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The use of sentinel skin islands for monitoring buried and semi-buried  
micro-vascular flaps. Part II: Clinical application

Martin Molitora, Ondrej Mestaka, Richard Pinkb, Rene Foltanc, Andrej Sukopd, Stefano Lucchinae

Despite the high success rate of micro-vascular flaps, anastomosis compromise occurs in 5-10% and that can lead 
to flap failure. Reliable monitoring of the flap is therefore of similar importance to that of the precise surgical procedure 
itself. Multiple methods have been reported for monitoring of the flap vitality, the first one being direct visual monitor-
ing. In buried flaps direct visualisation is not feasible or is unreliable. In these cases we can extend the buried flap to 
expose a segment of it to act as a monitoring sentinel. For the purpose of this review we used our clinical experience 
as a starting point, and for the extended information and expertise we conducted a search of the PubMed database. 
Over 40 monitoring techniques have been reported to-date. Direct visual monitoring is still generally used method 
with a reliability of up to 100% and an overall success rate of up to 99%. 
Direct visualisation remains as the simplest, cheapest and yet a very reliable method of flap monitoring. In this review 
we provide a description of various possible techniques for externalising part of a buried flap, define the tissues that 
can be used for this purpose and we summarise the procedures that should be followed to achieve the best reliability 
and validity of monitoring the skin island.
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INTRODUCTION

The transfer of micro-vascular flaps (MF) in recon-
structive surgery is a reliable method for covering  various 
defects. The risk of failure is between 5-10% (ref.1-4), and 
when a problem occurs prompt remedial surgery is cru-
cial. Monitoring of the blood supply of the MF is there-
fore of the utmost importance5. More than 40 monitoring 
methods other than direct visual monitoring (DVM) have 
been reported during the past decades. None of them are 
absolutely reliable and none provide an undisputed or 
unique advantage over that of DVM (ref.6). Of all reported 
monitoring methods only implantable Doppler probes, 
near infrared spectroscopy and laser Doppler flowmetry 
have shown any evidence of improving flap salvage rates 
over DVM but these methods are generally costly and 
require special equipment7-11. Digital smartphone assess-
ment as a technical support method is mentioned as well 
but it is not strictly a new monitoring technique. It just 
enables remote monitoring of flaps and enhances com-
munication between nursing and medical staff, reducing 
the response time to remedial surgery12.

Because of its simplicity and availability, DVM is gen-
erally the method used to monitor MF’s worldwide13-15. 
Though it is subjective and observer dependent, in expe-
rienced hands it still remains the simplest, cheapest and 
one of the most reliable for monitoring16. The salvage rate 
when DVM is used, is reported to be between 70-80% 
(ref.5,17-19). The method does not require special devices 
and can be reliably performed by any experienced mem-
ber of the medical or nursing staff. Visual assessment 
of the flap viability allows us to evaluate simultaneously, 
multiple specific characteristics: colour, surface tempera-
ture, elasticity (consistency), capillary return (blanching 
time), pinprick testing or bleeding after scarification. This 
makes the DVM unique and irreplaceable3,20-25. Therefore, 
the use of DVM should be considered for the monitoring 
of all surgery involving MFs whenever possible.

When the MF is exposed, it follows logically that 
DVM is the first alternative chosen to monitor the flap 
condition (Fig. S1). All tissues used for micro-surgical 
transfer can be used for visual evaluation but a skin paddle 
is of course the most suitable for reading and interpreting 
the assessed qualities. In the case of semi-buried (Fig. S2) 
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or completely buried flaps where direct visualisation is 
impossible or difficult, one can use an externalised seg-
ment of flap to enable DVM. Creating an externalised seg-
ment is almost always possible and in experienced hands 
it does not require either significant extra time nor does 
it threaten the flap itself in any way. 

MATERIAL AND METHODS 

For this review we collected the principal techniques 
and principles from our personal long-term experience. 
For additional and more comprehensive information, we 
conducted a literature search for the period from 1975–
2019 using the PubMed bibliography database. The search 
terms chosen were; free flap monitoring (652 articles), 
micro-vascular flap monitoring (246 articles), microsurgi-
cal flap monitoring (117 articles) and free tissue transfer 
monitoring (285 articles). The exclusion criteria included 
duplicate references, references where flap monitoring 
was peripheral to the topic and invalid or irrelevant refer-
ences. This resulted in our considering 365 articles to en-
rich and supplement this review. As many routinely used 
methods (e.g. Doppler ultrasound and Laser Doppler 
flowmetry) were reported repeatedly in the 356 discov-
ery articles we only cited 79 of these in our reference 
list, selected on the basis that they brought new relevant 
information to the discussion.

RESULTS AND DISCUSSION

DVM of a range of a flap’s characteristics still remains 
the gold standard in MF monitoring3,15,24. Generally, trans-
ferred free flaps are exposed and accessible for visual eval-
uation. In some cases however, especially in maxillofacial 
surgery, upper digestive tract reconstruction, long bone 
segment replacement, vascularised lymph node transfer, 
breast and vaginal reconstruction, the MF can be bur-
ied or semi-buried and direct visualisation is limited or  
impossible. The need for reliable monitoring of MFs is 
necessary in all cases and this is no less true for buried 
and semi-buried flaps. A retrospective study of 750 MF 
procedures demonstrated that the loss rate for non-buried 
flaps was significantly lower than that for buried ones 
if all flaps were monitored by conventional DVM. The 
salvage rate of non-buried flaps was again significantly 
higher to that of buried ones, where the salvage rate was 
0% (ref.5). 

Totally buried flaps are excluded from direct visuali-
sation completely. For semi-buried flaps, which are the 
flaps used for reconstruction of the upper digestive tract, 
DVM is possible but it is difficult to do and demanding 
to interpret. In cases of intraoral positioning, direct visu-
alisation is feasible but due to saliva maceration, evalua-
tion of a flap’s surface is doubtful and false positive or 
negative readings are common.  A de-epithelised patch 
was proposed for better reliability of free flap monitor-
ing in these cases. It is reported that capillary bleeding 
from the de-epithelised spot serves as a good marker of 

the flap’s condition26.  When a flap serves to cover pha-
ryngeal, laryngeal or deeper defects, endoscopy or micro-
endoscopy are required to access the flap surface. This 
of course is demanding, expensive and must be done by 
a specialised physician only. Intraluminal observation of 
mucosa in jejunal MF’s via the mouth or using an endo-
scope is reported to have the same difficulties as for skin 
flaps. Repeated endoscopies are very uncomfortable for 
the patient and are not always tolerated27-29. 

In the case of semi-buried or buried flaps, the micro-
surgeon has a range of monitoring methods to choose 
from but not all are suitable, as many  still require contact 
with the flap surface4,6,33, they can be limited by the depth 
of penetration8,34-39, and some are appropriate to monitor a 
particular tissues type only40-45.  In these circumstances the 
most commonly used techniques are Doppler ultrasound, 
laser Doppler flowmetry, spectroscopy or plethysmogra-
phy3. Also one has to consider that methods using special 
implantable probes or other devices are more prone to 
give false results due technical failure or simple probe 
displacement and involve extra costs21. The other option 
is to consider the use of an monitoring skin island (MSI) 
as it is a simple and almost always accessible solution. 

Probably the first reported use of a MSI was from 
Yoshimura in 1983. The author did several fibular dis-
sections and he noticed that the peroneal artery gives 
branches not only to the bone, but to the skin of the lat-
eral compartment of the calf too. He also noticed that 
some of those branches pass through the peroneal and 
occasionally the soleus muscles (muscle perforators usu-
ally present at the proximal 1/3 of the calf) and some pass 
between those muscles (septal perforators usually located 
at the medial and distal 2/3 of the calf).  He started to 
monitor vascularised fibular free flaps in 13 patients by 
monitoring the skin island whose blood supply was in 
continuity with that of the fibular graft. The skin island 
was used exclusively for monitoring or where there was 
both a bone and skin defect, the skin was also used for 
reconstructive purposes. Yoshimura named this monitor-
ing/covering skin island the ”buoy flap” (ref.46). This ex-
pression was not adopted. The literature uses the terms; 
monitoring skin paddle/island or sentinel skin paddle/
island47,48.

To allow visualisation of a buried flap, several external-
ising methods have been devised and various components 
of flaps have been used. Katsaros et al. and others used 
a small separate segment of intestine for monitoring the 
vascularised jejunum49-51. Al Quattan et al. and others de-
scribed a small skin island to monitor the vascularised fib-
ula, radial forearm flap or an anterolateral thigh flap52-54. 
Iwasawa et al. utilised a small portion of muscle for moni-
toring a radial forearm flap and Kim et al. discussed using 
a minute part of the biceps femoris for evaluation of a 
lateral thigh flap55-56. More recently, Pellini et al. described 
a venous flow-through skin island based on the cephalic 
vein for monitoring a radial forearm flap25.  Spyropoulou 
et al. and others described an inventive method utilising 
an externalised distal stump of a vascular pedicle as a 
monitor. Pulsatile motions of the stump were used as an 
indicator of the patency of the anastomoses, however they 
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noted that it is difficult to detect early venous obstruc-
tion or perforator issues57,58. Schoeller et al. describes yet 
another method where a superficial flap vein is dissected, 
closed by an Acland clamp and is left protruding from the 
skin wound between the stitches59. For several days post-
operatively, the blood flow can be monitored by opening 
the clamp and measuring venous outflow58. There are a 
plethora of other publications regarding the use of various 
externalised monitoring tissues16,23,49,60-65. 

METHODS FOR FASHIONING AN EXTERNAL 
MONITOR FOR BURIED AND SEMI-BURIED 
FREE FLAPS

1) Incorporated skin monitor
Cutaneous or musculocutaneous flaps are often used 

where volume restoration is required at various sites. In 
volume-based flaps; such as a DIEP-flap used for imme-
diate breast reconstruction after a skin-sparing or nipple-
sparing mastectomy, the whole flap can be buried and is 
situated directly beneath the skin suture. In this situation, 
a small segment of the flap’s skin is not de-epithelised and 
serves as the monitor. This MSI is usually located at the 
site of skin suture (Fig. 1, Fig. S3). 

Fig. 1. Incorporated skin monitor.

After a skin sparing mastectomy the reconstructed 
nipple-areolar complex can serve as the MSI (Fig. S4). 
A study to elucidate the best positioning of a MSI when 
reconstructing breasts was published by Laporta48. 

2) Skin monitor based on a de-epithelised skin pedicle
In maxillofacial reconstruction we often deal with 

large mucous membrane defects in various parts of the 
upper digestive tract. These defects are located quite 
a distance from the skin surface and the MF itself is 
not placed directly under skin. In these patients’ flaps, 
an extension and separate monitoring segment must be 
fabricated. Usually skin-bearing flaps are used. The fab-
rication commences by harvesting a larger than needed 
skin island. The main part is used to cover the defect, 
the excess skin segment is partially de-epithelised and 
the unde-epithelised part is externalised usually on the 
neck where it is placed at the site of the skin suture after 

neck dissection. Rich sub-fascial and supra-fascial, sub-
dermal, dermal and sub-epidermal vascular networks 
provide sufficient blood supply for the MSI (ref.66) 
(Fig. 2, Fig. S5).

Fig. 2. Skin monitor based on a de-epithelised skin pedicle.

 
3) Skin monitor based on a muscular pedicle

A similar situation to that described previously can 
arise when using musculocutaneous flaps. Several sepa-
rate skin islands can be harvested on one muscle bear-
ing vascular pedicle. Some islands are used to cover the 
defects, a spare one is externalised to serve as an MSI. In 
this case, each skin island has to have its own perforator 
and for safety and reliability, usually a larger MSI has to 
be harvested (Fig. 3). 

Fig. 3. Skin monitor based on a muscular pedicle.

4) Skin monitor based on a venous vascular network
Usually used for radial or ulnar artery forearm flaps. 

The rich vascular network around the dominant veins – 
basilica or cephalic can serve as a nourishing source for 
a MSI. The monitor is harvested on the vein only without 
a direct axial connection to arteries of the flap pedicle25 
(Fig. 4, Fig. S6,7). 

Fig. 4. Skin monitor based on a venous vascular network.
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5) Skin monitor based on a separate perforator
This method can be used if one vascular pedicle ema-

nates multiple skin perforators. It is mainly used for radial 
forearm flaps and vascularised fibulas. Musculocutaneous 
perforators can be used for rectus abdominis or latissimus 
dorsi flaps and the like, however harvesting is more de-
manding. The surgeon has to ensure, that the perforators 
are not damaged during preparation and the blood supply 
of both the flap and the monitoring island is sufficient 
and reliable46,52-56 (Fig. 5, Fig. S8,9).

Fig. 5. Skin monitor based on a separate perforator.

6)  Skin monitor based on a different branch  
of one vascular pedicle
The principle is identical to an intrinsic chimera 

flap67,68. The bone, muscle or other components are used 
for reconstruction. A skin island serves as the monitor. 
The most commonly used vascular sources for this kind 
of reconstruction are the deep circumflex iliac, the lateral 
circumflex femoral and subscapular arteries. (Fig. 6).

Fig. 6. Skin monitor based on a different branch of one vascular 
pedicle.

7)  Prefabricated skin monitor  
(micro-vascular-anastomosis based)
Again the principle is similar to those of prefabricated 

chimera flaps67,68. The MSI is harvested separately and is 
connected by micro suturing to the vascular pedicle of the 
flap, end-to-side or end-to-end to the distal stump of the 
vascular pedicle or to any branch of the pedicle. This tech-
nique can be applied to any kind of free flap; however it 
bears the highest risk of a false alarm result as thrombosis 
can occur to the skin island anastomosis, while blood flow 
through the main flap remains patent. (Fig. 7).

Fig. 7. Prefabricated skin monitor; micro-vascular-suture based.

Direct visualisation of the muscle flap
Muscle can serve as a monitor in the same way as 

a MSI. The monitoring part of the muscle flap can be 
directly externalised, an extended segment of the buried 
muscle can be brought to the skin surface, a small muscle 
portion can be based on separate perforator or on a sepa-
rate vascular branch as a part of an intrinsic chimera flap. 
The muscle monitoring paddle can be left naked or can 
be covered with skin graft. However, when using a skin 
graft the assessment of visual qualities is very demanding. 
Unfortunately muscle is less reliable for DVM as some 
qualities like colour and capillary return/refill are difficult 
to evaluate.

Direct visualisation of the jejunal or a gastric flap
Direct visualisation of the jejunal flap used for laryn-

geal, oesophageal or vaginal reconstruction is possible 
in two ways. A separate segment of the jejunum can be 
exposed above the skin suture and after several days its 
pedicle is ligated and the monitoring jejunum is removed. 
The other method is by use of a temporary open-wound 
technique (a watch-window). The skin over the jejunal 
flap is not sutured. After several days, if the flap remains 
uncompromised, the skin is then sutured, or a skin graft is 
placed directly over the jejunum to cover the defect49-51,69,70. 

Another technique is the use of small portion of 
omentum that is externalised and monitored. This is of 
course only possible when using a gastric mucosal flap of 
non-acid secreting mucosa from the greater gastric cur-
vature. Omentum can also be used for volume filling as 
an adjunct tissue for covering the neck vessels after neck 
dissection60.

The value of direct visual monitoring
The value of a skin island for monitoring of MF was 

reported in several studies. Stranix at al studied 362 MFs 
containing muscle and they reported significantly higher 
salvage success rates in muscle flaps containing a skin 
paddle than in muscle flaps alone. Muscle flaps requir-
ing remedial surgery were also significantly more likely 
to taken back to the operating room on time if they con-
tained a skin island than if they did not. Flaps were moni-
tored using DVM, but also handheld Doppler ultrasound 
probe, an implantable Doppler probe and sometimes 
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indocyanine-based angiography. These findings highlight 
the significant importance of DVM using a skin paddle 
in monitoring the MF (ref.71). Dat et al. reported similar 
results for a 573 MF study and they confirmed signifi-
cantly higher successful salvage rates in flaps contain-
ing a skin paddle than in muscle flaps alone. They did 
note that in some instances, the time elapsed to recognise 
flap compromise was longer in skin bearing flaps than 
in muscle flaps alone but this difference was not statisti-
cally significant. It was unclear if the authors used DVM 
exclusively or if they used other supporting methods in 
conjunction but we infer from their methods description 
that only DVM was utilised72. Another comparative study 
reported differences in various methods of flap monitor-
ing with pharyngoesophageal or tracheal reconstruction. 
In one group of patients the segment of flap was used to 
cover a neck skin defect and also as a MSI. In another 
group an externalised part of the flap based on the same 
vascular pedicle was used exclusively for monitoring. No 
monitoring errors were reported in these two groups of 
patients. A third group had hand-held or an implantable 
Doppler probe used for monitoring of the pedicle; there 
were 31% false positive findings resulting in unnecessary 
re-explorative surgery and the loss of two flaps due to 
false negative findings in this group22. Other studies re-
ported a radial forearm, fibular or jejunal flap with an 
external MSI. From one study, of the seven abnormalities 
detected in the MSI, six were genuine vascular thrombo-
sis. In another study of 14 suspect MSI’s, 9 were positive 
and resulted in early surgical remediation16,68. Yet another 
retrospective study declared a salvage rate of 43.5% and 
an overall success rate of free fibula flaps monitored using 
MSI of 98.2% (ref.73). Song reported a 100% overall flap 
success rate and a 100% successful salvage rate using MSI 
in hypopharyngeal reconstruction with a Chinese flap 
but only eight patients and one flap compromise were 
included in this study64. In a study of 88 vascularised 
fibula flaps a 100% sensitivity of MSI was reported. Skin 
monitor pathological changes occurred in 11 cases. In all 
cases anastomosis compromise was proved by surgical 
re-exploration consisting of 9 venous and 2 arterial throm-
bosis. This led to a 100% successful salvage rate with only 
small partial skin necrosis in 6 flaps. The fibula survived 
and bony fusion was achieved in all patients. However it 
should be noted that visual monitoring was supported by 
transcutaneous monitoring of levels of P02 and PCO2 
in this study74. Adjunct anatomical studies for a better 
understanding and safer preparation of perforator based 
MSI have been reported75-77. 

As was mentioned previously, DVM simultaneous-
ly evaluates multiple characteristics of vital tissue3,21. 
Reconstructive microsurgery is however very complex 
and almost all kinds of tissue can be transferred – skin, 
fat, fascia, muscle, bone, cartilage, joint, tendon, nerve, 
nail, omentum and intestine. Various externalised tissues 
can be used for monitoring of the MF – skin, muscle, 
omentum or bowel segment25,52-56,60. In this review we did 
not find fat, fascia, bone, tendon or nerve being used as 
an externalised segment.  It is logical as not all tissues are 
suitable for externalising and only skin, or more precisely, 

white-skin possesses all the qualities that can be simulta-
neously evaluated by direct visual assessment. Colour or 
blanching time is difficult to assess in dark skin. Pinprick 
testing or bleeding after scarification is almost impossible 
to evaluate in bone, it is very risky in vascularised intestine 
flaps and is impossible to assess in tendon or nerve trans-
fer. Also tissues other than skin suffer from desiccation 
when exposed to the atmosphere and must be covered by 
special translucent semipermeable folia or film to prevent 
dehydration. In the Table 1 we summarise the various 
characteristics that are available for visual monitoring of 
different tissues. 

Multiple characteristics are available for visual moni-
toring of different tissues. From Table 1 we can surmise 
that  no tissue offers  reliable assessment of all possible 
characteristics. The most characteristics that are acces-
sible for monitoring are on white skin and, surprisingly, 
on the intestine. 

The crucial principles for manufacturing the reliable 
monitoring skin paddle

The surgical skills, technique of externalisation and 
planning of a MSI is also very important. False-positive 
and false-negative findings using a MSI have been report-
ed16,66,68,78,79. For achieving the best reliability and validity 
of monitoring the externalised part of flap we summarise 
several conditions that should be fulfilled: 
1. It must share the same vascular pedicle as the flap 

itself.
2. It should be at the terminal/peripheral part of the flap 

so the condition of the monitoring island expresses the 
condition of whole flap. 

3. The vascular pedicle of the monitoring part must not 
be compromised when externalising (compression, 
kinking, torsion and the like).

4. No additional micro-vascular anastomoses should be 
performed.

5. Its harvesting is not to be unnecessarily demanding or 
time consuming and is not to jeopardise the flap or 
patient condition in any way.

CONCLUSION

The reliable monitoring of a no-exposed MF is de-
manding and requires special approaches. Device-based 
or laboratory methods can be used but usually they are 
invasive, expensive and need special equipment and some-
time specialised medical personnel. Also, they are prone 
to false results or mistaken interpretation of findings. 

The use of an externalised monitoring sentinel seg-
ment of MF offers many advantages. It is reported to 
be among the most reliable of methods and is certainly 
the cheapest one. A flap with a MSI is usually easy to 
harvest and in experienced hands it does not jeopardise 
the harvesting of flap or its post-operative condition. It 
usually requires only minimal additional time-on-table. 
The variety of possible methods for externalisation of 
flap parts enables this technique almost in any MF pro-
cedure. However MSI can also fail, as it usually does not 
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Table 1. The specific characteristics of direct visual assessment of various tissues.

Tissue Colour Temperature Elasticity 
Consistence

Capillary return Pinprick testing Contraction

White skin + + + + + -
Dark skin - + + - + -
Fat +/- + + - + -
Fascia +/- + + +/- +/- -
Muscle + + + - + +
Bone +/- +/- - - +/- -
Cartilage - - - - +/- -
Joint +/- +/- - - +/- -
Tendon +/- - +/- - - -
Nerve +/- +/- +/- +/- +/- -
Nail + - - + + -
Intestine + + + +/- + +

allows separate detection of any injury, twisting, stretch-
ing, kinking or other deterioration of vascular pedicle of 
main flap or its part, while the vascular pedicle to MSI is 
not compromised.

Although in human medicine the cost-benefit is not 
considered as the highest priority, the financial aspects 
of a monitoring method must be considered prudently. 
From this point of view DVM certainly seems to have the 
highest cost-benefit with appropriate effectiveness and a 
low risk of failure. 

Search strategy and selection criteria
Our search strategy was: a) to revise and critically 

evaluate our long-term personal experience and: b) to 
compare all methods of monitoring of micro-vascular 
flaps in order to rank the value of direct visual moni-
toring and: c) to describe all methods of externalising 
part of the micro-vascular flap so it can serve as monitor-
ing skin island. Published studies from 1975-2019 were 
searched using the PubMed database and we collected 
1.300 articles responding to our search terms. The search 
terms included; free flap monitoring, micro-vascular flap 
monitoring, microsurgical flap monitoring and free tissue 
transfer monitoring. Exclusion criteria were duplicate ref-
erences, references where flap monitoring was peripheral 
to the topic and invalid or irrelevant references. After  
excluding the irrelevant articles we were left with 356 
valid articles that served as a source of information and 
conclusions for this review.
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ing; MSI, Monitoring skin island.
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