 During the interviews, hypothetical questions were asked like: ‘if you had no sensation 

in your breast, would you miss it?’. Paradoxically, all women would answer yes. Respondents 

who would choose for reconstructive breast surgery, if they ever needed to undergo a 

mastectomy, would choose for a reconstruction with sensation, if given the option. 

Respondents saw it as an extra advantage and mentioned it would be strange if somebody 

touched their breasts and they would not be able to register this, as normally this is an 

intimate place to be touched. Although, they found it very difficult to give specific examples 

of situations in which the lack of sensation would bother them. Mostly, the sensual sensation 

was mentioned to be missed, but also a feeling of security.   

 Some respondents answered that it would make an important difference whether only 

one or both breasts would have no sensation. They indicated that having one healthy breast 

with normal sensation would be ‘enough’ but if both breasts had no sensation they would be 

more eager to opt for a sensate reconstruction.  
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The present breast (2) 

 The present breast could be present in many different ways to women. Therefore, the 

theme present breast was further subdivided into five themes; the well-functioning breast 

(2a), the feminine breast (2b), the sensual breast (2c), the alien breast (2d) and the safe breast 

(2e).  

 

 Instances of explicit breast sensation were mostly caused by ‘negative’ sensations like 

pain/unpleasant sensation. E.g. breasts become more sensitive/painful during menstruation, 

an unpleasant sensation while playing sports especially in women with larger breast, nipple 

reaction due to cold temperature etc. Women were also aware of their breast sensation 

during breast self-examination. However, respondents did not experience this in a negative 

nor positive way. One respondent described it as a business act, something that had to be 

done without any other associations.  

 

 Respondents claimed to have higher sensitivity and awareness in an intimate setting. 

This is discussed under the theme ‘the sensual breast’. One respondent even explained that 

when she wears a push-up bra with a deep cleavage top, whenever she goes out, she feels as 

if her breasts are ‘more present’, and she is more aware of her breast sensation.  

 

The well-functioning breast (2a) 

 If asked about breast sensation, all respondents who gave breastfeeding would 

spontaneously mention this. The sensation was described as a total different and new 

sensation of the breast (e.g. lactation, breast engorgement etc.). Although, for some 

breastfeeding was associated with unpleasant sensations of the breast e.g. nipple pain, 

fissures, painful breast engorgement, etc., they remembered it as a valuable experience and 

seemed to have forgotten the pain that came with it. Some women mentioned that being able 

to give breastfeeding would be an important factor if they had the choice about the timing of 

the prophylactic mastectomy, they would wait until after their family was complete.  

 

 Some women described the breast to be more sensitive in certain periods of the 

menstrual cycle, this was described as unpleasant but not necessarily painful. However, they 

preferred not to be touched on their breasts during this period.  
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 The breast and especially the nipple-areola complex have another function, the nipple 

is considered an erogenous area. However, our respondents explained that touching of the 

nipples did not cause significant arousal and was not considered as an important erotic body 

part during sexual interaction.  

 

The feminine breast (2b) 

 Most respondents thought that having sensation or not in their breasts, would not 

influence their femininity. Whereas having breasts or not was thought to influence their 

femininity. Almost all respondents named restoring the appearance of a natural looking breast 

as the main reason to choose for a breast reconstruction. One respondent thought she would 

be able to feel feminine wearing clothes and external prosthesis, however she would not feel 

feminine in a bathing suit or naked after a mastectomy.  

 

The sensual breast (2c) 

 The nipple is considered an erogenous area and becomes erectile during arousal. Being 

touched there in an intimate setting was experienced as pleasant by our respondents. 

However, most respondents do not think, they would miss the contributing factor of the 

nipple to arousal. Most women had the idea that their male partner enjoyed touching the 

nipple more than they did. Most respondents did enjoy seeing their partner being aroused by 

their nipple.  

 

The alien breast (2d) 

 Some respondents explain that when the breast loses the normal round shape, they 

feel as if it is no longer a breast, but rather a ‘thing’ hanging from their body. Mammography 

was the most named source of this feeling. But also, during sports women experienced their 

breast as not feeling like a breast.  
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The safe breast (2e) 

 One respondent found it paradoxical that if she would choose for a risk-reducing 

bilateral mastectomy and her reconstructed breasts would have no sensation, she would not 

feel safer at all. However, this was the goal to undergo this operation to begin with. Another 

respondent compared it to having an injured ankle, to her it would be strange to have no 

sensation in an impaired body part, because normally sensation increases in an impaired body 

part and warns the body whenever there is a problem.  

 

 Some respondents, described hypersensitivity of their breast during certain periods in 

their menstrual cycle and experienced it as a confirmation that their body was still functioning 

‘normal’, although they experienced this sensation as unpleasant. For one respondent, this 

was the reason to change from an intrauterine hormonal device to oral contraceptives, in 

order to be able to have a menstrual cycle again.  
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Table 6.3 Illustrating quotes of the seven identified themes of the phenomenon ‘breast sensation’ in healthy women 
with the respondents number  
Theme  Quote 
1 The absent 
breast 

7 
10 
 
 
 
5 
 

The thing is, off course I am not aware of my breasts, not even now.  
If you are asking me about these topics I am thinking ‘Oh yes I am aware of my breasts’. But in 
the moment, not so much, they are just always there … So, they have become part of my body 
and how my body works and reacts in certain environments.  
The fact that you are not aware (of your breast) is pleasant and will interfere with the way I 
describe sensation. Because they are just part of my body and I am not aware of them.   
It would be a pity (if I did not have sensation). But it is not something I would worry about. 
However, I am not sure. And off course it matters if sensation would be gone in one or both 
sides … I don’t think it would be such a big thing if I would still have sensation on one side.  

2 The present 
breast 

10 
 
 
9 

If I menstruate, I feel them a little bit more, it is an unpleasant sensation. If you don’t have your 
period you feel freer and don’t have to think about anything.  
I don’t find performing self-breast-exam annoying. I just feel neutral about it I just do it quickly, 
once a month  
Sometimes I feel pain, right before I have to menstruate, that is a very painful sensation in the 
breast.  

2a The well-
functioning 
breast 

2 That that body can carry a child, can bear a child and can feed a child. I find that very pleasant. 
‘Oh that is what these breasts are also for’.  

2b The 
feminine 
breast 

6 I would miss it (sensation in the breasts), but I don’t think… I would not feel less feminine… I 
think the aesthetic appearance of the breast are more important to feel feminine than 
sensation.   

2c The sensual 
breast 

3 Well, my partner thought it was amazing (breasts in an intimate setting). I thought, well if this 
is part of intimacy, well ok then. But me myself I did not find it special.  

2d The alien 
breast 

2 Sometimes I have to hold them while playing sports, and then it becomes almost a thing like 
during a mammography, a separate thing…  
That breast is pressed completely flat in between two plates and off course that is a very strange 
experience. A thing hanging from your body, I don’t like it at all… As if the breast is being taken 
away from you. I like to think of the breast as something round… That might nog be very realistic, 
if you see what kind of breasts there are. But the form changes (makes flat gestures with her 
hands) and that seems strange to me.  

2e The safe 
breast  

10 
 
 
 
 
7 
 
 
5 

It might be scary (to have a breast without sensation) because I would think that if a body part 
is been operated you would be extra focussed on this body part and that you would want to 
know how it is doing. And if you don’t feel anything anymore, you would lose control… But I also 
think it (sensation of the breast) is important to regain trust in your body… For example, this 
might be a strange comparison, but I have injured my ankle once and during revalidation 
sensation was very important to see if I could move it and if it was going well with my ankle.  
It is not a pleasant sensation (sensitive breast during menstruation), but it is more like I know 
that my body is working right... You can trust a little bit on your body, I know by the sensation 
of my own breasts ok I will have my menstruation with a few days… It is a confirmation that 
everything is well, you know. And that is pleasant although the sensation is a bit painful.  
Because you know, for me the main reason to undergo a preventive mastectomy would be to 
get some security. And I think that if you cannot feel a peace, I think that, that would give me a 
very insecure feeling. There is a peace on my body, but I can’t feel it. For me that would be very 
unpleasant.  
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Discussion 

Not much literature is written about sensation of the breast, the literature that is 

written focuses on ‘negative’ sensation (pain) [23-28]. This is to be expected according to the 

theory of Leder [29],  generally, there is no awareness of healthy body parts, once body parts 

are impaired, one suddenly becomes aware of those body parts. This study shows that breasts 

mostly live an unnoted life, which is considered a positive thing. However, in our clinic after a 

breast reconstruction, patients will complain about their breasts not feeling like their own and 

paradoxically the breast(s) become(s) ‘more present’ although no breast sensation is present.  

 

Our respondents stated that sensation was not needed to feel feminine, however a 

beautiful natural looking breast is, for our respondents this would be the main reason to 

choose for a reconstruction. This is noteworthy, since in reconstruction restoring function is 

normally the main goal. E.g. after leg amputation function can be restored by using running 

blades, which do not resemble a normal leg at all nor are aesthetically pleasing [30].  

 

Remarkably, our respondents described a link between appearance and sensation; if a 

breast loses the round shape e.g. during a mammography, the breast is also sensed differently, 

like a ‘thing’. If the breasts are more present e.g. in a push-up bra, the breasts are sensed more 

actively. This emphasizes the importance of a natural looking breast after reconstruction also 

for the regain of sensation. 

  

The goal of mastectomy in prophylactic cases is different compared to surgery after a 

malignancy. These women do not want to go from an insecurity because of possible 

malignancy in the future to a daily-based insecurity because of an absent breast, which 

paradoxically is more ‘present’ because it becomes ‘impaired’ after surgery. To these women 

the information about sensation after the operation, might be even more contributing to the 

decision to undergo a prophylactic mastectomy.  

As was stated by one of our responders she would not feel safer at all after a breast 

reconstruction without sensation. On the contrary, she would feel less safe if she would not 

have sensation in an ‘impaired’ breast. In women with a higher oncological risk, sensation 

might be even more important. However, further qualitative research in genetically 

predisposed women is necessary.  
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Interestingly, the erogenous sensation does not seem to play a major role in breast 

sensation according to our results. Our respondents indicated that mainly their partner 

enjoyed their breasts during an intimate setting, however for this function erogenous 

sensation is not necessary. This might be clinically relevant, because technically we are able 

to perform a microsurgical nerve coaptation and restore breast sensation, light touch [6]. 

However, restoration of erogenous sensation is rather an exception [10]. Previously, it was 

thought that nerve coaptation was not worthwhile if erogenous sensation could not be 

restored, this might be correlated to the number of female plastic surgeons, this used to be 

only 0.2% in 1959, now the number of female plastic surgical trainees is 37% [31], which might 

explain the renewed interest. 

 

Another interesting fact, which might have clinical relevance is that some respondents 

indicate that having one breast with normal sensation would be sufficient. Currently, in 

unilateral breast reconstruction often the contralateral, healthy, breast is operated on to 

symmetrize the result. According to our results it might be important to discuss the 

implications for breast sensation of having a correction on the ‘healthy breast’, in order to 

adapt the surgical plan according to your patient’s wishes. 

This study was meant to find out what qualitative aspects of breast sensation are 

important and to lay the basis to develop a proper evaluation tool. Up until now, we can only 

rely on quantitative sensation measurements and existing questionnaires like the general 

questionnaires (SF-36, EORTC, Body image scale) and the disease specific questionnaire 

(BREAST-Q). However, none of these focus on (positive) sensation of the breast after breast 

cancer treatment. Developing a new tool specified on positive breast sensation, might 

improve the way of evaluating the results of innervated breast reconstruction and provide 

higher quality evidence, which is needed to be able to implement this technique in national 

guidelines.  

 

We are aware of the fact that this study was performed among healthy women and 

these results cannot be extrapolated to women treated for breast cancer. This study was 

merely meant to provide a frame of reference about the phenomenon breast sensation in the 

form of seven interrelated themes which will serve as a basis for a follow-up study in women 
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who underwent breast surgery and to eventually develop a questionnaire to evaluate the 

impact on quality of life of innervated breast reconstructions.  

 

Conclusion 

 In this phenomenological qualitative study, seven interrelated themes that explain the 

different ways the breast can be ‘absent’ or ‘present’ in healthy women were found. This 

knowledge can be used to design new evaluation tools and can be implemented in counselling 

before breast reconstructive surgery in the form of shared treatment decisions. 
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Purpose 

The sensory recovery of the reconstructed breast is an undervalued topic in the field of 

autologous breast reconstruction. The aim of this systematic review was to evaluate the 

available literature on the sensory recovery of the breast after innervated and non-innervated 

autologous breast reconstructions and to assess the possible benefits of sensory nerve 

coaptation compared to spontaneous reinnervation of the flap.  

 

Methods 

A comprehensive literature search was conducted in PubMed, Embase, and the Cochrane 

Library to identify all eligible studies regarding the sensory recovery of all types of innervated 

and non-innervated autologous breast reconstructions.  

 

Results  

The search yielded 334 hits, of which 32 studies concerning 1,177 breast reconstructions were 

included. The amount of heterogeneity between studies was high and made pooling of data 

difficult. The studies indicated that spontaneous reinnervation of autologous breast 

reconstructions occurred to a variable extent, depending on how and when it was measured. 

Despite these variable results, the sensory recovery of innervated flaps however, was 

superior, started earlier and gradually improved over time with a higher chance of 

approaching normal values compared to non-innervated flaps. There was a lack of studies that 

assessed the return of erogenous sensation and quality of life. 

 

Conclusion 

The current evidence showed that nerve coaptation resulted in superior sensory recovery of 

the reconstructed breast compared to spontaneous reinnervation of the flap. This review 

illustrated that more standardized, high-quality studies with adequate sample sizes are 

needed to objectively evaluate the sensory recovery of the breast after autologous breast 

reconstructions. 
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Introduction 

Breast reconstruction has become an integral part of breast cancer care. The patients’ 

choice for the type of reconstruction – immediately after mastectomy or delayed and either 

by using implants or autologous tissue – is influenced by many factors (e.g. patient-related 

and sociodemographic factors, information provided by the reconstructive surgeons and their 

preferences).[1-3] Autologous breast reconstructions provide a permanent and more natural 

result as compared to implant-based reconstructions, thereby increasing patient 

satisfaction.[4] Out of all options for autologous breast reconstruction, the deep inferior 

epigastric artery perforator (DIEP) flap remains the first choice in most centers.[5] 

 

 Over the last two decades, breast reconstruction techniques have greatly been 

improved and refined, while the expectations of patients have increased at the same time. 

Currently, it is possible to achieve a reconstructed breast that closely resembles a non-

operated breast, yet the reconstructed breast often remains insensate. It has been reported 

that sensation in a reconstructed breast has a positive effect on the patient-rated quality of 

life and also protects the skin against thermal and mechanical injuries.[6-8]  

 

However, reinnervation of autologous breast reconstructions is not considered a high 

priority by most reconstructive surgeons.[9] This could be explained by the ongoing debate 

on whether or not nerve coaptation is of additional value for the sensory recovery of the 

reconstructed breast.[10] Several studies show a significant increase in sensory recovery after 

nerve coaptation in autologous breast reconstructions[9, 11], while other studies report 

satisfactory spontaneous reinnervation from the surrounding breast skin flaps and to a lesser 

extent from the deep surface.[12-15] In previous studies the outcomes following both nerve 

coaptation and spontaneous reinnervation have been variable, the sensory recovery has been 

tested heterogeneously (e.g. using different patterns and testing different sensory modalities) 

and the time frame of recovery has not been studied properly.[15, 16] Furthermore, it is 

questioned whether nerve coaptation is only indicated in delayed reconstructions and 

whether the potential benefits of performing a nerve coaptation in autologous breast 

reconstructions outweigh the additional operation time.[11, 14]  
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In the normal breast, the cutaneous innervation is derived medially from the anterior 

cutaneous branches of the first to sixth intercostal nerves, laterally from the lateral cutaneous 

branches of the second to sixth intercostal nerves, and cranially from branches of the 

supraclavicular nerve. The nipple-areola complex is predominantly supplied by the lateral and 

anterior cutaneous branches of the fourth intercostal nerve, and receives additional 

innervation by branches of the third and fifth intercostal nerves.[17-20] For this reason, the 

lateral cutaneous branch of the fourth intercostal nerve traditionally served as the recipient 

nerve for nerve coaptation. However, this nerve is often injured during mastectomy and lies 

in a separate microsurgical field, making flap inset more complex and time consuming. To 

tackle these problems, Spiegel et al. presented a new technique to perform a nerve coaptation 

to the anterior branch of the third intercostal nerve lying in the same microsurgical field as 

the internal mammary vessels, thereby adding minimal time to the surgery.[9, 21] 

 

A previous review by Shridharani et al. in 2010 systematically reviewed the literature 

addressing the return of breast sensation after breast reconstruction in general.[16] This 

systematic review evaluated the sensory recovery of the breast after autologous breast 

reconstructions only and specifically focused on the results of nerve coaptation compared to 

the spontaneous reinnervation of the flap. Furthermore, the techniques used for nerve 

coaptation and the methods of evaluation were addressed in more detail. The present review 

aimed to identify, evaluate and synthesize the evidence examining to what extent the 

sensation of the reconstructed breast recovered and whether nerve coaptation in autologous 

breast reconstructions significantly improved the sensory recovery compared to the 

spontaneous reinnervation.  

 

Methods 

This systematic review was performed according to the criteria of the Preferred 

Reporting Items of Systematic Reviews and Meta-Analyses (PRISMA) statement [22]  
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Eligibility criteria 

All published clinical trials studying the sensation of the reconstructed breasts in 

female patients (older than 18 years) who underwent autologous breast reconstructions were 

considered, regardless of publication date, language or level of evidence. [23] Only articles 

objectively testing the sensory recovery of the reconstructed breast – with and/or without 

nerve coaptation – were considered.   

 

Information sources 

A comprehensive literature search was conducted in PubMed (1966-Present), Embase 

(1974-Present), and the Cochrane Library (1992-Present) in order to identify all eligible 

studies. The last search was conducted on 5 January 2017. In addition, related articles, 

reference lists, and commentaries of all selected articles were checked to ensure that no 

relevant studies were missed by the search strategy. No authors were contacted to acquire 

any missing data. 

 

Search 

Several search terms (Table 7.1) were combined to identify all relevant articles 

reporting on the sensation or sensory recovery of all types of autologous breast 

reconstructions. Specific search terms were added to identify studies on the results of nerve 

coaptation and spontaneous reinnervation. Search terms were limited to presence in title or 

abstract for PubMed and Embase to reduce the number of irrelevant articles. No restrictions 

for language, publication date or publication type were applied. All synonyms and spelling 

variations of the names of the autologous breast reconstruction types were identified and 

were added to the search syntax. The search strategy was developed by two reviewers (JB and 

AC) and was later reviewed by the other authors before the actual search was conducted.   

 

Data collection process 

A data extraction form was developed, pilot tested, and refined accordingly. The first 

reviewer (JB) extracted the data and the second reviewer (AC) approved it. Data was only 

extracted from the original articles to avoid inconsistency. 
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Table 7.1 Database search 
Database  Search syntax 
PubMed 
 

 (“autologous reconstruction”[tiab] OR “autologous flap 
reconstruction”[tiab] OR “breast reconstruction”[tiab] OR “DIEP 
flap”[tiab] OR “DIEP-flap”[tiab] OR “DIEAP flap”[tiab] OR “DIEAP-
flap”[tiab] OR “deep inferior epigastric artery perforator flap”[tiab] OR 
“deep inferior epigastric perforator flap"[tiab] OR “free flap”[tiab] OR 
“free-flap”[tiab] OR “innervated free flap”[tiab] OR “surgical free 
flap”[tiab] OR “TRAM flap”[tiab] OR “TRAM-flap”[tiab] OR “transverse 
rectus abdominis muscle flap”[tiab] OR “anterior lateral thigh perforator 
flap”[tiab] OR “ALT flap”[tiab] OR “ALT-flap”[tiab] OR “superior gluteal 
artery perforator flap”[tiab] OR “SGAP flap”[tiab] OR “SGAP-flap”[tiab] 
OR “latissimus dorsi flap”[tiab] OR “LD flap”[tiab] OR “LD-flap”[tiab] OR 
LD[tiab] OR “lateral thigh perforator flap”[tiab] OR “LTP flap”[tiab] OR 
“LTP-flap”[tiab]) AND (“nerve coaptation”[tiab] OR innervat*[tiab] OR 
neurorrhaph*[tiab] OR neurotisation[tiab] OR neurotization[tiab] OR 
“nerve reconstruction”[tiab] OR “nerve preservation”[tiab] OR 
reinnervation[tiab] OR sensate[tiab] OR sensibility[tiab] OR 
sensory[tiab] OR sensation[tiab] OR sensitivity[tiab]) AND breast[tiab] 
 

Embase §  (“autologous reconstruction”:ti:ab OR … “LTP-flap”:ti:ab) AND (“nerve 
coaptation”:ti:ab OR … sensitivity:ti:ab) AND breast:ti:ab AND 
[embase]/lim NOT [medline]/lim 
 

Cochrane Library  (“autologous reconstruction” OR … “LTP-flap”) AND (“nerve coaptation” 
OR … sensitivity) AND breast 

§ The Embase search was limited to Embase publications only by excluding (duplicate) Medline hits 
 

Study selection 

Eligibility assessment was performed in a standardized manner by two independent 

reviewers (JB and AC). The title and abstract of all retrieved hits were screened and reviewed 

individually using the predefined eligibility criteria. Subsequently, the full text versions of the 

remaining articles were considered for inclusion in the systematic review. Disagreements 

between both reviewers were resolved by consensus.  

 

Data items 

The data items that were extracted from each included study are listed in Table 7.2.  
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Risk of bias in individual studies 

The risk of bias in individual studies was assessed using the Cochrane Collaboration’s 

tool for assessing risk of bias.[24] The different sources of bias concerned random sequence 

generation, allocation concealment, blinding of participants and personnel, blinding of 

outcome assessment, incomplete outcome data, selective reporting and other bias. In 

addition, the overall level of evidence was determined for each study.  

 

Table 7.2 Data extraction form 
Study population and surgical procedure characteristics 
- Number of patients 
- Mean age of patients 
- Reconstruction type 
- Reinnervation technique 
- Number of flaps 
Timing of reconstruction 
 
Time factor 
- Mean follow-up (months) 
 
Evaluation of sensory recovery 
- Normal breast tested 
- Areas of the breast tested 
- Pressure perception 
- Two-point discrimination 
- Temperature perception  
- Vibration perception  
- Other tests to evaluate the sensory recovery 
- Erogenous sensation 
- Quality of life 
- Part of the breast with the best sensory recovery 
 
Level of evidence 
- 1a. Systematic reviews of randomized controlled trials (RCTs) 
- 1b. Individual RCTs 
- 1c. All or none RCTs 
- 2a. Systematic reviews of cohort studies 
- 2b. Individual cohort study or low quality RCTs 
- 2c. ‘Outcomes’ research; ecological studies 
- 3a. Systematic review of case-control studies 
- 3b. Individual case-control study 
- 4. Case-series (and poor quality cohort and case-control studies) 
- 5. Expert opinions 
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Summary measures 

The primary outcome measure was the sensory recovery of the breast after autologous 

breast reconstructions. Different modalities of the sensory recovery have been tested in the 

studies: pressure perception, temperature perception, vibration perception, two-point 

discrimination, recovery of erogenous sensation and the change in quality of life. Pressure 

perception outcomes measured with Semmes-Weinstein monofilaments are presented as 

mean sensory scores with a range between zero (no sensation) and five (normal sensation), 

not as the force (in grams) or as the pressure (in g/mm2) applied on the skin, to quantitate 

the scores of different studies. 

 

Results 

Study selection 

The electronic search of PubMed, Embase and Cochrane Library identified a total of 

334 articles (figure 7.1). After exclusion of 40 duplicates, a systematic screening of titles and 

abstracts led to the inclusion of 36 articles for further analysis. The full text of the remaining 

articles was carefully examined, and 32 articles were selected for the final analysis.[9, 11-15, 

25-50] Reasons for exclusion were unavailability of the full text, study of irrelevant patients, 

interventions or outcomes, case reports, anatomical studies, commentaries and previous 

systematic reviews. Checking the references of the included studies yielded no additional 

articles. 

 

Study Characteristics 

Thirty-one case series and cohort studies, as well as one randomized controlled trial 

were analyzed. Study characteristics are presented in Table 3. All studies reported on the 

sensory recovery of the breast after different autologous breast reconstructions, including 

DIEP flaps, pedicled and free transverse rectus abdominis myocutaneous (TRAM) flaps, 

latissimus dorsi (LD) flaps with or without implants, and gluteal free flap breast 

reconstructions. A total of 1,177 autologous breast reconstructions were performed in 1,075 

patients, of which only 315 flaps (27%) underwent nerve coaptation, meaning that in the 

majority of patients the spontaneous reinnervation of the breast was examined. The different 

techniques that were used for nerve coaptation are presented in Table 4. A sensory nerve that 

was included in the flap was predominantly coapted to the lateral cutaneous branch of the 
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fourth intercostal nerve, typically by direct end-to-end anastomosis. Five studies used healthy 

subjects as a control group.[11, 29, 31, 35, 43] Most other studies used the contralateral 

breasts (often including mastopexy breasts) as controls in case of unilateral reconstructions 

and/or compared innervated breast reconstructions to non-innervated reconstructions. 

Follow-up ranged from 2 to 132 months post-operatively.  

 

Table 7.3 shows that the methods used for the evaluation of the sensory recovery were 

highly variable between studies. Most studies applied Semmes-Weinstein monofilaments (5-

piece, 6-piece or 20-piece kit) to study the level of pressure perception. Older studies used 

Von Frey filaments and more recent studies used the Pressure-Specified Sensory Device 

(PSSD). Two-point discrimination was infrequently used and was often deemed unreliable 

because the test area was too small. Temperature perception was measured at different 

degrees Celsius (hot: 25 – 60 and cold: 0 – 16) or by hot/cold distinction. The part with the 

best sensory recovery differed between studies, but overall appeared to be the medial part of 

the breast. Additionally, patient reported outcome measures or subjective questionnaires 

were used in thirteen studies[11, 12, 25, 26, 28, 29, 31, 35, 40, 42, 45, 48, 50], return of 

erogenous sensation was subjectively assessed in seven studies[11, 12, 34, 36, 37, 45, 49], and 

no studies assessed the quality of life, except for one side study with the same study 

population.[6]  

 

Because of heterogeneity in the data analysis, different methods used for outcome 

measurement and reporting, and the evaluation of different test areas of the breasts among 

all studies, no meta-analysis was performed. However, mean sensory scores for pressure 

perception were calculated for a subset of studies that used Semmes-Weinstein 

monofilaments from which the results for the flap skin could be reliably extracted (figure 

7.2).[51, 52] This figure illustrates that innervated flaps had a better sensory recovery for 

pressure perception than non-innervated flaps. Innervated flaps approached diminished 

protective sensation, whereas non-innervated flaps had deep-pressure sensation only. The 

results of LD flaps were based on a very small sample size. Mean scores of innervated DIEP 

flaps could not be calculated, because pressure perception was either not measured with 

monofilaments[9, 26] or the results were reported for the total breast instead of the flap 

skin.[11]  



 100 

Figure 7.1 Flow chart of the search strategy 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

Table 7.4 The different techniques used for nerve coaptation 
 Nerve coaptation technique 
Study  Donor nerve Recipient nerve Anastomosis type 
DIEP flap breast reconstructions 
Blondeel et al.11 ACB of ICN T10-12 AB-LCB of 4th ICN  Direct E-E 
Magarakis et al.26 ACB of ICN T10-12  AB-LCB of 4-5th ICN  Direct E-E 
Spiegel et al.9 ACB of ICN T11-12 ACB of 3rd  ICN Direct E-E or 40 mm 

nerve conduit 
TRAM flap breast reconstructions 
Slezak et al.29 ACB of ICN T10-T12 AB-LCB of 4th ICN Direct E-E 
Doncatto et al.33 ACB of ICN T11  * Direct E-S  
Yano et al. 34 ACB of ICN T10-12 AB-LCB of 3-5th ICN  Direct E-E 
Isenberg36 ACB of ICN T11 AB-LCB of 4th ICN Direct E-E 
Isenberg et al.37 ACB of ICN T11 AB-LCB of 4th ICN Direct E-E 
Yap et al.38 ACB of ICN T10-12 AB-LCB of 4-5th ICN Direct E-E 
Temple et al. 39 ACB of ICN T10 AB-LCB of 4th ICN Direct E-E 
Puonti et al.40 ACB of ICN T10-12 ** Direct E-E or E-S  
Mori et al.41 ACB of ICN T10-11 AB-LCB of 4th ICN Direct E-E 
Puonti et al.42 ACB of ICN T10-12 *** Direct E-E or E-S  

& 3 mm nerve tube 
LD flap breast reconstructions 
Isenberg et al.37 Thoracodorsal nerve AB-LCB of 4th ICN Direct E-E 
Yano et al.46 LB-DB of  6-8th ICN AB-LCB of 3-5th ICN  Direct E-E 
Gluteal free flap breast reconstructions 
Blondeel49 Superior cluneal nerves  AB-LCB of 4th ICN Direct E-E 
Struckmann et al.50 IB of post. cut. femoral n. ACB of 2-3rd ICN Direct E-E 

ACB anterior cutaneous branch, ICN intercostal nerve, AB-LCB anterior branch of the lateral cutaneous branch, 
LB-DB lateral branch of dorsal branch, IB intermedius branch; * Single: AB-LCB of 4th ICN; Dual: AB-LCB of 4-5th 
ICH; ** Thoracodorsal nerve (6x), intercostobrachial nerve (5x), AB-LCB of 4-5th ICN (6x), two anastomoses (3x); 
*** Single: (medially) ACB of 3- 4th ICN or (laterally) thoracodorsal nerve, intercostobrachial nerve, AB-LCB of 4-
5th ICN; Dual: medially and laterally. 
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Sensory recovery after DIEP flap breast reconstructions 

Eight studies with 194 patients evaluated the sensory recovery of 229 DIEP flaps (78 

innervated and 151 non-innervated flaps): three studies compared innervated to non-

innervated DIEP flaps[9, 11, 26] and five studies examined non-innervated DIEP flaps only.[13-

15, 25, 27]   

 

 All studies showed some sensory recovery in almost all patients, which gradually 

improved over time, suggesting the possibility of spontaneous reinnervation of the flap. The 

study by Blondeel et al.[11] was the first to conclude that innervated DIEP flaps had a better 

sensory recovery (although not significantly) than non-innervated DIEP flaps. This recovery 

also occurred earlier post-operatively, with increased quality and quantity of sensation of the 

Figure 7.2 Comparison of mean sensory scores*  
for the pressure perception of innervated and non-innervated flap skin 
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flap. The study by Spiegel et al.[9], however, did show a statistically significant improvement 

of the sensory recovery of innervated DIEP flaps compared to non-innervated flaps, with 

superior results using a nerve conduit instead of direct anastomosis for nerve coaptation. 

Lastly, Santanelli et al.[14] found that higher age and increased flap weight were significantly 

associated with less sensory recovery. 

 

Sensory recovery after TRAM flap breast reconstructions 

Seventeen studies with 426 patients evaluated the sensory recovery of 455 TRAM flap 

breast reconstructions (183 innervated and 272 non-innervated flaps): twelve studies 

examined free TRAM flaps only[11, 28, 30-32, 34, 36-40, 42], three (bi)pedicled TRAM flaps 

only[29, 33, 41] and two studies examined both types of TRAM flaps.[12, 35]  

The results of non-innervated TRAM flaps were variable. Lapatto et al.[30] concluded that 

most reconstructed breasts had little or no sensation and only a minority of flaps recovered 

good or satisfactory sensation, whereas Place et al.[32] found excellent sensory return in the 

majority of patients. Furthermore, two studies reported more favorable results for non-

innervated free TRAM flaps compared to pedicled flaps, although no statistically significant 

differences were observed.[12, 35] 

In contrast, studies that compared innervated to non-innervated TRAM flaps unanimously 

showed superior sensory recovery in the innervated group that gradually improved over time 

and eventually even approached normal values.[29, 33, 34, 36-42] This finding was also 

confirmed by the only randomized controlled trial.[39] In a direct comparison by Yano et 

al.[34], the innervated TRAM showed gradual recovery after about six months and reached 

normal values after about fifteen to eighteen months. In non-innervated TRAM flaps no 

sensory recovery was observed in the first ten months, was gradual after more than one year 

and reached normal values in only some control subjects. Moreover, Puonti et al.[42] 

presented a technique for dual nerve coaptation by coapting two sensory nerves, which 

enhanced tactile and cold perception compared to single nerve coaptation in their series.  

The only study that compared non-innervated TRAM flaps to innervated and non-innervated 

DIEP flaps showed statistically significant lower pressure thresholds and improved hot-cold 

and vibration detection for innervated DIEP flaps, whereas the results of non-innervated DIEP 

flaps were not statistically different from TRAM flaps.[11] 
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Sensory recovery after LD flap breast reconstructions 

A total of eight studies with 277 patients have previously evaluated the sensory 

recovery of 311 LD flap breast reconstructions (8 innervated and 303 non-innervated flaps): 

four studies examined LD flaps only[37, 45-47] and four LD flaps in combination with 

implants.[28, 43, 44, 48]  

 

Several studies[44, 45, 47, 48] found satisfactory sensory return in the majority of non-

innervated LD flaps. Two studies compared innervated LD flaps to non-innervated LD flaps and 

to innervated TRAM flaps, respectively.[37, 46] Innervated LD flaps showed gradual recovery 

after approximately six months and reached normal values after about twenty months. In non-

innervated LD flaps no sensory recovery was observed within the first year, was gradual after 

more than one year and reached normal values in only some control subjects. Interestingly, 

the studies that compared the sensory recovery of LD flaps to TRAM flaps both showed a 

better sensory return after innervated and non-innervated TRAM flap breast 

reconstructions.[28, 37] No studies compared LD flaps with implants to LD flaps only. 

However, Peltoniemi et al. noticed that 34% of the LD flaps remained numb, especially those 

in patients who had received radiation therapy or who had large implants, suggesting that 

radiation therapy and implants have a negative influence on the sensory return.[44]  

 

Sensory recovery after gluteal free flap breast reconstructions 

Three studies with 178 patients evaluated the sensory recovery of 182 gluteal free flap breast 

reconstructions (46 innervated and 136 non-innervated flaps).[12, 49, 50] In a study consisting 

of sixteen patients with twenty free superior gluteal artery perforator (SGAP) flap breast 

reconstructions, two flaps were reinnervated successfully and the sensory return was 

compared to the non-innervated flaps.[49] Both flaps demonstrated objective signs of 

recovery of superficial and erogenous sensation between five and seven months post-

operatively. The authors concluded that each attempt to restore the innervation is 

worthwhile.  

A more recent study presented the clinical outcomes including the tactile sensation of 142 

free fasciocutaneous infragluteal (FCI) flaps, of which 44 flaps were innervated.[50] Patients 

subjectively stated having better sensation of the reconstructed breast than measured 
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objectively using monofilaments. Of the innervated flaps, 70% of patients stated a moderate 

to normal sensation compared to 48% of patients with non-innervated flaps.  

Finally, Shaw et al. studied the spontaneous sensory return after non-innervated free gluteal 

flaps, and free and pedicled TRAM flaps.[12] Free gluteal flaps showed better sensory 

recovery, followed by free and pedicled TRAM flaps, respectively. This study also suggested 

that satisfaction and sensory recovery are directly related. 

 

Risk of bias within studies 

The level of evidence in most studies was relatively low, as there was only one 

randomized controlled trial. Evidence was further limited by the small sample sizes and the 

lack of control groups and randomization (Table 3). Risk of bias was assessed for every trial 

that was included and support for the judgement was provided. In general, information on 

the patient selection process and on blinding, as well as the results of relevant outcomes were 

often missing.  
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Table 7.3 Studies on the sensory recovery of innervated and non-innervated autologous breast reconstructions 

Study Study population characteristics Evaluation of sensory recovery c   
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R-CS 20 - DIEP - 20 12 - 24 No ü  ü ü     ü ü   ü   IMQ 5 

4. Santanelli 
(2011) 14 

P-CS 30 50.6 DIEP - 30 12 Yes ü    ü   ü        ILQ 4 

5. Magarakis 
(2013) 26 

R-
CH 

5 - DIEP + 6 35 (18 - 
61) 

Yes ü ü ü  ü   ü        SLQ-ILQ 2
b 

   12 53.0 DIEP - 21                    
6. Spiegel (2013) 9 R-

CH 
35 49.1 DIEP + NC  33 20 ± 8 Yes ü ü ü  ü           SLQ 2

b 
    47.7 DIEP + 15 28 ± 13                   
    49.4 DIEP - 9 42 ± 27                   
7. Klasson (2014) 

27 
R-CS 10 56.0 DIEP - 10 16 (12 - 

20) 
Yes ü   ü     ü ü      SMQ 4 
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8. Stromps (2016) 
15 

R-CS 18 52.3 DIEP - 18 50 (12 - 
88) 

Yes ü ü ü
* 

ü   ü  ü ü ü   ü  SMQ-
SLQ 

4 

                          

TRAM flap breast 
reconstructions 

                      

1. Lehmann (1991) 
28  

R-CS 9 50.5 TRAM - 9 2 - 48 Yes n/
a 

n/
a 

n/
a 

  * ü  ü     ü  Peripher
ally 

4 

   10  LD & impl. -  10 2 - 72                   
2. 

Slezak (1992) 29 
R-CS 10 - Ped. TRAM - 10 53 (24 - 

84) 
No ü  ü ü   ü    ü     SMQ-

IMQ 
4 

    - Ped. TRAM + 3 6 - 9                   
3. Lapatto (1995) 

30 
R-CS 39 47.0 TRAM - 39 5 - 28 Yes ü ü ü   ü ü         SLQ-ILQ 4 

4. 
Liew (1996) 31 

R-CS 21 51.3 TRAM - 21 36 (7 - 
68) 

Yes ü   ü     ü ü   ü   IMQ 4 

5. Shaw (1997) 12 R-CS 29 55.8 TRAM - 8 24 Yes ü ü ü ü     ü ü ü ü ü   SLQ 4 
     Ped. TRAM - 5 38                   
 

 
   Free gluteal 

- 
20 32                   

6. 
Place (1997) 32 

R-CS 24 55.0 TRAM - 34 3 - 41  Yes ü   ü     ü ü ü     Peripher
ally 

4 

7. Doncatto (1997) 
33  

P-CS 13 46.4 Biped. 
TRAM + 

13 > 8 No n/
a 

n/
a 

n/
a 

n/
a 

    n/
a 

n/
a 

n/
a 

n/
a 

n
a 

  n/a 4 

 
 

 13 45.6 Biped. 
TRAM - 

13 > 8                   

8. 
Yano (1998) 34  

P-
CH 

15 - TRAM + 15 14 (4 - 
24) 

Yes ü ü ü ü     ü ü   ü   SMQ 2
b 

 
 

P-
CH 

16 - TRAM -  16 24 (11 - 
41) 

                  

9. 
Edsander-Nord  

R-
CH 

13 54.0 TRAM - 13 41 (24 - 
64) 

No ü     ü   ü ü   ü   Medially 2
b 

 
(1999) 35 

 13 57.2 Ped. TRAM - 13 33 (24 - 
48) 

                  

10
. 

Isenberg (2002) 
36 

P-CS 10 60.4 TRAM + 10 16 Yes ü ü  ü   ü  ü ü    ü  n/a 4 
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11
. 

Isenberg (2004) 
37 

R-CS 11 63.4 TRAM + 11 16 Yes ü ü  ü   ü  ü ü    ü  n/a 4 

   4  LD + 4 16                   
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12
. Yap (2005) 38 

P-
CH 

7 46.0 TRAM + 7 39 (35 - 
46) 

No ü ü ü ü     ü ü      Centrally 2
b 

 
 

 7 51.0 TRAM - 7 40 (31 - 
46) 

                Peripher
ally 

 

13
. 

Temple (2006) 
39  

RCT 15 55.0 TRAM + 19 15 No ü  ü ü   ü  ü ü      Through
out 

1
b 

 
 

 12 52.0 TRAM - 18 16                 Peripher
ally 

 

14
. Puonti (2011) 40  

R-
CH 

20 50.0 TRAM + 20 32 (23 - 
43) 

Yes ü  ü ü   ü  ü ü ü ü ü ü  n/a 2
b 

 
 

 20 51.0 TRAM - 20 54 (27 - 
77) 

                  

15
. Mori (2011) 41  

R-
CH 

15 46.4 Ped. TRAM + 15 14 (12 - 
19) 

Yes ü ü ü ü     ü ü   ü   n/a 2
b 

 
 

 18 48.2 Ped. TRAM - 18 19 (12 -
57) 

                  

16
. Puonti (2016) 42  

P-
CH 

41 49.1 TRAM + + 41 26 (23 - 
36) 

Yes ü  ü ü   ü  ü ü ü ü ü ü  n/a 2
b 

 
 

 29 48.7 TRAM + 29 30 (24 - 
43) 

                  

LD flap breast 
reconstructions 

                       

1. 
Waris (1992) 43 

R-CS 17 48.1 LD & impl. - 17 34 (11 -
68) 

Yes ü        ü ü   ü   n/a 4 
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2. Peltoniemi 
(1993) 44 

R-CS 44 46.0 LD & impl. - 44 48 (12-
132) 

Yes ü  ü   ü          Medially 4 

3. 
Delay (2000) 45 

R-CS 50 51.0 LD - 50 27  (5 - 
54) 

No ü ü ü   ü   ü ü      SMQ 4 

4. 
Yano (2002) 46 

R-
CH 

4 43.5 LD + 4 19 (14 - 
29) 

Yes ü  ü ü     ü ü   ü   Medially 2
b 

 
  

 10 47.3 LD - 10 27 (15 - 
49) 

                  

5. 
Tomita (2011) 47 

R-CS 10
4 

46.0 LD - 10
4 

31 (12 - 
61) 

Yes ü ü ü ü     ü ü ü ü ü   n/a 4 

6. 
Khan (2016) 48 

R-CS 34 51.5 LD & impl. - 68 38  Yes ü ü ü ü     ü ü      SMQ-
IMQ 

4 

                          

Gluteal free flap breast reconstructions                      

1. Blondeel (1999) 
49 

P-CS 16 42.2 SGAP + 2 11 (3 - 
22) 

No ü ü ü
* 

ü           ü n/a 4 

     SGAP - 18                    
2. Struckmann 

(2015) 50 

R-CS 14
2 

45.4 FCI + 44 40 (12 - 
58) 

No n/
a 

n/
a 

n/
a 

ü            n/a 4 

     FCI - 98                    
L a R: retrospective, P: prospective,  CH: cohort study, CS: case series, RCT: randomized controlled trial; b DIEP: deep inferior epigastric artery perforator flap, TRAM: 
transverse rectus abdominis myocutaneous flap, LD: latissimus dorsi flap, +: with nerve coaptation, - : no nerve coaptation, NC: nerve conduit, impl.: implants, ped.: 
pedicled; c 2-pd: two-point discrimination, Temp.: temperature, Vibr.: vibration, SEPs: sensory evoked potentials, d SMQ: superomedial quadrant, IMQ: inferomedial 
quadrant, SLQ: superolateral quadrant, ILQ: inferolateral quadrant; * Areola tested, but not the nipple; n/a: not available. 
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Discussion 

Summary of evidence 

This systematic review sought to summarize the available literature on the sensory 

recovery after autologous breast reconstructions and to synthesize the evidence whether 

nerve coaptation significantly improves the sensory recovery compared to the spontaneous 

reinnervation of the flap. A total of 32 studies were included in the review. The majority of 

studies evaluated TRAM flaps, followed by DIEP flaps, LD flaps and free gluteal flaps.  

 

Overall, the evidence was not sufficiently robust to draw definite conclusions from 

individual studies as only one randomized controlled trial was identified.[39] No meta-analysis 

could be performed because of the highly variable outcome reporting, the different test areas 

of the breast, and the different methods and timing of evaluation between the included 

studies. Nevertheless, all studies reported at least some reinnervation of most reconstructed 

breasts, irrespective of the reconstruction technique and nerve coaptation. The quality and 

quantity of the sensory return, however, was highly variable and differed from little or no 

sensation to satisfactory or even normal sensation.[14, 30, 32] Comparative studies of non-

innervated flaps have demonstrated that the sensory recovery after DIEP flaps is superior to 

the recovery of free TRAM and gluteal flaps, followed by LD flaps with or without implants.[11, 

12] Interestingly, all studies that directly compared innervated to non-innervated flaps 

unanimously showed that the sensory recovery of innervated flaps was superior, started 

earlier post-operatively and most often was gradual over time.[9, 11, 29, 33, 34, 38-41, 46, 

49] It has been suggested that the technique of nerve coaptation in innervated flaps might 

play a key role in the sensory recovery of the breast.[9] It should be mentioned, though, that 

even the sensory return of innervated flaps never reached normal values of healthy breasts in 

the majority of studies. 

 

On the other hand, the studies by Yano et al. showed that innervated flaps do reach 

normal sensation values over time; innervated TRAM flaps after approximately fifteen to 

eighteen months and innervated LD flaps after approximately twenty months.[34, 46] 

Although no studies compared innervated DIEP flaps to innervated TRAM flaps, a study by 

Isenberg et al.[37] reported that innervated TRAM flaps had a more substantial sensory return 

than innervated LD flaps. In addition, even though there is a paucity of studies that evaluate 
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the return of erogenous sensation and change in quality of life, it is suggested that nerve 

coaptation raises the chance of return of erogenous sensation and improves the patient-rated 

quality of life.[6, 11, 12] Other studies, however, found no return of erogenous sensation after 

innervated free flap breast reconstructions, indicating that this is still a topic of discussion.[34, 

36, 37] Furthermore, no complications, specifically no neuromas or neuropathic pain, as a 

result of the nerve coaptation procedure have been mentioned and the operation time was 

extended by 15 to 30 minutes on average.[36, 37, 39, 40] 

 

Another discussion concerns whether nerve coaptation should only be performed in 

delayed reconstructions and not in immediate breast reconstructions. Blondeel et al.[11] 

stated that nerve repair is particularly beneficial in delayed reconstructions after (modified) 

radical mastectomy, while in skin-sparing mastectomies (mostly performed in immediate 

reconstructions) nerve repair could be superfluous because the sensation of the native breast 

skin is better preserved. This statement was shared by Santanelli et al.[14], even though they 

only examined immediate, non-innervated DIEP flaps after radical mastectomy that showed 

satisfactory spontaneous reinnervation twelve months post-operatively. Interestingly, only 

one study directly compared the results of immediate to delayed innervated TRAM flaps and 

concluded that there were no significant differences in sensory recovery.[42]  

 

Furthermore, the different reinnervation patterns have been described in several 

studies; from the center of the flap to the periphery in innervated flaps and from the periphery 

to the center in non-innervated flaps.[14, 38, 39] The exact mechanism behind sensory 

recovery is still largely unknown, but most studies on non-innervated flaps suggested that the 

recovery occurred from the skin margins as well as from the deep surface. The latter is most 

likely prevented in case implants are used.[43] The part of the reconstructed breast with the 

best sensory recovery however, was variable, but appeared to be the medial or superomedial 

part. Lastly, the time that was needed for sensory recovery to be measurable was 

approximately six months on average for innervated flaps and twelve months for non-

innervated flaps.[12, 31, 34, 46]   

 

 

 



Chapter 6: The sensory recovery after innervated and non-innervated autologous breast reconstruction: a systematic review 

 111 

Limitations 

The level of evidence on the sensory recovery after autologous breast reconstructions 

is still relatively low. There is a paucity of high-quality clinical trials in this area of research. The 

evidence was limited by the small sample sizes, lacking sufficient power to compare different 

surgical techniques, and the lack of randomization and control groups in the included studies. 

Risk of bias within studies was introduced by missing data on the patient selection process, on 

blinding and on the results of relevant outcomes. The major limitation, however, probably is 

the high amount of heterogeneity between studies. Not only the methods and timing of 

evaluation, but also the test areas of the breast, the surgical technique of nerve coaptation, 

and the outcome reporting and analysis were highly variable.  

 

A second important limitation is that even though the majority of studies showed at 

least some reinnervation, there is no consensus, however, on the definition of reinnervation 

or on the (pressure) threshold values that represent clinically relevant sensation or sensory 

recovery. Consequently, the term is used for every sign of sensory recovery, i.e. for every 

positive test measured at a certain follow-up moment. This emphasizes the need for a clear 

definition of reinnervation and the corresponding threshold values for the breast. 

Finally, several methods have been used to evaluate the sensory recovery of the 

reconstructed breast. The advantages and disadvantages of either method go beyond the 

scope of this review. Pressure perception was the modality that was measured most 

frequently, followed by temperature perception, two-point discrimination, (heat) pain 

perception, vibration perception, and sharp-blunt discrimination (Table 3). The way these 

modalities were tested, however, strongly differed between studies, i.e. for each modality 

different devices and test values (e.g. temperatures, frequencies) were used. In addition, the 

instruments were applied in a non-standardized fashion. As a consequence, it was difficult to 

synthesize the evidence and objectively compare the results of the included studies.  
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Conclusions 

In this systematic review the literature on the sensory recovery of the breast after 

different types of innervated and non-innervated autologous breast reconstructions was 

reviewed. The current evidence confirms that spontaneous reinnervation of non-innervated 

autologous breast reconstructions occurs to a variable extent. On the other hand, it strongly 

indicates that the sensory recovery of innervated flaps is superior, starts earlier and gradually 

improves over time with a higher chance of approaching normal sensation values, compared 

to non-innervated flaps. It is also suggested that nerve coaptation improves the quality of life, 

but more studies that address the quality of life are needed. However, the level of evidence 

of the included studies was relatively low and therefore no definite conclusions could be 

drawn based on the available literature. 

 

Due to the high amount of heterogeneity between the included studies, it was not 

appropriate to pool the data to perform a meta-analysis. This emphasizes the need for more 

standardized, high-level studies with adequate sample sizes and standard methods and 

follow-up to objectively evaluate the sensory recovery of reconstructed breasts. Moreover, to 

further facilitate and improve objective outcome reporting, a uniform definition and 

classification system for the sensory recovery of the breast are required.  
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Purpose 

The sensory recovery of the breast remains an undervalued aspect of autologous breast 

reconstruction. The aim of this study was to evaluate the effect of nerve coaptation on the 

sensory recovery of the breast following DIEP flap breast reconstruction and to assess the 

associations of length of follow-up and timing of the reconstruction. 

 

Methods 

A prospective comparative study was conducted of all patients who underwent either 

innervated or non-innervated DIEP flap breast reconstruction and returned for follow-up 

between September 2015 and July 2017. Nerve coaptation was performed to the anterior 

cutaneous branch of the third intercostal nerve. Semmes-Weinstein monofilaments were 

used for sensory testing of the native skin and flap skin.  

 

Results 

A total of 48 innervated DIEP flaps in 36 patients and 61 non-innervated flaps in 45 patients 

were tested at different follow-up moments. Nerve coaptation was significantly associated 

with lower monofilament values in all areas of the reconstructed breast (adjusted difference 

-1.2;  p<0.001), which indicated that sensory recovery of the breast was significantly better in 

innervated compared to non-innervated DIEP flaps. For every month of follow-up the mean 

monofilament value decreased by 0.083 in innervated flaps (p<0.001) and 0.012 in non-

innervated flaps (p<0.001). Nerve coaptation significantly improved sensation in both 

immediate and delayed reconstructions. 

 

Conclusion  

This study demonstrated that nerve coaptation in DIEP flap breast reconstruction is associated 

with a significantly better sensory recovery in all areas of the reconstructed breast compared 

to non-innervated flaps. The length of follow-up was significantly associated with the sensory 

recovery. 
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Introduction 

Ever since the use of autologous tissue for breast reconstruction, the focus has been 

primarily on the appearance of the reconstructed breast. Advances in the (micro)surgical 

techniques have significantly improved the aesthetic results of the reconstructed breasts in a 

way that symmetrical, near-normal looking breasts can be achieved. The deep inferior 

epigastric artery perforator (DIEP) flap, being the first choice for autologous breast 

reconstruction in many centers, yields permanent and aesthetically pleasing results with high 

patient satisfaction and quality of life [1, 2].  

 

However, the sensory recovery of the breast remains an undervalued aspect of breast 

reconstruction and surgical reinnervation is not regarded as a priority by most reconstructive 

surgeons.[3, 4] This is surprising considering the importance of the sensation of the breast to 

a woman, the positive effect sensory recovery of the breast has on the patient-rated quality 

of life following breast reconstruction[5, 6], and the function it has to protect the skin against 

thermal and mechanical injuries.[7, 8] Even though sensate flaps are widely used in head and 

neck reconstruction in which sensory recovery is considered one of the most important 

goals[9, 10], its use in breast reconstruction has been very limited despite the availability of 

appropriate donor and recipient sensory nerves to perform an innervated breast 

reconstruction.[11]  

 

Sensation of the normal breast is provided medially by the anterior cutaneous 

branches of the first to sixth intercostal nerves, laterally by the lateral cutaneous branches of 

the second to sixth intercostal nerves, and cranially by branches of the supraclavicular 

nerve.[12, 13] The nipple-areola complex is mainly supplied by the lateral cutaneous branch 

of the fourth intercostal nerve. Therefore, this branch routinely served as the recipient nerve 

for coaptation since Slezak et al. first described innervated transverse rectus abdominis 

myocutaneous (TRAM) flaps for autologous breast reconstruction in 1992.[14, 15] The first 

case series of DIEP flaps for breast reconstruction, including an innervated flap using the 

fourth intercostal nerve, was published by Allen and Treece in 1994.[16] However, nerve 

coaptation to the lateral cutaneous branch of the fourth intercostal nerve may be difficult and 

time consuming because it is often injured during mastectomy and is located in a separate 

microsurgical field. Therefore, Spiegel et al. presented a technique to use the anterior 
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cutaneous branch of the third intercostal nerve for coaptation that is located in the same field 

as the internal mammary vessels, adding minimal time to the surgery.[3, 17]  

 

Previous studies have shown highly variable results in terms of sensory recovery of the 

breast following both nerve coaptation and spontaneous reinnervation, further questioning 

the necessity of nerve coaptation. To the best of our knowledge this is the largest comparative 

study to date to evaluate the sensory recovery after nerve coaptation (innervated) and 

spontaneous reinnervation (non-innervated) of DIEP flap breast reconstructions.  

 

The aim of this study was to evaluate the effect of nerve coaptation on the sensory 

recovery of the breast following DIEP flap breast reconstruction. Secondary objectives were 

to study the associations of length of follow-up and timing of the reconstruction with the 

return of sensation.   

  

Methods 

In this prospective cohort study, patients who underwent a DIEP flap breast 

reconstruction between January 2010 and July 2016 at Maastricht University Medical Center 

in the Netherlands were recruited. Sensory testing of their breasts was performed at different 

follow-up moments after reconstruction between September 2015 and July 2017. Inclusion 

criteria were female patients of 18 years or older, who underwent a unilateral or bilateral DIEP 

flap breast reconstruction, who returned for follow-up during the study period, and who gave 

informed consent. Patients with a bilateral breast reconstruction who had a unilateral 

innervated DIEP flap and a contralateral non-innervated flap were excluded. Flaps that 

required a take-back were also excluded.  

 

Breast reconstructions were performed after mastectomy for breast cancer or after 

prophylactic mastectomy. Skin-sparing mastectomy was performed in immediate breast 

reconstruction and conventional or modified radical mastectomy if the reconstruction was 

delayed. The study population was divided into two groups. Patients who underwent a DIEP 

flap breast reconstruction with additionally sensory nerve repair were compared to patients 

without nerve repair in terms of sensory recovery of the reconstructed breasts. Only 

reconstructed breasts which had sensory nerve repair by direct coaptation were included, 
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whereas cases with sensory nerve repair with the use of nerve conduits or nerve grafts were 

excluded. Flaps that required a take-back were also excluded because of possible disruption 

of the coapted nerve.  

 

The study was performed in accordance with the ethical standards of the Declaration 

of Helsinki and was approved by the institutional review board committee.  

 

Surgical technique  

The preoperative work plan includes a physical examination and magnetic resonance 

angiography (MRA) of the abdomen following previously published scan protocols.[18] Prior 

to surgery, the perforators of the deep inferior epigastric artery are located with a hand-held 

Doppler device. Two teams work simultaneously with one team harvesting the flap and the 

other team performing a mastectomy or dissecting the recipient vessels. 

 

The DIEP flap harvest is performed in standard fashion, carefully dissecting the 

abdominal flap from lateral to medial. The donor nerve used for nerve coaptation is a 

cutaneous branch running with the perforators in the subcutaneous tissue and originates from 

the 10th, 11th, or 12th intercostal nerve depending on the selection of the perforators and 

nerve. The lower intercostal nerves pass between the internal oblique and transversus 

abdominis muscles and run from posterior to inferior in an inferomedial direction towards the 

lateral edge of the rectus sheath. The anterior branches pass posteriorly to the rectus 

abdominis muscle and enter the rectus muscle at variable locations as a single trunk or as 

multiple branches. These mixed nerves then split into one or more motor branches, running 

medially and laterally in the rectus abdominis muscle, and additionally into one or more 

sensory branches. The sensory branches run together with the medial and lateral perforating 

vessels into the subcutaneous tissue to provide sensation to the anterior abdominal wall 

(figure 8.1).[19-21] The sensory nerve that is included in the flap is dissected through the fascia 

to the point where the motor branch splits off and is then divided.  
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Figure 8.1 The sensory branches  

originating from the intercostal nerves run together with the perforating vessels into 

the subcutaneous tissue and are included in the flap.  
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Meanwhile, a second team dissects the internal mammary artery and vein which are 

used as recipient vessels. A small window is created next to the sternum in usually the third 

intercostal space by resecting a small part of the pectoralis major muscle and intercostal 

muscles using a rib-sparing approach. The technique to identify the recipient nerve and later 

coapt it to the donor nerve follows the method introduced by Spiegel et al.[3] The recipient 

nerve is the anterior cutaneous branch of the intercostal nerve that is usually identified at the 

junction of the inferior portion of the rib and the sternum. The anterior cutaneous branch is 

carefully dissected for a few centimeters to provide sufficient length for direct nerve 

coaptation. After shaping the flap, a direct end-to-end nerve coaptation is performed with 

two stitches using 9-0 nylon sutures (Figure 8.2). Finally, a drop of tissue glue is applied.  

 

 

 

Figure 8.2 Direct end-to-end nerve coaptation  

performed to the anterior cutaneous branch of the intercostal nerve. 
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Sensory testing  

The cutaneous pressure threshold (i.e. static one-point discrimination) was tested in 

nine areas of each breast using Semmes-Weinstein monofilaments (20-piece kit) with a 

calibrated application force ranging from 0.008 to 300 grams. Figure 8.3 shows the nine areas 

corresponding to the normal breast and the reconstructed breast. In the reconstructed breast, 

area 1 to 4 represented native breast skin, area 5 to 8 represented flap skin, and area 9 

represented the location of the nipple or where the nipple should be after reconstruction in 

non-nipple-sparing mastectomies. However, in delayed reconstructions with large skin islands 

area 2 and 3 represented flap skin instead of native skin. The sensory recovery of the 

reconstructed breast was measured at least one or more times during follow-up. 

 

 

 The areas were tested in a random sequence by one examiner who was blinded to the 

status of nerve repair. The examiner applied the filaments perpendicularly to the skin in 

ascending fashion, starting with the lightest filament first, to determine the threshold level. 

The filaments were applied to the skin for 1.5 seconds in a uniform manner until the filament 

bent in a C-shape. The index number of the lightest filament that the patient correctly 

Figure 8.3 The nine areas of the normal and reconstructed breast that were tested with Semmes-Weinstein 

monofilaments. Area 1 to 4 represent native breast skin and area 5 to 9 represent flap skin. 
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responded to by saying ‘yes’ when touched during at least one out of three applications was 

noted. Testing was performed while patients had their eyes closed, lying in supine position in 

a quiet, temperature-controlled room at the outpatient clinic.[22, 23] 

The contralateral, non-operated breast of patients with unilateral reconstructions served as 

reference for the sensibility of the “normal breast”.  

 

Patient data 

The patient demographics, risk factors, unilateral or bilateral reconstruction, timing of 

reconstruction (immediate or delayed), breast reconstruction history, reason for mastectomy, 

(neo) adjuvant therapy, follow-up length and complications were recorded. Patients with 

major recipient-site complications (total flap loss, partial flap loss or venous congestion) were 

excluded. Infection, hematoma, seroma, fat necrosis, and wound problems were registered 

as minor complications.  

 

Data analysis 

Patients were stratified into groups based on whether they underwent DIEP flap breast 

reconstruction with or without sensory nerve coaptation. Continuous variables were 

presented as mean and standard deviation (SD) or as median and interquartile range (IQR), 

depending on the distribution of data. Categorical variables were presented as absolute 

numbers and percentages. Continuous variables were compared with the independent 

samples t-test or the Mann-Whitney U-test as appropriate. Categorical data was tested with 

a Chi-square or Fisher’s exact test.  

 

For sensory testing, the flap was used as the unit of analysis. Monofilament values 

were recorded as index values (markings on the rods ranging from 1.65 to 6.65) for all nine 

areas of both breasts. Each index value represents a common logarithm of ten times the force 

in milligrams required to bend the filament. The actual force in grams is not equal to the 

originally calculated theoretical force in grams, but follows the manufacturer’s calibrated 

forces.[24] A lower index value corresponds to better sensation. Mean monofilament values 

were calculated for native skin (area 1 to 4), flap skin (area 5 to 9), and total skin (area 1 to 9). 

The monofilament values were used for the analysis as these logarithmically transformed 

values provide normally distributed data, as compared to using the values in grams.[23] Crude 
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differences in mean monofilament values between innervated and non-innervated DIEP flaps 

were estimated using generalized estimating equations (GEE) to correct for clustered data as 

some patients underwent bilateral breast reconstruction and thus contributed two flaps to 

the analysis. Estimated differences were subsequently adjusted for clinically relevant 

confounders. GEE was also used to calculate the associations between sensory recovery of the 

reconstructed breast, follow-up in months and timing (immediate or delayed) of the 

reconstruction. Furthermore, scatterplots were provided to illustrate these associations.  

Statistical significance was considered at p < 0.05. The data analyses were conducted using 

SPSS (version 23.0, SPSS Inc., Chicago, Illinois, USA) for Windows.  

 

Results 

Patient characteristics 

A total of 364 patients underwent DIEP flap breast reconstruction in Maastricht 

University Medical Center between January 2010 and July 2016 (figure 8.4). Ninety patients 

had a control visit in the study period between September 2015 and July 2017 of which 81 

patients (36 patients with 48 innervated DIEP flap breast reconstructions and 45 patients with 

61 non-innervated DIEP flaps) were included in this study. Non-operated, contralateral breasts 

of 27 patients were used as reference. Median follow-up was 15 months (IQR 11–17) and 17 

months (IQR 12–24) for innervated and non-innervated DIEP flaps, respectively. With the 

exception of the timing of reconstruction (p=0.013), the patient characteristics were 

comparable for both groups and are presented in table 8.1. No complications related to nerve 

coaptation were observed and the surgical time was extended by approximately 15 minutes.   

 

 

Sensory recovery of the reconstructed breast 

Mean monofilament values for each area of innervated and non-innervated DIEP flaps 

are summarized in table 8.2. Reference values for non-operated breasts were 2.66 ± 0.40 (area 

1–4), 2.75 ± 0.42 (area 5–9), and 2.71 ± 0.40 for the total breast skin. The crude and adjusted 

regression coefficients of the association between nerve coaptation and mean monofilament 

values are reported in Table 3. Nerve coaptation was significantly associated with lower 

monofilament values in all areas of the reconstructed breast (mean total skin difference -1.1; 

p<0.001). This indicates that the sensory recovery of the breast is significantly better in 
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innervated compared to non-innervated DIEP flaps. Correction for the timing of 

reconstruction and length of follow-up showed increased differences between both groups 

(adjusted difference -1.2; p<0.001), further supporting the strong association between nerve 

coaptation and improved sensation. Larger differences in mean monofilament values were 

observed for flap skin compared to native skin (adjusted difference -1.2 and -0.9 for flap skin 

and native skin, respectively). The lowest mean values were found in the superomedial 

quadrant of the breast. 

 

Figure 8.4 Flow chart of patient inclusion  

DIEP flap breast reconstructions in 

MUMC+ between January 2010 and 

July 2016: 

n = 364 patients 

Patients tested between September 

2015 and July 2017: 

 n = 90 patients  

Patients excluded: 

n = 274 patients 

No control visit in MUMC+ after 

September 2015 

Patients included:                              

n = 81 patients  

Patients excluded:                            

n = 9 patients 

Bilateral reconstruction 

DIEP+/DIEP- (n = 6) 

Flap required take-back (n = 3)  

Non-innervated DIEP flaps: 

n = 45 patients with 61 flaps  

Innervated DIEP flaps:  

n = 36 patients with 48 flaps 
Non-operated healthy breasts: 

n = 27 breasts (= reference) 
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Table 8.1 Patient characteristics (n = 81 patients) 
 Innervated 

DIEP flaps 

Non-innervated 

DIEP flaps 

 

 n (%) n (%) p value 

Total number of patients  36 45  

Total number of DIEP flaps 48 61  

    

Age in years; mean ± SD  50.3 ± 8.9 50.0 ± 7.7 0.883 

BMI; mean ± SD 26.0 ± 3.2 26.7 ± 2.9 0.330 

Active smoker 2 (5.6) 2 (4.4) 1.000 

Diabetes mellitus 2 (5.6) 4 (8.9) 0.688 

History of lumpectomy a  9 (18.8) 7 (11.5) 0.287 

History of tissue expanders / 

implants a 

11 (22.9) 17 (27.9) 0.557 

Type of reconstruction    

     Unilateral 24 (66.7) 29 (64.4) 0.834 

     Bilateral  12 (33.3) 16 (35.6)  

Timing of reconstruction a    

     Immediate 28 (58.3) 21 (34.4) 0.013 

     Delayed 20 (41.7) 40 (65.6)  

Reason for mastectomy a    

     Oncological      30 (62.5) 40 (65.6) 0.740 

     Risk-reducing/prophylactic 18 (37.5) 21 (34.4)  

Flap weight in grams; mean ± SD a 591 ± 207 610 ± 184 0.634 

Oncological treatment    

     History of radiation therapy a 17 (35.4) 17 (27.9) 0.398 

          Radiation therapy on DIEP 

flap a 

1 (2.1) 1 (1.6) 1.000 

     History of chemotherapy 16 (44.4) 25 (55.6) 0.320 

     Neoadjuvant chemotherapy 7 (19.4) 5 (11.1) 0.294 

     Endocrine therapy 13 (36.1) 18 (40.0) 0.720 

     Immunotherapy 5 (13.9) 5 (11.1) 0.745 

Minor breast complications a 7 (14.6) 11 (18.0) 0.630 

Follow-up in months; median (IQR) 15 (11 – 17) 17 (12 – 24) 0.086 

DIEP, deep inferior epigastric artery perforator; SD, standard deviation; BMI, body mass index; IQR, 

interquartile range 
a Total number of flaps as unit of analysis (innervated DIEP group: n = 48; non-innervated DIEP group: n 

= 61) 
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Table 8.2 Mean Semmes-Weinstein monofilament values per area for 
innervated and non-innervated DIEP flaps 
Area Innervated DIEP flaps 

Mean ± SD 

Non-innervated DIEP 
flaps 
Mean ± SD 

(1). Native skin upper-

medial 

3.59 ± 0.86 4.51 ± 0.94 

(2). Native skin lower-

medial 

3.74 ± 0.96 4.98 ± 0.84 

(3). Native skin lower-

lateral 

3.94 ± 0.93 5.12 ± 0.72 

(4). Native skin upper-

lateral 

3.75 ± 0.90 4.56 ± 0.72 

Mean native skin (1 – 4) 3.72 ± 0.81 4.64 ± 0.79 

(5). Flap skin upper-

medial 

4.08 ± 0.70 5.41 ± 0.60 

(6). Flap skin lower-

medial 

4.18 ± 0.72 5.52 ± 0.62 

(7). Flap skin lower-

lateral 

4.24 ± 0.74 5.60 ± 0.61 

(8). Flap skin upper-

lateral 

4.10 ± 0.72 5.47 ± 0.59 

(9). Flap skin center 4.24 ± 0.77 5.67 ± 0.61 

Mean flap skin (5 – 9) 4.17 ± 0.70 5.52 ± 0.55 

Mean total skin (1 – 9) 3.99 ± 0.66 5.20 ± 0.56 

DIEP, deep inferior epigastric artery perforator; SD, standard deviation 

 

Sensory recovery and length of follow-up 

The sensory recovery of the reconstructed breast was significantly associated with 

length of follow-up in both innervated and non-innervated DIEP flaps (Table 4 and 5). Adjusted 

for the timing of reconstruction, a significant recovery of sensation was observed in native 

skin and flap skin. For every additional month of follow-up, the mean monofilament value of 

the total skin decreased by 0.083 in innervated flaps (p<0.001) and 0.012 in non-innervated 

flaps (p<0.001). Figure 8.5a-c shows the scatterplots to illustrate the sensory recovery of 

innervated and non-innervated DIEP flaps over time. Compared to the reference value of 

normal breasts, sensation did not recover to normal thresholds in the majority of cases within 

the follow-up of this study. 
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Table 8.3 Crude and adjusted regression coefficients of the association between nerve 
coaptation and mean monofilament scores per area 

Area Crude a 
coefficient 

 

95%-CI 

 
p value 

Adjusted b 

coefficient 

 

95%-CI 

 
p value 

(1). Native skin upper-

medial 

-0.8 -1.2 – -0.5 <0.001 -0.9 -1.3 – -0.5 <0.001 

(2). Native skin lower-

medial 

-1.1 -1.5 – -0.7 <0.001 -1.1 -1.5 – -0.7 <0.001 

(3). Native skin lower-

lateral 

-1.1 -1.4 – -0.7 <0.001 -1.2 -1.5 – -0.8 <0.001 

(4). Native skin upper-

lateral 

-0.8 -1.1 – -0.4 <0.001 -0.8 -1.1 – -0.5 <0.001 

Mean native skin (1 – 4) -0.8 -1.2 – -0.5 <0.001 -0.9 -1.3 – -0.6 <0.001 

(5). Flap skin upper-

medial 

-1.3 -1.6 – -1.0 <0.001 -1.4 -1.7 – -1.1 <0.001 

(6). Flap skin lower-

medial 

-1.3 -1.6 – -1.0 <0.001 -1.4 -1.7 – -1.1 <0.001 

(7). Flap skin lower-

lateral 

-1.3 -1.6 – -1.0 <0.001 -1.4 -1.7 – -1.1 <0.001 

(8). Flap skin upper-

lateral 

-1.3 -1.6 – -1.1 <0.001 -1.5 -1.7 – -1.2 <0.001 

(9). Flap skin center -1.4 -1.7 – -1.1 <0.001 -1.4 -1.8 – -1.1 <0.001 

Mean flap skin (5 – 9) -1.3 -1.6 – -1.0 <0.001 -1.4 -1.7 – -1.1 <0.001 

Mean total skin (1 – 9) -1.1 -1.4 – -0.9 <0.001 -1.2 -1.5 – -0.9 <0.001 

CI, confidence interval 
a Note that the regression coefficients are not totally equal to the crude differences between the mean values 

reported in table 8.2 because of correction for clustered data 
b Adjusted for timing of reconstruction (immediate vs. delayed) and follow-up (in months) 

 

  

Table 8.4 The association between sensory recovery of the reconstructed breast and follow-up 
in months in innervated DIEP flap breast reconstructions 

Area Crude 
coefficient 

 

95%-CI 

 
p value 

Adjusted a 

coefficient 

 

95%-CI 

 
p value 

Mean native skin -0.066 -0.096 – -

0.037 

<0.001 -0.067 -0.096 – -

0.037 

<0.001 

Mean flap skin -0.096 -0.123 – -

0.068 

<0.001 -0.096 -0.123 – -

0.069 

<0.001 

Mean total skin -0.083 -0.111 – -

0.056 

<0.001 -0.083 -0.111 – -

0.056 

<0.001 

DIEP, deep inferior epigastric artery perforator; CI, confidence interval 
a Adjusted for timing of reconstruction (immediate vs. delayed) 
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Table 8.5 The association between sensory recovery of the reconstructed breast and follow-up in 
months in non-innervated DIEP flap breast reconstructions 

Area Crude 
coefficient 

 

95%-CI 

 
p value 

Adjusted a 

coefficient 

 

95%-CI 

 
p value 

Mean native 

skin 

-0.019 -0.027 – -

0.011 

<0.001 -0.022 -0.030 – -

0.014 

<0.001 

Mean flap skin -0.010 -0.017 – -

0.004 

0.001 -0.011 -0.017 – -

0.005 

0.001 

Mean total skin -0.011 -0.016 – -

0.006 

<0.001 -0.012 -0.018 – -

0.007 

<0.001 

DIEP, deep inferior epigastric artery perforator; CI, confidence interval 

a Adjusted for timing of reconstruction (immediate vs. delayed) 

 

 

Table 8.6 The association between sensory recovery of the reconstructed breast and nerve 
coaptation in immediate DIEP flap breast reconstructions 

Area Crude 
coefficient 

 

95%-CI 

 
p value 

Adjusted* 
coefficient 

 

95%-CI 

 
p value 

Mean native skin -0.78 -1.19 – -0.37 <0.001 -1.16 -1.55 – -0.76 <0.001 

Mean flap skin -0.83 -1.10 – -0.57 <0.001 -1.02 -1.31 – -0.73 <0.001 

Mean total skin -0.84 -1.13 – -0.56 <0.001 -1.09 -1.41 – -0.78 <0.001 

DIEP, deep inferior epigastric artery perforator; CI, confidence interval,a Adjusted for follow-up in months 

 

 
 

Table 8.7 The association between sensory recovery of the reconstructed breast and nerve 
coaptation in delayed DIEP flap breast reconstructions 

Area Crude 
coefficient 

 

95%-CI 

 
p value 

Adjusted* 
coefficient 

 

95%-CI 

 
p value 

Mean native skin -0.56 -0.89 – -0.23 0.001 -0.72 -1.06 – -0.39 <0.001 

Mean flap skin -1.00 -1.31 – -0.70 <0.001 -1.20 -1.49 – -0.92 <0.001 

Mean total skin -0.84 -1.14 – -0.55 <0.001 -1.02 -1.30 – -0.74 <0.001 

DIEP, deep inferior epigastric artery perforator; CI, confidence interval, a Adjusted for follow-up in months 
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Figure 8.5a-c Scatterplot of all measurements 

showing the sensory recovery of the reconstructed 

breast following innervated (green circles) and 

non-innervated (blue crosses) DIEP flap breast 

reconstructions. The red line represents the 

normal breast. (a) Native skin; (b) Flap skin; (c) 

Total skin. 

 

A 

C B 

Figure 8.6a-b. Scatterplot of all measurements showing  

the sensory recovery of the reconstructed breast following innervated (green circles) and non-innervated (blue crosses) 

DIEP flap breast reconstruction. (a) Immediate breast reconstructions; (b) Delayed breast reconstructions. Note that the 

trend line of innervated flaps (green) is affected by the relative lack of measurements after 18 months follow-up.  

 

A B 
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Sensory recovery and timing of reconstruction 

Nerve coaptation was significantly associated with sensory recovery in immediate and 

delayed DIEP flap breast reconstructions (table 8.6 and 8.7), which indicates that nerve 

coaptation results in improved sensation of the reconstructed breast as is illustrated in figure 

8.6a-b. Regardless of the timing of reconstruction, both native skin and flap skin recovered 

significantly better in innervated flaps.  

 

Discussion 

The aim of this study was to analyze the effect of nerve coaptation on the sensory 

recovery of the reconstructed breast by comparing the sensation of innervated to non-

innervated DIEP flap breast reconstructions. Secondary objectives were to assess the sensory 

recovery over time and to study the association between the return of sensation and the 

timing of the reconstruction.  

 

 Our prospective study demonstrated that nerve coaptation was significantly 

associated with lower monofilament values in all areas of the reconstructed breast, suggesting 

that the sensory recovery of the breast is significantly better in innervated compared to non-

innervated DIEP flaps. The scatterplots help to illustrate the pattern of sensory recovery of 

innervated and non-innervated flaps over time. The authors’ experience is that there is almost 

no sensation in the first three months, whereas the sensory recovery continues after two to 

three years. Similar to what was previously found, the sensory recovery of innervated flaps 

was superior, started earlier postoperatively and had a higher chance of approaching normal 

values.[15, 20, 25] However, in the majority of cases normal sensation should not be expected. 

Even when the same force is applied alternately to the normal skin and reconstructed breast 

the patient often feels is differently. Therefore, asking a patient how they feel a stimulus and 

not only if they can feel it gives additional information about the quality of recovery.  

 

Interpretation of test results showed that the sensory recovery of non-innervated flaps 

equaled  loss of protective sensation (Semmes-Weinstein monofilament values 4.56–6.65), 

whereas the sensation of innervated flaps recovered to a level of diminished protective 

sensation (monofilament values 3.84–4.31) and in some areas even to diminished light touch 

(monofilament values 3.22–3.61).[22, 26] Even though not assessed in this study, Bell-Krotoski 
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et al. reported that patients with diminished protective sensation can still adequately respond 

to temperature and pain to prevent the skin from injury.[22] Moreover, sensory re-education 

may further improve the sensory recovery of the reconstructed breast.[14, 27] This 

emphasizes that nerve coaptation not only results in a statistically significant, but also 

clinically relevant difference in sensory recovery of the breast. Previous studies have already 

shown that improved sensation has a positive impact on the quality of life of patients.[5, 6] 

Although it was no outcome of this study, more patients with innervated flaps stated that 

their reconstructed breast felt like their own and a few of these patients even reported a 

return of erogenous sensation. 

 

 In contrast to most other studies, the anterior cutaneous branch of the third intercostal 

nerve was used as recipient nerve for coaptation.[15] Choosing the anterior instead of the 

lateral cutaneous branch for nerve coaptation facilitates flap inset when using the internal 

mammary vessels as recipient vessels, limits traction on the nerve endings, and minimizes a 

possible nerve gap.[3, 17] These factors influence nerve regeneration and may possibly 

explain the superior outcomes after nerve coaptation in this study.[15, 28]  

 

 Furthermore, sensory recovery was significantly associated with length of follow-up in 

both innervated and non-innervated DIEP flaps. For every month of follow-up the sensation 

improved significantly, although in innervated flaps this occurred to a greater extent. It was 

found that nerve coaptation not only improved the sensory recovery of the flap skin, but 

surprisingly also of the native skin after adjusting for differences in timing of reconstruction 

and length of follow-up. Even though the exact mechanism of reinnervation of flaps remains 

unknown, our results suggest that in innervated flaps sprouting nerve fibers from the 

underlying flap tissue may grow into the partially denervated native skin.[29]  

  

Lastly, data analysis showed that nerve coaptation significantly improved the sensory 

recovery in both immediate and delayed DIEP flap breast reconstructions. This finding is in 

contrast to other studies which suggested that nerve coaptation might only be indicated in 

delayed reconstructions or following modified radical mastectomy.[26, 30] Interestingly, a 

study by Santanelli et al. reported that immediate DIEP flaps undergo satisfactory 

spontaneous reinnervation.[30] However, only immediate non-innervated flaps after 
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modified radical mastectomy were examined without having any innervated flaps as a control 

group. 

 

 Limitations of this study include the absence of preoperative measurements and the 

inclusion of non-consecutive patients, which may have introduced selection bias. Some 

patients were tested multiple times whereas others were only tested once, depending on the 

patients’ wishes and their treatment plans. Ideally innervated and non-innervated flaps should 

be tested at the same intervals after surgery. Additionally, more than merely the cutaneous 

thresholds to touch should be tested to assess the sensory recovery. Semmes-Weinstein 

monofilaments and not the Pressure-Specified Senory Device (PSSD) were used since the 

latest version of this device was not available in Europe at the time of this study. The Semmes-

Weinstein monofilaments are easy to use and are reliable to assess the sensory recovery as 

long as they are applied in a uniform manner.[22, 24]    

 

 The strengths of this study on the other hand include the large sample size of 

innervated and non-innervated DIEP flaps and the comprehensive data analysis of the sensory 

recovery in combination with the scatterplots to illustrate the observed data. Both groups 

were similar in terms of patient characteristics except for the timing of reconstruction for 

which the results were adjusted. Moreover, the sensory recovery of reconstructed breasts 

could be compared to normal values because of the use of non-operated breasts as a 

reference group. 

  

Conclusion  

This study demonstrated that nerve coaptation in DIEP flap breast reconstruction 

resulted in a significantly better sensory recovery in all areas of the reconstructed breast 

compared to non-innervated flaps. The sensory recovery of innervated flaps was superior, 

started earlier postoperatively and had a higher chance of approaching normal values. Length 

of follow-up was significantly associated with the extent of sensory recovery in innervated and 

non-innervated flaps. Nerve coaptation significantly improved the sensation of the breast in 

both immediate and delayed breast reconstructions. Therefore, we believe that nerve 

coaptation is a worthwhile addition to DIEP flap breast reconstruction.    
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Purpose  

The number of breast cancer survivors continues to grow. Due to refinements in operating 

techniques, autologous breast reconstruction has become part of standard care. Impaired 

sensation remains a debilitating side effect with a significant impact on the quality of life. 

Microsurgical nerve coaptation of a sensory nerve has the potential to improve sensation of 

the reconstructed breast. This study investigates the effect of improved sensation of the 

reconstructed breast on the quality of life in breast cancer survivors.  

 

Methods 

A retrospective cohort study was performed in the Maastricht University Medical Center. 

Patients undergoing a DIEP flap breast reconstruction between January 2015 and January 

2016 were included. The primary outcome was quality of life (BREAST-Q domain ‘physical well-

being of the chest’). The Semmes-Weinstein monofilaments were used for objective sensation 

measurement of the reconstructed breast(s).  

 

Results 

Eighteen patients with and 14 patients without nerve coaptation responded. Nipple 

reconstruction was the only characteristic that differed statistically significant between both 

groups (p=0.04). The BREAST-Q score for the domain physical well-being of the chest was 

77.89±18.89 on average in patients with nerve coaptation and 66.21±18.26 in patients 

without nerve coaptation (p=0.09). Linear regression showed a statistically significant relation 

between objectively measured sensation and BREAST-Q score for the domain physical well-

being of the chest with a regression coefficient of -13.17±3.61 (p<0.01). 

 

Conclusions 

Improved sensation in the autologous reconstructed breast, with the addition of microsurgical 

nerve coaptation, has a statistical significant positive impact on the quality of life in breast 

cancer survivors according to the BREAST-Q. 
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Introduction 

 Although the incidence of breast cancer continues to grow, so do survival rates [1,2]. 

Thus, the quality of life of breast cancer survivors has become of great importance. Although 

breast conservation therapy continues to be a major part of breast cancer treatment, 

mastectomy numbers continue to grow. In addition, more prophylactic (contralateral) 

mastectomies are being performed [3-6]. Approximately 40% of patients with invasive breast 

cancer and 33% of patients with ductal carcinoma in situ undergo mastectomy [7-9].  

A mastectomy has a negative impact on body image, which in women is partially determined 

by a sense of femininity and attractiveness [10,11]. Fortunately, breast reconstruction has 

shown to improve body image and quality of life [12-15]. The number of women undergoing 

breast reconstruction with either autologous tissue transfer or implants, is generally low and 

varies from 5% to 30% [16]. Preoperative referral to a plastic surgeon might have an influence 

on these numbers [17,18]. Autologous reconstruction (41% of breast reconstructions) has 

shown superior results on quality of life if compared to implant reconstruction (61% of breast 

reconstructions) [19].  Due to refinements in operating techniques, autologous breast 

reconstruction has become part of standard breast cancer care.  

 

Impaired sensation in the transposed skin and surrounding skin envelope after 

autologous breast reconstruction remains a debilitating side effect with a negative impact on 

the quality of life [20].  Sensation of the breast consists of different aspects: temperature, 

tactile, pain and erogenous sensation. Cases of burns or injuries of the insensitive autologous 

reconstructed breast have been described previously [21,22], emphasizing the protective 

function of breast sensation and the importance of restoration of pain and temperature 

sensation in the reconstructed breast. Emotional reasons such as the need to feel feminine 

and sexually attractive again, have been described in previous studies as decisive factors to 

opt for an autologous breast reconstruction. Furthermore, the question ‘does your 

reconstructed breast feel like your own?’, seems to be the most important determinant in 

patient satisfaction [23,24]. It is questionable whether these goals can be achieved by 

reconstructing a mound of soft-tissue, although aesthetically pleasing, without any sensation. 

We believe restoring tactile sensation of the reconstructed breast enables women to 

experience their breast like ‘of their own’. This hypothesis is supported by a recent article in 

the New York Times that also emphasizes the importance of this topic to society [25]. This 
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explains the recent trend to perform a microsurgical nerve coaptation of the sensory nerve of 

the DIEP flap to the 2nd or 3rd intercostal nerve. This addition to the technique has shown to 

improve sensation of the reconstructed breast [26-31].  

 

In this study, the effect of sensory nerve coaptation in patients with a DIEP flap breast 

reconstruction on the quality of life as measured by the BREAST-Q when compared to 

standard reconstruction without nerve coaptation, was evaluated for the first time. 

 

Methods 

 This study was conducted according to the STROBE guidelines and was approved by 

the medical ethical committee of the Maastricht University Medical Center [32]. 

 

Patient population 

We performed a retrospective cohort study in the Maastricht University Medical 

Center in Maastricht, the Netherlands. Participants included all consecutive patients, who 

underwent a DIEP flap breast reconstruction with or without nerve coaptation, between 

January 2015 and January 2016 in our center. Because of the retrospective design of this 

study, blinding patients with respect to sensory nerve was not possible. Medical records of 

143 potential candidates were screened for a follow-up appointment at the Maastricht 

University Medical Center in January 2017 to obtain informed consent and to measure 

sensation of the reconstructed breast(s). The BREAST-Q and five additional questions, 

specifically about sensation in the reconstructed breast(s), with a self-addressed postage-paid 

return envelope were sent to consenting patients.  

 

Data collection 

A chart review of all included participants was performed to compile data on the 

following patient characteristics: nerve coaptation, age, BMI, (neo)adjuvant chemo- and/or 

radiotherapy, reconstructive timing (immediate versus delayed), unilateral versus bilateral 

reconstruction, reason for mastectomy (prophylactic versus malignancy), complications, stage 

of reconstruction (nipple reconstruction already performed or not yet) and follow-up.  
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Patients were invited to complete the BREAST-Q questionnaire (Dutch for the 

Netherlands, reconstruction module) and five additional questions about breast sensation in 

particular (table 1). If Dutch was their second language, an interpreter was suggested. The raw 

BREAST-Q scores were converted into domain scores using the QScore software programme 

(Memorial Sloan Kettering Cancer Institute, New York). The domain scores range from 0 to 

100 per domain. A higher score indicates a better quality of life. Patients were asked to 

complete the domains that are likely to be influenced by sensation of the breast: physical well-

being of the chest, psychosocial well-being, sexual well-being, satisfaction with breasts and 

satisfaction with outcome. These domains were used as separate outcome variables, as a total 

BREAST-Q score cannot be computed. The primary outcome was defined as the domain 

physical well-being of the chest, since we deemed it the most important quality of life measure 

related to sensation after breast reconstruction. The remaining domains and the five 

additional questions were considered as secondary outcomes. The five additional questions 

were scored on a 5-point Likert-type scale which was later dichotomized (table 1). 

 

Table 9.1 Additional questions concerning sensation of the reconstructed breast, scored on a 5-point Likert 
scale with dichotomizing process and codes under each question.  

1. Do you have sensation in your reconstructed breast(s)? 
Very much Much A bit Little Very little 

Dichotomized: very much – a bit = 1, little – very little = 0 

2. Does the sensation in your reconstructed breast resemble the sensation of your healthy breast 
before operation? 

The same Almost the same Similar A bit similar Totally different 

Dichotomized: the same – a bit similar = 1, totally different = 0  

3. How important do you find sensation in your breast? 
Very important Important  Neutral Not very important Not important 

Dichotomized: very important – important = 1, neutral – not important = 0 

4. Do you find it important that your reconstructed breast has sensation? 
Very important Important  Neutral Not very important Not important 

Dichotomized: very important – important = 1, neutral – not important = 0 

5. How important is the return of sensation in your reconstructed breast for your overall satisfaction 
with the result of the operation? 

Very important Important  Neutral Not very important Not important 

Dichotomized: very important – important = 1, neutral – not important = 0  

 

 The Semmes-Weinstein monofilaments were used for sensation measurement of the 

reconstructed breast(s) [33]. The researcher was blinded for the treatment group of the 

patient (with or without nerve coaptation). Each monofilament value represents the logarithm 
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of the force in milligrams required to bend the monofilament. Therefore, a thinner 

monofilament requires less pressure to bend and if felt by the patient, represents improved 

one-point static discrimination compared to a patient who is not able to feel it. Perpendicular 

pressure was applied to the same spot until monofilament bending was noted each time for 

a duration of 1.5 seconds, three times in succession, with intervals of 1.5 seconds. Testing 

started with the thinnest monofilament and progressed to monofilaments of increasing 

pressure until touch was identified in at least one out of three times by the patient. Patients 

were asked to lay on their back and close their eyes, measurements took place in a quiet room. 

The different sites were tested in a random sequence to ensure touch at a particular site could 

not be predicted [24].  

 

The areas to be measured were predefined by anatomical references; nine areas were 

tested in each breast. The breasts were divided into 4 quadrants by 2 lines; a vertical line was 

drawn from mid clavicle to the nipple; a horizontal line was drawn perpendicular to the first 

line at the nipple level.  A circle was drawn around the breast tissue defined by the 

inframammary and supramammary crease which were determined by using the manoeuvre 

described by Marchac and de Olarte [34].  The breast was displaced cranially, caudally, 

medially, and laterally to define the respective borders of the breast. Thus, a circle with four 

quadrants was created with the nipple as it’s center. Each circle quadrant was bisected with a 

line drawn at 45˚. Sensation was measured on the middle of each line and in the areola in each 

quadrant, and on the nipple (figure 9.1).  

 

Figure 9.1 Anatomical landmarks 
of the breast for the nine sensation 
measurement points 
The breasts were divided into 4 

quadrants by 2 lines; line 1 (blue) 

was drawn from the mid of the 

clavicle to the nipple; line 2 (green) 

was drawn perpendicular on line 1.  

A circle (orange) was drawn around 

the breast tissue defined by the 

inframammary and supramammary 

crease. In each quadrant, a line 

(black) was drawn at 45˚. On the 

middle of these four lines, 

sensation was measured. In 

addition, measurements were done 

on the areola in each quadrant. 
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Operating technique: nerve coaptation 

 A nerve coaptation of the 2nd or 3rd intercostal nerve to a sensory nerve of the DIEP 

flap was performed [35]. Nerve coaptation was performed under the microscope using two 

epineural stitches with 10-0 nylon. To fix the nerve some tissue glue was added after 

coaptation was completed. On average this extended the operation time by 15 minutes with 

no increased risk of complications. Neuropathic pain was not observed.  

 

Statistical analysis 

As this was a pilot study, we did not compute the necessary sample size based on 

ample power to detect clinically relevant differences in BREAST-Q domain scores. Information 

on what differences can be regarded as clinically relevant, as well as measures of spread, were 

not available. Therefore, we included all records that were available at the time which fit the 

inclusion and exclusion criteria, to be able to estimate differences between the two groups as 

precisely as possible.  

Baseline characteristics were compared between groups: DIEP-flap breast reconstruction with 

nerve coaptation (group 1) and DIEP-flap breast reconstruction without nerve coaptation 

(group 2). Continuous variables were reported as mean with standard deviation or median 

with range, depending on the distribution of the variables. Categorical variables were 

reported as absolute numbers and proportions. Continuous variables were compared using 

the independent t test or the Mann-Whitney U test, and categorical variables were assessed 

using Chi-square test or Fisher’s exact test.  

Sensation measurements of the breast(s) were averaged in order to create one value per 

patient. An independent samples t test was used to evaluate differences between both groups 

in mean monofilament value and mean BREAST-Q scores per domain. In addition, both simple 

and multiple (i.e. unadjusted and adjusted) linear regression was used to estimate the crude 

and adjusted associations between objectively measured sensation and the BREAST-Q score 

domains. The adjusted regression coefficient was corrected for baseline characteristics that 

differed statistically significant between groups. The five additional questions were analyzed 

using both simple and multiple logistic regression and were reported as odds ratios (OR) with 

a 95% confidence interval (CI). A p value < 0.05 was considered to be statistically significant. 

All analyses were performed using IBM SPSS (Released 2013. Version 24.0. Armonk, NY: IBM 

Corp). 



 142 

Results 

Response rate 

In total, 44 patients of 143 screened records were eligible. Eighteen patients with and 

14 patients without nerve coaptation responded. This resulted in an overall response rate of 

73% (32 out of 44). (figure 9.2) 

 

 

 

 

 

 

 

Table 9.2 Demographic characteristics of included patients 

Variable Nerve 
coaptation (n = 

18) 

No nerve 
coaptation (n = 14) 

p value  
(2-sided) 

Age at operation, mean in years 
±SD 47.11 ±9.2 47.71 ±4.73 0.825 

BMI, mean in kg/m2 ± SD 26.44 ±2.77 28.21 ±3.04 0.096 

Chemotherapy, % 
Previous chemotherapy 

No previous chemotherapy 

 

44.4 

55.6 

 

57.1 

44.9 

0.476 

Radiotherapy, % 
Previous radiotherapy 

No previous radiotherapy 

 

22.2 

77.8 

 

14.3 

85.7 

0.672 

Reconstructive timing, % 
Immediate 

Delayed 

 

61.1 

38.9 

 

42.9 

57.1 

0.305 

Unilateral vs bilateral, % 
Unilateral 

Bilateral 

 

27.8 

72.2 

 

42.9 

57.1 

0.465 

Reason mastectomy, % 
Malignancy 

Prophylactic  

 

66.7 

33.3 

 

42.9 

57.1 

0.178 

Complication, % 33.3 14.3 0.412 

Stage of reconstruction, % 
Nipple reconstruction  

No nipple reconstruction 

 

44.4 

55.6 

 

92.9 

7.1 

0.04* 

Follow-up in months ±SD 16.13 ±3.24 14.76 ±4.30 0.33 
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Patient Characteristics   

Patient characteristics between the group of patients with and the group of patients 

without nerve coaptation were compared (table 9.2). The variables age, BMI, chemotherapy, 

radiotherapy, reconstructive timing (immediate versus delayed), unilateral versus bilateral 

breast reconstruction, reason for mastectomy (prophylactic versus malignancy) and 

complications did not differ significantly between groups. However, stage of reconstruction 

(nipple reconstruction already performed or not yet) differed significantly between these two 

groups (p=0.04). In the group of patients without nerve coaptation 92.9% already underwent 

a nipple reconstruction compared to 44.4% of patients in the group of patients with nerve 

coaptation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Patient records screened 

(n = 143) 

Eligible patients 

 (n = 44) 

Records excluded 

(n = 99) 

No follow-up appointment in MUMC in 

January 2017 

Data collection  

(n =32) 

Non-responders 

(n = 12) 

 

Responders  

without nerve coaptation  

(n = 14) 

Responders  

with nerve coaptation  

(n =18) 

 

Figure 9.2 Patient enrolment flow chart 



 144 

Sensory and Quality of Life results 

 The mean monofilament value in patients who underwent a breast reconstruction with 

nerve coaptation was lower 4.35 than in patients without nerve coaptation 5.30, which 

indicates better sensation in patients with nerve coaptation. Despite our small sample size, 

this mean difference was statistically significant p<0.01. (table 9.3) The mean score of the 

BREAST-Q domain physical well-being of the chest was also compared between both groups: 

the mean score of patients with nerve coaptation was higher (77.89) than without nerve 

coaptation (66.21) (p=0.09), which suggests a higher quality of life in patients with nerve 

coaptation. (table 9.3) 

 

Table 9.3 Mean monofilament value and BREAST-Q score compared between patients with 
and without nerve coaptation  

 nerve coaptation 
(n = 18) 

No nerve coaptation 
(n = 14) 

p value  
(2-sided) 

Monofilament value 4.35 [4.00 - 4.69] 5.30 [4.94 - 5.66] <0.01 

Physical well-being 
chest 

77.89 [68.51 - 87.27] 66.21 [55.67 - 76.76] 0.09 

 

 

 The relation between objectively measured sensation and BREAST-Q score for the 

domain physical well-being of the chest was explored in a linear regression model and showed 

a statistically significant correlation (p<0.01) with a crude regression coefficient of -13.17 and 

a R2 of 0.31 (figure 9.3 and table 9.4).  The adjusted regression coefficients were -11.47 �2.53 

for the variable monofilament with a R2 of 0.40 (p<0.01). (table 4) The results of the crude 

and adjusted regression coefficients of the secondary outcome domains of the BREAST-Q of 

this study were showed in table 4.  
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Table 9.4 Crude and adjusted linear regression coefficients of primary and secondary outcome 
domains of the BREAST-Q in relationship to objectively measured sensation (mean monofilament 
value)  

Independent Dependent Crude Adjusted* 

  Coeff CI p value Coeff CI 
p value 
(2-
sided) 

Physical 
well-being 
chest 

Mean monofilament 
value -13.17 

-20.53 - -

5.81 
<0.01 -11.47 

-18.68 - -

4.26  
<0.01 

Satisfaction 
with breast 

Mean monofilament 
value -2.20 

-10.62 - 

4.79 
0.45 -2.33 

-10.34 - 

5.70 
0.56 

Satisfaction 
with 
outcome 

Mean monofilament 
value -8.02 

-17.74 - 

1.71 
0.10 -6.89 

-16.73 - 

2.95 
0.16 

Psychosocial 
well-being 

Mean monofilament 
value 0.77 

-8.52 - 

10.06 
0.17 1.19 

-8.52 - 

10.90 
0.80 

Sexual well-
being 

Mean monofilament 
value 0.66 

-10.07 - 

11.39 
0.90 2.29 

-8.50 - 

13.08 
0.67 

* adjusted for stage of reconstruction (nipple reconstruction already performed or not yet). coeff = regression 

coefficient, CI = confidence interval 

 

The relation between objectively measured sensation and BREAST-Q score for the 

domain physical well-being of the chest was also explored for primary and secondary breast 

reconstruction separately. Regression coefficient, R2 and p-value are respectively given for 

primary breast reconstruction: -14.72, 0.27 and 0.03, and for secondary breast reconstruction: 

-14.07, 0.42 and <0.01.  

Figure 9.3 Linear regression: Quality of life and sensation 
in DIEP reconstructed breast 
Linear regression: Relationship between quality of life and 

sensation in DIEP reconstructed breast 

y-axis: represents the value of the BREAST-Q domain 

physical well-being of the chest. Values range from 1 to 

100. A higher value represents a higher patient 

satisfaction. x-axis: represents a mean monofilament 

value, which was calculated per patient, if a patient 

underwent a reconstruction bilaterally one mean value for 

both breasts was calculated. A scatterplot in which the 

green circles represent the patients with nerve coaptation 

and the blue circles represent patients without nerve 

coaptation is presented. The black line is the linear 

regression with a regression coefficient of -13.17 ±3.61 

and a R2 of 0.31 ±16.26 (p<0.01). 
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 A negative association of the monofilament value with the additional question 1 ‘Do 

you have sensation in your reconstructed breast(s)?’ was observed (OR = 0.24, 95% CI = 0.06–

0.89).  This suggests that a higher monofilament value, which represents less sensation, is 

statistically significant associated with answering negatively on this question.  

 

A negative association of monofilament value with additional question 2 ‘Does the 

sensation in your reconstructed breast resemble the sensation of your healthy breast before 

operation?’ was also observed (OR = 0.10, 95% CI = 0.02–0.54). This indicates a higher 

monofilament value to be statistically significant associated with a negative answer on this 

question.   

 

 The remaining additional questions showed the following results: 64.52% of the 

respondents indicated to find breast sensation important to very important, 58.06% indicated 

that finding sensation in the reconstructed breast important was very important and 38.71% 

indicated that return of sensation in the reconstructed breast was important to very important 

for their overall satisfaction with the operation.  

 

Discussion 

 Breast reconstruction techniques have evolved greatly over the past decade, from 

focusing on survival of the transplanted tissue to minimizing morbidity and improving 

aesthetical outcome. Despite the efforts to recreate a natural looking breast, restoring 

sensation, has been rather disregarded. Yet, we strongly believe that increased sensation of 

the reconstructed breast improves quality of life in breast cancer survivors. A study by Temple 

et al. in 2009 confirmed that innervation of the free TRAM flap breast reconstruction improves 

quality of life [20]. However, Temple et al. used general quality of life questionnaires to detect 

differences in quality of life thanks to improved breast sensation: the Medical Outcomes Study 

36-Item Short Form, the Body Image after Breast Cancer Questionnaire and the Functional 

Assessment of Cancer Therapy–Breast quality-of-life. Validity of these instruments can be 

questioned. These instruments might be too general to evaluate quality of life related to 

breast sensation. As was suggested by Alderman and Chung in a discussion on the article by 

Temple et al., it is possible that factors other than breast sensation have influenced the results 
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[36]. In this study, a more specific questionnaire (BREAST-Q) was used, that was validated 

specifically among patients who underwent a mastectomy and a DIEP-flap breast 

reconstruction.  

Our data showed a statistical significant improvement in objectively measured sensation of 

the reconstructed breast in the group of patients with nerve coaptation when compared to 

the group of patients without nerve coaptation. This is supported by many other studies [26-

31]. However, an improvement in objectively measured sensation, like pressure sensitivity, 

does not unequivocally entail that the reconstructed breast feels more like a natural breast. 

The qualitative aspect of sensation is ignored if only objective sensation measurements are 

used, therefore patient-reported outcomes are crucial. This is especially true with the rise in 

breast cancer survivors and the corresponding increased focus on patients’ quality of life as 

suggested by Wommack and Spiegel [37]. Moreover, the current health care economic 

environment mandates patient-reported outcomes and health-related quality of life research 

to justify added expense of increasingly complex surgical procedures. 

 

This is the first study that measures quality of life using a questionnaire, which is 

specifically validated in patients who underwent a DIEP flap breast reconstruction (BREAST-

Q), to evaluate the influence of breast sensation on the quality of life [38]. The domain physical 

well-being of the chest was chosen as primary outcome in this study since improved breast 

sensation will most likely influence this domain. The primary outcome of the current study, 

BREAST-Q domain physical well-being of the chest, was compared between patients with and 

without nerve coaptation. On average the BREAST-Q score for the domain physical well-being 

of the chest was 11.68 points higher for the group with nerve coaptation. The smallest 

clinically significant difference of the BREAST-Q score is not yet defined. A study of the 

subjective significance to patients of changes in quality of life scores by the developers of the 

BREAST-Q, Pusic et al., suggests that a mean difference of 5 to 10 on the multi-item scales is 

perceived as a small clinical difference, 10 to 20 as a moderate and greater than 20 as a 

clinically important difference. Therefore, this difference might be considered moderately 

clinically relevant, however we observed no statistically significant differences. The relatively 

small sample size of this pilot study is the likely cause of insufficient statistical power to detect 

clinically meaningful differences of this magnitude. 
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An additional linear regression model comparing objectively measured sensation with 

BREAST-Q score for the domain physical well-being of the chest was performed. This showed 

a highly statistically significant association between improved sensation and increased 

BREAST-Q score for the domain physical well-being of the chest, even if we corrected for 

statistical significant differences in baseline characteristics. Stage of reconstruction (nipple 

reconstruction already performed or not yet) was the only statistical significant baseline 

characteristic between both groups, which differed in favor of the group without nerve 

coaptation. Therefore, the positive effect on quality of life, thanks to additional nerve 

coaptation, might be rather underestimated.  

This linear regression model was also studied for primary and secondary breast 

reconstructions separately because the surface of the transposed skin is usually much bigger 

in secondary breast reconstructions. Therefore, we expected the effect to be higher in 

patients who underwent a secondary breast reconstruction. This hypothesis might be 

confirmed by our analysis: a larger proportion of difference in BREAST-Q score can be 

explained by objective improvement of sensation for secondary breast reconstruction (42%) 

if compared to primary breast reconstruction (27%) and the statistical significance was more 

profound for secondary (p=0.009) than for primary (p=0.032) breast reconstruction.  

 

Statistically significant regression coefficients of all the above models showed that a 

perceptible difference in the quality of life of breast cancer survivors, can be explained by 

improved sensation of the DIEP flap reconstructed breast. This suggests that focusing on 

improved sensation of the reconstructed breast is worth the effort. A note of caution is due 

here since purposely blinding of patients could not be carried out, due to the retrospective 

design of this study. This is an important issue for future research. Further studies, which take 

this possible bias into account, will need to be undertaken, e.g. a larger randomized double 

blinded prospective study would provide more data on this issue. 

 

The BREAST-Q domain physical well-being of the chest contains 16 items and only eight 

items explore sensation of the reconstructed breast. Of those, only one question investigates 

the effect of positive sensation in the reconstructed breast. Additionally, the domain 

satisfaction with breasts contains two questions on breast sensation, however this domain 

contains 25 items. We believe the domain of physical well-being of the chest to be more 
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specific for breast sensation. Unfortunately, BREAST-Q questions were not validated to be 

analyzed separately.  

 

Even though the BREAST-Q (reconstruction module) is currently the most specific 

validated instrument to measure quality of life in breast cancer patients who underwent an 

autologous breast reconstruction, it is still not developed to measure differences in quality of 

life specifically related to improved sensation. Development and validation of a specific 

questionnaire could be of great value. Previous publications, showed the question ‘does your 

reconstructed breast feel like your own?’, to be the most important determinant in patient 

satisfaction [23,24]. However, these studies did not use validated questionnaires. In the 

current study the group of patients with nerve coaptation were statistically more likely to 

answer positively on the question ‘Does the sensation in your reconstructed breast resemble 

the sensation of your healthy breast before operation?’. This might indicate a higher patient 

satisfaction. Furthermore, 64.52% of the respondents indicated to find breast sensation 

important to very important.  

 

In this study, five patients who received a bilateral DIEP-flap breast reconstruction with 

only unilateral nerve coaptation, due to anatomical variations or technical difficulties, were 

excluded from the analysis, because BREAST-Q scores are analyzed per patients rather than 

per flap. However, these patients can perfectly compare the results of a DIEP-flap breast 

reconstruction with and without nerve coaptation. Telephone interviews with these five 

patients taught us that these women experienced the reconstructed breast with nerve 

coaptation to feel less numb. Also, the reconstructed breast with nerve coaptation felt more 

like their own. This again shows the importance of sensation of the reconstructed breast; 

however we are aware of the fact that these are empirical observations.  

 

Conclusion 

This pilot study suggests that improved sensation in the autologous reconstructed 

breast, via an additional microsurgical nerve coaptation, has a statistical significant positive 

impact on the quality of life in breast cancer survivors according to the BREAST-Q. Therefore, 

nerve coaptation has a direct impact on patient outcomes and should be considered a useful 

addition to the surgical technique of autologous breast reconstruction.  
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Purpose 

Autologous breast reconstruction has become standard care for breast cancer patients. 

Although excellent cosmetic results can be achieved, most reconstructed breasts fail to regain 

normal sensation. Nerve coaptation of the flap has been suggested to improve sensation, the 

effect of the donor flap native sensory threshold, on the degree of sensory restoration has yet 

to be determined. The aim of this study is to evaluate the differences in sensation between 

various potential donor site regions in comparison to sensation of the healthy breast. 

 

Methods 

In the Maastricht University Medical Centre a cross-sectional study in healthy women was 

performed. Monofilaments were used to measure sensation in the breast and at different flap 

donor sites:  Deep Inferior Epigastric Perforator (DIEP), Lateral Thigh Perforator (LTP), 

Profunda Artery Perforator (PAP), Superior Gluteal Artery Perforator (SGAP) and Transverse 

Musculocutaneous Gracilis (TMG) flap. The Wilcoxon Signed Rank Test was used to analyze 

statistical significance in sensation.  

 

Results 

Fifty women with a mean age of 49�2.72 years and mean BMI of 26.14�0.89 kg/m2 were 

included in the study. The median monofilament value of the normal breasts was 2.97(2.56-

3.55). The median monofilament value of each donor site and p value when compared to the 

healthy breast were: DIEP-flap 2.62(2.36-3.22) p <0.01, LTP-flap 3.61(2.83-4.08) p<0.01, PAP-

flap 3.09(2.67-3.5) p=0.97, SGAP-flap 3.22(2.64-3.87) p=0.01 and TMG-flap 3.03(2.6-3.47) 

p=0.69.  

 

Conclusion 

There is a significant difference in sensation between the various donor site regions for breast 

reconstruction and the healthy breast. This might be taken into consideration for donor site 

selection. 
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Introduction 

 Autologous breast reconstruction has become part of the standard care in breast 

cancer treatment. Reconstruction techniques have evolved and improved over time, in 

particular with the introduction of perforator flaps [1].  Refinement of surgical techniques 

have resulted in reduction of donor site morbidity [2-4] and a more natural and aesthetic 

appearance of the reconstructed breast, yet most reconstructed breasts fail to regain normal 

sensation. Although, some studies report a better sensory recovery of the reconstructed 

breast with nerve coaptation between a sensory nerve at the donor site and a sensory nerve 

at the recipient site [5-9] and despite reports that sensation in a reconstructed breast has a 

positive effect on the quality of life [9], in addition to providing protective sensation against 

thermal and mechanical injuries [10, 11], this topic remains under-investigated.  

 

 Several donor sites for autologous breast reconstruction have been described. Besides 

the deep inferior epigastric perforator (DIEP) flap [12-14] the lateral thigh perforator (LTP) flap 

[15, 16], the profunda artery perforator (PAP) flap [17, 18], the transverse musculocutaneous 

gracilis (TMG) flap [19, 20] and the superior gluteal artery perforator (SGAP) flap [12, 13] have 

been used. Nowadays, the DIEP flap is considered the first choice in autologous breast 

reconstruction. However, the donor site selection depends on several factors like; patient’s 

shape, previous scars, imaging of the vessels, pedicle length, postoperative complications, 

patient’s wish etc. On top of that, preoperative sensation in the donor site area might be an 

additional factor to take into consideration. Preoperative sensation of the potential donor 

sites could be an indication for the level of sensation which can be achieved after autologous 

breast reconstruction with nerve coaptation using that specific donor site.  

 

 The aim of this study is to evaluate the sensation of the skin island of the donor site 

regions for breast reconstruction and compare them to the sensation of a healthy, non-

operated breast.  
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Methods 

 In the Maastricht University Medical Centre a cross sectional study was performed on 

healthy female adults, with no history of an operation, scars or distinctive markings (e.g. birth 

marks or tattoos) in the areas to be measured. In addition, known neurological conditions that 

could affect sensation, like diabetes and neuropathy after chemotherapy were considered 

exclusion criteria. The study was conducted according to the STROBE guidelines and the world 

medical association declaration of Helsinki (2013) [21]. Ethical approval was obtained from 

the Methical Ethical Committee (METC) of Maastricht University. 

 Participants were recruited between September and October 2016, written informed 

consent was obtained. A sample size could not be calculated because no previous data were 

available. Fifty participants were included. Demographic data was collected by asking 

participants about their age, length, weight and cup size.  Sensation of the breasts and 

different donor sites of the DIEP, LTP, PAP, SGAP and TMG flap were measured on one side of 

the body in each participant.  

 The Semmes-Weinstein monofilaments were used for sensation measurement [22]. A 

new 20-piece kit of the Semmes-Weinstein monofilaments was obtained for the start of this 

study. Each monofilament value represents the logarithm of the force in milligrams required 

to bend the monofilament. Therefore, a thinner monofilament requires less pressure to bend 

and if felt by the patient, represents improved one point static discrimination. Since inter-

examiner variability has proven to diminish specificity and sensitivity, measurements were 

performed by one researcher according to the guidelines to mitigate this effect [23].  

Perpendicular pressure was applied to the same spot until monofilament bending was noted 

each time for a duration of 1.5 seconds, three times in succession, with intervals of 1.5 

seconds. The researcher measured time intervals by saying ‘21’ which equals to about 1 to 1.5 

seconds. Testing started with the thinnest monofilament and progressed to monofilaments of 

increasing pressure until touch was identified in at least one out of three times by the 

participant. Participants had their eyes closed and measurements took place in a quiet room. 

The different sites were tested in a random sequence to ensure participants could not predict 

touch at a particular site [24]. The areas to be measured were predefined by anatomical 
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references and will be discussed below. The participants were tested either seated (breast) or 

standing upright (abdomen and leg).  

Breast 

 Nine areas were tested in each breast. (figure 10.1) The breasts were divided into 4 

quadrants by 2 lines; a vertical line was drawn from mid clavicle to the nipple; a horizontal line 

was drawn perpendicular to the first line at the nipple level.  A circle was drawn around the 

breast tissue defined by the skin creases which were determined by using the manoeuvre 

described by Marchac and de Olarte [25]. The breast was displaced cranially, caudally, 

medially, and laterally to define the respective borders of the breast. Thus, a circle with four 

quadrants was created with the nipple as it’s centre. Each circle quadrant was bisected with a 

line drawn at 45˚. Sensation was measured on the middle of each line and in the areola in each 

quadrant, and on the nipple. The areas were numbered: 1=superomedial, 2=superolateral, 

3=inferolateral, 4=inferomedial, 5=areola superomedial, 6=areola superolateral, 7=areola 

inferolateral, 8=areola inferomedial and 9=nipple.  

Donorsites 

 The different potential donor sites were divided according to the peripheral nerves 

that supply the skin of each donor site area [26]. Thus, each peripheral nerve was tested 

separately.  

DIEPflap 

 The superior donor site border of the DIEP flap was defined by a transverse curved line 

from one anterior superior iliac spine (ASIS) to the other, running through a midline point 1 

cm above the umbilicus. The inferior border was drawn by a transverse curved line from one 

ASIS to the other, running through a point 4 to 5 cm above the suprapubic crease [1]. Each 

hemi abdomen was divided into four areas by a vertical line drawn down from the mid clavicle 

line and the horizontal interspinal line between the left and right ASIS.  Sensation was 

measured in the middle of each of these four quadrants. Each area is innervated by a different 

nerve: the anterior cutaneous branches of the thoracic spinal nerves 11 and 12 respectively 

sites 1 and 2, and the lateral cutaneous branches of the thoracic spinal nerves 11 and 12 

respectively sites 3 and 4. (figure 10.1 and table 10.1) 
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Table 10.1 Median and range of monofilament value of the breast and donor sites with p value 
comparing donor site to breast 
Site Breast DIEP LTP PAP TMG SGAP 

1 2.83 (2.36-

3.22) 

2.44 (2.36-

3.22) 

3.61 (2.83-

4.08) 

3.22 (2.83-

3.84) 

2.83 (2.36-

3.61) 

3.22 (2.83-

3.84) 

2 2.83 (2.36-

3.61) 

2.44 (2.36-

3.22) 
 3.22 (2.83-

3.84) 

3.22 (2.83-

3.84) 

3.22 (2.44-

3.84) 

3 2.83 (2.44-

3.61) 

2.44 (2.36-

3.22) 
 2.83 (2.36-

3.61) 
  

4 2.83 (2.44-

3.61) 

2.63 (2.36-

3.61) 
    

5 2.83 (2.44-

3.61) 
     

6 2.83 (2.44-

3.84) 
     

7 3.02 (2.44-

3.84) 
     

8 3.22 (2.83-

3.84) 
     

9 3.22 (2.83-

3.61) 
     

Median 2.97 (2.56-

3.55) 

2.62 (2.36-

3.22) 

3.61 (2.83-

4.08) 
3.09 (2.67-3.5) 3.03 (2.6-3.47) 

3.22 (2.64-

3.87) 

p value  < 0.1* < 0.1* 0.791 0.689 0.01* 

Site represents the area of the donor site that was measured which is explained in methods and in figure 10.4. A lower 

monofilament value equals a better sensation. DIEP = deep inferior epigastric perforator flap donor site, LTP = lateral thigh 

perforator flap donor site, PAP = profunda artery perforator flap donor site, TMG = transverse musculocutaneous gracilis flap 

donor site and SGAP = superior gluteal artery perforator flap donor site. Median represents the median of the average of all 

the sites per bodily part. The p values are conducted from a Wilcoxon signed rank test. * = statistically significant result.  

 

 

 

 

 

 

 

 

Figure 10.1 Anatomical references of the breast, DIEP flap donor site and LTP 
flap donor site  with a heat map of sensation measurements: Anatomical 

references of the breast: the breasts were divided into 4 quadrants by 2 lines; line 

1 (blue) was drawn from the mid of the clavicle to the nipple; line 2 (green) was 

drawn perpendicular on line 1.  A circle (orange) was drawn around the breast 

tissue defined by the inframammary and supramammary crease. In each 

quadrant, a line (black) was drawn at 45˚. On the middle of these four lines, 

sensation was measured. In addition, measurements were done on the areola in 

each quadrant. The measured points were numbered: 1 = superomedial, 2 = 

superolateral, 3 = inferolateral, 4 = inferomedial, 5 = areola superomedial, 6 = 

areola superolateral, 7 = areola inferolateral, 8 = areola inferomedial and 9 = 

nipple. Anatomical references of the DIEP flap donor site: the DIEP flap was drawn 

from both ASIS to 1cm above the umbilicus and 4-5cm above the pubic bone. 

Sensation was measured at one side at 4 points divided by the mid clavicular line 

and a line drawn between both ASIS. Sensation was measured in the middle of 

these 4 quadrants: 1 = anterior cutaneous branches of the thoracic spinal nerve 

11, 2 = anterior cutaneous branches of the thoracic spinal nerve 12, 3 = lateral 

cutaneous branches of the thoracic spinal nerve 11, 4 = lateral cutaneous 

branches of the thoracic spinal nerve 12. Anatomical references of the LTP flap 

donor site: the LTP flap donor site was defined by drawing two lines: a horizontal 

line through the upper border of the pubic bone and a vertical line from the ASIS 

to the lateral edge of the patella. The crossing of both lines is the anterior border 

of the LTP flap. The flap is designed as an ellipse of 20 cm in length from anterior 

to posterior and 8 cm in width from superior to inferior. Sensation was measured 

5 cm more lateral to this crossing which is innervated by the lateral femoral 

cutaneous nerve. Colour legend: values represent mean monofilament value per 

area. Green represents better sensation.  
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DIEP flap 

The area of the LTP flap donor site was defined by drawing two lines: a horizontal line 

through the upper border of the pubic bone and a vertical line from the ASIS to the lateral 

edge of the patella. The crossing of both lines is the anterior border of the LTP flap. The flap is 

designed as an ellipse of 20 cm in length from anterior to posterior and 8 cm in width from 

superior to inferior. The direction of the flap is determined by the distribution of fat tissue and 

the exact location of the perforators [15, 16]. The whole area of the LTP flap donor site is 

innervated by the lateral femoral cutaneous nerve. Sensation was tested 5 cm lateral to the 

crossing of both lines (i.e. the anterior border of the flap) because this point is always included 

in the flap. (figure 1 and table 1) 

PAP flap 

The superior margin of the donor site of the PAP flap was defined at the inferior gluteal 

crease and the inferior margin was drawn 7 cm below the superior margin. The lateral border 

was the posterior aspect of the iliotibial tract and the medial border was the gracilis muscle 

[17]. The donor site of the PAP flap was divided into three areas. The posterior area of the leg 

was divided equally into site 1 and site 2. The anterior area was defined between the medial 

border of the thigh laterally and the gracilis muscle medially (site 3). Sensation was tested in 

the middle of each of these three areas. From lateral to medial (site 1 to 3) these areas are 

innervated by the anterior femoral cutaneous nerve, the posterior femoral cutaneous nerve 

and the lateral femor cutaneous nerve. (figure 10.2 and table 10.1) 

SGAP flap 

 The SGAP flap donor site is defined by drawing 2 lines: line 1 extending from the 

posterior superior iliac spine (PSIS) to the most caudal part of the coccyx; line 2 extending 

from the middle of line 1 to the greater trochanter. Sensation was measured 1 cm above and 

1 cm below the middle of line 2 [27]. The lower part of the SGAP donor site is innervated by 

the middle cluneal nerves (site 1) and the upper part by the superior cluneal nerves (site 2). 

(figure 10.3 and table 10.1) 
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Figure 10.2 Anatomical references of the PAP flap donor site and TMG flap donor site  
Anatomical references of the PAP flap donor site: The superior margin of the donor site of the PAP flap was 

defined as the gluteal crease and the inferior margin was drawn 7 cm below the superior margin. The 

lateral border was the posterior aspect of the iliotibial tract and the medial border was the gracilis muscle. 

The donor site of the PAP flap was divided into three areas. The posterior area of the leg was divided 

equally. 1 = anterior femoral cutaneous nerve, 2 = posterior femoral cutaneous nerve. 3 = the anterior area 

between the medial border of the thigh laterally and the gracilis muscle medially, innervated by the lateral 

femoral cutaneous nerve. Anatomical references of the TMG flap donor site: The superior border was 

defined as a line extending from 1 cm below the inguinal crease anteriorly to 1 cm below the inferior 

gluteal crease posteriorly. The inferior border is 8 cm below the superior border in the medial thigh. The 

anterolateral border is the femoral neurovascular bundle and the posterolateral border is the midpoint of 

the inferior gluteal crease. 1 = anterior part innervated by the anterior femoral cutaneous nerve, 2 = 

posterior part innervated by the posterior femoral cutaneous nerve. Sensation was tested in the middle of 

each area. Colour legend: values represent mean monofilament value per area. Green represents better 

sensation. 
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TMG flap 

The superior border of the donor site of the TMG flap was defined as a line extending 

from 1 cm below the inguinal crease anteriorly to 1 cm below the inferior gluteal crease 

posteriorly. The inferior border is 8 cm below the superior border in the medial thigh. The 

anterolateral border is the femoral neurovascular bundle and the posterolateral border is the 

midpoint of the inferior gluteal crease [28]. The flap is designed as an ellipse and is innervated 

by the anterior femoral cutaneous nerve (site 1) and posterior femoral cutaneous nerve (site 

2). Sensation was tested on the anterior and posterior thigh in the middle of the donor site 

area. (figure 10.2 and table 10.1) 

Statistical analysis   

 Continuous variables were reported as mean with a confidence interval or median with 

an interquartile range, depending on normality. Normality was checked using boxplot analysis. 

Categorical data were reported as frequencies and proportions. A p value < 0.05 was 

considered statistically significant. Results were analysed using SPSS Statistics (released 2013. 

IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp). 

  To compare donor site monofilament values to breast monofilament values, a single 

value for each breast and donor site was obtained; the nine points measured on each breast 

and all the points measured per donor site were averaged. Sensitivity analysis of reporting the 

Figure 10.3 Anatomical references of the SGAP flap 
donor site 
The SGAP flap donor site is defined by drawing 2 

lines: line 1 extending from the posterior superior 

iliac spine (PSIS) to the most caudal part of the 

coccyx; line 2 extending from the middle of line 1 to 

the greater trochanter. Sensation was measured 1 

cm below and 1 cm above the middle of line 2. 1 = 

the lower part of the SGAP donor site innervated by 

the middle cluneal nerves, 2 = the upper part 

innervated by the superior cluneal nerves. Colour 

legend: values represent mean monofilament value 

per area. Green represents better sensation. 
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results in monofilament value, which represents the force expressed in tenths of milligrams 

or as pressure in g/mm², was performed. Both analyses demonstrated a “not normally 

divided” boxplot and the reporting unit did not influence the results. (figure 10.4) Therefore, 

we chose to report the results as monofilament values. The paired Wilcoxon signed rank test 

was used to test statistically significant differences between the average monofilament value 

of the breast and different potential donor sites.  

 A multiple linear regression was used to explore the effect of age, BMI and cup size on 

breast sensation.  

Results 

 A total of 50 women were included in the study with a mean age of 49 ±2.72 years and 

a mean body mass index of 26.14 ±0.89 kg/m2. Frequencies of cup size were as follows: 32% 

B, 30% D, 22% C, 6% A, 6% E and 4% F. When variables such as BMI, age and cup size were 

examined, they all had a significant inverse relationship with sensation of the healthy breast 

with p values respectively of <0.01, <0.01 and 0.03. No data points were missing.  

 The median breast sensation was monofilament value 2.97 (2.56-3.55). The median 

sensation per donor site, and the p value comparing donor site to healthy breast were as 

follows: DIEP flap monofilament value 2.62 (2.36-3.22) p<0.01, LTP flap monofilament value 

3.61 (2.83-4.08) p<0.01, PAP flap monofilament value 3.09 (2.67-3.5) p=0.97, SGAP flap 

monofilament value 3.22 (2.64-3.87) p=0.01 and TMG flap monofilament value 3.03 (2.6-3.47) 

p=0.69. (table 10.1) 

 

Differences in sensation of different peripheral nerve zones within one donor sites 

were presented in figure 10.4.  

 

 

 

 

 

 

 

Figure 10.4: Boxplots analysis of sensation 
measurements  

Boxplot of the average sensation measurements of 

breast, DIEP flap donor site, LTP flap donor site, PAP 

flap donor site, TMG flap donor site and SGAP flap 

donor site.  
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Discussion 

 Previous studies suggest that improved sensation of the reconstructed breast was 

related to an improvement in quality of life [5]. The aim of this study was to find the donor 

site region in which sensation most resembles that of a healthy breast, possibly approximating 

the sensation of the reconstructed breast to that of a normal one. Hence, sensation of 

potential donor sites for autologous breast reconstruction was compared to the sensation of 

a healthy, non-operated breast.  

 

 Normal sensation of the breast has been studied previously [29-31]. A study by Tairych 

performed in 1998 used the same method as the current study (20-piece Semmes-Weinstein 

monofilaments kit). The mean normal cutaneous sensation of the breast was monofilament 

value 2.83, which is similar to the monofilament value of 2.97 found in the current study [31]. 

However, a study performed by Hamdi showed a significantly higher threshold; pressure value 

of 41.1 g/mm² which approximates a  monofilament value of 4.44 [32]. Yet, the participants 

of that study were older and planned for a breast reduction. Since stretching of the skin and 

connective tissue as seen in patients with breast ptosis or hypertrophy can cause a chronic 

traction injury to nerve fibres, this could explain the difference in results. Indeed, the Tairych 

study analysed subgroups according to breast volume and confirmed the inverse relationship 

between breast sensation and size [31]. The data of this study confirmed these findings; age, 

BMI and breast size were statistically significant inversely related to sensation of the breast.  

 

 The hypothesis is that sensation of a reconstructed breast depends on three factors: 

the quality of the recipient nerve [5] (e.g. radiotherapy has a negative impact on the nerve 

tissue), the quality and type of nerve anastomosis, [7] and the quality of preoperative 

sensation of the donor site skin. The third factor can only contribute if reinnervation of the 

flap by nerve coaptation is successful. Although, in theory this may work, no strong data exists 

as to the efficacy of this approach, and several multi-institutional trials are currently underway 

to attempt to answer this question. To our knowledge, sensation of potential donor sites and 

sensation of a healthy breast have not been compared previously. Nevertheless, highly 

significant differences in sensation of different body parts have been confirmed in previous 

studies [29, 33]. The face is the most sensitive part followed by the trunk, fingers and upper 

extremities. The lower extremities are considered the least sensitive. A pattern was suggested 
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by these findings; the more rostral and/or the more proximal, the more sensitive the body 

part [22, 29]. 

 

 We are certainly aware of the fact that sensation is a more complex phenomenon than 

pressure sensitivity alone. Sensation consists of touch, pain, temperature, vibration, and 

proprioception. Additionally, there is a qualitative aspect of sensation, particularly in 

erogenous areas like the breast. Unfortunately, a validated instrument for qualitative 

measurements of breast sensation is not available. In this study we chose to perform 

sensation measurements using the Semmes-Weinstein monofilaments because they are easy 

to use, low-cost, handheld instruments [24].  Moreover, measurements can be repeated with 

a small standard deviation and this is the most used instrument in previous studies assessing 

sensation of the breast [6].  

 

 The current study found a difference in sensation of the potential donor sites for 

autologous breast reconstruction. The DIEP flap is significantly more sensitive than a healthy 

breast, which is in comparison with the above suggested pattern because the abdomen and 

breast both lay proximal, but the breasts are considered more distal if compared to the 

abdomen.  The four different measured zones of the DIEP flap donor site also follow this 

principal; the inferolateral quadrant was the least sensitive.  A previous article by Santanelli 

reported comparable findings in which the abdomen was more sensitive than the breast [34].  

 

In contrast to the DIEP flap, this study showed that the donor sites of the LTP, PAP, 

SGAP and TMG flap are less sensitive than a healthy breast. Moreover, the SGAP and LTP flap 

donor site appeared to be less sensitive with statistical significance. If different zones within 

donor sites are studied for the PAP and TMG flap, a new pattern is notable; the more anterior, 

the more sensitive.  

 

 The difference in sensation of the potential donor sites for breast reconstruction might 

be explained by a difference in distribution of skin receptors. Stimulation of the skin is sensed 

by mechanoreceptors; superficial in the skin by Merkel receptors, Meissner corpuscles in non-

hairy skin or myelinated and field mechanoreceptive afferents and unmyelinated C-tactile 

afferents in hairy skin, and deeper in the skin by Ruffini cylinder and Pacinian corpuscle. 
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Previous research has shown the distribution of mechanoreceptors varies between different 

body parts and that  less spacing between receptors  highly correlated with better sensation 

[35]. A study by Berman showed the density of Merkel receptors to be higher in the chest than 

in the lower extremities and buttocks [36]. A study by Löken shows the firing rate of the C-

tactile afferent receptors correlate with psychophysical ratings of tactile pleasantness and 

could therefore be of great importance in erogenous areas [37, 38]. 

 

 Besides density of mechanoreceptors the representation of the body part in the 

somatosensory cortex is also highly associated with better sensation [39]. Interestingly, in this 

case the tissue will be transplanted and a nerve coaptation will be performed between an 

intercostal nerve, which normally supplies a healthy breast, and a sensory nerve of the donor 

site. Therefore, it is questionable whether the somatosensory cortex of the donor site will 

influence the sensation of the skin once it is transplanted. Likely, the somatosensory cortex of 

the breast combined with other parts of the brain is important to give a qualitative aspect to 

sensation e.g. pleasantness of touch. Unfortunately, no studies examining the somatosensory 

plasticity after autologous breast reconstruction have been performed yet.  

 

 Thus, this study indicates a statistical significant difference in preoperative pressure 

sensation of the potential donor sites for autologous breast reconstruction. This might have 

further clinical implications, for example in choosing the most suitable donor site. In addition, 

the expectations for return of sensation in a reconstructed breast after nerve coaptation 

might differ based on which donor site was used.  

 

Conclusion 

 Sensation of the skin island of donor site regions for breast reconstruction significantly 

differs from the healthy breast.  These differences might have clinical implications and could 

be taken into consideration in order to appropriately select a donor site if nerve sensation in 

the reconstructed breast is desired. However, further research is needed to evaluate these 

clinical implications.  
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Up until two decades ago the main focus remained on improving breast cancer survival 

resulting in more women living with the consequences of (prophylactic) breast cancer 

treatment [1, 2]. Thorough breast cancer research should not only focus on survival but also 

requires research on reducing treatment-related complications and maintaining quality of life. 

This interest formed the driving force behind the initiation of the previous chapters regarding 

upper-limb lymphedema and loss of breast sensation. This thesis focusses on patient-reported 

outcomes as they are becoming progressively more relevant and the healthcare economic 

environment mandates them to justify added expense of increasingly complex surgical 

procedures. 

 

In this chapter, the previous studies will be summarized and critically analyzed. 

Furthermore, suggestions for future research will be mentioned. 

 

Part I Breast cancer related lymphedema  

 

Measuring quality of life in breast cancer related lymphedema 

Previous research describes an abundant number of questionnaires to measure quality 

of life in lymphedema patients. In chapter one a systematic review of the literature is 

conducted to define the most optimal questionnaires. This is the sole study collecting all the 

disease specific questionnaires and presenting an overview on the advantages and 

disadvantages. A previous systematic review by Pusic et al. also attempted to present 

questionnaires to use in breast cancer related lymphedema. Only one disease specific 

questionnaire on lymphedema was included: upper limb lymphedema (ULL 27). The 

conclusion of the systematic review presented in chapter two shows that the ‘lymphedema 

functioning, disability and health questionnaire‘ (Lymph-ICF) and the ‘lymphedema quality of 

life inventory’ (LyQLI) questionnaires to be the most complete to measure disease-specific 

quality of life in breast cancer related lymphedema since they cover all the relevant domains 

[3-5]. Chapter two only focusses on identifying the most complete questionnaire whereas the 

validity was not tested. The internal consistency, reproducibility, and the construct validity of 

the questionnaires must be checked before being used in clinical practice. The tool ‘evaluating 

the measurement of patient-reported outcomes’ (EMPRO) is applied to analyze the validity of 

the studied questionnaires. In addition, cultural and language adaptions are verified [6]. The 
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Lymph-ICF appears not only to be complete and accurate, but also valid according to the 

EMPRO to evaluate disease-specific quality of life therefore, In chapter three the Lymph-ICF 

questionnaire was chosen to evaluate quality of life after LVA. In addition, the statistically 

significance and clinically relevant difference has already been determined by the authors of 

the questionnaire [3] and when compared to the LyQLi, it contains fewer questions (more 

patient friendly), the visual analog scale is used (instead of categories), which might be more 

sensitive to small changes, and a total score can be calculated.  

 

 Besides disease-specific quality of life, the necessity of life-long complex decongestive 

therapy might have a negative influence on daily life. The discontinuation of compression 

garments and manual lymphatic drainage may be an important outcome in evaluating the 

impact of lymphedema and might be correlated to a statistically significant improvement in 

quality of life. Future research is needed to confirm this hypothesis. In chapter three, only the 

discontinuation rate of compression garments was considered, a follow-up study would be 

more complete also including the frequency of the need for manual lymphatic drainage before 

and after surgical treatment.  

 

Physiologic surgical treatment of breast cancer related lymphedema 

Physiologic surgical treatment aims to reduce the need for complex decongestive 

treatment but unfortunately will not be able to offer a cure [7, 8]. Previous studies evaluating 

LVA observed inconsistent results. However, the last decades technical refinements might 

have positively affected the LVA success rate. To explore this effect the studies in chapter 

three and four are conducted. First, in chapter two a systematic literature search was 

conducted on the effect of LVA in breast cancer related lymphedema. Unfortunately, the 

available studies were of poor methodological quality (mostly level III evidence) with a 

retrospective design and heterogeneous data which could increase the chance for biases [9]. 

The data were plotted despite their heterogeneous character providing poor control group 

data. This in turn may indicate the great urgency for a randomized controlled trial comparing 

LVA to complex decongestive therapy. A small amount of the data could be analyzed in 

subgroups to determine factors that might influence the effect of LVA to improve future 

preoperative patient selection. Due to heterogeneity and the small number of patients, the 

results should be interpreted with caution. The available data allowed the effect of 
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lymphedema stage and years since onset to be evaluated. Early stage lymphedema and fewer 

years from onset were associated with a better circumference reduction after an LVA. 

Eventually, the most important factor in LVA patient selection remains imaging using a near-

infrared camera and indocyanine green contrast as a functional lymphatic collecting vessel is 

indispensable to perform this technique.   

  

Chapter three presents a prospective study on the effect of LVA. The quality of life 

(lymph-ICF) was reported as the main outcome. The discontinuation rate of compression 

garments and volume were considered as secondary outcome because lymphedema 

treatment should always aim to improve disease related quality of life, the goal should not 

only be to reduce volume, since reducing arm circumference may not automatically entail an 

improvement in quality of life. The results showed an improvement in quality of life in 90% of 

the patients, with a high discontinuation rate of compression garments of 85%. Arm volume, 

measured according to the upper extremity lymphedema (UEL) index, showed less positive 

results. To evaluate arm volume, the discontinuation rate of compression garments, which 

was 80% in this study, should be taken into account, as these outcomes are closely connected. 

Some patients present at preoperative measurement with compression garments, which may 

lead to an underestimation of the arm volume [10]. The maximum achievable volume 

reduction by LVA is not yet known as previous studies are mostly retrospective and only 

included a small number of patients. A systematic review by Basta et al. showed LVA to reduce 

limb circumference with a mean of 2.73 cm in upper limb lymphedema. Nevertheless, volume 

reduction may not even be technically possible with an LVA since with presence of tissue 

fibrosis might be irreversible. Improvement in quality of life might be enough reason to offer 

LVA as a successful treatment to patients because complex decongestive treatment also does 

not succeed in releasing all symptoms.  

 

LVA is more successful regarding improvement in quality of life (Lymph-ICF) and 

discontinuation of compression garments according to the study presented in chapter three 

when compared to previous studies [9]. Surgeries were performed by highly trained 

microsurgeons, which was not always the case in previous articles and therefore could explain 

partially the difference [9, 11, 12]. The data presented in chapter four were only based on 20 

patients; hence only limited data was available and no longitudinal analysis could be 
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performed. This study was merely meant as pilot data on the first LVAs performed under local 

anesthesia, thereby greatly reducing the complication risk.  

 

 In the last chapter of the first part of the thesis a systematic review on animal studies 

using vascularized and non-vascularized LNT is presented [13]. Vascularized LNT is already 

applied in a clinical setting as treatment for breast cancer related lymphedema.  On the one 

hand this procedure is more invasive than LVA with a higher complication risk. On the other 

hand, functioning lymphatic collecting vessels are not mandatory and it may therefore be of 

use in advanced stages of lymphedema. A vital transplanted lymph node in the edematous 

arm might be crucial for a successful result, although it remains unclear whether lymph nodes 

would survive without a vascular pedicle [7]. Transplanting the lymph nodes as a free graft 

would decrease the complexity resulting in a more accessible surgical procedure with a lower 

complication risk. The existing evidence on vascularized versus non-vascularized LNT in 

experimental models was revisited. The studies included in chapter 5 were performed in 

heterogeneous animal models. A newly developed effect size, lymph node survival, is assessed 

in an individual participant meta-analysis. We were aware that, due to their heterogeneous 

nature, the results should be interpreted in a cautious manner. Unfortunately, not enough 

data is available to correct the results for differences in study characteristics using a 

multivariable model. Vascularization and the addition of growth factors to the lymph node 

graft were shown to be associated with an improvement in lymph node survival. Yet further 

research is required to confirm these results.  

 

Future perspectives on improving quality of life after breast cancer related lymphedema  

 The incidence of breast cancer continues to grow, as does the survival rate [14, 15]. 

Currently, studies are exploring whether less aggressive treatment of the axilla results in the 

same breast cancer survival rate. Nowadays research is focusing on prevention of breast 

cancer related lymphedema. Yet, in more advanced cases of breast cancer or in cases with 

recurrence, treatment of the axilla may remain inevitable [16]. Therefore, we should continue 

to invest in both preventing and treating this condition.  

 

In future research, preoperative mapping of lymphatic collecting vessels should be 

standardized since functional lymphatics are crucial. A timely referral during early stage 
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lymphedema to a plastic surgeon for stage evaluation and indication for surgery might be key. 

Therefore, awareness should be raised about the potential of surgical treatment for breast 

cancer related lymphedema among the multidisciplinary team of lymphedema caregivers, 

such as general physicians, skin therapists, dermatologists etc.  

The main focus in evaluating the effect of LVA should remain on improving quality of 

life. To further explore the potential of LVA, volume might be measured more precisely; 

patients need proper instructions. In addition, preoperative screening, postoperative 

treatment, changes in quality of life and volume measurement should be protocolized to 

enable the comparison of results between different studies.  

Previous research showed that the level of experience in supermicrosurgical training might be 

the main factor in predicting the success rate of an LVA. To reduce this effect studies on 

supermicrosurgical robots are currently being performed. This might mean that LVA could be 

performed by all plastic surgeons making it more accessible in the future.  

 

 The idea of simplifying LNT by only transplanting the lymph node without 

vascularization may be innovative, though this thesis did not show positive results on non-

vascularized LNT in experimental models.  

 

 Based on the findings of part I in this thesis, future clinical research to establish the 

effect of LVA compared to the complex decongestive therapy is recommended. Regarding 

non-vascularized LNT, further animal studies to confirm the results of the systematic review 

in chapter 5 are mandatory.  

 

 

 

 

 

 

 

 

 

 



Chapter 11: Nederlandse samenvatting 

 177 

Part II: Sensation of the reconstructed breast  

Autologous Breast reconstruction techniques have evolved greatly over the past 

decade. From focussing on survival of the transplanted tissue to minimize (donor site) 

morbidity and improve aesthetical outcome [17]. The goal remains to recreate a natural, 

normal, unharmed, breast in terms of aesthetics and function. Restoring function, in particular 

sensation, has been rather disregarded, despite previous studies showing positive results on 

nerve coaptation in autologous breast reconstruction [18].  

 

Sensation of the breast 

 Restoring a normal body after a mastectomy has proven to increase quality of life [19-

22]. An unaffected breast consists of two important factors; aesthetics and function. Generally 

speaking, in reconstructive surgery the main goal is to restore function. In that sense, it is 

remarkable that in breast reconstruction, esthetics for a long time have been the only goal. As 

a result, beautiful natural looking breast can be achieved by autologous breast reconstruction. 

Other people might not even be able to tell it is a reconstructed breast. Meanwhile, these 

patients themselves can clearly distinct a reconstructed breast from a natural breast due to 

the fact that it feels different to them [23]. The past decade there has been a renewed interest 

in restoring function of the reconstructed breast [18]. The function of the breast might be 

defined as breastfeeding, however restoring the ability to breastfeed after breast 

reconstruction is not possible yet. Sensation could be gathered under function of the breast 

as well. Not much has been written about the normal function and sensation of the breast. In 

order to restore a healthy breast, the concept of sensation of a normal breast should be 

understood first.  

 

Chapter five, therefore describes a qualitative study on the concept of ‘breast 

sensation’ in healthy women. To gain familiarity with the phenomenon breast sensation and 

to acquire new insights to determine what aspects of sensation are relevant to restore. A 

qualitative study in the form of in-depth interviews with healthy women is conducted. A 

qualitative study is used when the research topic is new and no data is available in literature 

[24]. To answer the research question: ‘what is the importance and meaning of sensation of 

the breast?’. Phenomenology was considered the most suitable analyzing method as it 

focusses on a person’s perception of an event and tries to understand people’s perspective of 
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a certain phenomenon. This allowed us to explore the different meanings attributed to the 

phenomenon breast sensation.  

Unlike quantitative research, which most clinicians are familiar with, the results of qualitative 

research may give some indication as to the why, but will not reveal how often. Results of 

qualitative research aim to indicate the direction of future research and are not suitable for 

generalization. The most interesting concept disclosed in our study is that respondents state 

that the erogenous sensation of the nipple is not needful to them. Previously, it was thought 

that restoring sensation in an autologous reconstructed breast is not worthwhile if erogenous 

sensation could not be restored [25]. We might not be able to restore it in breast 

reconstruction as erogenous sensation is complex and presumably requires an intact nipple 

which might have specific receptors for erogenous sensation [26]. Chapter five may indicate 

that the need for restoration of erogenous sensation in relationship to breast reconstruction 

should be reconsidered, no evidence is available yet that erogenous sensation of the breast 

improves quality of life. Therefore, it might be sufficient to only restore tactile (and 

temperature) sensation in an autologous reconstructed breast to improve patient satisfaction 

and quality of life, justifying the use of the anterior cutaneous branch of the third intercostal 

nerve instead of the lateral cutaneous branch (thought to be responsible for nipple 

innervation and thus erogenous sensation). Consequently, nerve coaptation would become 

less complex as the anterior cutaneous branch lies in the same microsurgical field as the 

internal mammary vessels. The operating time would therefore be extended by only 15 

minutes.  

 

The study presented in chapter five is conducted only among healthy women limiting 

the interpretation of the results. Answering questions about a reconstructed breast is 

hypothetical to these women, opening them up for hypothesis bias [27]. Although, exploring 

the concept of breast sensation among women who did not receive a breast operation is 

interesting since no literature is available on this topic and ideally the same situation has to 

be recreated after autologous breast reconstruction.  

 

In chapter six, a systematic review summarizing the results of sensation after 

autologous breast reconstruction with and without nerve coaptation is presented [18]. An 

overview of the existing evidence, the nerve coaptation techniques and measuring methods 
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are described. Remarkably, the measuring methods and surgical techniques are highly 

heterogeneous and the existing evidence is of low methodologic quality. A meta-analysis 

could therefore not be performed, only descriptive data is presented. Definite conclusions 

may not be drawn based on the existing evidence regarding the effect of nerve coaptation on 

objectively measured sensation in autologous breast reconstruction.   

 

In chapter seven, a prospective study of high methodologic quality is presented in 

order to clarify the effect of nerve coaptation. Specifically, in DIEP-flap breast reconstruction 

using the anterior cutaneous branch of the second or third intercostal space. The results 

presented in chapter seven are based on, to the best of our knowledge, the largest study to 

date comparing sensation in DIEP flap breast reconstruction with and without nerve 

coaptation. This study shows nerve coaptation improved sensation in a statistically significant 

manner.  

Sensation throughout this thesis was measured with the Semmes-Weinstein monofilaments 

as they are easy to use, low-cost, handheld instruments [28].  Moreover, measurements may 

be repeated with a small standard deviation and are the most used instrument in previous 

studies assessing sensation of the breast [29]. However, these monofilaments only measure 

pressure sensitivity. Sensation is more complex and consists of different characteristics like 

touch, pain, temperature, vibration, and proprioception. Testing of sensation could be 

performed more extensively in future studies. Besides objectively measured sensation, it is 

crucial to evaluate the effect of nerve coaptation on the quality of life as an improvement in 

objective sensation does not automatically entail an improvement in quality of life. 

Remarkably, only one study by Temple et al measured the effect of nerve coaptation on 

quality of life [30]. This study was a randomized controlled trial and showed a positive effect 

on the quality of life in the group with nerve coaptation if compared to the group without 

nerve coaptation. This article only included patients who underwent a transverse rectus 

abdominis myocutaneous (TRAM) flap breast reconstruction, we cannot be certain the results 

may be extrapolated to women who underwent a DIEP flap breast reconstruction, as is the 

case in the current thesis. Furthermore, the questionnaires used by Temple et al, were not 

specific for quality of life after autologous breast reconstruction following a mastectomy [30]. 

Thirteen other studies included in the review, measured subjective improvement of sensation 

with invalid, self-designed questionnaires [18]. Quality of life is prone to be influenced by 
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various factors other than the intervention of which the effect has to be measured. Using a 

disease-specific, validated, questionnaire is the most optimal method to avoid other factors 

influencing the results. The BREAST-Q is the only validated disease-specific questionnaire to 

evaluate the quality of life in patients who underwent an autologous breast reconstruction 

with a DIEP-flap [31, 32].  

 

In chapter eight the relationship between sensation of a reconstructed breast and 

quality of life, using the BREAST-Q, is evaluated [33]. A statistical significant linear relationship 

between quality of life and sensation is discovered. Yet, a direct link between nerve coaptation 

and improvement in quality of life could not be encountered, most likely due to an 

underpowered study as a result of a small patient population.  

An issue in the evaluation of quality of life remains that a patient, in only able to fill in one 

questionnaire even if they were operated on both sides, if one of the two received another 

type of treatment this would influence the results. Complex statistical models to indicate 

dependent outcomes may be used to overcome this problem. In chapter eight and three, the 

number of patients that received different treatment on both sides was low. It was therefore 

decided to exclude them and apply straightforward statistics to make results comprehensive 

for clinicians.  

 

The final study presented in chapter nine aims to improve the current technique of 

nerve coaptation in autologous breast reconstruction [26]. The quality of preoperative 

sensation of the native skin of the potential donor sites for autologous breast reconstruction 

is considered. Different donor sites may be chosen from in autologous breast reconstruction. 

The most common donor sites, (areas where women tend to have some extra subcutaneous 

tissue) are:  deep inferior epigastric perforator (DIEP), lateral thigh perforator (LTP), profunda 

artery perforator (PAP), superior gluteal artery perforator (SGAP) and transverse 

musculocutaneous gracilis (TMG) flap. Sensation of these different native donor sites is tested 

in a group of healthy women. The DIEP flap is the most sensitive, even more sensitive than a 

healthy breast, according to our results. These findings might be taken into consideration 

during the selection of the donor site, which depends on several factors like; patient’s shape, 

previous scars, imaging of the vessels, pedicle length, postoperative complications and 
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patient’s wish etc. As in previous chapters, sensation was measured with the Semmes-

Weinstein monofilaments therefore only pressure sensitivity was taken into consideration.   

 

Future perspectives on improving sensation of the reconstructed breast (part II) 

 No questionnaire is available to evaluate the quality of life associated with breast 

sensation after autologous breast reconstruction. Chapter five might help in developing such 

a tool, as the themes found in this study may present the base of a questionnaire. Yet, future 

qualitative research in patients who underwent a mastectomy and autologous breast 

reconstruction to confirm these themes is mandatory. In addition, studies with larger 

databases and questionnaire specific for breast sensation, will allow us to correct for other 

factors in the statistical analysis of quality of life to further purify the sole effect of nerve 

coaptation. More details than only pressure sensitivity, should be taken into consideration in 

evaluating sensation of the breast. As shown in chapter six, two-point discrimination, pain, 

temperature and vibration might also be measured providing more detail.  

 

 This thesis has proven that an improvement in sensation is directly and statistically 

significantly correlated with an improvement in quality of life [33]. Future research should 

therefore focus on improving the current technique of nerve coaptation. For instance, on the 

effect of a nerve conduit, the most suitable recipient nerve on the thorax, the anatomy of the 

nerves innervating a natural breast and the most suitable donor nerve on the abdomen (as 

the DIEP remains the most used donor site and has proven to be the most sensitive). Lastly, 

the somatosensory cortex combined with other parts of the brain presumably plays an 

important role in providing a qualitative aspect to sensation such as pleasantness of touch. 

Future studies could therefore also examine the somatosensory plasticity after autologous 

breast reconstruction.  

 

 Breast sensation remains undervalued in literature, effort on researching the topic is 

recommended. As the current thesis has shown restoring tactile sensation improves quality 

of life after (prophylactic) breast cancer treatment.  
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Conclusions 

Both LVA and nerve coaptation show promising results regarding the role of 

reconstructive surgery in improving the quality of life after (prophylactic) breast cancer 

protocols in treating lymphedema and loss of breast sensation. Moreover, these techniques 

are safe without additional complication risks.  

 

In further evaluation the focus should remain the improvement in quality of life rather 

than only improving objective outcomes.  

 

 The thesis has presented data that are not yet sufficient to modify Dutch guidelines, as 

this requires level A evidence. To confirm our findings, efforts regarding the conduct of multi-

center (double) blinded randomized controlled trials must remain the goal.  
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Inleiding 

Borstkanker is de meest voorkomende kanker bij vrouwen. Dat heeft enerzijds te 

maken met een stijging in de incidentie door recente veranderingen in levensstijl en een 

verbeterd screeningsprogramma en anderzijds met de overlevingskans die blijft stijgen dankzij 

geavanceerde behandelingen. In Nederland werd het bevolkingsonderzoek geïntroduceerd in 

1990 voor vrouwen tussen 50 en 75 jaar. Deze screeningsmethode is uitermate succesvol met 

een gemiddelde van 83% van de vrouwen die gehoor geeft aan de oproep. Dit heeft geleid tot 

duidelijke gevolgen; het risico voor een vrouw om borstkanker te krijgen is gestegen van 1 op 

8 naar 1 op 6.6 gelukkig is ook de 5-jaarlijkse overlevingskans gestegen naar 90%.  

 

Doordat genetisch testen gestandaardiseerd werd en in populariteit is gestegen, is niet 

alleen de groep vrouwen met borstkanker gestegen maar ook de groep vrouwen die 

gediagnosticeerd worden met een verhoogde genetische kans op het ontwikkelen van 

borstkanker in de toekomst. De meest bekende mutaties zijn deze in de BRCA1 of 2 genen, 

vrouwen met die mutaties komen in aanmerking voor een preventieve behandeling onder 

andere in de vorm van borstamputatie.  

 

Concluderend kunnen we stellen dat het aantal vrouwen die leven met de gevolgen 

van een (preventieve) borstkankerbehandeling stijgt. Bovendien zijn vrouwen over het 

algemeen jonger op het moment dat ze therapie ondergaan, door invoering van het 

bevolkingsonderzoek en genetisch testen, en stijgt de overlevingskans. Hierdoor is de periode 

dat vrouwen leven met de gevolgen van een (preventieve) borstkankerbehandeling langer. Bij 

gevolg is de kwaliteit van leven na een (preventieve) borstkanker behandeling van 

fundamenteel belang geworden binnen het borstkankeronderzoek.   
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Doel van de thesis 

Het doel van deze thesis is om te bepalen of chronische ‘bijwerkingen’ van 

(preventieve) borstkankerbehandelingen aangepakt kunnen worden middels chirurgische 

reconstructie om zo de kwaliteit van leven te verbeteren. Meer specifiek zal deze thesis zich 

verdiepen in de chirurgische reconstructieve behandelopties voor lymfoedeem van de arm en 

het verlies van gevoel in de gereconstrueerde borst.  

 

De thesis werd verdeeld in twee delen. Deel 1 (hoofdstuk 1 tot en met 4) zal zich 

focussen op het mogelijke effect van een lymfoveneuze anastmose en 

lymfekliertransplantatie op de kwaliteit van leven gerelateerd aan lymfoedeem van de arm na 

een borstkankerbehandeling.  Deel 2 (hoofdstuk 5 tot en met 9) zal onderzoeken of het 

microscopisch verbinden van een gevoelszenuw van de borstkas aan een gevoelszenuw van 

het getransplanteerde weefsel vanuit de buik bij vrouwen die een DIEP-lap borstreconstructie 

ondergaan na een borstamputatie, een verbetering in de kwaliteit van leven met zich 

meebrengt.  
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Deel I: Borstkanker gerelateerd lymfoedeem  

In hoofdstuk 1 wordt een systematisch overzicht van de bestaande literatuur in 

verband met het meten van de kwaliteit van leven bij vrouwen met borstkanker gerelateerd 

lymfoedeem gepresenteerd. In de literatuur zijn er veel verschillende vragenlijsten in gebruik 

om de kwaliteit van leven bij patiënten met lymfoedeem na borstkanker te meten. Deze studie 

kijkt naar de voor- en nadelen van de bestaande gevalideerde vragenlijsten. Uit de resultaten 

blijkt dat de Lymph-ICF vragenlijst het meest geschikt is om kwaliteit van leven specifiek 

gerelateerd aan lymfoedeem te meten. Deze vragenlijst is het meest compleet, wordt 

beantwoord door middel van een VAS-score, biedt de mogelijkheid om een score per domein 

en een totaalscore te berekenen en de statische en klinische significante verschillen werden 

reeds bepaald. De Lymph-ICF vragenlijst wordt dan ook verder gebruikt doorheen deze thesis 

om het effect van de reconstructieve chirurgie te evalueren.   

  

In hoofdstuk twee wordt de bestaande literatuur over het effect van LVA voor 

patiënten met lymfoedeem na borstkanker op een overzichtelijke wijze gepresenteerd. Meer 

specifiek wordt het effect op kwaliteit van leven onderzocht. Daarbij wordt ook gekeken naar 

het kunnen staken van compressietherapie. Uit deze studie komt naar voren dat de bestaande 

literatuur van inferieure methodologische kwaliteit is; de meeste studies zijn bewijs van level 

III met een retrospectieve opzet. Bovendien is de data heterogeen, wat kan zorgen voor een 

bias. Desondanks is de data toch gecombineerd om subgroup analyses uit te voeren. Het is 

daarom belangrijk om de data met enige zorgvuldigheid te interpreteren. Uit deze analyses 

blijkt dat de duur van ziekte en ernst van lymfoedeem beide omgekeerd evenredig 

geassocieerd zijn met een reductie in omvang van de arm. De studie toont ook aan dat het in 

kaart brengen van de functionaliteit van de lymfevaten de belangrijkste factor is die het succes 

van een LVA bepaald.  

 

In hoofdstuk drie wordt een prospectieve klinische studie beschreven naar de kwaliteit 

van leven bij vrouwen met lymfoedeem van de arm na een borstkankerbehandeling die een 

LVA ondergingen onder lokale verdoving. De kwaliteit van leven gemeten middels de Lymph-

ICF is de primaire uitkomstmaat. Het staken van compressietherapie en het armvolume 

(volgens de UEL-index) worden gerapporteerd als secundaire uitkomstmaten. Uit de 

resultaten blijkt dat 90% van de patiënten een verbetering in kwaliteit van leven hebben 
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waargenomen en 85% kan de compressietherapie staken maar bleven wel manuele 

lymfedrainage therapie ondergaan. Het armvolume toonde minder positieve resultaten met 

geen statisch significant verschil tussen voor en na LVA. Hierbij moet de kanttekening gemaakt 

worden dat het armvolume sterk gerelateerd is aan het staken van compressietherapie. 

Tijdens de preoperatieve metingen werd de compressiekous gedragen wat kan leiden tot een 

onderschatting van het werkelijke armvolume. De data gepresenteerd in dit hoofdstuk is enkel 

gebaseerd op 20 patiënten, een longitudinale analyse is daarom niet bijdragend.  

 

In hoofdstuk vier wordt de bestaande literatuur geanalyseerd naar het gebruik van 

gevasculariseerde en niet-gevasculariseerde lymfekliertransplantaten in experimentele 

diermodellen. Gevasculariseerde lymfekliertransplantatie wordt reeds gebruikt in de kliniek 

voor borstkanker gerelateerd lymfoedeem. Deze techniek is meer invasief in vergelijking met 

LVA maar kan worden toegepast bij vrouwen die vergevorderd lymfoedeem hebben waarbij 

de lymfevaten niet meer functioneel zijn. Een vitale lymfeklier is cruciaal voor het succes van 

deze behandeling. Het blijft onduidelijk of een getransplanteerde lymfeklier een vaatsteel 

nodig heeft om te kunnen overleven. De lymfeklier transplanteren als een greffe zonder 

vaatsteel zou de complexiteit verminderen en de ingreep meer toegankelijk maken. Om die 

reden werd een individuele participant meta-analyse uitgevoerd in hoofdstuk 4 met de data 

van bestaande artikelen van gevasculariseerde en niet gevasculariseerde 

lymfekliertransplantatie waarbij de overleving van de lymfeklieren werd geëvalueerd. Deze 

resultaten moeten voorzichtig geïnterpreteerd worden vanwege de heterogene aard. De 

hoeveelheid data liet ons niet toe om te corrigeren voor verschil in studiekarakteristieken. Uit 

deze studie blijkt dat vascularisatie en het toevoegen van groeifactoren positief geassocieerd 

zijn met de overlevingskans van een getransplanteerde lymfeklier.   
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Deel II: Gevoel in een gereconstrueerde borst 

In hoofdstuk vijf worden de resultaten van een kwalitatieve studie gepresenteerd naar 

het concept ‘gevoel van de borst’. Deze resultaten zijn gebaseerd op de fenomenologische 

analyse van gestructureerde individuele diepte-interviews uitgevoerd in een diverse groep 

van tien vrouwen die geen operaties aan de borst in de voorgeschiedenis hadden. De 

literatuur over gevoel van de borst beperkt zich tot negatief geassocieerd gevoel, veelal pijn 

na borstoperaties. In deel II van deze thesis zijn we geïnteresseerd in het hele aspect van 

gevoel van de borst om dat te kunnen herstellen in een gereconstrueerde borst. Om te kunnen 

begrijpen wat gevoel in de borst betekent voor vrouwen, en of het belangrijk is, werd deze 

studie uitgevoerd. Het meest interessante resultaat van deze studie is dat erogeen gevoel voor 

sommige respondenten niet noodzakelijk is. Dat is interessant omdat herstel van erogeen 

gevoel tot nu toe technisch niet mogelijk lijkt en enkele in sporadische casussen hersteld kon 

worden. Tastzin is technisch wel mogelijk om te herstellen, gebaseerd op dit onderzoek zou 

dat voldoende kunnen zijn om de kwaliteit van leven te kunnen verbeteren bij vrouwen met 

een gereconstrueerde borst. Echter geven de resultaten van een kwalitatieve studie, in 

tegenstelling tot die van een kwantitatieve studie, enkel een indicatie of nieuwe inzichten, 

maar kunnen we deze resultaten niet veralgemenen. Bovendien werd de studie uitgevoerd bij 

gezonde vrouwen en kunnen we de resultaten niet zomaar extrapoleren naar vrouwen die 

een borstamputatie ondergingen. Hiervoor zal een follow-up studie nodig zijn bij vrouwen die 

reeds een borstamputatie ondergingen.  

 

In hoofdstuk zes wordt een systematische review van de literatuur naar het effect van 

het aansluiten van een sensibele zenuw bij een autologe borstreconstructie op de kwaliteit 

van leven en het objectief gemeten gevoel bestudeerd. Alsook naar de verschillende 

methoden voor het aansluiten van de gevoelszenuw en methoden die gebruikt worden om 

kwaliteit van leven en objectief gevoel te meten in deze patiëntenpopulatie. Zodat in de 

volgende studies de meest geschikte meetmethode gebruikt kan worden. Uit deze studie 

komt vooral naar voren dat de heterogeniteit in chirurgische techniek en meetmethoden zeer 

groot is. Daarom moeten de resultaten met enige voorzichtigheid geïnterpreteerd worden. 

Het aansluiten van een sensibele zenuw is positief geassocieerd met een verbetering in 

objectief gevoel en kwaliteit van leven.  
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In hoofdstuk zeven worden de eerste resultaten vanuit ons centrum (MUMC+) 

gepresenteerd naar het effect van het aansluiten van een sensibele zenuw bij een 

borstreconstructie met eigen abdominaal weefsel (DIEP-lap) op het objectief gemeten gevoel 

(Semmes-Weinstein monofilamenten). De resultaten van deze studie laten zien dat het 

aansluiten van een sensibele zenuw zorgt voor een statische significante verbetering in 

objectief gemeten gevoel. In deze studie werd de sensibele zenuw van de lap aangesloten op 

de thorax aan de anterieure cutane tak van de intercostaal zenuw omdat deze tak in hetzelfde 

microchirurgische veld ligt als de mammaire vaten die gebruikt worden voor de 

vaatanastomose, in tegenstelling tot de laterale tak die ook frequent beschreven wordt in de 

literatuur. Hierdoor wordt de operatietijd gemiddeld met slechts 15 minuten verlengd en is 

de ingreep niet geassocieerd met een verhoogd complicatierisico.  

 

In hoofdstuk acht presenteren we de eerste prospectieve resultaten over het effect 

van het aansluiten van de sensibele zenuw bij een borstreconstructie met eigen weefsel (DIEP-

lap) op de kwaliteit van leven. Omdat een verbetering in objectief gevoel niet automatisch 

een verbetering in kwaliteit van leven betekent. Uit deze analyse blijkt dat er een statisch 

significante lineaire relatie is tussen kwaliteit van leven (BREAST-Q domein fysiek welzijn van 

de borstregio) en gevoel in de gereconstrueerde borst.  

 

In hoofdstuk negen wordt de gevoeligheid van de verschillende, meest gebruikte, 

mogelijke donorsites voor een borstreconstructie met gebruik van eigen weefsel, met elkaar 

vergeleken; DIEP-lap, LTP-lap, PAP-lap, SGAP-lap en TMG-lap. Op die manier zou de huidige 

techniek voor het herstellen van het gevoel van een gereconstrueerde borst met eigen 

weefsel in de toekomst verbeterd kunnen worden. Uit deze studie komt naar voren dat de 

huid van de DIEP-lap borstreconstructie het meest gevoelig is (gemeten met de Semme-

Weinstein monofilamenten), zelfs gevoeliger dan een natuurlijke, niet geopereerde borst. 

Hoewel, donorsite selectie van meerdere factoren afhankelijk is, zouden deze resultaten in de 

beslissing meegenomen kunnen worden bij vrouwen die herstel van het gevoel van de 

gereconstrueerde borst belangrijk vinden.  
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Conclusie 

Zowel LVA als het aansluiten van de sensibele zenuw bij een autologe 

borstreconstructie (met een DIEP-lap) laten veelbelovende resultaten zien wat betreft een 

verbetering in kwaliteit van leven. Bovendien zijn deze chirurgische reconstructie technieken 

veilig en brengen ze geen verhoogd complicatie risico met zich mee.   

 

 Maar de data gepresenteerd in deze thesis is niet voldoende om de richtlijnen aan te 

passen aangezien hier level A bewijs voor nodig is. Om deze resultaten te bevestigen blijven 

dubbel geblindeerde gerandomiseerde studies het streven.  
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 The research conducted in this thesis has a high social relevance. First of all, breast 

cancer is the most frequent cancer affecting women. The lifetime risk of developing breast 

cancer for Dutch women is 12-13%. As emphasized in the introduction of this thesis, the 

implementation of a Dutch population-based screening program and improved treatment 

caused an increase in the number of long-term breast cancer survivors. The fact, that more 

women will go on to survive the initial treatment phase, has caused a shift of attention from 

breast cancer survival to quality of life after breast cancer treatment. The results of this 

thesis can thus potentially change the quality of life of a high number of women. Moreover, 

women undergoing (preventive) treatment keep on being younger, this in combination with 

the higher survival rate results in a longer period that women have to live with the 

consequences of such treatment. Further increasing the potential social relevance of this 

thesis.  

 This thesis consciously focuses on improving the quality of life of women who 

underwent (preventive) breast cancer treatment rather than focusing on objective 

measurements; in this case arm volume for part I and objective sense of touch in part II. 

Moreover, most of the studies described in the thesis describe clinical studies. The results of 

these studies might therefore be directly translated into clinical practice. Especially since 

both treatment options are relatively cost-beneficial if the QALY’s are calculated based on 

our pilot data. More importantly, these treatments are proven to be safe without extra 

complication risks besides the regular risks associated with every surgical intervention such 

as infection or postoperative bleeding. Facilitating the implementation of these 

reconstructive surgical treatment options in the future.  

 However, based on this thesis not enough evidence exists yet to justify added 

government expenses for these two innovative treatments. Usually this demands level A 

evidence before population based clinical implementation is allowed and reimbursed by the 

Dutch government. This requires two randomized controlled trials to confirm LVA in BCRL 

and adding nerve coaptation to autologous breast reconstruction improves the quality of 

life.  
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Based on the pilot data presented in this thesis a power calculation for these two 

randomized controlled trials with quality of life and thus QALY’s as primary outcome could 

be calculated. This led to several research grant proposals. Recently, two proposals were 

honored with the title ‘Improving quality of life for patients with breast cancer-related 

lymphedema by lymphaticovenous anastomosis (LVA): A randomized controlled trial.’ and 

the proposal with the title ‘Improving the quality of life of breast cancer patients by restoring 

the sensation of the reconstructed breast: A randomized controlled trial’. The fact that these 

two proposals were honored emphasizes the social importance of the research topic 

described in this thesis. The honoring of these two proposals means that there is enough 

financial security to further implement the research results of this thesis. 
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Dit proefschrift was natuurlijk nooit tot stand gekomen zonder de hulp van anderen. Dit is voor jullie 

allemaal en dankzij jullie allemaal. Graag wil ik een enkele mensen in het bijzonder bedanken: 

 

Professor van der Hulst, mijn promotor: bedankt om mij ondanks uw vele functies als hoofd van de 

afdeling, gerespecteerd chirurg en gedreven wetenschapper te introduceren in een wereld waar 

onderzoek en kliniek elkaar ontmoeten. Ik ben erg dankbaar dat u mij het vertrouwen heeft gegeven 

om dit wetenschappelijk onderzoek te mogen starten op de afdeling plastische chirurgie meteen na 

mijn semi-arts stage. Hierdoor heb ik me de afgelopen jaren verder kunnen ontwikkelen, niet alleen 

als wetenschapper.  

 

Dokter Tuinder, mijn copromotor: aan het einde van mijn semi-arts stage kwam ik bij u terecht 

vanwege mijn interesse in wetenschappelijk onderzoek. Wat ben ik blij dat dat zo gelopen is. U bent 

iemand die onderzoek doet vanuit de patiënten, om hen in de toekomst de beste behandeling te 

kunnen bieden. Ik kijk op naar u om die manier van werken en om uw onuitputtelijke toewijding als 

chirurg aan uw patiënten. Bovendien wist u me altijd op de juiste manier te motiveren en leerde u me 

goed kennen waardoor u ook meteen wist wanneer iets niet goed liep en nam u de tijd om dit rustig 

met me te bespreken. Dat heb ik als zeer waardevolle momenten ervaren, waarvoor dank. Tevens 

leerde u me de wereld van internationale wetenschappelijke congressen kennen en hebben we mijn 

eerste presentaties tot in de puntjes voorbereid. U heeft me daarna de kans gegeven om deze wereld 

verder te ontdekken, mensen te leren kennen en ontzettend veel ervaring op te doen.  

Dokter Qiu, mijn tweede copromotor: al van het begin klikte het meteen tussen ons. We hebben 

dezelfde pragmatische aanpak in het wetenschappelijk onderzoek. Bedankt dat u het op zich heeft 

genomen om me te begeleiden tijdens mijn eerste stappen op wetenschappelijk vlak tijdens mijn 

studententijd. Wat heb ik veel van u geleerd en wat heeft u veel tijd en moeite gestoken in het 

verbeteren van mijn allereerste stukken waarvoor enorme dank. De talrijke besprekingen waren zeer 

waardevol en hebben tot verdere diepgang van het onderzoek geleid. Bedankt voor uw geduld en om 

zo benaderbaar te zijn. Samen zagen we niet snel problemen op de weg. Uw enthousiasme en 

eindeloze energie werkten aanstekelijk en zijn zeer belangrijk geweest in het afmaken van mijn 

promotieonderzoek binnen 2 jaar na afronden van mijn studie.  

Wat kijk ik ernaar uit om na mijn vooropleiding weer te kunnen samenwerken met jullie. Ik hoop dat 

jullie de rol als mijn mentoren in de toekomst verder willen vervullen en ik kan niet wachten om van 

jullie te mogen leren opereren!  
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Hooggeleerde heren en vrouwen van de beoordelingscommissie: prof. dr. D.J.O. Ullrich, dr. M.L. Smidt, 

dr. E.M.L. Corten en in het bijzonder de voorzitter prof. dr. Y. Temel, bedankt voor het lezen en 

beoordelen van mijn proefschrift en om zitting te nemen in deze commissie.  

 

Dokter Heuts, eigenlijk mijn derde copromotor: zonder u zou ik hier niet staan. Dank u wel om aan 

mijn zijde te staan van zodra ik kwam binnenvallen in uw kantoor. Vanaf het begin van mijn traject was 

u nauw betrokken bij het verkrijgen van subsidies en het opzetten van studies. Bedankt voor de 

spontane, ontspannende bezoekjes en brainstormsessies aan onze onderzoekskamer. Uw 

betrokkenheid als begeleider is ongekend, bedankt om altijd tijd voor me te maken, uw hulp bij kleine 

en grote beslissingen en me het gevoel te geven dat ik altijd mijn verhaal bij u kwijt kon.  

 

Verder wil ik alle stafleden plastische chirurgie uit de regio bedanken voor de interesse en advies voor 

mijn onderzoek. In het bijzonder dokter Piatkowski, mijn semi-arts begeleider, bedankt om me warm 

te maken voor een promotietraject. Bovenal bedankt dat u zich om mij heeft bekommerd toen ik als 

onzekere studente begon op uw afdeling. Bedankt voor uw geduld en waardevol advies, niet alleen 

wat onderzoek betreft.  

 

Mijn paranimfen: Tiara, leuk dat ik zo een oprecht persoon mocht opvolgen in het 

lymfoedeemonderzoek. Inmiddels zijn we dikke vriendinnen geworden. Je staat altijd voor mij klaar 

tijdens en na werk. Ik geniet van onze ongeplande etentjes en heb zo een gevoel dat wij elkaar nog 

veel gaan zien ondanks dat je verhuisd bent naar Leiden.  

Jop, wij hebben niet veel woorden nodig om elkaar te begrijpen. Onze samenwerking is altijd erg 

natuurlijk verlopen. Ik heb veel van je geleerd en veel aan je te danken. Ik ben dan ook super blij dat 

ik nog lang collega van jou mag zijn tijdens onze verdere opleiding. Hopelijk breien we samen een mooi 

vervolg aan onze wetenschappelijke carrières.  

 

Al mijn andere collega-assistenten: Michelle, Volkan, Lisette, Juliette, Rutger, Renee, Nadine, Mintsje, 

Laura, de collega’s uit Eindhoven Marijke, An, Alexander, Emiel, Martijn en de BAIO’s Margot en 

Nicholas wil ik bedanken. Sommige wat meer voor de wetenschappelijke ondersteuning en andere 

voor de zeker ook onmisbare ontspanning tijdens en na werk. Uiteraard wil ik ook mijn collega-

onderzoekers en Wesp studenten bedanken; Todor, Jip, Andrea, Lotte, Joost, Sander, Ennie bedankt 

voor de spontane en vlotte samenwerking in ‘ons hok’.  
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Ik apprecieer het heel erg dat ik door de hulp van onze geweldige secretaresses en office manager 

Petra, Jolanda en Marielle me niets moest aantrekken van de praktische, logistieke en financiële 

beslommeringen. Bovendien maakte jullie tijd voor een babbel met me als het even tegenzat. Bedankt!   

 

Alle polidames wil ik bedanken voor hun geduld als ik weer eens een kamertje bezet hield voor een 

meting en in het bijzonder Antoinette, Lilian, Karin, Debbie, Frieda en Fiona voor de hulp.  

 

De afdeling anatomie van de Universiteit Maastricht: eerst en vooral, professor Lataster, bedankt om 

me onder uw vleugels te nemen. Ik heb ervan genoten om mijn eerste ervaringen in het dissecteren 

onder uw hoede op te doen. Ik heb uw geduld en tijd hierin erg gewaardeerd. Wat heb ik enorm veel 

van u geleerd wat betreft wetenschappelijk onderzoek, in het bijzonder hoe belangrijk systematiek van 

methode is en een gedegen literatuurstudie voor de start van een nieuwe studie. Uw kritische blik is 

zeer belangrijk geweest tijdens de samenstelling van dit boekje. Ik heb onze samenwerking als zeer 

prettig ervaren, ondanks dat het onderzoek niet altijd verliep zoals we hadden verwacht. Maar u had 

altijd nog een alternatieve, innovatieve route in uw hoofd om tot ons doel te komen. Ik hoop dan ook 

dat ik in de toekomst nog de kans krijg om met u samen te werken. Paul van Dijk, bedankt voor uw 

geduld om me de eerste stappen bij het maken en beoordelen van histologische plaatjes bij te 

brengen. Bovendien heb ik de bezoekjes aan uw lab als erg aangenaam ervaren. Greet Mommen, 

bedankt voor de fantastisch mooie afbeeldingen gepresenteerd in deze thesis. Ook een grote 

dankuwel aan Sandra Reijnders voor het regelen van alle afspraken.  

 

Professor Slatman, u heeft me kennis laten maken met de voor mij nieuwe wereld van kwalitatief 

onderzoek. Ik vond het heel leuk om een stuk te schrijven buiten mijn ‘comfort zone’. Bedankt voor 

uw geduld en het meerdere malen reviewen van mijn stukken.  

 

Verder een welgemeende en belangrijke dankjewel aan doctor van Kuijk van de afdeling KEMTA. Beste 

Sander, uw hulp bij het opzetten van de databases en uitvoeren van statistische analyses was 

onmisbaar. Wat was het waardevol voor me dat ik u altijd kon bellen, dat u vrijwel meteen terugmailde 

en altijd wel een gaatje in uw agenda voor me vond zodat mijn onderzoek geen vertraging op liep! 

Hopelijk mag ik in de toekomst nog met u samenwerken.  
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Professor Caers, beste Eric: dankzij uw hulp, met de assistentie van Eva Cordery van de UHasselt 

hadden de reviewers nooit commentaar op het taalgebruik van mijn artikels. Ik heb uw supersnelle 

feedback en uw perfectionisme tijdens het nakijken erg gewaardeerd. Hierdoor zijn de stukken 

gepresenteerd in deze thesis naar een hoger niveau getild. Bovendien heeft het ongetwijfeld een 

belangrijke rol gespeeld in het snel geaccepteerd krijgen van alle stukken gepresenteerd in de 

voorgaande hoofdstukken in Engelstalige peer-review tijdschriften.  

 

Zonder de financiële steun van GROW onder begeleiding van prof. dr. F Ramaekers in de vorm van het 

Kootstra Fellowship was het voor mij niet mogelijk geweest om voldoende lang fulltime onderzoek te 

doen, waarvoor dank. Verder wil ik ook Brigitte Custers in het bijzonder bedanken voor alle tips en 

advies.  

 

Dear professor Rozen, I truly appreciate the opportunity I got to perform a research fellowship at the 

Department of Plastic Surgery at UT Southwestern, Dallas Texas under the supervision of such a 

talented surgeon and researcher. Thank you for the freedom during this time to finish my thesis. Your 

hospitality and the hospitality of your incredible team, especially Toni and Oneida, are unprecedented. 

I am very honored you were willing to take the long flight to be a member of my corona. I would be 
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