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Stellingen 

1) Computer tomografie angiografie en magnetische resonantie 
angiografie zijn momenteel de beste methoden om de vascula
tuur van lappen met een minder voorspelbare anatomie pre
operatief in kaart te brengen. 

2) Bij lappen met een voorspelbare anatomie of een oppervlakki
ge vaatsteel, blijven de hand Doppler of zelfs geen aanvullend 
onderzoek de voorkeur houden om de vasculatuur in kaart te 
brengen. 

3) De introductie van computer tomografie angiografie als onder
deel van de work-up van de perforatorlap borstreconstructies 
in plaats van enkel de hand Doppler kan een significante ver
mindering van de operatietijd opleveren. 

4) Er zijn concrete aanwijzingen dat de drukverandering in de op
pervlakkige vene van DIEP lappen na dissectie van de lap van 
voorspellende waarde is voor veneuze stuwing. 

5) In de literatuur wordt het gebruik van enkel conventionele mo
nitor methoden niet aangeraden in verband met de langere 
reactietijd en een verminderde betrouwbaarheid. 

6) Bij bestudering van de literatuur, lijken het. implanteerbare 
Doppler systeem, near infrared spectroscopy en laser Doppler 
flowmetry de beste monitor methoden die op dit moment be
schikbaar zijn. 

7) Ondanks de goede negatief voorspellende waarde van het im
planteerbare Doppler systeem ten aanzien van het aantonen 
van arteriele en veneuze complicaties na reconstructie van de 
borst, zou de positief voorspellende waarde nog beter kunnen 
en daarmee is de zoektocht naar de ultieme monitor methode 
nog niet beeindigd. 

8) De invoering van het implanteerbare Doppler systeem leidt 
niet tot een significante toename in het succes percentage van 
gereviseerde lappen ten opzichte van conventionele monitor 
methoden. 



9) Het implanteerbare DoppJer systeem maakt het monitoren van 
vrije lappen voor personeel niet gemakkelijker. 

10) Budgetkortingen en bevriezing van het Budgetkaderzorg zijn 
geen effectieve manieren om de stijgende kosten van de zorg 
te beteugelen. Er zullen keuzes gemaakt moeten worden over 
de zorg die aangeboden wordt. 

11) Het is in het belang van de patient dat de oncologische resectie 
en de daaropvolgende reconstructie door twee separate teams 
wordt uitgevoerd. 

12) De wetenschappelijke ontwikkelingen, de technische vooruit
gang en de steeds hoger wordende eisen met betrekking tot de 
kwaliteit van zorg maken het nodig dat de rolverdeling van de 
verschillende specialismen herzien wordt. De rol van de gene
ralist zal hierbij verdwijnen. 
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Chapter 1 

Design and rationale of the thesis 

Defects, depending on their size, location and cause, can create a chal
lenge for closure. If this is indeed the case, the reconstructive ladder 
needs to be considered. On top of that ladder is the free flap or free 
microvascular tissue transfer. A free flap is an organ-like piece of tissue, 
which can be isolated on a vascular pedicle and moved from one site on 
the body to another site. During this transfer its blood supply is detached 
from its donor site and later attached or anastomosed at or near the 
recipient site. As the artery and vein(-s) of such a flap are of relatively 
small caliber (usually smaller than 2-3mm), the anastomes are made 
with microsurgical techniques. The most common indications for a free 
flap are reconstructions after tumor resection and trauma. Other indi
cations include defects following infections, congenital deformities and 
burns. 

The origins of microvascular surgery can be traced back to the early 
1900's. Alexis Carrel1 illustrated reproducible methods of suturing ves
sels together with high patency rates, and in the 1920's the operating 
microscope was introduced by ENT-doctor Nylen. 2 It took until 1957 be
fore free vascularized human tissue transfer was accomplished when 
an esophagus was reconstructed with a free jejunal segment. 3 However 
due to the popularity of other regional flap techniques and lack of fine 
sutures and instruments, it took until the 1970s before further large mi
crovascular advances were made. During that period multiple reports of 
free fasciocutaneous flaps4-7 as well as other flaps8

'
9 were published. In 

the decennia thereafter more and more flaps were developed with dif
ferent constitution and characteristics. 

For a successful free flap reconstruction three stages are important; 
the preoperative planning of the flap, the surgery itself and the post 
operative care. All. advancements within these three different stages 
may contribute to a safer, faster a nd easier to perform free flap pro
cedure. Initially, research concerning flaps focussed predominantly on 
the operative procedure itself, investigating which flaRS to use in what 

10- 12 . 13-15 . type of defects� the number and type of ped1cles, the innerva-
tion of flaps, 16

'
1 how to treat venously compromised flaps, 18, 19 and the 

kind of anastomotic material to be used. 20-22 As a result, it has become 
very c.lear which measures are essential to make the procedure more 
reliable. 

Although the preoperative planning of the flap and the post operative 
care have been addressed in earlier investigations, special attention has 
been given to them in recent years. The introduction of computed. to
mography angiography (CTA) in the planning of perforator flaps in 2006 
by Masi a et al. 23 for example showed the potential of new preoperative 
vascular mapping techniques, while the awareness of the limitations of 
conventional monitoring methods24

'
25 led to the introduction of new con

tinuous monitoring methods. 

10 



Design and rationale 

A decent preoperative planning of the flap can improve surgery by giving 
the surgeon insight of the vascular anatomy and its surrounding be
fore the surgery has begun. With this information at least in theory the 
surgeon may be able to select the best perforator prior to surgery a nd 
thereby make the surgery more straightforward. 

A variety of mapping methods exist, and the most commonly used 
are handheld Doppler, color duplex sonography, conventional digital  
subtraction angiography, computed tomography angiography (CTA) a nd 
m agnetic resonance angiography (MRA). Of these techniques CTA23

'
26 

ll� and MRA ' seem to have the most potential. It has been shown that 
they can produce a good 3D image of the vessels and their surroun
ding structures. It is however not known how the depiction of these 3D 
images of the vessels and their surrounding structures may influence
clinical practice, and this has been one of the reasons to start this re
search. Post-operative monitoring is of importance because the sooner 
a vascular occlusion of the pedicle of a flap is detected and acted upon, 
the higher the chances on flap survival are. 29

'
30 The most commonly a p

plied monitoring methods are conventional techniques, such as clinical 
assessment of skin color, turgor and temperature of the flap, capillary 
refill and hand-held Dop:Rler. In only approximately 10% of the cases 
other methods are used. 1

'�
2 Limitations of the aforementioned m ethods 

however, are that  they do not monitor the blood flow of the flap conti
nuously. The latest continuous measuring devices that have emerged on 
the market are an implantable Doppler system, near infrared spectros
copy and laser Doppler flowmetry. Although all these techniques show 
potential, an implantable Doppler system has some advantages others 
do not have: this system monitors the venous flow directly and there
fore alterations in flow can be detected immediately when they occur, 
furthermore it has been suggested that the system's reading is easy to 
interpret, making it friendly in use. 33 Evidence however is lacking. 

Therefore, the general aim of this thesis was to investigate if innova
tions in free flap surgery are indeed able to improve the outcome of free 
flap reconstructions. In line with the recent developments as described 
above, the focus of this thesis is the role of preoperative investigations 
of the vasculature of the flap and the postoperative monitoring. The 
improvement of these two stages of free flap reconstruction, should ul
timately lead to an optimal result for the patient and a more profitable 
procedure for the hospital. 
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Chapter 1 

Specific aims 

1. To create an overview of the methods used in the pre-operative 
planning of free flaps. 

2. To investigate if computed tomography angiography makes the har
vesting of the deep inferior epigastric perforator flap in breast re
construction faster and easier. 

3. To find an easy and objective method to predict or test venous con
gestion. 

4. To create an overview of th·e most commonly used flap monitoring 
methods available today. 

5. To test the reliability of an implantable Doppler system in the moni
toring of free flap breast reconstructions. 

6. To investigate the efficiency of an implantable Doppler system. 
7. To test which m ethod, the implantable Doppler system or the con

ventiona l monitoring methods, gives medical and nursing staff most 
confidence while monitoring free flaps. 

12 
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Outline of this thesis 

Chapter two is a review of the preoperative methods currently used in the 
planning of flaps. The pro's and con's of the hand-held Doppler, color du
plex and computed tomographic angiography (CTA) will be reviewed and 
future developments, such as magnetic resonance angiography (MRA), 
discussed. 
In Chapter three the influence of preoperative planning with CTA and 

. conventional haAdheld Doppler in the planning of the DIEP flap are com
pared. Outcome parameters are duration of surgery and complications, 
including flap failure. 
A known problem during and after surgery can be venous congestion, 
which sometimes for example occurs when there is a preferentia l. drai
ning of a DIEP flap through its superficial  system. Chapter four describes 
investigations on the venous pressure in the superficial  venous system in 
26 DIEP cases during flap harvest and the correlation �ith venous con
gestion. 
In Chapter five a review on monitoring techniques for free flaps is pre
sented. Conventional methods, the handheld Doppler, the implantable 
Doppler system, microdialyses, near infrared spectroscopy, color duplex 
sonography and laser Doppler flowmetry, their advantages and disadvan-
tages will be discussed. 
In Chapter six the reliability of an implantable Doppler system for m onito
ring of the blood flow in the flap pedicle is presented. The device consists 
of an implantable Doppler crystal mounted on a silicone cuff that is wrap
ped around the vein and this crystal registers flow through the flap. 
Chapter seven investigates the influence of using an implantable Doppler 
system on the success rate in free flap reconstructions. Based on these 
numbers a financial analysis will be given. 
Chapter eight is a study on the confidence an implantable Doppler system 
offers compared to conventional monitoring methods. From these findings 
the ease of use of the system can be derived. 
The findings of the preceding chapters are summarized and discussed in 
Chapter nine. 
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Chapter 2 

Summary 

Introduction : The aim of this overview is to describe . the various me
thods for vascula r- m apping of flaps together with their advantages and 
drawbacks. 

Materials and methods : The PubMed database was used. Relevant search 
terms included 'flap' in combination with 'hand-held Doppler' (HHD), 'co
lor duplex· sonography' (CDS), 'digital subtraction angiography' (DSA), 
'computed tomography angiography' (CTA) and 'magnetic resonance an
giog-ra.phy' (MRA) . All studies found between January 2000 and January 
2010 were evaluated. 

Results : A total of 72 articles were found. Of these, 62 were usable 
for this overview. Recommendations could not be found for all types of 
flaps. Therefore, no uniform guidelines can be provided; some findings 
are, however, unequivocal. In general, HHD is cheap and easy to use, 
but relatively unreliable in determining the exact site of emergence at 
fascia level of perforators. CTA and MRA provide the best three-dimen
sional images. CTA offers more detailed images, MRA has the advantage 
however of not using radiation. CDS can be of value to offer information 
about the amount of flow in vessels or in cases in which CTA or MRA are 
contraindicated. DSA appears to be fading out slowly. 

Conclusion : CTA and MRA are currently the best methods available to 
map the vasculature of donor sites of perforator flaps with variable ana
tomy such as anterolateral thigh (ALT) and deep inferior epigastric per
forator (DIEP) . In flaps with standard anatomy and superficial vascula
ture, HHD or no mapping at all remains the method of choice. 
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Vascular mapping methods 

Introduction 

Reconstructive surgery has seen great development since the early 
1960s, when the concept of axial vessels became mainstay. 1-1o The first 
generation of axial pattern flaps was based on well-known vessels from 
the anatomy book, such as the radial a rtery for the radial forearm flap 
and the thoracodorsal vessels for the latissimus dorsi flap. The harvest 
of these flaps, altho�gh in that time revolutionary, is nowadays looked 
upon as relatively straightforward, due to their consta nt anatomy. Only 
in insta nces where previous surgery or trauma might have damaged the 
vascular pedicle, further investigation of the vasculature is deemed in 
dicated. In the past 20 years, enormous progress has been made in flap 
design a nd more a nd more flaps are based on perforating vessels that 
bra nch off a nd are traced back to well-known vessels, thereby limiting 
donor-site morbidity. The exact location of perforators, however, varies 
significa ntly, and preoperative vascular mapping has been introduced to 
help identify the dominant perforator an.d its course and, as such, speed 
up flap harvest. 

A variety of methods is ·available for this purpose, the most com
monly used being ha nd-held Doppler (HHD),2-4 color duplex sonography 
(CDS),5 , 1 1- 13 digital  subtraction angiography (DSA), 14• 1 5  computed tomo
graphy angiography (CTA) 6-8• 1 6  and magnetic resonance angiography 
(MRA) . 8•9• 1 7  HHD was already reported in the pla n ning of_ flaps in 1975, 
when it was described for the localisation of the donor and recipient ves
sels in facial reconstructions. 18 Around the same period, angiography, 
later replaced by DSA, was introduced to assess the vascular anatomy of 
flaps, mainly in the lower extremities. 19,20 The use of CDS in the pla nning 
of flaps was first described in the 1980s and became a common map
ping method in the 1990s.2 1 ,2 2  In the last decade, major progress has 
been made in the applicability of, especially, CTA and MRA. The purpose 
of this overview is to describe the various vascular mapping systems in 
detail, together with their adva ntages a nd drawbacks to assist beginning 
micro-surgeons in their pla nning of free flaps. 

Although other mapping methods such as indocyanine green 23 a nd 
near infrared imaging24 exist, these can only be used for intra-operative 
flap design and are therefore beyond the scope of this overview. 

Materials and methods 

A literature search was conducted, using the PubMed database. The fol
lowing search terms were used: 'flap' in combination with 'ha nd-held 
Doppler', 'color duplex sonography', 'digital subtraction angiography', 
'computed tomography angiography' and 'magnetic resona nce a ngio
graphy'. All studies found between Ja nuary 2000 and January 2010 was 
evaluated. Only studies written in the English la nguage were included. 
Ma nual cross-referencing was also performed. For historical and techni-
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Chapter 2 

cal  backgrounds, reports prior to 2000 were used whenever necessary. 
In selecting data regarding the reliability of the mapping method, stu
dies with the highest level of evidence were preferred over others. 

Results 

Our query led to 18 studies on HHD, eight on CDS, 10 on DSA, 31 on 
CTA and 12 on MRA. 

Hand-held Doppler sonography (HHD) 
A pencil-type Doppler probe registers moving erythrocytes by sending 
out and detecting reflected ultrasound. Depending on the depth and the 
diameter of the vessels to be investigated, various probes with different 
frequencies can be used. The two most commonly .used frequencies, 8 
and 10 MHz, have a peak sensitivity of only 20 and 15 mm, respecti
vely. Gel must be used at the interface of skin and the probe to improve 
ultrasound conduction. When searching for perforators, it has been ad
vised to vary the amount of pressure applied with the Doppler probe to 
the skin surface. If the detected sound comes from a perforator that 
runs directly towards the HHD, the loudness of the pulsating sound will 
reduce with increasing pressure. 25 

Reported advantages of the HDD are its non-invasiveness, small size, 
low costs, portability and the ease to perform the examination. In ad
dition, there are special probes available, which can be sterilised, ma
king the technique available intra-operatively to finalise the planning 
and check the pulsation of a vessel during the surgical procedure. 2,4, 25 ,25 

The m ain disadvantages of the most widely used Doppler probe (8 
MHz) is that it only detects vessels to a depth· of 20 mm . This makes 
the technique less reliable for the detection of the site of emergence of 
perforators through the fascia, whenever the thickness of skin and sub
cutaneous tissue exceeds this amount.2 Besides, one can never know for 
sure what vessel is producing the Doppler signal  picked up by the HHD. 
Furthermore, this technique does not create a three-dimensional (3D) 
image of the vasculature and its surrounding anatomy than· can be sto
red and retrieved later. 

The use of HHD has predominantly been reported to locate perforators 
on the trunk and extremities.2-4, 29 A relatively new field in reconstructive 
surgery, in which the HHD is being used, is in free-style perforator free 
flaps27, 29-33 and in pedicled perforator flaps.34-36 

The use of HDD has been reported with variable success: In the study 
by Yu and Youssef2 of 2006, in which they included 100 patients un
dergoing an anterolateral thigh (ALT) reconstruction, the locations of 
HHD signals of an 8-MHz and a 10-MHz probe were compared to the in
traoperative findings. The positive predictive value for the 8-MHz probe 
in detecting the perforator was 89%, while no fa lse-negative results 
were found. For the 10-MHz probe, a positive pred.ictive value of 94% 
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and negative predictive value of 43% were found. The study by Shaw et 
al. 28 compared HHD to intra-operative findings in 30 patients undergoing 
an ALT reconstruction. They found a large underestimate (30%) to an 
overestimate (150%) for the HHD findings. In a study of 32 deep inferior 
epigastric perforator (DIEP) and eight superior gluteal artery perforator 
(SGAP) flaps in which HHD findings were compared with intraoperative 
findings, a positive predictive value of only 52. 4% was found for DIEP 
and SGAP flaps combined.4 

Color duplex sonography (CDS) 
CDS relies on the sa me working principle as HHD. Blood flow in vessels 
is detected by the physical principle of a direct relationship between the 
recorded Doppler frequency shift and blood-flow velocity. In addition, 
different velocities and directions of moving blood strea ms can be dis
played on a screen in the color duplex mode. As such, CDS does not only 
offer information about the internal vessel dia meter and their course, 
but also depicts the 3D footprint of the perivascular anatomy. 3 7  As with 
HHD, gel must be used at the interface of skin and the probe to improve 
ultrasound conduction. 

Similar to HHD, CDS is non-invasive. An advantage compared with 
the HHD is its ability to offer more information about anatomy of the 
vessel and its perforators in reference to its surrounding tissues, and it 
can quantitatively analyse which perforator is the dominant one. 38 

The disadvantage of CDS is, however, that the investigation qm only 
be performed by skilled personnel, who a lso have knowledge of free-flap 
anatomy. In addition, it is less reproducible because of its real-life dyna
mics. Another disadvantage in comparison to CTA, MRA and DSA is that 
CDS just as HHD does not reproduce a 2D or 3D image of the complete 
vascular anatomy, which can be used by the surgeon during flap design 
or flap elevation.7181 16 

CDS has been successfully used · to preoperatively assess flaps for 
reconstructions in the head and neck, trunks,u , i3 ,3s,4o and extremities. 12,37 

Tsukino et al. 37,39 investJgated the reliability of CDS in 10 patients prior to 
ALT flap harvesting. Comparison of CDS findings to intra-operative fin
dings showed a concordance of 100%. This was confirmed for DIEP flaps 
in a report of six cases.11 CDS has been found to be of value in cases in 
which the perforating vessels might have been da maged, for exa mple, 
after liposuction, as it can give information about the amount of flow in 
vessels or in cases where the radiation dose of CTA is undesirable. 11 

Digital subtraction angiography (DSA) 
In traditional angiography, an iodine-containing contrast medium is ad
ministered intra-arterially while X-rays are taken. In DSA, these con
trast-enhanced pictures are digitally subtracted from the pre-contrast 
mask X-ray to depict the vascular anatomy (Figure 1 ) .  This investigation 
technique generates 2D images and, therefore, generally has to be per
formed in two directions. 
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The reported advantages of DSA include the facts that it gives an image 
of the intraluminal vascular anatomy and information about atheros
clerotic changes. A disadvantage of DSA is that it is a time-consuming, 
invasive technique necessitating the use of iodinate-contrast medium, 
which may cause vascular or renal damage as well as allergic reactions. 4 1 

In addition, there is a radiation dose to be considered. 5,42-4 5 Another dis
advantage is the vasoconstricting effect of the contrast medium, making 
exact measurement of the vascular diameter and the assessment of 
small-calibre vessels unreliable. Furthermore, the patient has to stay 
in supine position after the angiogra (:)hy for several hours, to allow the 
puncture site to heal. This makes hospital admission often mandatory 
and this imaging modality relatively expensive. Finally,· there is a 4. 5% 
chance for the development of false aneurysms at the puncture site. 46 

DSA in free-flap planning is predominantly reported in fibula flaps, where 
it is essential to be informed about the continuity of the three lower leg 
vessels, the level of bifurcation of .the tibiofibular trunk and about arte
riosclerotic plaques. 15,42,43 

Angiography has been found to provide a more accurate assessment 
of the patency of vessels compared with conventional tests such as an
kle-arm index and HHD examination.15,42,43 ,47 

The use of DSA has a lso been reported in the planning of transver
se45 and oblique44 rectus abdominis musculocutaneous flaps. It has 
been reported to have been used during surgery to visualise the vascular 
architecture of a flap after its harvest. This can show its perforator and 
its connection to the axial flap vessel, which can help the surgeon to 
safely thin and separate the flap during secondary procedures. 44145 This 
is, however, not a commonly reported technique. 
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lower leg, showing a normal branching pattern of the vessels. 
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Computed tomography angiography (CTA} 
CTA combines the use of X-rays with computerised 3D analysis of the 
images. The number of detector rows decide how fast a scan can be 
performed and to what extent details can be revealed. A great variety of 
CT scanners and software is currently available, making a comparison of 
the results of various studies difficult. The number of multidetector rows 
used in different studies varies from 416 to 64,48 enabling the gene
ration of slices of approximately 1 mm or thinner, depending on the CT 
scanner used. The actual scan is performed in concert with a high-speed 
venous contrast-medium injection to enhance the staining of vessels. A 
bolus of 80e100 ml of contrast medium is given intravenously at a rate of 
4 ml/s. After the scanning, the data need to be processed into maximum 
intensity projection and 3D volume-rendered reconstructions. A great 
variety of software packages are available for this purpose (e. g.,  Sie
mens InSpace,48 Vitrea version 3.0.1, 7 VoNavix49 VirSSPAS0 and Virtual 
Place 2151). Based on the software used, 2D pictures in three planes or 
3D reconstruction in multiple planes can be provided. The processing of 
the images by the radiologist and the preoperative selection of the right 
vessels/perforators by the surgeon has been reported to take up to 30 
min in perforator flaps. 16,49 

The advantage CTA offers is that it provides an image with accu
rate visual details on the calibre a nd course of the vessels and their 
relationships with other anatomic structures (Figures 2 and 3) . This 
a llows surgeons to develop a dissection strategy a nd opt for a certain 
perforator prior to surgery, m aking the actual dissection safer and swif
ter. 7,s, 16,49 ,52-54 

Figure 2; Reconstructions of CTA images in the sagittal, coronal and axial planes (right), and 
the VRT coronal image of a deep inferior epigastric perforator flap. 
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Figure 3; 30 CTA image of a deep inferior 
epigastric perforator flap through which can 
be scrolled, which enables the user to view 
the vasculature from any direction. The di
rection of viewing is predominantly cranial as 
indicated by the green cube on the bottom 
left. The trunk of the umbilicus and the rec
tus abdominis muscles can be seen. On the 
left sight of the umbilicus a perforator can be 
seen going medially around the rectus mus
cle and branching off towards the skin. 

The disadvantages or" CTA are its radiation dose, which is reported to 
be 5 .6  mSv,7 and the necessity to use iodinated contrast medium with 
its previously listed disadvantages. 7, 1 6 Especially, the vasospastic action 
is a serious drawback, because it can make the accurate assessment of 
small-calibre vessels difficult. 5 5  

CTA has been predominantly used in the planning of perforator flaps in 
breast reconstructions (DIEP and SGAP),7,s,15,4s,49 ,s5,s7 and has also been 
reported to assess the vasculature of ALT flaps54158 and fibula flaps. 6 

Furthermore, it has been described to map the internal  mammary ar
tery perforator59 and the deep circumflex iliac artery perforator flap60 in 
cadaver studies. CTA may also have additive value to preoperatively as
sess the recipient site. 6, 6 1 162 However, the spurting test should be used in 
addition to confirm blood flow in the recipient site. In the initial reports 
of Masia et al. 7 and Alonso-Burgos et al. 16 regarding CTA in DIEP breast 
reconstructions, a 100% correlation was found between the CTA findings 
and the intra-operative findings. This included the location of the per
forators, their estimated size, the course of the· pedicle and its relation
ship with other anatomic structures. This was later confirmed by other 
studies. s,4s,s5,s7 Compared with MRA, the depiction of smaller perforators 
is more accurate with CTA (vessels up to 0.3 mm in CTA vs. 1. 0 mm in 
MRA) . 63, 64 The introduction of CTA in DIEP in breast reconstructions led 
to a reduction of operating times of 90e100 min in flaps previously exa
mined by HHD, s,57,55 and 76 min in flaps pteviously m apped by CDS. 56 In 
the planning of ALT flaps, a 100% correlation was found between CTA 
findings and intra-operative findings as well.58 

Magnetic resonance angiography (MRA) 
MRA imaging uses a powerful magnetic field to align the nuclear magne
tisation of hydrogen nuclei in the body. Radio-frequency pulses are used 
to tip the alignment of the hydrogen nucJei away from the main magne
tic field, causing the hydrogen nuclei to produce a radio-frequency signal  
that is detectable by the scanner. Analysed by a computer, this yields 
detailed pictures of organs, soft tissues, bone and virtually all other 

24 



Vascular mapping methods 

i nterna l  body structures .  By i njection of a paramagnetic contrast agent 
(gadol i n i um) ,  the vesse ls ·enhanC(j. S ince magnetic resonance ima9.ing 
( M RI) has no rad iation exposu re, a p icture of the vessels  is  typica l ly ob
ta ined i n  the a rteria l  phase and su bseq uently i n  the b lood-pool phase to 
selectively  visua l i se on ly  a rteries and  to a lso see the larger artery/vein  
comb i nation . Recently, a new b lood-pool gado l i n i um  contrast agent, ga
dofosveset trisod ium,  has become ava i lab le  that  is  optim ised for ima
g i ng both the  a rteria l  and  b lood-pool phases of  contrast enha ncement 
without i nterference from soft-tissue enha ncement.  There is a l so the 
poss ib i l ity to v isua l ise vessels without the i njection of contrast, a l beit 
with lower reso l ution . 66 

J ust as with CTA, a g reat va riety of magnetic resona nce scanners and  
softwa re a re be i ng  used , making  comparison of  the  resu lts of  d ifferent 
stud ies once aga in  d ifficu lt .  The scan ners used varied from 1 . 563, 68-70 

to 3 T.9• 1 7  However, i n  recent perforator flap  stud ies, the 1 . 5-T sca n ners 
a re preferred over 3 T beca use of the better image qua l ity. The 1 . 5-T 
sca nners su ppress s igna ls  from fat more homogeneously than  the 3 -T 
mach i nes . 55,59,70 The contrast med i u m  adm in istered va ried from none66 
to 60 m l 67 per sca n .  With the introduction  of newer devices, the p roce
dure t ime of an M RA sca n has been reduced to a pproximately 20 m i n , 
and  with actua l  scan acq u isit ion t imes of about 20  seconds . 68 

Figure 4; MRA image of the lower legs, showing a normal bran
ching pattern of the vessels . . 

Figure 5; MRA image in the axial plane of a deep 
inferior epigastric perforator flap. Showing a per
forator left from the centre and its course through 
the muscle. 
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Feature HHD CDS DSA CTA MRA 

Three dimensional imaging - - - + + 

Operator dependant + + - + + 

Use of radiation - - + + -

Invasiveness - - A V V/-

Images superficial vessels/ + + - + + 
perforators 

Images vessels in deeper layers - + + + + 

Reproducibi l ity - - + + + 

Information on surrounding tis- - + - + + 
sues and anatomy 

Additional  costs per investi- - €75 €325** € 250 € 250 
gation* 

Table 1;  The characteristics of each mapping method compared to one other. 
HHD; hand-held Doppler, CDS; colour duplex sonography, DSA; digital subtraction angio
graphy, CTA; computed tomography angiography, MRA; Magnetic resonance angiography, 
A; arterial, V; venous. * The prices given in this overview only represent a rough indication; 
prices can vary between countries and hospitals. * *  The costs of the hospital admission often 
mandatory are not included. 

There are several advantages of MRA. It works with magnetism instead 
of radiation and, depending on the software used, can be used without 
a non-iodine contrast medium, making it a relatively safe procedure for 
the patient. 6 7  MRA produces a 3D image, which a llows surgeons to ac
curately assess the course and diameter of the vessels and their relation 
to other surrounding structures, prior to surgery (Figure 4). 9, 10,67,7 1  MRA 
can be obtained both prone and supine to have images in which the nor
mal  contours of the abdominal and but.tock fat are not distorted by the 
pressure of lying against a flat surface. 
The reported disadvantages of MRA are its relatively high costs. Besides, 
it cannot be used in claustrophobic patients or patients with implants 
containing ferrous metals because these produce scattering or can cause 
severe damage to the scanner, if they are magnetic. Further, compared 
with CTA, the depiction of smaller perforators is less accurate with MRA 
(vessels up to 1.0 mm in MRA vs. 0.3 mm in CTA). 63,64 

MRA has predominantly been used in the planning for free fibula 
flaps9 , 10,57,72 but more recently for the mapping of perforator flaps in breast 
reconstructions as well. 17,53,55 ,5s-7o MRA, as  a single test in the planning 
of fibula flaps, has been reported to provide all the goals addressed by 
Doppler, combined with conventional angiography. Furthermore, it adds 
important data concerning the septocutaneous perforators that neither 
test can provide. 10 

For DIEP flaps, Masia et al. 66 found a 100% correlation between MRA 
and intra-operative findings in a study including 56 patients. Greenspun 
et al. 70 reported a positive predictive value of 100% but a negative pre-

26 



Vascular mapping methods 

dictive value of 96% in a series including 31 .patients and using MRA 
with contrast. For fibula flaps, it is unfortunately more difficult to draw 
conclusions about the positive and negative predictive values based on 
currently available literature. The reports that correlate the preoperative 
images to operative findings consist of only small populations and a re 
not unambiguous. 10, 53, 54,57, 5s,71 Table 1 summa rises all the cha racteristics 
found in the literature of the individual mapping methods such as  use 
of radiation, invasive nature of the investigation and the type of vessels 
they a re able to image. 

Discussion 

This study was undertaken to create a contemporary overview of the 
preoperative mapping methods for (free) flap planning. A serious limi
tation of this study is that the use of the discussed methods of m apping 
has not been reported for all currently used flaps. Ther�fore, only an 
extrapolation of the findings in this study to other flaps can be given. 
Furthermore, the studies found were mostly la rge case series a nd have 
low levels of evidence. For this. reason, it is not possible to draw concrete 
conclusions based on the current literature; nevertheless, some findings 
a re unequivocal and guidelines for clinical practice can be distilled. 

While interpreting these data, it is important to realise that anatomi
cal knowledge still remains the cornerstone to successful flap ha rvest 
and that preoperative mapping methods only serve as an adjunct to sur
gery. Furthermore, with some of the methods described above, it m ight 
be difficult to detect discrepancies between the perforating a rtery and 
the committante vein. Therefore, it is always good to have a back-up 
plan. In addition, readers should be awa re that most studies took place 
in specialised units and the achieved results might not be obtainable in 
less specialised units in which a specific mapping method might not be 
available. Finally, it is important to realise that collective collaboration 
between radiologist and surgeon is key in order to maximally exploit the 
more advanced preoperative mapping possibilities. 

This report shows that, in such settings, CTA7,8, 16,48,49, 56, 57 and 
MRA9, 10,41 ,57,7 1 can produce the best 3D image of the vessels and their 
surrounding structures. The advantage of CTA over MRA is that it is able 
to depict small vessels and especially perforators more accurately. 53, 54 

This is why CTA, at present, is predominantly being used in the .scanning. 
of perforator flaps, in which the size and the course of the perforators 
a re of great importance for surgery. 7•8• 1 6,48,49, 55, 57 The main advantages of 
MRA over CTA a re its l?tck of exposure of the patient to ionising radiation 
and the necessity to use a potentially nephrotoxic contrast medium (if 
used at all) . 66•67 

Although HHD has proven to be less accurate in locating perforators 
compa red with CDS2,3 and CTA,7· 16,26•48 it will probably remain of impor
tance in clinical practice. This is because the device is portable and the 
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exa mination inexpensive and relatively easy to perform and interpret. 
In contrast to most other mapping methods, it can be made available 
during surgery. 2,4,2 5,25 Furthermore, it can be used as primary mapping 
device in thin flaps and in flaps, which do not rely on a specific perforator 
such as the radial forearm flap or as a complementary device to CTA or 
MRA in the planning of, for exa mple, DIEP a nd fibula flaps. 

CDS is a readily available non-invasive m apping device in most vas
cular units that, to some extent, also offers information about the 3D 
anatomy around the vasculature. 37 The disadvantage of CDS is that the 
investigation .can only be performed by skilled personnel, who also need 
to have knowledge of flap surgery. In addition, it is less reproducible be
cause of its real-life dyna mics. 8,9 This is why we believe CDS should only 
be used as primary mapping modality in selected cases, as for instance, 
in cases in which CTA or MRA are contraindicated or in which there is a 
special interest in flow within the vessels. 

With the introduction of CTA; MRA and CDS, the need for DSA in free
flap planning as a primary mapping device seems to fade . Compared 
with CDS and MRA, it is more invasive, necessitates a radiation dose and 
the use of iodinate-contrast medium . Furthermore, the images it produ
ces are only 2D and finally, false aneurysms may occur. 

Future developments in the planning of free flaps should focus on 
the refining of 3D reconstructions and in a further elimination of the 
use of invasive diagnostic tests that rely on contrast media, which may 
cause co-morbidity. Because MRA has most of these characteristics, we 
believe that MRA has the greatest potential for the future, especially if 
future developments make it as accurate as CTA. Nevertheless, HHD will 
always keep a place in (free) flap planning because of its ease of use 
and intra-operative availability. Future research should a lso focus on the 
comparison between the different mapping methods and should pros
pectively compare the findings of the diagnostic tests with intra-opera
tive findings. 

Conclusion 

CTA and MRA a·re currently the best methods available to m a p  the vascu
lature of flaps that rely on perforators and their surrounding anatomy. In 
the planning of thin pedicled flaps that are planned close to a defect, in 
flaps with a . more straightforward anatomy and for intra-operative use, 
the HHD remains to be m apping method of choice. DSA is slowly fading 
out and CDS can be used as an alternative, whenever there are contra
indications to the use of the other methods of investigation. 
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Summary 

Introduction : The use of perforator flaps in breast reconstructions has 
increased considerably in the past decade. A · disadvantage of the per
forator flap is difficult dissection, which results in a longer procedure. 
During spring 2006, we introduced CT angiography (CTA) as part of the 
diagnostic work-up in perforator flap reconstructions to visualise each 
perforator more accurately. The main objectives were to reduce surgery 
time and the number of complications. A chart review was conducted 1 
year after CTA introduction to investigate if these ' objectives were met .  

Materials and methods : Patients with a deep inferior epigastric perfora
tor (DIEP) flap who underwent preoperative analysis through CTA were 
retrospectively evaluated. The population <1 year before CTA introduc
tion were the control group. The two groups were compared with res
pect to surgery time and complications (including fl ap failure) . 

Results: One hundred and thirty-eight DIEP breast reconstructions were 
done; 70 underwent preoperative CTA analysis, and 68 had preopera
tive Doppler investigation. Surgery time in the CTA group was signifi
cantly lower (P < 0. 001) than in the control group, 264 min (S D ± 62) 
versus 354 m in (SD ± 83), respectively. There was a tendency for fewer 
complications in the CTA group compared with the control group. All 
flaps were successful in the CTA group. 

Conclusion : CTA in the assessment of perforator flaps helps to reduce 
surgery time. 
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Introduction 

The use of perforator flaps for breast reconstruction has increased con
siderably during the past decade. They offer less postoperative pain, low 
morbidity, and preservation of muscles at the donor site compared with 
conventional musculocutaneous flaps. The variety of donor sites allows 
most patients to be suitable for this procedure. 1 The disadvantage of 
perforator flaps is that they are more difficult to harvest, which results 
in a longer procedure. 2 Some surgeons fear that without the protective 
muscle bulk, the pedicle will kink or be compressed. 3 

Complications during perforator flap reconstruction can be reduced by 
preoperative assessment of vascular anatomy. The commonest method 
is unidirectional Doppler sonography. 1,4 It is an accessible and inexpen
sive tool that can be used to investigate the location and flow of perfo
rators, but is highly sensitive. It locates not only the perforators suitable 
for anastomosis, but also the very small perforators that are not. False
positive results for unidirectional Doppler sonography can be up to 50%. 
The number of false-negative perforators detected with unidirectional 
Doppler sonography is lower (e.g. 11 % for the deep inferior epigastric 
perforator flap). 5• 6 Unidirectional Doppler sonography is therefore not 
ideal for accurate preoperative assessment of vascular anatomy. 

CT angiography (CTA) has been used in our centre for the planning 
of perforator flaps for breast reconstructions since spring 2006. The aim 
of its introduction was to better map the perforators to reduce the dis
section time of the flap, and to reduce the number of complications. A 
chart review was conducted to investigate if this aim was successful. 

Patients and methods 

Study design 
One year after the introduction of CTA before free microvascular tis
sue transfer in our clinic, a chart review was conducted of all patients 
who had free microvascular breast reconstruction. The patients who had 
breast reconstruction with a deep inferior epigastric perforator ( DIEP) 
flap and who also had a CTA in their diagnostic work-up were further 
analysed. Patients who underwent the same reconstruction in the year 
before the introduction of CTA were the control group. The study was 
done from a prospectively maintained database, but was retrospective. 

Setting 
The section of microsurgery of Uppsala University Hospital, Sweden, 
consists of three plastic surgeons, one surgical fellow, and one resident 
on surgical rotation. The number of DIEP flaps done since 2000 is about 
60-80 per year. 
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Data 
Age, indication for surgery, date of surgery, ASA-classification, nicotine 
use, administration of radiotherapy, defect location, flap type, surgeon, 
surgery time, a nastomosis type, type of anastomotic material u sed, re
ceiving vessels, ischaemia time, vessel-suturing time, complications, 
need for revision, revision indication, - and surgical outcome of all pa
tients were noted. 
The two groups mentioned above were compared with respect to sur
gery time, complications, and flap fa it ure. In the comparison of surgery 
time, only patients who underwent delayed unilateral reconstruction 
were selected and compared. Selection was made to prevent a mis
match in surgery time beca use of different types of reconstruction ( e.g. 
unilateral versus bilateral) . 

Imaging 
CTA was done using a Somatom Sensation 16 machine (Siemens, Forch
heim, Gerrr,any). Patients were examined in the supine position. A ca
theter was placed in the antecubital vein of one arm, and a bolus injec
tion of 80 ml contrast medium (Omnipaque 300 mg I/ml, GE Healthcare, 
Oslo, Norway) was administered through a power injector (Stellant Me-· 
drad, Indianola, USA) at 4 ml/s. The scanning delay was approximately 
30 s. Bolus tracking was done with the region of interest (ROI) on the 
aorta, just above the aortic bifurcation. Scanning was initiated approxi
mately 10 s after the ROI reached 100 Hounsfield units. Imaging was in 
a ca udo-cranial direction from the femoral head to approximately 5 cm 
cranially of the umbilicus. Images were acquired during a single arterial 
phase with the following scan parameters: 0.5 s gantry rotation speed, 
0. 75 mm collimation, 10. 5 feed/rotation (pitch $; 1) , and image recon
struction of 1 mm with an increment of 0. 6 mm. 

Post-processing of images 
Post-processing of three-dimensional images was done on a Siemens 
Leonardo Workstation (Siemens, Forchheim, Germany). Volume rende
ring technique (VRT) and multi..:planar reformation (MPR) images were 
reproduced. Perforators could be identified simultaneously in axial, co
ronal, sagittal planes using a coordinate system with a MPR cursor. In 
a VRT coronal image of the scanned volume, a grid was placed with the 
umbilicus as zero point, and the best perforators could easily- be mar
ked. The suitability of each perforator was then ana lysed. 

Surgical procedure 
The surgery team comprised two surgeons and two nurses. One sur
geon started with flap dissection, while the other surgeon dissected 
and prepared the receptor site. After dissecting the flap and preparing 
the receptor site, a pa use of 15 min was often taken to see if the cho
sen perforator was appropriate. If the pedicle remained well perfused, 
it was harvested and anastomosed to the receiving vessels (often the 
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internal mammary vessels) . Anastomoses were made with sutures, clips 
or rings, depending on the diameter and quality of the vessels. Technical  
details of the anastomotic procedures have been previously described. 7 

After re-establishment of blood flow in the flap, the defect at the donor 
site was closed, and the flap modified and sutured to match the contra
lateral breast. 

Definitions 
Surgery time was defined as the time between the first incision and 
wound closure. A complication was classified as haematoma,  infection, 
superficial necrosis, seroma ,  anastomotic failure, or a combination of 
these. Surgical outcome was rated as success, partial necrosis ( >  10% 
tissue loss) or failure. 

Data assessment 
Data are represented as means ± standard deviation. Student t-test and 
chi-square tests were used to compare the groups. Significance was set 
at P < 0. 05. Statistical analyses was done using a Statistical Package 
for the Social Sciences (SPSS 13.0, SPSS Benelux bv, Gorinchem , The 
Netherlands) . 

Results 

Population 
In the period reviewed, 138 DIEP breast reconstructions were done; 
70 cases underwent preoperative CTA, and 68 underwent preoperative 
Doppler investigation. 

In the CTA group, the mean age was 49. 7 years (SD ± 9 . 3) .  The 
mean ASA-classification was 1. 7 ( 4 patients were treated for hyperten
sion, 3 used corticosteroids, 1 had cardiovascular problems, and 1 had 
diabetes mellitus) . One patient smoked during admission for surgery, 
and 44.3% of patients received preoperative radiptherapy. 

Reconstructionswere done after mastectomy due to breast cancer 
(26% primary and 74% delayed). Forty-eight patients had unilateral 
reconstruction, 11 had bilateral reconstructions. The internal mammary 
vessels were used as receptor site in 87% of cases; the circumflex sca
pular or  the thoracodorsal vessels were used in the rest. The cephalic 
vein was anastomosed to the superficial vein of the flap in 31 % of cases. 
The anastomoses were end-to-end in all but two cases. Sutures were 
used in 47%, clips in 47%, and rings in 6% of anastomoses. Mean is
chaemia time was 60.6 min (SD± 25). 

In the control group, the mear:i age was 49. 9  years (SD ± 7. 0) .The 
· mean ASA-classification was 1. 7 (6 patients were treated for hyperten

sion, none of the patients had cardiovascular problems, diabetes or had 
previously used corticosteroids). None of the patients smoked during 
admission for surgery, radiotherapy had been given in 63.2% of cases. 
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Reconstructions were carried out because of breast cancer in 94. 1 % of 
cases (20% primary and 80% delayed); two patients had reconstructions 
because of Poland's syndrome, and another two patients had extreme 
deformities after an infected prosthesis had been removed. Unilateral 
reconstruction was done in 50 cases; nine patients underwent bilateral 
reconstruction. The internal mammary vessels were used as receiving 
artery and vein in 74% of cases; the circumflex scapular vessels were 
used in the rest. The superficial vein of the flap was anastomosed to the 
cephalic vein in 60% of cases. All anastomoses were made in an end-to
end fashion. Sutures were used in 50%, clips in 30%, and rings in 20% 
of anastomoses. The mean ischemia time was 61.9 min (SD± 26) . 

Surgery time 
The mean surgery time in the CTA group was 313 min (SD ± 107) com
pared with 395 min (SD ± 109) in the control group. Mean surgery time 
in the CTA group was significantly lower (P < 0.001). 

The number of patients who had unilateral delayed reconstruction 
because of breast cancer was 41 in the CTA group, and 44 in the control 
group. The time needed for surgery was significantly lower (P < 0. 001) 
in the CTA group. Mean surgery time in this group was 264 min (SD ± 
62) compared with 354 min (SD ± 83) in the control group (Figure 1 ). 
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Figure 1; Mean surgery time per preoperative screening facility. Error bars repre
sent the confidence interval of the mean (CI: 95%). 
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Complications 
Fewer comp l i cations occu rred i n  the CTA g roup  than  i n  the contro l  
g rou p :  20 . 0% versus 2 5 . 0% .  In  the CTA g roup, i nfection was observed 
six ti mes, haematoma four  t imes, and superfic ia l  necrosis a nd seroma 
both twice .  Revis ion of  the anastomoses was needed i n  two cases . In  
the contro l  g roup, a haematoma occu rred fou r  t imes, whereas infect ion 
and  superficia l  necrosis were both observed s ix times .  Revis ion of the 
anastomosis was needed because of an a rteria l  or venous occ lus ion  i n  
s i x  cases . Differences between the two g roups were not suffi cient ly l a rge 
to reach statistica l s ign ificance .  

Flap failure 
Al l flaps were successfu l i n  the CTA group .  One flap  fa i led , and  pa rt ia l  
necrosis  occu rred in  three flaps i n  the contro l  g roup .  

Discussion 

We observed that preoperative CTA of the donor s ite i n  m icrova?cu lar  
perforator fla p  reconstruction  d im i n ishes surgery t ime .  A tendency to 
less morb id ity was noticed d u ring  fo l low-u p, i nc lud ing  fewer partia l  and  
complete flap fa i l u res. We cou ld decrease the  tota l cost of  DIEP b reast 
reconstruction  by reduc ing surgery t ime.  The costs of one CTA were a p
proximate ly 35'0 pou nds;  the reduction i n  su rgery t ime led to a mean 
saving of  1750 pounds  per  patient. 

A l i m itation of th is study was the selection  criteri a ;  the comp lete 
CTA g roup  had surgery after the control g roup .  Whether our  resu lts a re 
due to the introduction of CTA or other factors (e . g .  i ncreased techn i 
ca l know-how) is unknown . Before the i ntroduction  of . CTA, > 380 DIEP 
breast reconstructions had been done i n  our  c l i n i c .  Duri ng th is  period , no 
s ign ificant decrease i n  surgery t ime or the n u m ber of compl i cations  was 
observed . Ta k ing th is i nto account, it seems more cred i b le  that the cur
rent decrease i n  operati ng t ime can be attri buted to CTA i ntrodu ction . 

CTA provides a th ree-d i mens iona l  view of the vascu l a r  anatomy of 
the perforator fla p  and its surround ings .  It g ives precise i nformation 
a bout the location ,  size, position  and cou rse of perforators . With a po
sitive pred ictive va l ue of 1 00%, CTA proved to be a rel iab le  method to 
assess the perforator vesse ls before su rgery. 8•

9 CTA hel ped to determ i ne 
if a patient was su itab le for a DIEP flap .  It a lso hel ped flap  desig n ,  and  
the  p la n n i ng  of  incis ions;  the  surgeon cou ld  determ i ne how long the  d is
section wou ld be .  

Color  du p lex u l trasou nd offers precise i nformation  on the n u m ber of 
perforators and  their d iameter with a positive pred ictive va l ue of 1 00 % . 6 

Compared with CTA, co lor d up lex u ltrasound  offers more i nformation 
a bout flow velocity ins ide the vessel ,  the cond it ion a nd the th ickness of 
the layer of su bcutaneous fat, and the anatom ica l characteristics and  
status of  the  underlyi ng skeleta l muscles and  fasciae .  Th is  g ives the 
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surgeon a detailed 'roadmap' that can be used in flap design for the in 
dividual patient. 6 The disadvantage of color duplex ultrasound is that it 
is a time-consuming technique for hospital staff and patients. The inves
tigation takes ±45-60 min, and can be carried out only by highly skilled 
personnel who also have knowledge of perforator flap surgery. The infor
mation obtained is less reproducible because of real-time dynamics. 5, 10 

CTA is easier to interpret than color duplex ultrasound. It took our 
radiologists an average of 15 min to post-process images. Post-proces
sing included sagitta l, axial and coronal slices, as well as three-dimen
sional reconstruction. (Figures 2, 3 and 4).  

The· disadvantages of CTA are radiation exposure and the more in
vasive character of the examination. Radiation exposure was minimised 
by scanning only the donor site. Intravenous contrast material did not 
cause adverse reactions, but patients with known contrast allergy or 
impairment of renal function must be excluded. 

CTA is used experimentally in complicated microsurgical fibula trans
fers. 11 Our study shows that CTA can also play an important part in mi
crovascular perforator flap reconstructions. It provides high-resolution 
images and three-dimensional reconstruction of the vasculature. The 
ability to selectively add and subtract soft tissue and bones from images 
provides useful landmarks and important information about the zone of 
perfusion. 

Figure 2; Reconstructions of CTA images in the sagittal, coronal and axial planes, and 
the VRT coronal image with a grid. The best perforator is marked with an arrow. 
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Figure 3; MPR cursor. Thick colour:ed lines mark the location of the perforator in the 
sagittal, coronal and axial planes, and the VRT coronal image with a grid and cursor. 

Figure 4; Three-dimensional reconstruction of the perforator arising from the ab
dominal muscle. 
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Conclusion 

CTA in the assessment of perforator flaps was proved to be safe and 
reliable. It can help reduce surgery time. There are also indications that 
it positively influences the survival rate of flaps, but larger series are 
needed to confirm this. 
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Chapter 4 

Summary 

Introduction: D u ring  deep i nferior epigastric artery perforator ( DIEP) 
fla p  d issection,  we noted that in  many cases the su perficia l  vein  on  the 
i ps i latera l s ide of the fla p  was engorged and tense, a nd in others, it was 
empty. Th is led us  to be l i eve that the pressure is i ncreased as the resu lt 
of preferentia l  outflow through  the superfic ia l  vei n i n  some cases, wh ich 
cou ld resu lt i n  venous congestion of the fla p  if th is  vesse l was not anas
tomosed . To test th is  hypothesis, we measured the venous pressure in 
the superfici a l  venous system before and after fla p  d issection . 

Materials and methods: The pressu re in  the superfic ia l  i nferior ep igastic 
vein of a DIEP fla p  was m easured i n  26 consecutive fla ps to i nvestigate 
the corre lation between the pressure and venous congestion of the fla p .  
The first measurement was performed a t  the beg i n n i n g  o f  the d issection ,  
a nd the second measure ment was ta ken alter the fla p  had been com ple
tely ra ised on a s ing le  perforator. 

Results: The mean i ncrease in  pressu re after fl a p  d issection was 1 0 . 6  
m m  H g  ( µ = 1 0 . 6 ;  range - 1  to 3 1 ;  a ± 7 . 0  m m  Hg) .  C l i n ica l s igns o f  ve
nous congestion were observed in one case . In th is case, the increase i n  
venous pressure was  with 3 1  mm Hg ,  a l so the  h ighest. 

Conclusion: Although  the resu lts of this report a re pre l im inary, they i n 
d icate that the  pressu re i n  the  su perfic ia l  vei n of DIEP flaps m ight be  of 
pred ictive va lue for venous  congestion . 
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Introd uction 

Since its introduction by Koshima and Soeda, 1  the deep inferior epigas
tric artery perforator (DIEP) flap has developed into a reliable option in 
breast reconstructions. The flap provides a large bulk of autologous tis
sue, while maintaining minimal donor site morbidity. 2-5 

Despite the fact that the reliability of the flap has increased as  the 
result of technical improvements over the last decade,7·8 complications 
still occur. One of these complications is venous congestion, which may 
occur when outflow of the flap through the perforator vein is insufficient 
compared with the blood inflow. Venous congestion has been reported to 
occur in 5% of the flaps. 8 This problem usually can be solved by creating 
an additional venous drainage, using the superficial epigastric vein. 9• 10 

Accurate assessment of the perfusion of free tissue transfers has a l
ways· been a challenge for surgeons undertaking microvascular recon
structive procedures, and there are a range of contemporary techniques 
in clinical use and currently in development. 11 It is well recognized that  
surgical experience is an important predictor for flap survival, 12 and re
cent advances in technology and improvements in surgical technique 
have led to reported success rates between 95 and 98%. 1 3• 14 Taking into 
account that DIEP flaps are considered as time-consuming and complex 
procedures with inherent risks and psychological ramifications to the 
patient, it is crucial to optimize chances of a successful outcome. 

Clinical tests used to detect venous congestion such as inspection (to 
assess color) , palpation (to assess turgor and temperature), and capil
lary refill of the flap are still commonly used, 1 5• 16 although animal  tests· 
have shown that  change in color and increased refill are relatively late 
signs of venous congestion.17 Because these tests often only becomes 
positive after the microsurgical anastomosis is completed, this potenti
ally increases operative times. 

Adjunctive techniques used to monitor flaps postoperatively include 
near-infrared spectroscopy, 18-20 indocyanine-green fluorescence video 
angiography,21 simultaneous noninvasive laser Doppler flowmetry and 
tissue spectrophotometry,22 and modified oxygen microelectrode com
bined with laser Doppler flowmetry. 17 

At the end of the DIEP flap dissection, we noted that in many cases 
the superficial vein on the ipsilateral side of the flap was engorged and 
tense, and in others, it was empty. This led us to believe that the pres
sure might be increased in some cases and could eventually result in 
venous congestion. To test this hypothesis, we measured the venous 
pressure in the superficial venous system before and after flap dissec
tion. 
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Mater ials and methods 

Design of study 
The venous pressure in the ipsilateral superficial inferior epigastic vein 
(SIEV) of a DIEP flap was measured in 26 consecutive flaps. The first 
measurement was performed at the beginning of the dissection of the 
flap and was regarded as the normal pressure in the superficial venous 
system. The second measurement was taken after the dissection of the 
fla p had been completed and the flap was raised on a single deep infe
rior epigastric perforator. 

To investigate if there was a correlation between the change in pres
sure and venous congestion, the flaps were evaluated during surgery 
(prior to pedicle division and _after the microsurgical anastomosis was 
completed) as well as a week postoperatively for any signs of venous 
congestion. The pressure measurements of the SIEV were only perfor
med during surgery, so no measurements were performed during the 
postoperative checkups. 

Because this is a pilot study, the criteria used to connect the super
ficial system to the cephalic vein were any sign of venous congestion or 
a caliber of 1.5 mm or larger of the SIEV. The results of our measure
ments did not influence this decision. 

Preoperative computer tomographic angiography was performed to 
decide which perforator was best suited to base the flap on. 

Patient characteristics -
The age, sex, indication for surgery, American Society of Anesthesiolo
gists (ASA) classification, nicotine use, received radiotherapy, type of 
anastomosis, receiving vessels, ischemia time, anastomotic time, sur
gery time, need of a revision, and surgical outcome of all patients were 
noted. 

The study included 20 unilateral and three bilateral reconstructions. 
The age of the patients included ranged from 38 to 63 years (µ = 50; 0 
±6.0) .  The ASA classification ranged from one to three (m =2) .  Two pa
tients were treated for hypertension. No patients used corticosteroids or 
had cardiovascular problems or diabetes mellitus. None of the patients 
·smoked during admission for surgery, and 54% of patients received 
preoperative radiotherapy. All breast reconstructions were for oncologi
cal reasons, with four immediate breast reconstructions and 22 delayed 
reconstructions. 

The internal mammary artery was the recipient site in the majority of 
cases (n=24). The circumflex scapular artery was the recipient vessel in 
two cases (n=2). The respective vein was used for the venous anasto
mosis. All arterial and· venous anastomoses were done in an end-to-end 
fashion. In five flaps, a second venous anastomosis was performed as 
the diameter of the SIEV was 1.5 mm or larger, and in one case, signs 
of venous congestion were observed. The cephalic vein was used in all 
cases as  the recipient vessel for the secondary anastomosis. The mean 
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ischemia time was just under 1 hour (µ = 56; range 31 to 160; 0 ± 26 
minutes) . The mean anastomotic time was 14 minutes (µ =14; range 7 
to 28; a ±  6 minutes) and 8 minutes (µ = 8; range 2 to 23; 0 ± 5 minu
tes) for the artery and vein, respectively. The mean operative time was 
6 hours and 6 minutes (µ = 366; range 210 to 510; 0 ± 79 minutes) . 
There were no flap losses, either partial or complete (overall success 
rate 100%; Table 1 ) .  

Mean age (years)(SD) 50, range 38 - 63 (6.0) 

Mean ASA classification 2, range 1 - 3 

Number of uni- and bilateral reconstructions 20 I 3 

Number of primary and secondary reconstructions 4 / 22 

Table 1; Patient demographics and variables of the 26 flaps used for this research. 
ASA; American society of anesthesiologists, SD; standard deviation. 

Venous pressure measurement 
To measure the pressure in the SIEV, a 22-gauge venflon (Becton Dickin
son, Helsingborg, Sweden) was connected to a disposable pressure 
transducer (Becton Dickinson). The tip of the venflon was inserted into 
the vein, which had been isolated, securing the vein around it by gentle 
manipulation of the hand. After the tip was inserted, the microvascular 
clamp (S&T, Neuhausen, Switzerland) was removed and the pressure 
was measur�d (see Figure 1 ) .  

Figure 1; The tip of the venflon inserted into the superficial inferior epigastic vein, 
which had been isolated. The vein is being manipulated around the tip of the ven
flon using microsurgical forceps. 
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Prior to flap dis- After flap dissec- Difference (n=25)* 
section (n=25)* tion (n=25)* 

Mean pressure 

(cmH2O) 2.2 1 2.8 1 0.6 

Range (cmH2O) 0 - 4 0 - 32 -1 - 31  

Table 2; The mean pressure in the superficial inferior epigastric vein prior to and 
after flap dissection. * In one case, no measurement was performed because of 
the minimal caliber of vein. 

Results 

Of the 26 flaps used for this study, the pressure in the ipsilateral 
SIEV could be measured in 25. In one case, the pressure could not be 
measured as the ca liber of the vein was too sm all to allow insertion of 
the cannula . 

Venous pressure measurements 
The mean pressure in the SIEV at the start of flap dissection was 2.2 
mm Hg (µ =2. 2; range O to 4; 0 ± 1. 1 mm Hg) . The mean pressure after 
completion of flap dissection was 12. 8 m m  Hg (µ =12. 8; range O to 32; 
a ± 6 . 8  mm Hg) . The mean increase in pressure after flap dissection 
was 10. 6  mm Hg (µ =10. 6; range -1 to 31; a ±  7.0 mm Hg; Table 2) . 

Clinical signs of venous congestion were observed in one case out 
of the 26 (4%).  In this case, the increase in venous pressure was also 
the highest, 31 mm Hg. At the time of this measurement, no signs of 
congestion were visible. The clinical signs (increasing turgor, delayed 
capillary refill, blue coloration) became apparent 10 minutes after the 
pressure in the SIEV was measured. In this case, the superficial vein 
was anastomosed to the cephalic vein to augment venous outflow of the 
flap. After the superficia l vein was anastomosed, the signs of venous 
congestion resolved. In one case, the pressure in the SIEV decreased 
to 0. In the other cases, the pressure increased without clinical  signs of 
venous congestion, either during surgery or postoperatively. No diffe
rences were seen in the increased pressure between the unilateral and 
bilateral reconstructions. 

Discussion 

This study was undertaken to try to find a simple, accurate, and ob
jective method to measure the pressure in the superficial system to 
identify those at risk of venous congestion that requires an additional 
venous anastomosis. We describe a simple technique using a 22-gauge 
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venflon connected to a disposable pressure transducer, which are both 
commonly used by anesthetists. 

In our pilot study of 26 flaps, one episode of intraoperative venous 
congestion was observed. In this case, the increase of venous pressure 
after dissection was the highest at 31 mm Hg. After we had perform�d 
a second venous anastomosis (superficial epigastric vein to the cephalic 
vein}, as expected, the signs of venous congestion resolved. In the case 
that read a pressure in the SIEV of 0, there was an exceptionally large
caliber vein in the deep system . In the other cases where the pressure 
increased, no signs of venous congestion were observed either intra- or 
postoperatively. 

In 1999, Villafane et al9 reported the importance of the superficial sy
stem . They used the SIEV as a lifeboat in a complicated case. After a 
thrombus formed twice in the deep inferior epigastric vein, it was no 
longer useable for drainage. The flap was saved by anastomosing the 
SIEV via a vein graft to the circumflex scapular vein. 9 Blondeel et al10 
investigated the SIEV in an anatomic study in 15 fresh cadavers and 
three abdominoplasty specimens and retrospectively reviewed 249 DIEP 
·and 279 transverse rectus abdominal muscle microvascular breast recon
structions. They recommended using the SIEV if it is wider than 1. 5 mm 
as secondary if not primary venous anastomoses. 10 This was affirmed by 
other clinical and anatomic studies. 18•23•24 Although this criterion i s  widely 
applied today, the diameter· of the SIEV might not be an absolute predic
tor for venous congestion. A recent study did not show a direct correlation 
between vessel diameters of superficial and deep inferior epigastric sy
stems, meaning the diameter of the SIEV can be relatively large, but the 
deep venous system is still large enough to drain the complete flap.25 

The advantage of the technique described in this article is that  it of
fers direct information about the venous pressure in the superficial sy
stem and thus if the SIEV should be anastomosed or not. If the pressure 
is increased, the preparation for the second anastomosis can be made 
together with the preparation of the donor site, thus potentially saving 
operative time. Also, the results of this study indicate that the pressure 
in the SIEV rises before clinical signs of congestion are observed. This 
means that a possible complication can be acted on in an earlier phase, 
making the chance on severe complications smaller. 

Because this is a pilot study, the results of this study need to be con
firmed in a larger population, especially taking into consideration that in 
the current population venous congestion was observed only once. Apart 
from confirming our findings in  a larger population, this pilot study also 
raises some questions among others about the redistribution of flow in a 
flap after harvest on the perforator vessels, for example, how the pres
sure will change after flap transfer and m icrosurgery and if the pressure 
will come back to the baseline after surgery. Also, the pressure in  the 
contralateral SIEV could be of interest; in  a unilateral reconstruction, for 
example, this might give an indication of the amount of flap that can be 
safely taken beyond the m idline. 
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Compared with new mon itori ng techn iques, the advantage of the des
cri bed tech n ique is that it is s im ple,  i nexpensive, a nd easy to use.  The 
materia ls  used to measure the venous pressu re a re common ly used by 
anesthesio logists and  a re therefore at hand . And beca use these mater i
a ls  are d isposable,  they do not need to be ster i l ized afterward or  bagged 
before use .  

Conclusion 

Although the resu lts of th is report a re pre l im ina ry, it i nd icates that the 
pressure i n  the superficia l  vei n  of DIEP flaps m ight be of pred ictive va
lue for venous congestion . A study with a l a rger  popu lation needs to be 
performed to confi rm the expectat ions th is  study bri ngs forth . 
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Chapter 5 

Summary 

Introduction: The authors conducted a review of the recent literature 
on the monitoring of free flaps to create an overview of the current mo
nitoring devices a nd their potentia l as an ideal monitoring method. 

Materials and methods: A literature-based study was conducted using 
the PubMed and Cochrane databases. The following search terms were 
used : "flap" and "monitoring." All monitoring methods found between 
January of 1999 a nd January of 2009 were evaluated. Monitoring me
thods that were described in five or more clinical reports were further 
investigated. 

Results: The advantag�s and disadva ntages of conventional monitoring 
methods, the implantable Doppler system, color duplex sonography, 
near-infrared spectroscopy, r11icrodia lysis, and laser Doppler flowmetry 
are presented. Furthermore, an overview is given of their potential as 
ideal monitoring method. 

Conclusion: The implantable Doppler system, near-infrared spectros
copy, and laser Doppler flowmetry appear to be the best monitoring 
devices currently available. As most of the publications on monitoring 
have focused on the reliability of the systems, future research should 
a lso address their cost efficiency. 
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Introduction 

Since its introduction in the late 1950's1 the free flap has evolved to the 
method of choice as a means to reconstruct or close large defects. In 
the last decade, success rates of 95 percent and higher have been re
ported . 2-4 Despite these improving success rates, microvascular failure 
remains a costly disaster. As salvage rates have been reported to be 
inversely related to the time interval between the onset of ischemia and 
its clinical recognition,5 the monitoring of free fl aps remains of major 
importance. In 1975, Creech and Miller6 described what the ideal moni
toring device should be like. It should be harmless to patient and flap, 
rapidly responsive, accurate, reliable, and applicable to all types of flap. 
Furthermore, it should be equipped with a simple display so that  even 
relatively inexperienced personnel can alert the development of circula
tory impairments. Despite the introduction of various new and improved 
techniques, none of these techniques has succeeded to meet all these 
so-called ideal criteria .  We conducted a review of the recent literature 
on free flap monitoring to create an overview of the current ·monitoring 
devices and to define the ideal monitoring method. 

Materials and methods 

A literature-based study was conducted using the PubMed and Cochrane 
databases. The following search terms were used : "flap" and "monito
ring." All monitoring methods found between January of 1999 and Janu
ary of 2009 were evaluated. Monitoring methods that were described in 
five or more clinical reports were further investigated. Only studies writ
ten in the English language were included. For historical and technical 
backgrounds, reports older than 1999 were used whenever considered 
necessary. 

The number of hits per monitoring method and the properties of the 
different publications are described in Table 1 .  No head-to-head compa
rison of monitoring methods was found. In selecting data about the reli
ability of the system, obviously prospective trials with a large population 
were preferred over others. 

Data analysis 
Data are presented as positive predictive value (chance that the fl ap 
is  indeed compromised when a change of signal occurs) and negative 
predictive value (chance that the flap is not compromised when a nor
mal signal remains) . Cases in which the signal changed (whatever the 
reason) while the flap was not compromised were rated as false positive. 
Cases in which the signal did not change while the fl ap was compromised 
were rated as false negative. If the monitoring device gave a change 
in signal in a compromised flap, but this compromise was not noticed 
otherwise by the medic� I staff, it was rated as true positive. 
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Conventional 
lmplanta-

Color duplex Near infrared Microdia-
Laser 

methods 
ble Doppler 

sonography spectroscopy lysis 
Doppler 

system flowmetry 

Number of hits 1 9  1 0  1 0  8 6 6 

N umber of trials 5 7 8 6 4 5 
Number 
prospective trails 3 0 5 6 3 3 

Mean population 33 (range 91 (range 21 (range 29 (range 34 (range 87 (range per trial 8-67) 5-369) 5-54) 1 1 -41 ) 14-78) 1 1 -232) 

Type of H&N: - H&N: 3 H&N: 2 H&N: 1 H&N: 1 H&N: 1 

reconstructions Breast: - Breast: 1 Breast: 1 Breast: 4 Breast: 1 Breast: 1 

reported in Extrem: - Extrem: 1 Extrem: 1 Extrem: 1 Extrem: - Extrem: -

trials Buried: 4* Buried: 1 Burried: 4 Buried: - Buried: 1 Buried: -
Comb: 1 Comb: 1 Comb: - Comb: - Comb: 1 Comb: 3 

Table 1; Number of hits per monitoring method and characteristics of these publi
cations. Comb; reconstructions at different anatomical locations. 
* Although these reports describe monitoring buried flaps, they do this by adding 
an external component, making them not completely buried flaps. 

Results 

Conventional methods 
Conventional monitoring methods include clinical assessment of skin 
color, turgor ( especially in replants) and temperature of the flap, and 
capillary refill. Handheld Doppler may also be regarded as- a conventio
nal technique . 7•

8 

Current technologic advances in media and the Internet inspired some 
a uthors to use regular digital images to monitor color. It can help detect 
changes in time more quickly. Another advantage is that images can be 
transmitted via the Internet to the consulted surgeon at home.  In dy
namic processes, a video recording can be made as well . 9•10 To monitor 
color, buried flaps can be given an external component ( either skin1 1  or 
a vessel stump12) .  These can pe removed later during a secondary pro
cedure. Nevertheless, monitoring the color of muscle flaps covered by a 
skin graft remains cumbersome and not infrequently vascular problems 
are not signaled in time to allow for successful reintervention. 

The temperature can be monitored using touch, temperature pro
bes, 13 temperature-sensitive tape14 (Figure 1 ) ,  and a handheld non
contact thermometer. 15 Surface temperature monitoring is regarded by 
some authors to be of value only in monitoring replantations and small 
free flap reconstruction because of its inability to detect changes before 
flap failure or reoperation in deep inferior epigastric perforator flaps. 16 

To aid postoperative localization of the vessels by Doppler, the anasto-
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motic sites are often marked on the skin by ink. A transparent film dres
sing can be used to protect the mark from fading during the patient's 
inpatient stay. 17 

Figure 1; Temperature strip monitoring (Sham Anesthesia, Inc. , Tampa, Fla.) on 
a deep inferior epigastric perforator flap used for microsurgical breast reconstruc
tion. One strip shows the temperature of the flap, while the other strip registers 
the temperature of the contralateral breast. 

Figure 2; The implantable Doppler system (Cook Medical, Cook Ireland Ltd. , Li
merick, Ireland) showing the silicone cuff around the vein before skin closure. The 
Doppler crystal (which is attached to the cuff) is connected to a thin wire through 
which it exits the wound. 
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Implantable Doppler system 
The implantable Doppler system is an invasive technique that allows di
rect and continuous monitoring. The technique was introduced in 1988 
by Swartz et al . 18 in microsurgical reconstructions. The system consists 
of an implantable 20-MHz ultrasonic probe that is mounted on a silicone 
cuff that can be wrapped around the venous pedicle19 and a battery
operated portable monitor. Different methods have been described to 
attach the cuff around the vein, including microclips,20 sutures,21 and 
fibrin sealant, 2 2  all with good results. Postoperatively, the surgeon, nur
sing staff, and the patient are able to hear the audible venous signal. 
The ultrasonic Doppler crystal is connected to a thin wire through which 
it exits the wound. The wire is plugged into the monitor at the patient's 
bedside. The electrode slides free from the cuff when pulled externally 
at 5 to 10 days postoperatively, depending on the length of monitoring 
required. The electrode is designed to separate from the cuff when a 
tension of 50 g is applied18, 19 (Figure 2). 

The system has been praised for its ease of use, value in buried flaps, 
and the information it offers during the inset of the flap.23-27 Difficulty in 
the interpretation of back and forth motion of blood in the internal mam
mary vein, however, may occur. This can be tested by listening if the 
signal stops after clamping the vein. If the signal does not, the system 
is of less use. 28 The negative. predictive value of the implantable Doppler 
system is reported to be 100 percent. 2 1 ,25,25,29 In one reported case, the 
signal remained while the pedicle was kinked. In this case, the cuff was, 
however, wrapped around a vein in which two perforators drained, which 
explains the remaining signal. 30 The positive predictive value in a study 
including 369 head a nd neck cases was 81 percent. 24 Another study on 
121 breast reconstructions described a positive predictive value of 93 
percent. 25 In reports in which the system is used not exclusively for 
the vein but for monitoring either artery or vein, this number has been 
reported as  low as 18 percent. 26, 29 The costs of the system consist of 
$3100 for the monitoring box and $412 for each disposable probe. 31 

Color duplex sonography 
Color duplex sonography is a noninvasive monitoring technique that 
combines the recording of blood flow velocity with the recording of blood 
flow direction. Combined color flow and spectral Doppler imaging within 
both flap and recipient vessels enables accurate assessment of anasto
motic patency (Figure 3) . 

Color duplex sonography is often used . in buried fl.aps and head and 
neck reconstructions, because in these circumstances, flaps cannot pos
sibly be m onitored with conventional methods. 32-37 Its strength is the 
precise and quantitative characterization of inflow and outflow,38 and it 
has been reported to prevent unnecessary revisions.35 The technique, 
however, requires experience with the device, as well as detailed know
ledge of the recipient site and flap. This means that in some cases the 
radiologist and microsurgeon both have to be available when assessing 
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the flap . 33 Th is  exp la i ns why i n  severa l  reports the system is  often used 
no more than  once a day. 34,35,37,35 Co lor  du p lex sonog raphy has a l so been 
used as com plementary test in stud ies addressi ng nea r- i nfra red spec
troscopy39·40 or the i m plantab le  Doppler system . 29 Two stud ies, w ith a 
combi ned popu lat ion of 65  cases of head and neck reconstructions  and 
buried fla ps, reported the positive and  negative pred ictive va l ues of 1 00 
percent. 33•38 The cost of the color  dup lex system may va ry from $30, 000 
to $225,000,  depend ing  on  its specifications .41 

Figure 3; Color duplex sonography showing the monitoring of a buried gracilis 
flap. 

Figure 4; Near-infrared spectroscopy showing the preoperative calibration of the 
device in a deep inferior epigastric perforator flap reconstruction. 
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Near-infrared spectroscopy 
Near- i nfra red spectroscopy is a non i nvasive tech n ique,  whic_h a l l ows 
conti nuous mon itori ng of flap  tissue oxygenation a nd perfusion . It was 
first descri bed by Jobs is42 i n  1977 in the exposed heart and bra i n ,  and  
was fi rst reported i n  a p lastic surg ica l jou rna l  i n  1 995  to  mon itor flaps 
and l imbs i n  ra bbits .43 

Nea r- i nfra red spectroscopy employs the pri nc ip les of optica l spec
trometry to measu re haemog lobi n content and oxygenat ion in loca l tis
sues . The . system de l ivers selected and ca l i brated wave lengths of near
i nfra red l ight via a probe attached to the ski n to tissues.  Because of the 
appl ied tech n ique,  the mon itori ng is not i nfluenced by movements of 
the probe, l i ke for exa m ple in laser Doppler flowmetry.44 Selective l i ght 
absorption by oxygen-dependent tissue chromophores, pri mari ly hemo
g lob in ,  resu lts i n  the reduction of l ig ht i ntensity. The atten uated optica l 
s igna l  exiti ng the tissue is  ana lyzed us ing spectrophotometric pri nci p les 
that re late l i ght a bsorption  to the tissue concentration of tbe chromop
hore .  45 

Characteristic absorpt ion spectra of oxygenated and  deoxygenated 
hemog lob in perm it the system to calcu late concentration  of both hae
mog lob in  forms .46 The tissue penetration depth of nea r� i nfra red l i ght 
can be up  to 20 mm44 (Figure 4) . 

Near- i nfra red spectroscopy is reported to a l low objective and early 
detection of flow fa i l u re .  It ca n accu rate ly identify early s igns of arteria l  
and venous th rom bosis before c l i n ica l  s igns of  fla p  fa i l u re .44147 In  the first 
few postoperative hours, however, there ca n a lso be a s l i ght phys io log i
ca l decrease i n  oxygen saturation ,  which shou ld not be m isunderstood 
as a vascu lar  com pl i cation .  After 12 hours, the oxygen satu ration re
turns to norma l  · ieve ls .40,47 Whi le  some authors prefer nea ri nfrared spec
troscopy for flaps with a cutaneous component,44 others a l so advocate 
its use in buried flaps .  47 Th ree stud ies, with a comb ined popu lation  of 98 
patients, reported both positive and negative pred ictive va l ues of 100 
percent .  44,47,48 

The cases reported i n  these stud ies i ncl uded head and  neck and breast, 
as we l l  as bu ried flaps .  The costs for a near- i nfrared spectroscopy mo
n itori ng system a re $ 1 6, 500 for the mon itori ng box and $ 1 50 for the 
d isposa ble sensor.49 

Microdialysis 
Microdia lysis i s  an  i nvasive, i nterm ittent, i nd i rect mon itori ng techn ique .  
I t  was first descri bed by Delgado et  a l . 50 i n  1972 for detecti ng neuro
transmitters and ischem ia in monkeys. In 1998, Rojdma rk et a l . 5 1  repor
ted its use for mon itori ng  myocutaneous flaps .  

M icrod ia lysis is  a sam pl i ng techn ique that stud ies the biochemistry of 
organs or tissues.  A dou b le- l umen microdia lysis catheter or probe s im i l ar  
i n  size to  an 18-gauge venous cannu l a  is  p laced (us ing  a n  open needle) 
under d i rect vis ion i nto the tissues .  It is con nected to a sma l l  pu mp, 
which i nfuses phys io log ic  fl u id  through the catheter. Across a d ia lysis 
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membrane, this fluid equilibrates with the interstitial fluid surrounding 
the catheter, a nd therefore aliquots of the perfusate ca n be analyzed on 
the tissue content of glucose, lactate, pyruvate, and glycerol metabolite 
concentrations. A falling glucose and rising lactateto-pyruvate ratio indi
cates anaerobic metabolism and thus indicates a n  arterial compromise. 52 

A rising glycerol level reflects cell membra n.e damage and is seen in both 
venous congestion and arterial compromise53 (Figure 5) . 

Microdialysis is capable of detecting vascular complications before 
clinical signs of vascular compromise. 54 A learning curve, however, is 
required to optimize the use of the system .54 Besides, it takes 30 mi
nutes to get a reading (20 minutes to fill the microvial a nd 10 m inutes 
to analyze the fluid) . 55 Microdialysis ca n be of extra value in buried a nd 
intraoral  flaps.ss-57 The reported positive predictive value of microdialysis 
varies. In a study containing 78 consecutive flaps located at different 
a natomical locations, a positive predictive value of 90 percent was no
ted. 54 In a nother study of 25 head and neck reconstructions, however, 
the positive predictive value was reported to be 22 percent. 57 Although 
this percentage is low, it could have been caused by the learning curve 
of the system.57 Both studies reported a negative predictive value of 100 
percent.54•57 The cost for the a n alyzer/ monitor itself is a lmost $52,000; 
the additional  costs including catheters, reagents, a nd consumables are 
$570 per flap.58 

Figure 5; Microdialysis monitoring of a muscle flap covered by a split skin graft. 
The catheter is inserted into the flap and secured by sutures. A microvial is con
nected to the catheter to collect the fluid. An advantage of microdialysis, shown 
here, is that the catheter can be inserted next to the flap and tunneled to it sub
cutaneously, preventing interference between monitoring and wound dressings. 
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Laser Doppler flowmetry 
Laser Doppler flowmetry provides a noninvasive continuous means of 
determining tissue perfusion. One of the first reports on laser Doppler 
flowmetry was an experimental animal study by Riva et al. 59 in 1972 to 
measure the blood flow in the retina l  artery of albino rabbits. In 1977, it 
was reported by Stern et al. 60 in the assessment of blood flow in human 
skin. 

In laser Doppler flowmetry, tissue is illuminated with coherent laser 
light through a fiberoptic cable. Backscattered light is collected by the 
same probe, and a frequency shift is extracted by the heterodyne light 
beating technique. The power-spectral density of shifted light is a li
near function of the average velocity of moving cells within the tissue. 
Depending on the probe geometry, a detection of blood flow and flow 
velocity up to 8-mm depth is possible. 61 The probe can be attached to 
the skin by using double-sided adhesive rings; sutures can also be used 
when a firmer attachment is required62 (Figure 6) . 
It is more important to observe trends in laser Doppler flowmetry rea
dings rather than the absolute value, particularly in cases of venous 
occlusion, in which there is typically a less abrupt decline in flow va
lues. 53,54 The system can be sensitive to vibration, motion of the probe, 
or tissue. If the flowmeter indicates an abnormal blood flow, just reposi
tioning of the probe can improve the flow readings. 62 To better evaluate 
the microcirculation of the flap, laser Doppler flowmetry has been used 
with light guide reflectance spectrophotometry. 26 To more effectively dif
ferentiate between arterial occlusion and venous congestion, it has been 
used in combination with tissue spectrometry with good results. 61 Two 
large studies, with of a combined population of 326 cases, showed a 

Figure 6; Laser Doppler flowmetry monitoring of a deep inferior epigastric perfo
rator flap reconstruction. 
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negative predictive value of 100 percent and positive predictive value 
between 94 and 100 percent. 62•63 The cases in which the probe had to be 
repositioned are, however, not included· in these numbers. 62•63 

The price of the laser Doppler flowmeter ranges upward from $ 5460, 
and the price of the probe ranges upwards from $1015. The probe can 
be used far at least 10 cases or half a year before it needs to be repla
ced. The current generation of laser Doppler flowmetry devices have 
integrated temperature sensors to aid monitoring.65 

Monitoring Positive Negative Conti- lnva- Direct Easy to Simple Appli-able Costs 

technique predictive predictive nuous sive interpret technique to all types 

value value of flaps 

Conventional 
- +/- . + . 

methods 

Implantable 
$3, 1 00 (monitoring box), 81 % -

Doppler 1 00%24,25 + + + + + + 

93%24,25 $412 (disposable probe)3' 
system 

Color duplex 
100%33 31 1 00%33 38 + + $30,000 to $225,00041 

sonography 

100% .. 47· 
$16,500 (monitoring box), 

NIRS 1 00% .. 47, 48 + + + +/- . $150 (disposable 
41 

sensor)" 

$52,000 (analyzer), 

$570 (Catheters, 
Microdialysis 90%54 1 00%54 57 . + . + 

reagents, and 

consumables)58 

Laser 
94%-

$5,460 (laser Doppler 

Doppler 1 00%82 83 + + +/- +/- . flowmeter), $ 1 ,0 15  
100%",8283 

flowmetry (probe, per 1 0  cases)88• "* 

Table 2; Different monitoring methods compared with criteria of Creech and Mil
ler; * The cases in which the probe had to be repositioned are, however, not in
cluded in these numbers. **  The system also includes a temperature probe. 

Discussion 

Until today, the most commonly applied monitoring methods have been 
conventional  techniques. In only approximately 10 percent of reported 
cases are oth·er methods used, and in most of those cases the m ethod 
used is laser Doppler flowmetry. 66•67 This study was undertaken to create 
an overview of methods of free fl ap monitoring in the recent literature to 
define which monitoring method is currently the best. It remains difficult 
to compare tria ls  of different monitoring methods. Methods of investiga
tion and definitions differ widely per study. Furthermore, it is important 
to realize that each study is being performed in a different setting in 
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which technical skills, type of reconstructions, a nd experience in free 
flap monitoring may differ. 

Although conventional monitoring methods are cheap, the results of 
this study do not favor the sole use of these methods when taking into 
account the response time of the method. The implantable Doppler sy
stem, near-infrared spectroscopy, microdialysis, and laser Doppler flow
metry have all been reported to detect a vascular complication earlier 
compared with conventional methods. A rapid response can often be 
achieved by a continuous monitoring method, such as the implantable 
Doppler system �  near-infrared spectroscopy, and laser Doppler flow
metry. Microdialysis is not continuous; a microvial has to be inserted 
to collect a sa mple, and this sa mple has to be a nalyzed. Furthermore, 
taking into account that the costs of microdialysis are the highest and 
the output is more difficult to interpret, we do not think it is the best 
monitoring method available at this moment. 

Most research protocols used color duplex sonography only once a 
day to monitor fl aps and used it primarily as a m ethod of control, when 
in doubt or for buried flaps.29,3 3-35 ,39,40 We believe that these are the 
best indications for the use color Doppler sonography. It is, however, 
more time consuming compared with most other methods, and trained 
personnel are needed to interpret the data correctly. 3 3 ,35 If, however, a 
vascular compromise is found, especially in buried flaps, the chances for 
a successful reintervention m ay be limited, due to an extended ischemic 
interval. 

Wheri comparing near-infrared spectroscopy, the implantable Dop
pler system, and laser Doppler flowmetry, near-infrared spectroscopy 
probably has the most potential in becoming the ideal monitoring me
thod. The system is reliable; a ll reports state a 100 percent positive 
and negative predictive value,44147148 and it also gives information on the 
exact type of complication. Furthermore, near-infrared spectroscopy is · 
noninvasive and is reported to monitor tissue up to 20 mmin depth,44 

making it applicable to most flaps. 
The implantable Doppler system is the cheapest of the newer moni

toring methods. Two other important advantages are that it can be used 
in all types of flaps and that its reading is easy to interpret, because the 
flow of the vein is reflected as an all or none phenomenon. Therefore, 
the system may be especially useful for less-trained personnel. What 
makes the system less ideal is the fact that it is a n  invasive system and 
that a component (the silicone cuff) remains behind after removal of 
the lead and Doppler crystal. Besides, the placement of the system is 
critical, resulting in the lower positive predictive value. 241 25 

Laser Doppler flowmetry is a system with similarities to near-infra
red spectroscopy but with some differences as  well. The penetration 
depth is reported up to 8 m m,61 compared with 20m m  with near-infra
red spectroscopy.44 In addition, Instead qf looking at an absolute .value, 
one follows trends with laser Doppler flowmetry,63,64 as flow and not 
oxygenation is monitored. This is also why near-infrared spectroscopy 
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is more reliable if the external probe temporarily detaches, because the 
oxygenation is more equally divided over the flap compared with flow. 
An advantage laser Doppler flowmetry has over near-infrared spectros
copy is its cost, being less than half of the price of the near-infrared 
spectroscopy system ( Table 2). 

As most of the publications on monitoring have focused on the reli
ability of the systems, future research should address "head-to-head" 
comparisons of the different monitoring methods as well as the cost 
efficiency of the systems, especially as it becomes more important to 
further reduce the costs of healthcare. The cost effectiveness can, for 
example, be calculated by investigating how the success rate of the free 
flaps, and in particular the success rate of the revision, changes by the 
introduction of a monitoring system. 

Conclusion 

The results of this study do not favor the sole use of conventional  mo
nitoring methods when taking into account the time of response of the 
method. The implantable Doppler system, near-infrared spectroscopy, 
and laser Doppler flowmetry appear to be the best monitoring devices 
currently available. As most of the publication_s on monitoring have focu
sed on the reliability of the systems, future research should also address 
their cost efficiency. 
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Chapter 6 

Summary 

Introduction: Accurate post operative assessment of free tissue transfers 
is challenging despite all the subjective and objective techniques available 
today. In our continual sea rch to optimise patient outcomes, we introdu
ced the Cook-Swa rtz probe into our clinical practice in May 2006. 

Materials and methods: We present our single centre experience in 103 
patients undergoing 121 microvascula r breast reconstructions and moni
tored using implantable Cook-Swa rtz venous Dopplers between May 2006 
and January 2008. 

Results: In total, we used 145 probes on 121 microvascula r breast recon
structions (DIEP=102, SIEA=15, SGAP=4) in 103 female patients. The 
mean operative time was 4 h and 55min (µ =295; range 117-630; 0 ± 
101 min) and we suffered 2 complete flap losses. A problem with the au
dible signal was noted in 15 patients ( 4 intra-operatively) . We revised 14 
of the 15. All fourteen had compromised anastomoses. In the remaining 
case, the patient was not returned to theatre as the primary surgeon 
was confident there were no other signs of vascula r compromise. Overall, 
when using the venous Doppler probe we found a false positive rate of 
6. 7% and 0% false negatives. 

Conclusion: We advocate the use of a Cook-Swa rtz probe which has been 
well received by both surgeons, nursing staff and patients, as an adjunct 
to traditional clinical monitoring techniques. We also include a compre
hensive experience based technical discussion concerning its application, 
attachment, use and post-operative removal. 
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Introduction 

Accurate assessment of the perfusion of free tissue transfers has a lways 
been a challenge for surgeons undertaking microvascular reconstructive 
procedures, and there are a range of contemporary techniques in clinical 
use, and currently in development. 1 Routine monitoring of free fl a ps is 
increasingly being undertaken by nursing staff on the ward, and often 
junior medical staff covering the ward have little experience of such 
monitoring and are not assigned specifically to the operating surgeons 
team. It is well recognised that surgical experience is an important pre
�iictor for flap sur.vival2 and recent advances in technology and improve
ments in surgical technique have led to reported success rates between 
95 and 98%.2 This success has been achieved in conjunction with im
proved monitoring of flap circulation post-operatively. Considering free 
tissue transfers are time consuming and complex procedures with inhe
rent risks, we are always looking for devices that have the potential to 
minimise patient morbidity. 

In our continual search to optimise patient outcomes, we introdu
ced the Cook-Swartz probe (Cook Medical®, Cook Ireland Ltd, Limerick, 
Ireland) into our clinical practice in May 2006. The Cook-Swartz venous 
Doppler system is a technique for monitoring venous flow in free tissue 
transfer consisting of an implantable 20 MHz ultrasonic probe around the 
venous pedicle and a battery operated portable monitor. Although it was 
developed in the USA some time ago, and has been available for clinical 
use in the USA for several years,3-5 it has only gained the CE mark and 
been distributed in Europe since 2006. Only a handful of small prelimi
nary reports have been described in Europe and Australasia over the last 
2 years,6•7 with promising results. We present our experiences, on 103 
patients with the device and advocate the use of a Cook-Swartz probe as 
an adjunct to traditional  clinical monitoring techniques. We also include 
an experience based technical discussion concerning its application, at
tachment, use and post-operative removal. 

The Cook-Swartz Doppler monitoring system 
The Cook-Swartz venous Doppfer monitoring system is a technique for 
monitoring blood flow following free tissue transfer. It consists of an 
implantable probe with a removable, 20 MHz ultrasonic Doppler crystal 
and a silicone cuff to secure it around the vessel adventitia of the venous 
pedicle, and a battery operated or line powered portable monitor. The 
cuff consists of a small 8 x 5 mm2 thin silicone sheet which is wrapped 
around the vessel and the overlying ends secured. The probe's proximal  
end exits as a thin wire through the wound and is  connected to an inter
mediate extension cable that is attached to the patient through the use 
of specially designed retention tabs. The intermediate cable plugs into a 
transportable monitor at the patient bedside, which is battery or mains 
operated. The intermediate cable allows detachment of the probe whilst 
the patient mobilises post-operatively. The electrode slides free from the 
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cuff when pulled externally at 5-10 days postoperatively depending on 
the length of monitoring required. The electrode is designed to separate 
from the cuff, when a tension of 50 grammes is applied. By 5 days the 
cuff is sufficiently adherent to the vessel and the vessel adherent to the 
surrounding tissue, allowing safe traction and removal of the electrode. 
The probe allows direct vessel monitoring of a microvascular anastomo
sis at a specific site along a designated vessel. It is possible to listen to 
the signal in the donor vessels whilst selecting a vessel for anastomosis. 
It is possible to use multiple probes if several venous anastomoses are 
carried out. Post-operatively, the surgeon, nursing staff and the patient 
are able to hear the audible venous signal. It potentially gives an early 
warning to fl aps with compromised pedicles before clinical signs are ap
parent, allowing a n  earlier return to theatre (Figure 1 ) .  

Materials and methods 

The patients details of 103 patients undergoing 121 microvascular breast 
reconstru�tions (DIEP= 102 , SIEA= 15, SGA P = 4) and monitored using 
145 implantable Cook-Swartz venous Dopplers between May 2006 and 
January 2008 were retrieved. All patients were operated on in a single 
centre, with three senior plastic and reconstructive surgeons performing 
the operations. The age, sex, indication for surgery, type of flap, type 
of anastomosis, recipient vessels, ischemia time, anastomotic time, re
visions and surgical  outcomes were reviewed from our comprehensive 
database. 

Figure 1 ;  The Cook-Swartz venous Doppler monitoring system. The blue and 
green wires connect the probe with the white monitoring box. 
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Results 

Our study group included 121 m icrovascular breast reconstructions on 
103 female patients with an age range of 22 to 67 years (µ = 50;  0 ± 
9.5) All breast reconstructions were for oncological  reasons; with 29 
immediate breast reconstructions and 92 delayed reconstructions. The 
DIEP flap was the most often used flap (n=102 breasts) . SIEA (n=15) 
and SGAP (n=4) flaps were used less commonly. The internal mammary 
artery was the recipient site in the majority of cases (n=113). The cir
cumflex scapular artery was the recipient vessel in seven cases (n= 7) 
and the Thoracodorsal artery once (n= l) .  117 (97%) of arteria l  anas
tomosis were end to end. The respective vein was used for the venous 
anastomosis. In 51 flaps, a second venous anastomosis was performed 
as the flap subjectively appeared engorged following successful primary 
venous anastomosis. The cephalic vein was most commonly used as 
the recipient vessel for the secondary anastomosis (n=36) . The internal 
mammary (n= 8),  circumflex scapula (n=4) and Thoracodorsal  (n= 3) 
were also used. 170 (99%) of venous anastomoses were perform ed in 
an end to end fashion, the rest were preformed end to side. 

The mean ischem ia  time was one hour (µ = 60; range 20-155; 0 ± 24 
m in) . The mean anastomotic time was 14 min '(µ = 14;  range 4-38; 0 ± 
5 m in) and 9 m in (µ = 9 ;  1-35; 0 ± 6 m in) for the artery and vein, res
pectively. The mean operative time was 4 h and 55 m in (µ =295; range 
117-630; 0± 101 m in). There were 2 complete flap losses and one case 
of partial  necrosis (overall success rate 98%). Overall we used 145 im
plantable probes in 121 cases. 

A problem with the audible signal was noted in 15 patients. A poor 
audible flow signifying flap comprom ise was picked up intra-operatively 
in four cases. There were problems with the artery in three cases (two 
arterial thrombosis, one arterial spasm),  and one problem with the, vein 
(one venous pedicle was kinked). In 10 of the rem a ining 11 cases, a 
salvage procedure was performed. 

The mean time to re-operation was 35 h and 52 min (µ =35h52; range 
1h01-80h00; 0 ± 29h07). The most common intra-operative finding 
were an arterial thrombosis (n= 4) and a venous thrombosis (n= 4) .  A 
haematoma causing venous compression was seen in two case·s. In the 
rema ining case; the patient was not returned to theatre as- the primary 
surgeon was confident there were no other signs of vascular compro
m ise. The two flap fa ilures were due to 1 arterial, and 1 venous throm
bosis (Table 1 ). Overall, when using the venous Doppler probe we found 
a false positive rate of 6. 7°/� and 0% false negatives. 

79 



CX) 
0 

Case Age Rise fac- Flap used Immediate R e c e p t o r  Type of ar- Arterial Type of ve- V e n o u s  Change in Time to re- l nt ra o p e - Flap out-
tors vs delayed vessels terial anas- anastomo- nous anas- anastomo- signal operat ion rative fin- come 

recostruc- tomosis sis mate- tomosis sis mate- (hours) dings 
tion rial rial 

1 45 DMa DIEP• !)elayed i n t e r n a l  end to end suture End to end Clips Stop lorf A r t e r i a l  Success 
mammary thrombosis 

2 52 SIEAd Delayed i n t e r n a l  end to end suture End to end Clips Stop lor A r t e r i a l  Failure 
mammary thrombosis 

3 56 DIEP Delayed i n t e r n a l  end to end suture End to end Unilink® Pulsating lor A r t e r i a l  Success 
mammary spams 

4 57 DIEP Delayed I n t e r n a l  end to end suture End to end Suture Weak signal lor Venous in- Success 
mammary sufficience 

5 59 DIEP Delayed i n t e r n a l  end to end suture end to end Clips Stop 1 Hematoma Success 
mammary 

6 59 HTb DIEP Immediate I n t e r n a l  end to end suture End to end Suture Stop 4 V e n o u s  Success 
mammary thrombosis 

7 35 SGAP- Immediate i n t e r n a l  end to end suture End to end Clips Stop 11 Hematoma Success 
mammary 

8 53 HT SGAP Delayed i n t e r n a l  end to end suture End to end Clips Decrease 14 V e n o u s  Success 
mammary thrombosis 

9 39 SGAP Immediate I n t e r n a l  end to end clips End to end Unilink® Stop 22 A r t e r i a l  Success 
mammary thrombosis 

10 39 DIEP Delayed I n t e r n a l  end to end suture End to end Unillnk® Stop 51 A r t e r i a l  Success 
mammary thrombosis 

11 43 DIEP Delayed i n t e r n a l  end to end suture End to end Clips Stop 51 A r t e r i a l  Success 
mammary thrombosis 

12 38 DIEP Delayed i n t e r n a l  end to end suture End to end Unilink® Stop 54 A r t e r i a l  Partial ne-
mammary thrombosis crosis 

13  58 DIEP Delayed i n t e r n a l  end to end suture End to end Unilink® Decrease 74 V e n o u s  Failure 
mammary thrombosis 

14 34 DIEP Immediate I n t e r n a l  end to end suture End to end Unilink® Stop 80 V e n o u s  Success 
mammary thrombosis 

15 60 DIEP Immediate i n t e r n a l  end to end suture End to end Clips Stop No surgery No surgery Success 
mammary performed performed 

Table 1; Cases in which the medical staff were alerted to poor audible Doppler flow. 
DM; diabetis melitus, HT; hypertension, DIEP; deep inferior epigastric perforator, SIEA; superficial inferior epigastric artery, 
SGAP; superior glutal artery perforator, Ior; intra operative revision. 
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Discussion 

In many cases, the complexities of flap microcirculation are difficult to 
assess despite all the subjective and objective examination techniques 
available today. 1 ,2,s-15 Efficacious post-operative monitoring of free tis
sue transfers in mandatory in order to detect vascular occlusion at an 
early enough stage to a llow re-exploration and ultima tely improve the 
chances of flap sa lvage. 16• 17 Of the techniques currently available to mo
nitor free flaps post-operatively, clinical assessment is the most com
m�rnly used, 1 1• 18 however there is a need for experienced interpretation 
and such tests are often unreliable. 1 1, 19 Clinical changes may be subtle 
initially and by the time they a r.e clinically apparent, sa lvage of the 
flap may be impossible due to irreversible tissue damage. Notwithstan
ding this, some authors still believe clinical observation to be the 'gold 
standard'. 20 It is clear there is a wide variation in the post-operative 
monitoring of free tissue transfers, in the UK at least. 10, 18, 2 1  Flap perfu
sion has been investigated using a myriad of techniques using: sodium 
fluorescein,22-26 indocyancine green, 21-30 radioactive isotopes (techni
tium 99 m, 3 1• 32 xenon 133, 3 3  sodium 2234 ) ,  hydrogen gas clearance, 3 5•36 

microdialysis, 31-39 tissue pH,40-43 pO2,44-54 surface temperature,55 •5 6  near 
infra-red spectroscopy,57-61 hand held Doppler, 62 laser Doppler57 ,63-66 and 
photoplethysmography. 67-69 

It is an indictment of a ll the techniques available that most surgeons 
still rely on their own clinical observation. However, with the routine 
monitoring of free flaps on the ward often being undertaken by junior 
ward nurses, and inexperienced junior doctors on rotation, it is incum
bent on us as senior medical practitioners to strive to optimize patients 
outcomes following microsurgery and lead us towards the ideal m ethod 
of monitoring flap viability proposed by Creech and Miller (1975) .70 Over 
time, flap salvage rates decline significantly and the ideal time to detect 
a flap with inflow or outflow compromise is before the patient leaves the 
operating theatre. 

Implantable probes such as the Cook-Swartz Doppler system offer 
this exciting opportunity. Initial experimental work with the implanta
ble Doppler probes showed that there were un-necessary re-explorati
ons (false positives 3%) and venous thrombosis that were not detected 
(false negative 5%) when the probe was placed only on the arterial pe
dicle. Significant delay of up to 5 h was found between a problem with 
venous outflow to loss of the arterial signal in large muscle flaps. 3 These 
findings were corroborated by Swartz4,s when he found that arterial pro
bes immediately detected an arterial occlusion but continued to record 
pulsation for up to 6 h after venous occlusion. Venous probes detected a 
venous problem immediately and an arterial problem on average 6 min 
after arterial occlusion. A recent small study (n=24) in the United States 
has described promising results for the implantable venous Doppler in 
head an9 neck surgery71 with increased success and operative salvage 
rates. 
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Two other  recent stud ies, one i n  the U K7 ( n = 24) a nd one i n  New Zea
land6 ( n =4) have a lso advocated the probe 's use . Th is device has on ly 
recently become ava i l a b le for genera l  u se i n  the U K  and  ma i n land  Eu
rope, and we have been using it s ince the re lease date .  

S ince May 2006,  we have performed 1 2 1  m icrovascu l a r  breast recon
structio ns (29 im med iate and 92 de layed) on 103  female patients . The 
majority of our  cases were DIEP flaps us i ng  the i nterna l  mammary ves
sels as the recip ient site . We performed a second venous anastomosis to 
augment venous outflow in 51 flaps ,  most com mon ly us i ng  the cepha l i c  
ve i n  as the  rec ip ient vessel . 

Overa l l ,  our  success rate of 98% is com pa rab le  with other pub l ished 
stud ies .  72-74 From the 145 imp lanta b le p robes used i n  1 2 1  cases, a pro
b lem w ith the aud ib le s igna l  was noted in 15 patients . A poor aud i ble 
flow s ig n ify ing flap  comprom ise was p icked up  i ntra-operatively i n  fou r  
cases . There were problems with the a rtery i n  two cases (one  a rteria l  
th rom bosis, one a rteria l  spasm ) ,  a nd two prob lems with the vei n (one 
venous th rom bosis and  one venous ped ic le was ki n ked) . In the remai
n i ng 11  cases the change i ri  s ig na l  was p icked u p  on  the ward and  i n  10  · 
a sa lvage procedu re was performed . The mean  ti me to re-operation was 
35 h and  52 m i n  ( µ = 35h52 ;  ra nge 1h0 1 -80h00 ;  0 = 29h07) . E ight of 
the ten flaps retu rned to theatre were sa lvaged successfu l ly. It is of note 
that i n  one case, even though there was a change i n  Dopp ler s igna l ,  the 
decis ion  was made not to retu rn the patient to theatre .  Upon complete 
cl i n ica l exam ination of the patient a nd fla p , there was no i nd ication  that 
flap via bi l ity was th reatened . Overa l l ,  when usi ng the venous Doppler 
probe we found a fa lse positive rate of 6 .  7% and a fa lse negative rate of 
0%.  We routi ne ly remove the probe at seven days post-operatively. 

As a surg ica l team,  we have very posit ive experiences with the ap
pl ication  and  use of the Doppler probe and  wou ld advocate its use as 
an  adj u nct to c l i n ica l mon itori ng  techn iq ues .  S i nce i ntrod uction i nto our  
c l i n ica l practice, the  Cook-Swa rtz p robe has  cha nged the  way we mon i 
tor free flaps .  Whereas previously we rel ied on the  regu l a r  use of hand
he ld  Doppler probes and  cl i n ica l tests, we now on ly  use these methods if 
there is  a c lear change in a ud ib le Dopp ler  output.  Th is ma kes the mon i 
tori ng l ess l abo u r  i ntensive and ca use less patient d isrupt ion,  as we can 
often tu rn the mon itor on  qu ietly at n ight without waki ng  the patient .  

The Coo k implantable pro be - techn ical aspects 

Application and attachment 
We ma n ipu late the si l i cone cuff b i -manua l l y  with fi ne non-toothed . for
ceps .  One side of the cuff. is gently wrapped a round  the ve i n  (d ista l to the 
anastomosis) and  then the other s ide .  Both ends of the cuff a re gently 
g ripped by the forceps, and m icro-c l i ps a re used to secu re the cuff i n  
situ (Figure 2) . It is  importa nt to get the  tens ion correct as the Doppler 
probe in the cuff m ust be securely in contact with the vei n .  If the cuff is  
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too tightly secured, the potential for venous outflow obstruction exists. 
If the probe is not well approximated either no signal is produced, or it 
may rotate and induce vasospasm in the arteria l wall if adjacent. Other 
possible methods to secure the cuff include fibrin glue75 and sutures. 7 We 
prefer using microclips as we believe very accurate placement may be 
achieved, and adjustment is easy due to the atraumatic 'sliding' nature 
of ? PPlication and removal. I�  our experience the use of this system 
adds less than five minutes to the procedure. Whilst with any procedure 
there is a learning curve, we have found it straightforward to use from 
the first case. It has been used by three surgeons in our unit during this 
study without technical difficulties with its application or use. The Cook-· 
Swartz system can be used in conjunction with other monitoring tech
niques and the probe allows direct vessel monitoring of microvascular 
anastomoses at a specific site along a designated vessel. If two venous 
anastomoses are needed to augment high flow flaps, multiple Doppler 
probes can be used as the monitor has two channels that can be used 
simultaneously. 

Post-operative removal 
In our clinic the probes are removed the seventh day post surgery. The 
probes are removed by the responsible consultant. They are removed by 
using minimal traction on the wire where it exits the flap. Manufacturers 
specifications state that a force of only 50 grams needs to be applied. Af
ter removal the probe, we routinely perform a final check with the hand 
held Doppler to ascertain anastomotic integrity. Of the 145 probes we 
have removed so fa r, we have encountered no complications. 

Figure 2; Attachment of the silicone cuff using micro-clips. 
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Cost 
Each disposa ble probe costs £270 and the mon itori ng box £ 1750 .  Con
sideri ng the cost of  return to theatre and revis ion, morbid ity of  flap loss 
and  consequences for the patient, we bel ieve that venous Doppler mon i 
toring can be justifi ed . 

Conclusion 

In our experience w ith 145 probes, we found a fa lse positive rate of 6 .  7% 
and a fa lse negative rate of 0%. We advocate the use of a Cook-Swartz 
probe which has been wel l  received by both surgeons, nurs ing staff and 
patients, as an  adjunct to trad itiona l cl i n ica l  mon itori ng tech n iques. 

Financial disclosu re 
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Su mmary 

Introduction: The Cook-Swartz implantable Doppler system was introdu
ced at the Uppsala University Hospital to ease free flap monitoring and 
improve salvage rates by an earlier detection of vascular compromise. 
The aim of the current analysis was to investigate whether the system 
indeed improved the salvage rate of revisions. 

Materials and methods: All cases that needed revision among a con
secutive series of patients being monitored with the implantable Dop
pler system between June of 2006 and January of 2009 were compared 
with a similar set of patients operated on before the introduction of the 
implantable Doppler system over an equal time span monitored with 
conventional methods. Data were extracted from the medical files of the 
patients. Logistic regression was used to identify factors associated with 
the outcome of the revision. Values of p < 0. 05 were considered statis
tically significant. 

Results : A total of 327 flaps were monitored with the implantable Dop
pler system, of which 35 needed revision. In the control group, 303 flaps 
were included, of which 40 needed revision. The revision was successful 
in 69 percent of the cases in the implantable Doppler system group; in 
the group monitored by only conventional methods, this rate was 60 
percent. Univariate analysis showed no statistical difference between 
these sµccess rates (p = 0. 441; odds ratio, 1. 455; 95 percent confi
dence interval, 0.560 to 3. 775). Multivariate analysis did not show a 
statistical difference either (p = 0. 799; odds ratio, 1.143; 95 percent 
confidence interval, 0.410 to 3.182). 

Conclusion: The introduction of the implantable Doppler system did not 
lead to a significant increase in the salvage rate of revised flaps. 
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Introduction 

Since its introduction in the late 1950's, 1 th.e free flap has evolved into 
the method of choice as a means of reconstructing large defects. Over 
the past decade, success rates of 95 percent and higher have been re
ported. 2-s Despite these high success rates, complications do occur. They 
can be divided into general and specific complications. General compli
cations include infection, hematoma, and systemic complications such 
as pulmonary and cardiac problems. Specific complications are caused 
by arterial and/or venous occlusion or insufficiency. When such a spe
cific complication occurs and is not acted on fast enough, it will cause 
necrosis of the flap, either partially or totally. 6•7 To spot these problems 
in time, flaps are routinely carefully monitored during the early postope
rative period to enable reintervention and salvage of the flap. 

Conventional monitoring techniques, which are still most commonly 
used today, include inspection, palpation, capillary refill, handheld Dop
pler ultrasonography, surface temperature probes, and pinprick tests.8•9 

Adjunctive techniques used to monitor flaps postoperatively i.nclude the 
implantable Doppler system designed by Swartz et al., 10 near-infrared 
spectroscopy, 11-13 microdialysis, 14-15 laser Doppler flowmetry17• 18 in some 
cases combined with tissue spectrophotometry, 19 and modified oxygen 
microelectrode combined with laser-Doppler flowmetry. 20 

The Cook-Swartz implantable Doppler system was introduced at the 
Department of Plastic and Reconstructive Surgery of the Uppsala Univer
sity Hospital in June of 2006 to facilitate free flap monitoring. The goal 
of its introduction was to ease free flap monitoring and improve salvage 
rates by an earlier detection of comp·lications. The aim of the curre,nt 
analysis was to investigate whether the system indeed improved the 
salvage rate of revisions. 

Patients and methods 

Setting 
The Section of M icrosurgery of the Uppsala University Hospital, Sweden, 
consists of three plastic surgeons and a rotating resident. Since 2000, 
the number of free flaps performed has been approximately 100 per 
yea r. 

Study design 
All cases among a consecutive series of patients that needed rev1s1on 
being monitored with the implantable Doppler system between June of 
2006 and January of 2009 were compared with a similar set of patients 
(control group) operated on before the introduction of the implantable 
Doppler system over an equal time span monitored with conventional 
methods. The groups were compared for the success rate of the revisi
ons. 
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Patients 
In the ana lysis of revis ion outcome, on ly the revised cases were inc l u 
ded i n  which vascu lar  comprom ise was  fou nd du ring su rgery (true-po
sitive read i ngs) . Patients undergoing revis ion but in  wh ich no vascu l a r  
compromise was found  du ring  surgery (fa l se-positive read i ngs) were 
excl uded from the ana lysis .  The fa i led cases in wh ich no revis ion was 
underta ken were a lso i nc luded . Th is was done to prevent bias and the · 
suggestion that we chose to perform fewer revis ions in  potentia l ly less 
successfu l cases to increase our  sa lvage rate . 

Monitoring protocol 
Al l  patients went to the i ntensive care u n it d i rectly after su rgery. The 
flap was mon itored by tra i ned nu rs ing person nel  who were in c lose con
tact w ith  the m icrosu rgeon and the anaesthesio log ist i nvolved . Duri ng 
the fi rst 4 hours after surgery, the flap  was checked every 1 5  m inutes . 
Between 4 and  8 hours after surgery, measu rements took p lace every 
30 m i nutes . After 8 hours, measu rements were performed every hour. 
After the fi rst day, the · patient was retu rned to the ward . On the second 
day, measurements were taken every 2 hours ;  on the th i rd day, every 3 
hours ;  and  from day 4 u nti l day 7, every 4 hours .  

Implantable Doppler system 
The Cook-Swartz Doppler Flow Mon itori ng  System (Cook Med ica l ,  Cook 
Ire land Ltd , Limerick, I re land)  consists of a n  imp lanta b le, removab le,  
20-MHz u ltrason ic probe mou nted on  a s i l icone cuff that is used to se
cu re the probe a round the adventitia of the venous ped ic le (Figure 1 ) .  
The probe i s  attached to a w ire that exits the body th rough the i ncision ,  
where it becomes an  externa l  wire attached to the sk in  by s i l icone tabs 
p laced arou nd the wire .  The externa l  w i re ca n be connected th rough a n  
extension cab le  to a portab le mon itor that p rovides aud ib le  rea l -time 
monitoring of venous b lood flow. The w i re and probe a re designed to 
detach from the s i l icone cuff with m i n ima l  tens ion,  once postoperative 
vascu l a r  mon itori ng is term inated . Beca use the flap  ca n often be seen 
d u ring  the mon itori ng with the imp lantab le  Doppler probe, the color of 
the fla p  ca n be used as an adjuvant mon itori ng  method . The system can 
be of extra va l ue  i n  fla ps that a re d ifficu l t  to mon itor with conventiona l 
methods (e . g . , bu ried or muscle flaps) . 

Conventional methods 
Conventiona l  ·mon itoring methods used were temperature, color, capi l lary re
fi l l ,  turgor, and handheld Doppler device . The ski n temperature was measu
red· continuously. A difference of more than  2°C from the surrounding tissue 
was considered abnormal .  The surrounding tissue of the flap and donor site 
served as a gu idel ine for the color and tu rgor. With a handheld Doppler de
vice, the flow was checked . To make the mon itoring of buried flaps more 
rel iable, a sma l l  skin pedicle was left attached when possible. Intraora l  flaps 
were mon itored by only color, turgor, and handheld Doppler assessment. 
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Figure 1; The silicone cuff with the Doppler crystal wrapped around the vein. The 
cuff is positioned distal to the anastomoses. The Doppler signal leaves the body 
through the wire attached to the cuff; this wire can be removed 5 to 1 0  days after 
surgery by applying a tension of 50 g. (Courtesy of Cook Medical, Cook Ireland 
Ltd., Limerick, Ireland). 

Figure 2; The wire of the implantable Doppler system is being coiled around a 
forceps to ensure that, after inset of the flap, tension on the external wire is not 
being transferred directly to the junction between the wire and the silicone cuff. 
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Data 
The following data were collected by reviewing patient files : age, sex, 
indication for surgery, date of surgery, American Society of Anesthesi
ologists classification, nicotine use, administration of radiotherapy, lo
cation of the defect, type· of flap, surgeon, recipient vessels, ischemia 
time, complications, need for revision, revision indication, and surgical 
outcome of all patients. 

Definitions 
Surgical outcome was defined as either success or failure. A successful 
case was defined as a case in which flap survival was either complete or 
pa rtial. Failure was defined as complete flap failure. This definition was 
chosen because the group of pa rtial necroses was too small to use for 
sepa rate statistical analysis, and it is our vision that pa rtial necrosis is 
more often attributable to poor flap design than to late detection of a 
compromised pedicle. 

Statistical analysis 
Statistical analysis was performed using SPSS version 16. 01 (SPSS, 
Inc:, Chicago, Ill. ) .  The chi-square test and the t-test were used to com
pa re the cha racteristics of the implantable Doppler device group with the 
control group. Logistic regression was used to identify factors associa
ted with the outcome of the revision. The association with each factor 
was first determined using univa riate logistic regression. A value of p < 
0. 05 was considered statistically significant. Apa rt from the monitoring 
method used, the following va riables were analyzed for their effect on 
the salvage rate : sex, age, American Society of Anesthesiologists classi
fication, nicotine use, radiotherapy before surgery, location defect, type 
of flap, surgeon, recipient vessels, and ischemia time. To make sure the 
subgroups were la rge enough for a proper analysis ( expected value per 
cell > 5), small subgroups were merged. The type of m onitoring, and 
factors with a value of p < 0. 05, were entered into a multiva riate logistic 
regression model. 

Results 

Population 
In the period reviewed, a total of 630 free microvascula r reconstructi
ons were performed; 323 of them were monitored with the implantable 
Doppler system and 307 were monitored by conventional methods. The 
overall success rate in the implantable Doppler group was 96. 6 percent. 
In the group monitored by rnnventional methods, this rate was 94. 8 
percent ( Table 1 ) .  

Of flaps that were m onitored with the implantable Doppler system, 
an alteration in the Doppler signal was observed in 38 cases (11. 6 per
cent) . In four cases, no further action was undertaken. Of these cases, 
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two were compromised flaps in which the decision was m ade not to p�r
form any further- actions because the chances of success were regarded 
as minimal on taking the patient characteristics in consideration (these 
cases are included in the analysis); in one case, there were no other 
clinical signs of a compromised flap; and in the other case, the patient 
himself had accidentally removed the wire. A total of 34 cases (10.4 
percent) were reoperated on. In one case, �he anastomoses were found 
patent during surgery. This case was excluded from further analysis. 
The findings during revision were arterial and venous thrombosis (n = 

4), arterial thrombosis (n = 12), arterial inflow insufficiency (n = 1), ve
nous thrombosis (n = .9),  venous congestion (n = 3), and a hematoma 
compromising the anastomosis (n = 4) . In all cases, the a lteration in the 
Doppler signal was either before or at the sa me time as any clinical signs 
of flap compromise. 

In the group monitored by conventional methods, 39 cases (12.9 
percent) were taken back to the operating room because of suspicion 
of vascular compromise. The findings during revision were arterial and 
venous thrombosis (n = 5), arterial thrombosis (n = 15), arterial spasm 
(n = 1), venous thrombosis (n = 15), venous congestion (n = 1), and 
a hematoma compromising the anastomosis (n = 2) . In one case, no 
revision was undertaken for a failing flap, because the compromise was 
found in a relatively late phase. This case was included in the analysis as 
well (Table 2) . 

Patients monitored with Patients monitored by 

implantable Doppler conventional methods 

system (n = 323) (n = 307) 

Location defect 

Breast area 251 197 

Head and neck area 39 52 

Extremities 33 58 

Type of flap 

Cutaneous/ fasciocutaneous 283 258 

Musculocutaneous 32 33 

Osteocutaneous 6 1 3  

Revision rate 1 0.4% 1 2.9% 

Success rate 96.6% 94.8% 

Table 1; Characteristics of reviewed groups. 
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Patients monitored Patients monitored 

with implantable by conventional 

Doppler system methods 

Arterial and venous thrombosis 4 5 

Arterial thrombosis 1 2  1 5  

Arterial insufficiency 1 -

Arterial spams - 1 

Venous thrombosis 9 1 5  

Venous congestion 3 1 

Hematoma 4 2 

Fai led flap, no revision undertaken 2 1 

Total 35 40 

Table 2; Cases included in analysis 

Characteristics of the patients under study 
In  the revised g roup  that was mon itored by the imp lantab le Doppler 
system,  the mea n age was 49 . 1  ± 1 2 . 5  yea rs ( ra nge, 26 to 85  years) . 
The mea n  America n Society of Anesthesio log ists classification was 1 .  7 
(fo u r  patients were treated for hypertens ion and  two had d iabetes) . The 
reconstructions performed were breast recon structions, flaps to extre
m ities, and  head and  neck cases i n  69,  1 7, a nd 14 percent, respectively. 
I n  the revised g roup  that was mon itored with conventiona l  methods, the 
mea n age was 46 . 8  ± 14 .3  yea rs ( ra nge, 8 to 80 years ) .  The mea n  Ame
rica n Society of Anesthesio log ists c lassification was 1. 9 (two patients 
were treated for hypertension ,  two had d ia betes, and  one used cortico
steroids) . The reconstructions ca rried out were breast reconstructions, 
fla ps to extrem ities, and head and  neck cases i n  58,  27, a n d  1 5  percent, 
respectively (Ta bl es 3 a nd 4) . 

Statist ica l com pa rison of the g roups on ly  revea led s ign ifi cant  d iffe
rences on the items "sen ior surgeo n "  and  "use of n icoti ne ." More cases i n  
the  group  mon itored by  the  i m p la nta b le Doppler system were operated 
on by the sen ior a uthor ( R.A. ) ,  and  s ign ifi cantly more patients smoked at 
the time of adm iss ion in the conventiona l  mon itori ng methods g roup .  

Success rate revisions for each monitoring method . 
The revis ion was successfu l i n  69 percent of the cases i n  the i m p lanta 
b le  Dopp ler system g roup .  Th i rty-one percent of the flaps fa i l ed .  I n  the 
g roup that was mon itored by on ly conventiona l  methods, 60 percent of 
the fla ps cou ld  be sa lvaged with the he lp  of a revis ion ,  and 40 percent of 
them fa i l ed .  Un iva riate ana lysis showed no statistica l d ifference between 
these success rates ( p = 0 . 441 ; odds ratio,  1 .455 ; 95  percent confidence 
i nterva l ,  0 . 560 to 3 .  775) .  
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Multivariate analysis 
-The varia bles " location defect" and " rad iotherapy before surgery" showed 
a statistica l l y  s ign ificant  d ifference (Table 5) and were put in the m u lt i
va riate ana lysis together with "the mon itori ng method used ." The m u l 
tivariate ana lysis showed no statistka l d ifferences between the g roups 
(Table 6) . A strong tendency was shown between the sa lvage rate and  
location of  the  defect, mean ing revis ions i n  the  breast reconstructions 
were more l i kely to be successfu l compared with reconstructions e lse
where .  

Value 

� 
Male 
Female 

�(mean) 

AS.A r;;ls;i§§ifics;ition 
I 
II or more 

Nir;;otine u§e 
Yes 
No 

Rs;idiothers;ipy prior tQ 

� 
Yes 
No 
Lor;;s;ition gefer;;t 
Head and neck 
Breast 
Extremiteiten 

Type of flgp 
Fasciocutane 
Other (musculocutane, 
osteocutane) 

� 
R. Acosta 
Other 

ReQigient ve§§el 
Internal mammary artery 
Other 

l§ch�ms:i tim� (mean) 

Patients monitored with Patients monitored by 

implantable Doppler conventional methods 

system (n=35) (n=40) 

9 7 
26 33 

49. 1  46.8 

14 1 2  
2 1  28 

1 1 1  
34 29 

1 7  1 2  
1 8  28 

5 6 
24 23 
6 1 1  

31 32 
4 8 

26 24 
9 1 6  

23 1 8  
' 12  22 

74.2 87.9 

Table 3; Characteristics of revised cases for each monitoring method. 
ASA; American society of anesthesiologists. 

p-value 

0.386 

0.456 

0 .364 

0.004 

0 .099 

0.534 

0 .312 

0 .003 

0.072 

0.095 
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Origin of flap Patients monitored with Patients monitored by 

implantable Doppler conventional methods 

system ( n = 35) (n = 40) 

D IEPa 1 4  1 7  

S-GAPb 5 6 

SIEAC 5 -

Antero lateral thigh 4 2 

Radialis 2 2 

Lateral arm - 5 

Latissimus dorsi 3 3 

Fibula 1 3 

Other (scapular, g raci l l is ,  1 2 

serratus) 

Table 4; Flaps used for each monitoring group. 
DIEP; deep inferior epigastric perforator, 5-GAP; superior gluteal artery perfora
tor, SIEA; superficial inferior epigastric artery. 

Discussion 

A total of 36 flaps were included in the implantable Doppler group, 
whereas in the group monitored with conventional methods, 40 were 
included. We found that the success rate of the revised flaps increased 
from 60 percent to 69 percent after the introduction of the implantable 
Doppler system. However, this difference is not significant. The multiva
riate analysis in both groups showed a strong association between the 
location of the defect and the outcome of the revision : the chance of a 
successful revision is larger in a breast reconstruction as compared with 
a head and neck or extremity case. 

A number of previous reports -have also addressed the value of the 
implantable Doppler system -2 1-26 In the report by Kind et al., 23 their expe
rience with the implantable Doppler system was analyzed in 147 cases. 
After the introduction of the probe, the success rate of revisions incre
ased from 71 percent to 100 percent, and they claimed this increase in 
successful salvage rates to. be significant. However, this was not substan
tiated by statistical tests. In the other reports, the authors only share 
their experience with the probe and its reliability, without discussing how 
it affected the salvage rate of their compromised flaps. Although all re
por�s are positive about the ability of the implantable Doppler system to 
detect a compromised flap,2 2-26 an important downside of some reports 
is the high rate of false-positive readings2 1,24,25 of the system of up to 88 
percent. If false-positive readings are not recognized at an early stage, 
this could lead to an unnecessary revision and an increase in costs. 
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The results of our study surprised us to some extent, because we anti
cipated a beneficial effect of the new monitor device. Inflow or outflow 
disturbance initiates a cascade of events that sooner or later leads to 
changes in the _outer aspect of the flap ( color, temperature, refill) , which 
are the subject of conventional monitoring methods. Therefore, we ex
pected that with the introduction of the implantable Doppler system the 
signaling would improve, leading to earlier intervention with more fa 
vorable outcomes. A possible explanation for this is that our monitoring 
with conventional methods was already of good quality and therefore the 
introduction of the implantable Doppler system led to only a marginal 
improvement. In units that experience more problems with conventio
nal monitoring, the introduction of the implantable Doppler system may 
have a larger effect. To answer this, a multicenter, randomized, control
led study has to be performed, including centers with different levels of 
experience in monitoring. This study can include all type of flaps or only 
a specific group. In our center, the greatest advantage of the implanta
ble Doppler system was experienced in the head and neck cases. 

In this study, a failure rate of salvages of 31 and 40 percent was re
ported. In a post hoc power analysis, 450 patients per group would be 
needed to achieve 80 percent power to detect this 9 percent difference 
given a significance level of 5 percent. It can be questioned whether a 
statistical difference given these numbers might be clinically different. 
When introducing a new _ system into clinical practice, a learning curve 
always needs to be respected. In our case, the learning curve was re
latively uneventful. This may be attributable to a thorough introduction 
of the system for m·edic� I and nursing staff. An important aspect when 
working with the system is how to place the wire in the wound. Because 
the Doppler crystal can be easily dislodged from the silicone cuff ( only 
a tension of 50 g is required), we make sure that the wire is absolutely 
slack inside the wound. We achieve this by coiling the wire around a for
ceps (Figure 2), to give it a spiral shape. In this way, any tension on the 
wire is not transferred directly to the junction between the wire and the 
silicone cuff. This safety measure may explain our relatively low false
positive rate of 8 percent. 

The case in the implantable Doppler system group in which an un
necessary revision was performed was a bilateral deep inferior epigas
tric perforator breast reconstruction in which the signal did not stop 
but altered in one flap. Because there were also some clinical signs 
suggesting anastomotic problems, the patient was taken back to the 
operating room . Inspection during revision, however, did not show an 
anastomotic problem, and no further problems occurred with the flap. 
Although in this case the threshold was low to take the patient back to 
the operating room, in recent years, we have become more critical about 
attempting to perform revision in the first place. In some, already during 
the initial reconstruction, it may be impossible to achieve or maintain 
good circulation through the flap. In such cases, we now have adopted 
the strategy of aborting the reconstruction and removing the flap instead 
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of performing two or three unsuccessful salvage procedures. These flaps 
in our series have nevertheless been scored as failures; however, this 
was not related to the time point of reintervention. 

When comparing the implantable Doppler system with the conventio
nal monitoring methods group, criticisms include the fact that the group 
monitored with just conventional methods contains more smokers and 
that there is a statistical difference attributable to the senior surgeon 
operating on the case. The difference in nicotine use is related to the 
difference in study populations. The group monitored with conventional 
methods includes relatively more head and neck and extremities ca
ses, which are operated on more acutely, making it impossible to select 
patients with regard to their smoking habits. If possible, we want our 
patients to stop smoking at least 2 months before surgery, because it 
has been shown that smoking can decrease the chances of a successful 
reconstruction.27 The difference in surgeon can be explained by a change 
in our team: in 2006, one of the senior surgeons left our department. 
Although these variables differ_ between the groups, our analysis did not 
show that one of these variables had a significant influence on the sal
vage rate of the revised cases. 

When comparing newer monitoring n:,ethods, such as the implanta
ble Do'ppler system,· with conventional methods, one of the issues is the 
cost. Ideally, a new monitoring system should offer a return on invest
m ent by saving a higher number of flaps, cost an insignificant amount 
compared with the total expenditure, or offer nonfinancial benefits. The 
cost of a free flap at Uppsala University Hospital is €25,000, whereas 
each disposable probe costs €330 and the monitoring box costs €2650, 
which is a one-time investment, and costs less than €10 in each case in 
this series. This is a 1. 4 percent increase in costs compared with con
ventional methods. As far as the nonfinancial benefits are concerned, 
a lthough not strictly investigated, it can be said that the system has 
been very well perceived by medical and nursing staff. Compared with 
conventional monitoring methods, it has been found to be easier to in
terpret, especially for those not so familiar with free flap monitoring. In 
addition, the system offers more patient comfort. Monitoring can be ac
complished without waking up the patient at night. Finally, because of its 
direct and continuous monitoring, it offers valuable information during 
the early reperfusion phase intraoperatively and during the positioning 
of the patient postoperatively. 

Based on these findings, we still find the extra investment of the 
implantable Doppler system worthwhile. We have planned- a prospective 
study to further explore the ease-of-use aspects of the system. 
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Variable 

MonitQring methQQ 
Implantable Doppler system 
Conventional methods 
Sex 
Male 
Female 
� (mean) 

ASA cls!§§ificsitiQn 
I 
I I  of more 
Rsidigthersitti Qrior tQ 

� 
Yes 
No 
N icQtine u§e 
Yes 
No 

LocatiQn 
Breast 
Other (head a·nd neck, 
extremities) 
Tv12e of fl@ 
Fasciocutane 
Other (musculocutane, 
osteocutane) 

.$.yrgeQn 
R. Acosta 
Other 

Reci12ient ve§§el 
Internal mammary artery 
Other 

l§chemisi time (mean) 

Successful 
revision 

{n=48) 

24 

24 

1 0  
38 

46.6 years 

20 
28 

23 
25 

5 
43 

35 
1 3  

42 
6 

27 
21  

30 
1 8  

79. 1 min 

Effect of implantable Doppler system 

Unsuccessful P-value Odds Confidence 
revision ratio interval {Cl :  

{n=27) 95%) 

1 1  0.441 1 .455 0.560 
16  - 3.775 

6 0.888 0.921  0.293 
21 - 2.891 

50.2 years 0.278 0.980 0.946 
- 1 .0 16  

6 0.094 2.500 0.855 
21 - 7.314 

6 
21 0.032 3.220 1 . 1 05 

- 9.383 

7 0.088 0.332 0.094 
20 - 1 . 1 76 

1 5  0.0 1 6  3.365 1 .250 
12  - 9.063 

21 0.276 2.000 0.575 
6 - 6.959 

1 5  0.954 1 .029 0.398 
1 2  - 2.658 

1 1  0.072 2.424 0.982 
1 6  - 6.362 

88.9 min 0 .314 0 .994 0.982 
- 1 .006 

Table 5; Univariate analysis of potential factors associated with success rate of 
the revisions. "ASA; American society of anesthesiologists. 
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Variable P-value Odds ratio Confidence interval 

(Cl: 95%) 

Monitoring b� imgl2nt2ble Doggier 0.799 1 . 1 43 0.41 0 - 3. 1 82 

m!filn "  
Defect located at breast 2rea 0.056 2.721 0.973 - 7.61 2 

Rec!;lived ragioth!;lrag� grior tQ surg!;l(Y 0. 1 1 2  2 .487 0.808 - 7.657 

Table 6; Multivariate analysis of potential factors associated with success rate of 
the revisions. 

Conclusion 

After introduction of the implantable Doppler system, the salvage rate 
of our flaps did not improve statistically significantly. Despite this, its 
addition to the ca re of our patients was judged as a positive innovation 
in free flap monitori.ng by medical and nursing staff and by patients be
cause of its ease of use and the information it offers . 
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Chapter 8 

Summary 

Introduction : The implantable Doppler system was introduced at our 
clinic to make the monitoring of free flaps more convenient. In order 
to test this system, we measured the level of confidence the system 
gave during monitoring, in comparison with conventional monitoring 
m ethods. 

Materials and methods : Patients undergoing free flap reconstruction at 
the Department of Plastic Surgery at the University Medical Center Gro
ningen were asked to participate in a pilot randomized clinical tria l. Prior 
to each monitoring assessment, randomization was used to determine 
whether the flap was to be monitored by the implantable Doppler sy
stem, or by conventional methods. Surgeons and nurses were asked 
to score their confidence in their findings on a scale from one to ten.  A 
univariate logistic regression was used to investigate factors potentially 
associated with confidence in monitoring. 

Results : After six months, the study was terminated prem aturely due to 
technical difficulties with the implantable Doppler system . By then, 22 
fl a ps in 20 patients and 1,099 monitoring assessments had been inclu
ded in the study. The implantable Doppler system provided significantly 
less confidence compared to conventional monitoring methods (OR: 0 . 6, 
CI 95%: 0 . 5  - 0 . 8) .  Personal experience in flap monitoring resulted in a 
higher level of confidence when stating the certainty of the monitoring 
reading (from <10 flaps to 10_-50 flaps (OR: 2. 4, CI 95%: 1 .7  - 3 .3), and 
from 10-50 flaps to > 50 flaps (OR: 10 . 3, CI 95%: 6 .4 - 16 . 5)) . 

Conclusion : Although these are initial results, they indicate that the 
implantable Doppler system offers less confidence in fl ap monitoring, 
compared to conventional monitoring methods. This suggests that the 
implantable Doppler system does not offer more certainty concerning 
monitoring outcome, compared to conventional monitoring methods. 
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Introduction 

Microsurgical free tissue transfer has become the standard for recon
struction of large tissue defects. In the last decades, success rates of 95-
99% have been reported. 1-4 Despite these high success rates, compli
cations (especially flap loss) cause major distress for both patients and 
medical professionals. Considering that free flaps are time-consuming, 
complex procedures with inherent risks and psychological ramifications 
for the patient, it is crucial to optimize chances of a successful outcome. 
One of the means of improving these odds is by accurate assessment of 
the blood circulation of free tissue transfers from the moment the vascu
lar anastomoses are created, until the period of greatest risk of vascular 
compromise has passed. To help surgeons and nursing staff in this as
sessment, there is a range of contemporary techniques in clinica l  use, 
and currently under development. 5 Clinical tests to monitor free flaps, 
such as inspection (to assess color), palpation (to assess temperature) 
and capillary refill of the flap, are still most commonly used. The hand
held Doppler is also often used in addition to the clinical tests, but this 
method is not always 100% reliable.6,7 

Other techniques used to monitor flaps postoperatively include the 
Cook-Swartz implantable Doppler system,s-u near infrared spectrosco
py, 12-14 indocyanine-green fluorescence video angiography, 15 simultane
ous non-invasive laser Doppler flowmetry and tissue spectrophotome
try, 16 and modified oxygen microelectrode combined with laser-Doppler 
flowmetry. 17 

In our ongoing efforts to optimize patient outcome, we introduced the 
Cook-Swartz implantable Doppler system (Cook Medical®, Cook Ireland 
Ltd, Limerick, Ireland) at our clinical  practice in 2007. The system, in
troduced in Europe in 2006, consists of an implantable 20 MHz ultrasonic 
probe mounted on a silicone sleeve that can be placed around the vein. 
A battery operated device is used to monitor the venous outflow of a free 
tissue transplant. 8,9 In two previous studies, we investigated the relia
bility of the system as a primary monitoring device, 10 and the effect the 
system had on our success rate.18 A suggested advantage of the system 
is that it makes monitoring the blood flow in a flap easier, and more ob
jective10. This however, has not yet been fully investigated. This study 
was commenced in order to examine whether the implantable Doppler 
system is indeed easier to use as a primary monitoring device than con
ventional monitoring methods. Our hypothesis was that if a device is 
easier to use, this should result in more certainty in the interpretation 
of readings in the medical and nursing staff. Therefore, the aim of this 
study was to investigate which method, the implantable Doppler system 
or the conventional monitoring methods, gave medical and nursing staff 
most confidence when monitoring free flaps. 
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Materials and methods 

Population 
All patients of at least eighteen years of age undergoing a free fl ap re
construction at the Department of Plastic Surgery at the University Me
dical Center Groningen were asked to participate in this study. Inclusion 
started in Ja nuary, 2010. Patients were included prior to surgery, after 
informed consent had been obtained. Patients receiving flaps that could 
not be monitored by conventional  monitoring methods were excluded 
from the study. 

Study protocol 
An impla ntable Doppler probe was placed in each included patient during 
surgery. After surgery, flaps were monitored using our sta ndard protocol 
(every hour during the first day post surgery, every two hours during 
the second day, a nd every four hours during following days, until the 
fifth day post surgery or discharge) . Prior to each monitoring moment, 
ra ndomization was used to determine whether the flap would be moni
tored by the impla ntable Doppler system or by co nventional methods. 
Ra ndomisation took place by the throw of a die. 

After evaluation of the flap, nursing a nd medical staff were asked to 
score their fi ndings (normal blood flow or not), as well as their confiden
ce in their fi ndings (on a scale from one to ten) . The levels of confidence 
in monitoring were consequently divided into the following categories: 
very uncertain (1-2), uncertain (3-4), indifferent (5-6),  certain (7-8), 
and very certain (9-10) . Each monitoring participa nt was asked to state 
their function,  the date and time, a nd their personal  experience in m oni
toring free flaps on  the same form . The participa nt was also asked to fill 
in the number of times the concerned flap had been monitored before. 
In cases where there was doubt concerning the blood flow of a flap, the 
monitoring person alarmed the next person in line, so that the flap could 
be re-evaluated. If the doubt was considered justified by our medical 
staff, the patient was taken to the operating room for exploration of the 
vascular anastomoses. 

The Medical Ethical Committee of the University Medical Center Gro
ningen gra nted approval for this study. 

Cook-Swartz probe implantation, operation and removal 
A Cook-Swartz impla ntable 20 MHz ultrasonic Doppler crystal moun
ted on  a silicon e  cuff was impla nted in all patients during the free flap 
procedure, and was fixed around the draining vein of  the pedicle using 
Ligaclips. If two flap veins were con nected, two probes were installed. 
The probe was placed around the vein, since the work of Swartz et al .9  
has indicated that this increases the sensitivity of  the device, particularly 
to venous obstruction,  compared to probes m onitoring arterial flow. The 
probe wires were coiled inside the surgical wound, and left the body 
through the surgical incision .  The system's accuracy was checked by 

108 



Confidence imp/a_ntable Doppler system 

temporarily blocking the vein by gently compressing it using microfor
ceps. If the system functioned properly, the sound would immediately 
stop, simultaneous with venous compression. If this was the case, the 
operation was completed. If not, additional  measures were taken to 
ensure that the probe was properly placed, and the monitor produced 
a reliable sound. Extra care was taken to fix the probe wire in such a 
way that it could not be removed inadversely in the early postoperative 
period. 

After ten days, the probe was removed by gentle traction on the wire. 
The silicone cuff was left behind. 

Details of conventional monitoring 
Color assessment: 
If the. flap had a skin component, its color had to match the color of the skin 
from where the flap was harvested. If the flap became pale or blue, this 
indicated a possible patency problem with one or more anastomoses. 
Temperature assessment: 
The surface temperature of the flap was measured using special band
aids. Slightly lower or higher temperatures than the surrounding skin 
were accepted, though the temperature difference between the skin flap 
and the surrounding skin had to remain stable. This method was only 
applicable in flaps with a skin component. 
Capillary refill: 
Normal refill time was between two and three seconds. If the refill time 
increased or decreased, this was a sign of a potential patency problem 
with the anastomoses. 
Hand held Doppler probe: 
If the signal ceased to be repetitive at equal intervals, or stopped com
pletely, this was interpreted as possible problem with the patency of the 
anastomoses. 

Objectives and outcomes 
This study served as a pilot study in order to perform a power analysis 
for a larger study, and our aim was to include 30 flaps. Our primary ob
jective was to investigate whether the implantable Doppler system, or 
the conventional  monitoring methods, gave medical and nursing staff 
most confidence when monitoring free flaps. Secondary objectives were 
to investigate if there were differences in the confidence scores between 
day and night time, between medical and nursing staff, and between 
people with different levels of experience in free flap monitoring. A po
tential relationship between confidence scores and the number of days 
post surgery was a lso examined. 

Data collection and definitions 
The patients' age, sex, indication for surgery, date of surgery, ASA-clas
sification, nicotine use, radiotherapy treatment, location of the defect, 
type of flap, surgical team, types of anastomoses, recipient vessels, sur-
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gery time, ischemia time, anastomotic time, complications, and surgical 
outcome were recorded on a form specially designed for this study. 

Surgery time was defined as the time between the first incision, and 
the application of a dressing. Ischemia time was defined as the time 
between the division of the pedicle, and reconstitution of circulation over 
both anastomoses. The a nastomotic time was the time between the first 
and the last manipulation of the vessels wi_th suture material. Com
plications were classified as hematoma, infection, superficia l necrosis, 
seroma, anastomotic failure, or combinations of these complications. 
The surgical outcome was scored as successful survival, partial necrosis 
(>10%), or total necrosis. 

Data analysis 
A Chi-square test was used to compare the monitoring characteristics of 
the different monitoring methods used. A univariate logistic regression 
was used to investigate a potential association between the monito
ring methods used, and confidence in monitoring. Other variables which 
may have had an effect on the confidence in monitoring were also ana
lyzed using a univariate logistic regression. To avoid low numbers per 
group, (::5 5 patients per category) , small subgroups were merged. Data 
is presented as odds ratio (OR), 95% confidence interva l (CI: 95%), a nd 
p-value. A p-value less than 0. 05 was considered to be statistically sig
nificant. The type of monitoring, as well as variables with a p-value less 
than 0.05 were entered into a multivariate logistic regression model. 
Statistical analysis was performed using SPSS 16 .01 (SPSS Inc, Chi
cago, Illinois, USA) . 

Results 

Population 
Although our aim was to include 30 fl aps, the study was terminated 
prematurely, because in two cases the Doppler crystal attached to the 
silicone cuff did not release when the wire was retracted. In these cases, 
the wire separated from the crystal, leaving the crystal behind. This sy
stem malfunction, combined with the fact that sufficient data had been 
collected, led to the decision to discontinue use of the device, and ter
mination of the study. 

During the six months this study ran, 19 patients were included that 
underwent 23 free flap reconstructions. (Four patients underwent a bila
teral Deep Inferior Epigastric Perforator (DIEP) breast reconstruct_ions. )  
One fl a p  was excluded, because the implantable Doppler system did not 
function properly . . The error was observed directly after application, and 
since no obvious explanation could be discovered, this flap was excluded 
from the study. Therefore, in total, 22 flaps in 18 patients were included. 
In the study, 12 females and 6 males were included with a mea n age 
of 51 years (mean 50. 6; SD 13.0; min-max 35-74) . The most common 
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indications for surgery were breast reconstructions (n= 13) , followed by 
reconstructions of the head and neck (n= 8), and reconstruction of the 
extremities (n= 1) . The types of flaps used were the DIEP, free fibula 
flap, anterolateral thigh (ALT) flap, radial forearm flap, and superficial 
inferior epigastric artery (SIEA) flap. Of t�ese flaps, three were revised 
post surgery due to vascular compromise. Two DIEP flaps were returned 
to the operating room : one due to arterial and venous thrombosis, and 
the other due to a hematoma causing compression of the pedicle. An ALT 
flap was also surgically revised due to venous congestion. Although flow 
was restored in the DIEP flap With arterial and venous thrombosis during 
the initial revision, the flap became compromised again and eventu
ally failed despite a second salvage procedure. The other DIEP flap was 
salvaged after evacuation of the hematoma .  During exploration of the 
ALT flap, it became clear that the congestion was caused by the silicone 
cuff ·of the implantable Doppler system. The cuff was slightly twisted, 
compromising the venous return. The ALT was salvaged after surgery, 
resulting in a total of 21 successful cases. (Table 1 )  

Sex (n=1 8} 

male 

female 

Mean age <n=1 8} 

ASA classification <n= 1 8} 

I Healthy patient, no medical problems 

II Mild systemic disease 

Ill Severe systemic disease, but not incapacitating 

N icotine use 

yes 

no 

Radiotherapy prior to surgery 

yes 

no 

Location defect 

head/neck 

breast 

extremities 

Table 1; Patient, flap, and surgical characteristics 

6 (33%) 

12 (67%) 

51  

7 (39%) 

7 (39%) 

4 (22%) 

7 (32%) 

1 5  (68%) 

5 (23%) 

17 (77%) 

8 (36%) 

1 3  (59%) 

1 (5%) 
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Value 

Days post surgery 

first day 

day two or more 

Time of day 

day 

night 

Function 

medical staff 

nursing staff 

Experience in monitoring 

< 1 0  flaps 

1 0-50 flaps 

>50 flaps 

Times monitQred concerned flap 

1 -5 

>5 

Implantable Conventional 

Doppler group methods group 

(n=594) (n=505) 

309 (52%) 266 (53%) 

285 (48%) 239 (47%) 

296 (50%) 256 (51 %) 

298 (50%) 249 (49%) 

1 8 (3%) 18 (4!l/o) 

576 (97%) 487 (96%) 

1 43 (25%) 1 1 7  (24%) 

235 (41 %) 1 81 (38%) 

202 (35%) 1 85 (38%) 

364 (62%) 308 (62%) 

221 (38%) 1 89 (38%) 

Table 2; Monitoring characteristics per monitoring method. 

Monitoring characteristics 

p-value 

0.829 

0.776 

0.620 

0.468 

0.933 

In total, 1,099 monitoring moments were registered during the six month 
period, 594 of which were with the implantable Doppler system, and 505 
of which were with conventional  methods (Table 2) . No significant dif
ferences were observed between the implantable Doppler group, and the 
conventional methods group. Monitoring was predominantly performed 
by the nursing staff (97%),  most of which (75%) had experience in free 
flap monitoring in 10 or more flaps. No la rge differences were observed 
in the frequency between day and night time monitoring or the expe
rience of monitoring of the concerned flap. (Table 2) 

Confidence in monitoring 
Over 75% of the staff that scored in the implantable Doppler group was 
very certain of their scores, compa red to 83% in the conventional me
thods group (Table 3) . When these two groups are compa red, a signifi
cant difference is observed (OR:  0. 6, CI 95% : 0 .5 - 0 .8; p =0.002) . 
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Confidence Implantable Doppler group Conventional methods group n = 

n = 594 (%} 505 (%} 

Very uncertain 4 ( 1%) 6 (1 %) 

Uncertain 7 ( 1%) 1 (0%) 

Indifferent 1 3  (2%) 4 ( 1 %) 

Certain 1 24 (21 %) 75 (1 5%) 

Very certain 446 (75%) 41 9 (83%) 

Table 3; Confidence scores in monitoring: the implantable Doppler, and conven
tional methods group. 

Value Very uncertain- Very certain OR Cl: 95% p-value 

certain (n=134} (n=865} 

MQnitoring methQd 
conventional methods 86 (37%) 41 9 (48%) 1 
implantable Doppler 148 (63%) 446 (52%) 0.6 0.5-0.8 0.002 

LQcation gefe!;;t 
head/neck/extremities 1 01 (43%) 341 (39%) 1 
breast 1 33 (57%) 524 (61 %) 1 . 1  0.9-1 ,6 0.301 
QQmRQ§itiQn flaR 
other 66 (28%) 220 (25%) 1 
fasciocutanous 1 68 (72%) 645 (75%) 1 .2 0.8-1 .6 0 .392 
Revi§ed flaR 

2 12  (91 %) 773 (89%) 1 no 
yes 22 (9%) 92 (1 1 %) 1 . 1 0.7-1 .9 0.583 
Da�§ RQ§t §urge!Y 
first day 1 34 (51 %) 441 (51 %) 1 
day two or more 1 00 (49%) . 424 (49%) 1 .3 1 .0-1 .7 0 .088 
Titne of ga� 
day 1 1 9  (57%) 433 (50%) 1 
night 1 1 5  (43%) 432 (50%) 1 .0 0.8-1 .4 0.829 
FunctiQn 
nursing staff 231 (99%) 832 (96%) 1 
medical staff 3 ( 1%)  33  (4%) 3 . 1  0.9-1 0.0 0.066 
Ex12erien!;;e in monitoring 
< 1 0  flaps . 1 08 (47%) 1 52 ( 1 8%) 1 <0.001 
1 0-50 flaps 96 (42%) 320 (38%) 2.4 1 .7-3.3 <0.001 
>50 flaps 25 ( 1 1 %) 362 (43%) 1 0.3 6.4-1 6.5 <0.001 
Time§ monitQreg 
�oncerned fla12 144 (63%) 528 (62%) 1 
1 -5 86 (37%) 324 (38%) 1 .0 0.8-1 .4 0.860 
>5 

Table 4; Univariate logistic regression of factors potentially associated with con
fidence in monitoring: odds ratios and 95% CI for the presence of very certainty 
scores (9-10). 
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Value OR Cl: 95% p-value 

Monitoring method 

conventional methods 1 

implantable Doppler 0.6 0 .5-0.9 0 .004 

ExQerience in monitoring 

<10  flaps 1 <0.001 

1 0-50 flaps 2.4 1 .7-3.4 <0.001 

>50 flaps 1 0 .3 6.4-1 6.7 <0.001 

Table 5; Multivariate logistic regression of factors associated with confidence in 
monitoring. 

If other variables are studied (medical vs. nursing staff, experience in 
flap monitoring, experience in monitoring this flap, time of day, · and the 
number of days post surgery) , a significant difference is only observed 
between the confidence in monitoring, and the experience in monito
ring. The confidence in monitoring increases as the experience increases 
(from < 10 flaps to 10-50 flaps (OR: 2. 4, CI 95%: 1. 7 - 3.3; p <0. 001) 
and from 10-50 flaps to >50 flaps (OR: 10.3, CI 95%: 6 . 4  - 16 . 5; p 
< 0.001)) .  

The variables 'monitoring method used' and 'experience in flap mo
nitoring' resulted in statistically significant differences, and both were 
therefore used in the multivariate analysis. In the multivariate analysis, 
the difference remained significant in both variables. The confidence le
vel remains higher in the conventional methods group, and increases 
as experience with flap monitoring increases (Table 5). The confidence 
scores per monitoring method used were independent from the personal 
experience in flap monitoring. This implies that the fact that conventio
nal methods resulted in higher confidence scores than the implantable 
Doppler method, was unrelated to the amount of experience in flap mo
nitoring (Table 5). 

Scores indicating compromise 
In five flaps, scores indicating comprise had been given. In three ca
ses, surgical revision was indicated and undertaken. The other two flaps 
concerned false positive readings. Both false positive readings were ob
tained using the implantable Doppler system-in DIEP flaps. In these ca
ses, the resident on call was consulted, and concluded that there was in 
fact no vascular compromise . 

Interestingly enough, the first indication for revision of the failed 
DIEP flap was not picked up on by either monitoring method. Initially, 
the flap was monitored using conventional methods, and later by the 
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impla_ntable Doppler system. In both cases, nursing staff indicated that 
they were very uncertain of their reading, but that they thought the flap 
was not compromised. The second time the flap was compromised it was 
detected with the implantable Doppler system as well as with conventio
nal methods. 

The compromise in the other two flaps was detected once using the 
implantable Doppler system, and the other time by conventiona-1 moni
toring methods. After further inspection of both flaps by medical staff, 
it. was concluded that the flaps were indeed compromised, and were 
returned to the operating room. 

Discussion 

The most important quality of a monitoring device is its reliability, and 
after that, it is the effect it has on the success rate of free flap recon
structions. Reliability is however, a function of the certainty with which 
users interpret their readings. The aim of this study was therefore to 
investigate which method, the implantable Doppler system or the con
ventional monitoring methods, gave medical and nursing ·staff most con
fidence when monitoring free flaps. Contrary to what we expected, the 
confidence in monitoring decreased with the use of the implantable Dop
pler system (OR: 0. 6, CI 95% : 0.5 - 0. 8; p =0.002). 

Previous reports have also addressed the added value of the implan
table Doppler system in free flap monitoring. 18-24 Most reports share their 
experience with the probe and its reliability. There are reports that are 
positive about its value and the additional information it can provide, 
while others are more sceptical about the system. One of the limitations 
that has been thoroughly discussed, is its vulnerability. The crystal may 
for example detach form the cuff, resulting in false positive readings. 

Although the system was already introduced at our clinical practice 
in 2007, we discovered more problems w·ith it as we started to use the 
system on a daily basis. The most prominent problem we encountered 
during this study, was that in one case the silicone cuff compromised 
the venous return of the flap. The cuff was slightly twisted in relation 
to the vein, and therefore exerted pressure on the vein. Th.is ultimately 
required surgical intervention to solve the problem. The possibility exists 
that the twisting of the cuff occurred due to incorrect surgical attach
ment. In our opinion however, if the instructions for cuff placement are 
followed, the monitor device should not potentially be able to compro-
mise a flap. 

Apart from the surgical revision that was necessary due to the system 
itself, we also encountered several technical problems with the system. 
In two cases that have been described earlier, the crystal did not release 
from the cuff when the wire ·was retracted, but the wire separated from 
the crystal. The crystal was therefore left behind in the body. In another 
case, the system malfunctioned directly after placement. The monito-
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ring box did not give an audible signal, despite the presence of venous 
flow. After reassessing that everything was connected correctly and the 
crystal was still attached to the cuff, still no signal was heard. Another 
monitoring box device was tested in this specific case, but also did not 
produce a signal. 

A number of studies compare the results of flaps monitored with the 
implantable Doppler to those monitored with conventional monitoring 
methods, yielding conflicting results. Schmulder et al. 19 reported a sig
nificant increase in their success rates after the introduction of the im
plantable Doppler system. On the other hand, in a previous study, we 
did not find the introduction of the system to affect our salvage rates, 18. 
In this previous study, although not specifically tested, the implantable 
system was presented as a positive innovation, due to its convenient 
use and the information it provides. In this prospective study, we could 
not confirm this. There are no previous studies that have objectively as
sessed how the implantable Doppler system influences the confidence in 
monitoring. 

The general consensus in available literature is that in flaps that are 
difficult to monitor with conventional methods, e. g. head and neck cases 
and buried flaps, the system can be of greatest value. 1 1

,

1 8
,

19
,

2 2  Although 
we did not specifically investigate the indication for the implantable Dop
pler system, the system has predominantly been used at our clinic for 
buried _flaps in which conventional methods are of little value. During this 
period, prior to this study, the system was subjectively perceived as a 
positive aid in free flap monitoring. 

In most reports, it is recognized that a learning curve applies when 
starting to use the system. This means there are certain consequences, 
varying from an incorrect reading2 1  to vascular compromise caused by 
the system. 20 

During the implementation of the research protocol, we encountered 
certain problems at the beginning of the research. The nursing staff from 
other wards than the Plastic Surgery ward were less familiar with the 
monitoring of free flaps. We tried to overcome this with several presen
tations prior to the start of the project, as well as providing informative 
flyers. A thorough explanation of the study and the monitoring methods 
used, was also included in the scoring book that accompanied each pa
tient. Despite these efforts, we noticed that some nurses were less fa
milia r  with monitoring, and less confident with the implantable Doppler 
system. This may have caused the implantable Doppler system to score 
slightly lower compared to the conventional monitoring methods. The 
level of confidence in monitoring did not change significantly over time 
however, nor were the confidence scores per monitoring method depen
dent on personal experience in flap monitoring. These observations indi
cate that it is unlikely that the scores in the implantable Doppler group 
would have been significantly higher, if these nurses had been equally 
familiar with both monitoring methods. 
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One important positive aspect of this study compared to other studies, is 
that this is a randomized controlled trial. Each flap was monitored with 
the implantable Doppler system as well with conventional monitoring 
methods, meaning that each flap served as its own control. This ena
bled us to collect a large number of measurements in a relatively small 
number of flaps. 

A limitation of this study is that we did not validate whether the con
fidence in a monitoring method is a correct measurement for the ease of 
use of a monitoring device. The outcome that the confidence in monito
ring increases with the experience in free flap monitoring does however 
strengthen our belief that the confidence in monitoring is a representa
tive scale for the ease of use. 

Another limitation is the randomization method, which was the roll of a 
die. This can easily be manipulated by the person monitoring. There is no 
indication, however, that this occurred during the study. A die was chosen 
as randomization method, because it is a convenient method for frequent 
randomization. If we had for example, selected phone calls as a method 
for randomization, this would have meant that over 1,000 phone calls had 
to be made during the study period. We decided against this, because we 
were afraid that the extra work load of making a phone call each monito
ring moment would reduce the compliance of medical and nursing staff. 

Conclusion 

Although these are initial results, they indicate that the implantable Dop
pler system offers less confidence, compared to conventional monitoring 
methods. It can therefore be suggested that the implantable Doppler 
system is not more convenient to use. 
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Chapter 9 

Summary and general discussion 

The aim of this thesis was to investigate if innovations around free flap 
surgery are able to ' improve the outcome of free flap reconstructions. In 
line with the recent developments, the focus of this thesis was the role 
of preoperative investigations of the vasculature of the flap and the post 
operative monitoring. 

The first chapter discusses the three different phases that are of impor
tance in free flap reconstruction; the preoperative planning of the flap, 
the surgery itself and the post operative care. When each phas� is opti
mized, the reconstruction becomes safer, faster and easier to perform . · 
As previous research has predominantly focused on intraoperative inno
vations, the focus of this thesis is the role of preoperative investigations 
of the vasculature of the flap and the postoperative monitoring. 

The second chapter describes the various methods for vascular m apping 
of flaps together with their advantages and disadvantages. Computed 
tomography angiography (CTA) and m agnetic resonance angiography 
(MRA) are currently the best methods available to map the vasculature 
of donor sites of perforator flaps with variable anatomy such as Antero
lateral Thigh and Deep Inferior Epigastric Perforator (DIEP) . Both me
thods can produce 3D image of the vasculature and their surrounding 
structures. In flaps with standard anatomy and superficial vasculature 
hand held Doppler remains the method of choice. 

The third chapter reports on how the introduction of CTA as part of the 
diagnostic work-up in perforator flap reconstructions resulted in a re
duction in surgery time. Compared to flaps that were worked up with 
only hand held Doppler a reduction in surgery time was achieved of 91 
minutes (p<0.001) . There was a tendency for fewer complications in the 
CTA group compared to the hand held Doppler group. 

Chapter four· is a pilot study measuring the pressure in the superficial 
venous system before and after flap dissection in DIEP flaps. The aim 
was to investigate if there was a change in pressure and if this was 
correlated to venous congestion. The mean increase in pressure after 
flap dissection was 10. 6 mmHg (mean = 10, 6 ;  range -1 - 31; SD ± 7 . 0  
mmHg) . Clinical signs of venous congestion were observed in one case. 
In this case the increase in venous pressure was with 31 mmHg also the 
highest. So although the results are preliminary, they indicate that the 
pressure in the superficial vein of DIEP flaps might be of predictive value 
for venous congestion. 

Chapter five is a review about the current devices to monitor free flaps 
and their potential as ideal monitoring method. The results of this study 
do not favour the sole use of conventional monitoring methods when 
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taken into account the time of response of the method and their unreli
ability, especially in mu.scle flaps. The implantable Doppler system, near 
infrared spectroscopy and laser Doppler flowmetry appear to be the best 
monitoring devices currently available. When interpreting these data 
one should .realize however that most of the publications on monitoring 
have focussed solely on the reliability of a single system. The efficiency 
and the costs of the systems as well as their comparison in randomized 
multicenter studies should be focus of future research. 

The sixth chapter presents a sin_gle center's experience in 121 micro
vascular breast reconstructions monitored with the implantable Doppler 
system. A change in the audible signal was noted in 15 patients ( 4 in
tra-operatively) .  Fourteen of these flaps were revised and all were found 
to have compromised anastomoses. In the remaining case, the patient 
was not returned to theatre as the surgeon was confident that there 
were no other signs of vascular compromise. Overall, when using the 
implantable Doppler system a false positive rate of 6. 7% and 0% false 
negatives were found. In this center the implantable Doppler system 
was well received by surg.eons, nursing staff and patients, as an adjunct 
to conventional monitoring methods. 

If the introduction of the im plantable Doppler system leads to improved 
salvage rate of revised flaps was investigated in chapter seven. A total of 
327 flaps were monitored with the implantable Doppler system of which 
35 needed a revision. In the control group 303 flaps were included of 
which 40 needed a revision. Revisions were successful in 69% of the ca
ses in the implantable Doppler system group, in the group monitored by 
only conventional methods this was 60%. A univariate analysis showed 
no statistical difference between these success rates (p=0.441; OR; 1 .5; 
CI 95% : 0. 6 - 3. 8). The multivariate analysis, did not show a statistical 
difference either (p=0. 799; OR 1. 1; CI 95%:  0.4 - 3.2). This led to the 
conclusion that the introduction of the implantable Doppler system did 
not lead to significant increase in the salvage rate of revised flaps. 

In the eighth chapter, nursing and medical staff were asked to score in a 
pilot study how certain they were of their monitoring measurement. The 
scores of the implantable Doppler system were compared to those of 
conventional monitoring methods. This study was stopped due to tech
nical difficulties with the implantable Doppler system. In the implantable 
Doppler system group, participants were significantly less certain com
pared to conventional monitoring methods in an univariate model as  well 
as in a multivariate model, (OR:  0. 6, CI 95% : 0.5 - 0. 8, p = 0.002) and 

· (OR: 0. 6, CI 95%: 0.5 - 0.9,  p = 0.004) respectively. This suggests that 
the implantable Doppler system is not easier in use compared to con
ventional monitoring methods as it offers less confidence. 
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Evaluation of thesis 

In 2009 a series of papers were published about surgical innovation and 
evaluation. 1-3 In this series suggestions were made how surgical science 
can be improved and progress in surgical care and interventions become 
safer, more efficient, and better. A five-stage paradigm was suggested 
to describe the development of innovative surgical procedures (Table 1 ) .  
Obstacles related to the study design of randomised controlled trials and 
non-randomised studies assessing surgical interventions were discussed 
as well as the issues related to the nature of surgical procedures, such 
as their complexity, surgeon-related factors and the range of outcomes. 
The widespread use of prospective databases and registries was encou
raged and randomised trials are advocated whenever possible to investi
gate efficacy and to a llow power calculations adequate pre-tria l data . 

The studies in this thesis are representing different stages of the de
velopment of surgical  innovations. The report on CTA in the planning of 
perforator flaps can be labelled as a stage 2a stu�y. During the time of 
study the Department of Plastic Surgery of the Uppsala University Hos
pital was one of the first who used CTA as a routine workup in the plan
ning of perforator fla ps. The pilot study about the pressure in the SIEV 
is a good example of a stage 1 study, in which safety and proof of the 
concept were the m a in goals. The studies about the implantable Dop
pler system are stage 2b studies in which experience with the system is 
described and its potential advantages and limitations are explored. 

With regards to m ethodology of the studies in the thesis there are 
positive aspects but limitations as well. The pilot study about the confi
dence the implantable Doppler system offers compared to conventional 
monitoring methods had the highest methodological quality. It was a 
randomized controlled trial, with the aim to provide data for a power 
analysis to perform a large series. Due to the inadvertent events during 
this study, it was however decided not to perform such a larger tria l. 

The study about the effect of CTA in perforator flaps as well as the 
study about the effect of the implantable Doppler system on the salvage 
rate of compromised flaps were both retrospective. historically controlled 
trails. Ideally these would have been prospectively controlled trials, ho
wever due to practical reasons this was not possible. These studies were 
performed in other clinics then the primary researcher was working, 
ma king it difficult to start a prospective study. 

The pilot study about the venous pressure in the SIEV was set up to 
test the safety of the procedure and proof of the concept could work. 
In both these goals we succeeded. With the help of this study a larger 
prospective trial can be performed. 
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Stage Description 

0 (innovation) The in itial pre-human work and develop-
ment. 

1 ( innovation) The first time it is used in human beings. 

2 a (development) The technical details of the operation and 
the equipment have improved but the details 
have not been completely worked out. 

2 b (early dispersion and exploration) The individual learning curves are progres-
sing quickly, especially among the original 
innovators. Indeed, many technical details of 
the operation have now been perfected. 

3 (assessment) The procedure is now part of many surge-
-

ans' practices. The innovation is quickly be-
coming the standard of care, and soon only a 
few surgeons will not have adopted the new 
technique. 

4 (long-term implementation and monito- This stage relates to how the procedure is 
ring) doing in routine practice, and the perspective 

is one of long-term monitoring. 

Table 1; Stages of surgical innovation as described by Barkun et al . .  1 

125 



Chapter 9 

Future research 

Based on our finding during this resea rch, we have several suggestions 
for future resea rch in the field of free flap monitoring. 

1) The introduction of CTA in the planning of DIEP flaps by Masia et al . 4 

caused a revelation in the planning of perforator flaps.  In the beginning 
CTA generated two dimensional pictures only (Figure 1a) in three planes 
a n d  provided the sizes and locations of the perforators relative to a re
ference point .  With the introduction of new softwa re packages it became 
possible to make 3D reconstruction of the abdominal vasculature (Figure 
1 b) in multiple planes.5 Although CTA has many advantages, there a re 
some an important disadvantages; the radiation dose it inflicts on the 
patient4 , 6 and the necessity to use iodinate contrast medium which may 
cause vascula r or renal damage as well as allergic reactions. 7  

Figure 1; Two CTA images of the same patient. The direction of viewing is from 
caudal to cranial. a) A 2D reconstruction, which was initially used. Two parts of 
the perforator can be seen in the subcutanous tissue Ju.st above the right rectus 
muscle. The reconstruction can be viewed in three planes. b) A 3D reconstruction 
at a slightly lower level. The perforator and its branching pattern can be seen. In 
this case there is a branch to the contra lateral side as well. The reconstruction 
can be viewed from every direction. 
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In contrast to CTA, M RA is performed without rad iation and there is  
no  need for iod i nate contrast med i u m ,  wh ich makes it less harmfu l  for 
patients . Although M RA is not ab le  yet to scan as sma l l  a d iameter of 
vessels as  CTA, future developments w i l l  proba bly make this possi b le .  It 
ca n however be d iscussed of how m uch c l in ica l  re leva nce the sca n n i n g  
o f  sma l l  ca l ibre vessels ( < 0 . Smm)  is . 8 Al l o f  th is leads us to be l ieve that 
M RA wi l l  be the new sta nda rd in  the p lann ing  of perforator fla ps i n  the 
near  future .  Prospective stud ies a r� however needed to fu l l y  i nvestigate 
the fu l l  potentia l  of M RA, idea l ly in  a d i rect comparison to CTA. 

2)  We hypothesized actua l  hemodynam ics i n  the fla p  after d issect ion 
tha n  measu ring  its d iameter, and i ndeed , we found that the venous  
pressure i n  the  SIEV after fla p  d issection is  of  pred ictive va lue  for ve
nous congestion . . Although the resu lts of our p i lot study are promisi n g ,  
a l a rger study needs t o  b e  performed to va l idate th is .  I t  may rema in  d if
ficu lt  to rea l ly p i n po int  when to perform an  anastomosis of the SIEV for 
severa l reasons .  Fi rst of a l l ,  d ue to the re lative ly low incidence of venous  
congestion i n  DIEP fla ps9 ; one out  of 20 flaps gets congested to  some 
extent. In  l a rge centers often no more tha n  100 DIEP breast reconstruc
tions a yea r a re performed, wh ich means there a re five cases each yea r  
to inc lude i n  the venous congestion  g rou p .  Th is makes the num ber of 
years a study needs to ru n to get enough power for a va l idate concl us ion 
excessively long . Th is ca n however be overcome by a m u lticenter stud y  
design . There a re nevertheless eth ica l  d ifficu lties as wel l ,  i f  the cha n ce 
on  venous congestion  is i nvestigated properly, a n  a nastomosis of the 
SIEV shou ld not be performed in  at least some cases i n  wh ich venous  
congestion  is  expected to  occu r. Th is is  eth ica l ly  however d ifficu lt if n ot 
i m possi b le  to perform . 

3 )  We a re of op in ion that i n  the desig n  of future mon itori ng devices one  
shou ld strive for more independence of  the  interpretation of  medica l  o r  
n u rs ing staff of its read ing . Instead  t h e  devices shou ld  b e  progra m m ed 
i n  such a way that they a re a ble  to i nterpret the data generated d u ri n g  
mon itori ng ·a nd a l a rm when the i ncoming  data d iffer from base l i ne  s o  
m uch,  that i t  i s  l i ke ly  that a fla p  is  comprom ised . Th is wou ld  req u i re a 
mon itori ng method to del iver data conti nuously a nd the a bi l ity to set 
a l a rm marg ins  to m a ke the mon itori ng  outcome less dependent on m o
n itori ng personnel for i nterpretation . 

A mon itori ng method that is ab le  to co l lect data conti nuously, detects 
compromise potentia l l y  ea rl ier  and therefore increases the chances on a 
successfu l revision . A sec;ond adva ntage wou ld  be that the mon itori ng i s  
l ess operator dependent, making it more pred ictab le a nd hopefu l ly ac
curate . Fi na l ly, as the mon itori ng is com plete ly ta ken over by a device 

· it becomes l ess labour i ntensive for the n u rs ing and med ica l  staff. We 
be l ieve that the princ ip le  of a device that mon itors b lood flow, such as 
the i m p lanta b le Doppler flow device, offers a good starti ng poi nt a fu
ture mon itori ng  system . On ly  the read ing  (at present a n  aud ib le  s ig n a l )  
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needs to be converted into a more easy to interpret signal. The design of 
future studies should be prospective, in which each included patient will 
be monitored by conventional methods as well as by the new method 
which is  able to interpret its own data . With this design each patients 
serves as i t  own control, making th.e two groups identical in patient cha
racteristics. 

4) Another field of future resea rch may be what type of monitoring is 
·effective in what kind of setting, as there a re big differences between 
clinics perform ing free flap reconstructions. In highly specialised centres 
where revision rates are as low as one or two percent, the added value 
of monitoring compa red to its costs might not be in balance. Monitoring 
is labour intensive and it m ight only safe one out of 100 or 200 flaps in 
these centres. On the other end of the spectrum, there a re centres that 
are less experienced and successful in free flap surgery, with revisions. 
rates of up to 30 percent. 10, 1 1  Although in the first place it can be ques
tioned if it advisable to persist in free flap surgery with these revision 
rates, it might ultimately be advantageous for these centres to use other 
monitoring methods in addition to conventional methods. 

For these less experienced centres � multicenter study may be of in
terest. Of each centre the number of flaps, the success rate, the revision 
and salvage rate should be registered . Also the monitoring protocols 
should be noted and the costs involved. With such a design an estimate 
can be made on the role of the monitoring systems, on how many flaps 
are salvaged per centre and on the costs for monitoring this brings. This 
can be compa red to the costs for a free flap. Based on these outcomes 
a suggestion can be made per centre whether the monitoring at the 
moment is efficient, needs more attention or m ight not be necessa ry. 
Following these suggestions prospective studies can be sta rted in which 
the suggested alterations in the monitoring a re compa red the old moni
toring protocols. Ultimately this may lead to an increase of success in all 
centres where free flap surgery is performed. 
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Summary and general discussion (Dutch) 

In de reconstructieve chirurgie wa rden zogenaamde vrije lappen toe
gepast. Dit zijn transplantaten die meestal bestaan uit verschillende 
weefselsoorten in verschillende samenstelling. Hun overeenkomst is hun 
wijze van bloedvoorziening: ze hebben allemaal in ieder geval een aan
voerende slagader en een of twee afvoerende aders. 

Als een patient een reconstructie met een vrije lap ondergaat, zijn er 
binnen het zorgtraject drie onderdelen te onderscheiden: de voorberei
dings fase op de ingreep of preoperatieve planning, de ingreep zelf en 
de postoperatieve fase. Iedere verbetering binnen deze stadia zal het 
doorlopen van het zorgtraject veiliger, sneller en gemakkelijker maken. 
Lange tijd zijn onderzoekers met name bezig geweest met het verbete
ren van de chirurgische procedure zelf. 

Het doel van dit proefschrift is te onderzoeken of innovaties in de an
dere fasen van het traject van de vrije lap chirurgie de vlotte doorloop 
en het resultaat kunnen verbeteren. De nadruk van het proefschrift ligt 
op de rol van preoperatieve onderzoeken van het bloedvatstelsel van de 
lap en het postoperatieve monitoren van de doorbloeding. Verbetering 
van deze twee stadia van vrije lap reconstructie, zou uiteindelijk tot een 
optimaler resultaat voor de patient en een voordeligere procedure voor 
het ziekenhuis moeten leiden. 

Het eerste hoofdstuk bespreekt de drie verschillende stadia die van be
lang in vrije lapreconstructie zijn. Daarbij wordt een globaal overzicht 
geschetst van de huidige stand van zaken. 

In hoofdstuk twee passeren de diverse methoden om de vaatvoorziening 
van lappen in beeld te brengen de revue. Computer tomografie angiogra
fie (CTA) en magnetische resonantie angiografie (MRA) zijn momenteel 
de beste methoden om de vasculatuur van de plaats waar het weefsel 
geoogst wor-dt in kaart te brengen als de anatomie minder voorspel
baar is, zeals bij de antero-laterale dijlap en de DIEP-lap, afkorting voor 
deep inferio r epigastric perforator. Beide methoden kunnen 3D beelden 
van de bloedvaten en hun om ringende weefsels creeren. Bij lappen met 
voorspelbare anatomie of een oppervlakkige vaatsteel, blijven de hand 
Doppler of zelfs geen aanvullend onderzoek de voorkeur houden. 

Het derde hoofdstuk beschrijft dat de introductie van CTA als onderdeel 
van de work-up van de perforatorlap borstreconstructies een significante 
vermindering van de operatietijd opleverde. Vergeleken met lappen die 
met enkel de hand-held Doppler in kaart werden gebracht, werd een 
reductie in operatietijd bereikt van 91 minuten (p< 0. 001). Tevens was 
er een tendens voor minder complicaties in de CTA groep in vergelijking 
met de hand-held Doppler groep. 
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Hoofdstuk vier is een p i lot-stud ie  waari n  de d ru k  i n  het opperv la kkige 
veneuze systeem voor en  na het vrij leggen i n  DIEP la ppen werd ge
meten .  Het doel  was om te onderzoeken of er een veranderi ng  in d ru k  
optrad e n  of d it gecorre leerd was met veneuze stuwi ng .  D e  gem idde lde 
toename van de d ru k  na de d issectie va n de l ap  was 1 0,6  mmHg (gemid
de lde  = 10 ,6 ;  bere ik  - 1  tot 3 1 ;  S D ± 7 ,0  mmHg) . Kl i n ische tekenen  va n 
veneuze stuwing werden eenmaa l  waargenomen . In deze casus was de  
toename van de veneuze d ru k  oak  de hoogste, name l ij k  31  m m H g . Hoe
wel  de resu ltaten van deze stud ie voorlop ig z ijn ,  i nd iceren ze dat de d ru k  
i n  d e  oppervla kkige vene va n DIEP l appen va n voorspel lende waa rde is  
voor veneuze stuwing . 

Hoofdstuk vijf is een overzichtsa rti kel over de h u id ige methoden om 
de b loedvoorzien ing  va n vrije l appen te  mon itoren en  het potentieel 
va n deze methoden als ideale mon itor methode.  De resu ltaten va n deze 
stud ie  spreken het gebru i k  va n enkel  conventione le mon itor methoden 
tegen i n  verband met de langere reactietijd en een verm inderd e  be
trouwbaarheid,  met name i n  sp ierl appen . Het i m pla nteerbare Dopp ler  
systeem,  nea r infrared spectroscopy en laser Dopp ler  flowmetry l ij ken 
de beste mon itor  methoden d ie op  d it moment besch i kbaar zij n .  B ij de 
interpretatie va n deze data moet echter we l  gerea l i seerd warden d at het 
merendeel va n de pub l icaties en kel over de betrouwbaa_rheid va n een 
methode gaat. Een rechtstreekse verge l ij ki ng tussen mon itor methoden ,  
waarbij de effi cientie en de kosten va n de systemen aan  bod komt, za l 
i n  de toekomst moeten p laatsv inden . 

Het zesde hoofdstuk presenteert de erva ri ng d ie is  opgedaan m et het 
imp la nteerba re Doppler systeem i n  1 2 1  m icrovascu la i re borstrecon
structies . Een  prob leem met het ge lu idssignaa l  werd opgemerkt b ij 15  
patienten ( 4 i ntra-operatief) . Veertien va n deze la ppen werden herz ien , 
i n  a l l e  geva l len b leek de b loedvoorzien ing  gecom prom itteerd . Een maa l  
werd n iet terug gegaan naar  de operatiekamers omdat er geen a ndere 
tekenen van een gestoorde vascu la risatie waren en de ch i ru rg erva n 
overtu igd was dat een revis ie n iet nod ig was .  Voor het implanteerba re 
Doppler systeem werd een va ls-positief percentage van 6, 7% en  een 
va ls-negatief percentage van 0% gevonden . Het i m planteerbare Dopp ler  
systeem werd goed ontvangen door ch i ru rgen,  verpleegkund igen en  pa
tienten,  a l s  een aanvu l l i ng op de conventionele mon itor methoden . 

Of de invoeri ng van het im planteerba re Doppler systeem heeft ge le id  tot 
een verbeteri ng van het succes percentage van gereviseerde l a p pen is  
onderzocht i n  hoofdstuk zeven. De revis ie van gecomprom itteerde l ap
pen was succesvol i n  69% va n de  geva l len i n  de g roep waarbij het i m 
p lanteerba re Doppler systeem gebru i kt werd . In  de g roep, gemon itord 
met beh u l p  va n conventionele methoden,  was d it 60% . Een u n iva riate 
ana lyse toonde geen statistisch versch i l  tussen deze s lag i ngspercenta
ges (p  = 0,44 1 ;  OR; 1 , 5 ;  95% CI : 0,6 - 3 ,8) . De m u ltiva riate a n a lyse, 
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toonde ook geen statistisch verschil (p = 0,799; OR; 1. 1; 95% CI: 0,4 
- 3,2) . Dit leidde tot de conclusie dat de invoering van het implanteer
ba re Doppler systeem niet heeft geleid tot een significante toename in 
het succes percentage van gereviseerde lappen. 

In het achtste hoofdstuk zijn in een pilot studie verplegend en medisch 
personeel gevraagd om te scoren hoe zeker ze wa ren over hun meting 
bij het monitoren van vrije lappen. De scores van het implanteerba re 
Doppler systeem werden vergeleken met die van conventionele monitor 
methoden. Deze studie werd gestopt vanwege technische problemen met 
het implanteerba re Doppler systeem. In de groep van het implanteer
ba re Doppler systeem, wa ren de deelnemers significant minder zeker in 
vergelijking tot de deelnemers in de conventionele monitor methoden 
groep. Dit was zowel in een univa riaat model als in een multiva riaat mo
del, (OR :  0, 6, 95% CI: 0,5 - 0, 8, p = 0,002) en (of: 0, 6, 95% CI: 0,5 
- 0,9, p = 0,004), respectievelijk. Dit suggereert dat het implanteerbare 
Doppler systeem niet gemakkelijker is in gebruik in vergelijking met 
conventionele monitor methoden. 

Belangrij kste conclusies 

- Uit de literatuur blijkt dat CTA en MRA m omenteel de beste methoden 
zijn om de vasculatuur van de plaats waa r  het weefsel geoogst wordt 
in kaart te brengen als de anatomie minder voorspelbaar  is. Bij lap
pen met voorspelba re anatomie of een oppervlakkige vaatsteel, blij
ven de hand Doppler of zelfs geen aanvullend onderzoek de voorkeur 
houden. 

- De introductie van CTA als onderdeel van de work-up van de perfo
ratorlap borstreconstructies in plaats van enkel de hand Doppler kan 
een significante vermindering van de operatietiJd opleveren. 

- Er zijn concrete aanwijzingen dat de druk in de oppervlakkige vene 
van DIEP lappen van voorspellende waa rde is voor  veneuze stuwing. 

- In de literatuur wordt het gebruik van enkel conventionele - monitor 
methoden niet aangeraden in verband de langere reactietijd en een 
verminderde betrouwbaa rheid. Het implanteerba re Doppler systeem, 
nea r infra red spectroscopy en laser Doppler flowmetry lijken de beste 
monitor methoden die op dit moment beschikba a r  zijn . 

- Voor het implanteerba re Doppler systeem werd een vals-positief per
centage van 6, 7% en een vals-negatief percentage van 0% gevon
den. 

- De invoering van het implanteerbare Doppler systeem leidt niet tot 
een significante toename in het succes percentage van gereviseerde 
lappen. 

- Het lijkt er op dat het implanteerbare Doppler systeem niet gemak
kelijker is in gebruik in vergelijking met conventionele monitor me
thoden. 
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