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	Arterial Diameter (mm)
	Flap Weight (gms)

	
	1.2
	207

	
	1.3
	286

	
	1.4
	384

	
	1.5
	506

	
	1.6
	655

	
	1.7
	835

	
	1.8
	1050
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FORMULAE 
 



Q = AV 
Q: flow rate  
A: cross-sectional area of the vessel 
V: average velocity 



 
Poiseuille’s Equation: 
 
 
 
∆P: pressure drop/gradient 
µ: viscosity 
l: length of tube 
Q: flow rate of the blood in the vessel 
r: radius of the vessel 
 
!
!
!
!
FVI: flap viability index 
d1 etc: the CTA- measured internal diameter of each perforator 
W: nett weight of the flap 



!



bipolar diathermy to their parent trunk. After harvest each
flap was weighed in a sterile bag. Thereafter all tissue
trimmed from the flap was weighed and subtracted from
the initial flap weight, giving a final flap weight. Recipient
vessels were either thoracodorsal or internal thoracic.
Internal thoracic vessels were isolated between costal
cartilages, removing muscle but no cartilage.11 Microsur-
gical anastomoses were completed with 8/0 nylon sutures
and Anastoclip staples.12 Flaps were monitored post-
operatively and skin or fat necrosis noted early and at
review up to six weeks.



There were 50 DIEP flaps in 45 patients, 40 unilateral
flaps and 10 bilateral flaps.



FVI was calculated for each flap by the formula:



FVIZ
d14 þ d24 þ d34 etc



W



where FVI is the Flap Viability Index, d1 etc the CTA-
measured internal diameter of each perforator in millime-
ters and W the flap weight in Kilograms.



FVI was estimated pre-operatively for each patient,
aiming to include enough perforators of sufficient size to
exceed an FVI of 10, or to reduce the flap bulk during
surgery to achieve the same end. Fat and/or skin necrosis
was recorded post-operatively. Fat necrosis was judged by
palpation, when in doubt confirmed by ultrasonography,
and later by histopathology when removed. All cases of skin
necrosis more than 5 " 15 mm, or obvious early fat necrosis
were debrided within ten days of surgery.



Flaps without necrosis were compared with those with
necrosis for perforator numbers per flap, mean vertical and
horizontal co-ordinates of perforators and FVI. Statistical



analysis used the 2-tailed T-test for unequal data set
numbers.



Results



At operation, perforator positions correlated well with CTA
measurements. Seven flaps (14%) sustained some partial fat
or skin necrosis.



There was no significant difference in mean perforator
internal diameter between 59 chosen medial perforators
(mean 1.66 mm) and lateral perforators (mean
1.61 mm.p Z 0.284).



Mean weight for 50 flaps was 618 gm. There was no
significant difference between the weights of flaps with no
necrosis and those with some.



Other results are summarised in Table 1. Comparing 43
flaps with no necrosis and 7 with some partial skin or fat
necrosis, there were no significant differences for perfo-
rator numbers per flap (p Z 0.45) nor for mean vertical
distance of perforators from flap equator (p Z 0.26). There
was a marginal advantage for perforators closer to the
midline (p Z 0.048) and a significant advantage for larger
perforators as predicted by the FVI (p Z 0.037).



Flap viability index



Figure 3 shows flap viability versus FVI measurement. No
flap with an FVI of less than ten survived without some fat
or skin necrosis. None with an FVI greater than twenty
developed either fat or skin necrosis. Conclusion: flaps with
an FVI less than ten are at great risk of partial flap necrosis,



Table 1 Mean numbers of perforators per flap, mean horizontal perforator positions, mean vertical positions and FVIs for flaps
with either some or no necrosis.



Datum (SD Z Standard Deviation) Flaps with no
necrosis (n Z 43)



Flaps with some
necrosis (n Z 7)



P value



Mean perforator numbers per flap 1.74 (SD 0.58) 1.71 (SD 0.49) 0.450
Mean horizontal position (‘X’) in mm 23.9 (SD 13.77) 39.29 (SD 17.51) 0.048
Mean vertical position (‘Z’) in mm 56.03 (SD 16.83) 51.71 (SD 15.18) 0.264
Mean FVI 31.25 (SD 28.98) 11.00 (SD 4.73) 0.032



Figure 3 Scattergram of flap FVIs. Black dots represent flaps with no necrosis, red dots flaps showing some necrosis. FVI of 10
marked.
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FORMULAE   

Q = AV 

Q: flow rate  

A: cross-sectional area of the vessel 

V: average velocity 

 

Poiseuille’s Equation: 

 

 

 

∆P: pressure drop/gradient 

µ: viscosity 

l: length of tube 

Q: flow rate of the blood in the vessel 

r: radius of the vessel 
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FVI: flap viability index 

d1 etc: the CTA- measured internal diameter of each perforator 

W: nett weight of the flap 

!

bipolardiathermytotheirparent trunk. After harvest each ﬂap was weighed in a sterile bag. Thereafter all tissue trimmed from theﬂap was weighed and subtracted from theinitialﬂapweight,giving a ﬁnal ﬂap weight. Reci pient vessels were either thoracodorsal or internal thoracic. Internal thoracic vessels were isolated between costal cartilages, removing muscle but no cartilage. 11 Microsur- gicalanastomoseswerecompleted with 8/0 nylon sutures and Anastoclip staples.12 Flaps were monitored post- operatively and skin or fat necrosis noted early and at reviewuptosixweeks. There were 50 DIEPﬂaps in 45 patients, 40 unilateral ﬂapsand10bilateralﬂaps. FVIwascalculatedforeach ﬂap by the formula:
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etc

W

where FVI is the Flap Viability Index, d 1 etc the CT A-

measuredinternaldiameter of each perforator in millime-

tersandWtheﬂapweight in Ki lograms.

FVI was estimated pre-operatively for each patient,

aiming to include enough perforators of sufﬁcient size to

exceed an FVI of 10, or to reduce the ﬂap bulk during

surgerytoachievethesame end. Fat and/or skin necrosis

wasrecordedpost-operatively . Fat necrosis was judged by

palpation, when in doubt conﬁrmed by ultrasonography ,

andlaterbyhistopathology when removed. All cases of skin

necrosismorethan5 15mm, or obvious early fat necrosis

weredebridedwithintendays of surgery .

Flapswithout necrosiswere compared with those with

necrosisforperforatornumbers per ﬂap, mean vertical and

horizontal co-ordinates of perforators and FVI. Statistical

analysis used the 2-tailed T -test for unequal data set numbers. Results At operation, perforator positions correlated well with CT A measurements. Seven ﬂaps (14%) sustained some partial fat or skin necrosis. There was no signiﬁcant difference in mean perforator internal diameter between 59 chosen medial perforators (mean 1.66 mm) and lateral perforators (mean 1.61 mm . p Z 0.284). Mean weight for 50 ﬂaps was 618 gm. There was no signiﬁcant difference between the weights of ﬂaps with no

necrosis and those with some.

Other results are summarised in T able 1 . Comparing 43

ﬂaps with no necrosis and 7 with some partial skin or fat

necrosis, there were no signiﬁcant differences for perfo-

rator numbers per ﬂap ( p Z 0.45) nor for mean vertical

distance of perforators from ﬂap equator ( p Z 0.26). There

was a marginal advantage for perforators closer to the

midline ( p Z 0.048) and a signiﬁcant advantage for larger

perforators as predicted by the FVI ( p Z 0.037).

Flap v iability index

Figure 3 shows ﬂap viability versus FVI measurement. No

ﬂap with an FVI of less than ten survived without some fat

or skin necrosis. None with an FVI greater than twenty

developed either fat or skin necrosis. Conclusion: ﬂaps with

an FVI less than ten are at great risk of partial ﬂap necrosis,

Table1 Meannumbersof perforators per ﬂap, mean horizontal perforator positions, mean vertical positions and FVIs for ﬂaps witheithersomeornonecrosis. Datum(SDZ StandardDeviation) Flaps with no necrosis ( n Z 43) Flaps with some necrosis ( n Z 7) P value Meanperforatornumbersper ﬂap 1.74 (SD 0.58) 1.71 (SD 0.49) 0.450 Meanhorizontalposition(‘X’) in mm 23.9 (SD 13.77) 39.29 (SD 17.51) 0.048 Meanverticalposition(‘Z’) in mm 56.03 (SD 16.83) 51.71 (SD 15.18) 0.264 MeanFVI 31.25 (SD 28.98) 11.00 (SD 4.73) 0.032

Figure3 Scattergramofﬂap FVIs. Black dots represent ﬂaps with no necrosis, red dots ﬂaps showing some necrosis. FVI of 10

marked.
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those with FVI over twenty are safe, and flaps with FVI
between 10 and 20 have a small risk of necrosis.



One may calculate the maximum safe flap weight for
a given single arterial perforator’s internal diameter using
the formula:



Maximum flap weight likely to surviveZ
ðd4Þ
10



(See Table 2)



Discussion



Since the article of Moon & Taylor,8 more sophisticated
cadaveric studies have elucidated perforator distribution
patterns, courses of the DIEA and its branches and cross-
midline anastomotic systems that allow unilateral TRAM and
DIEP flaps to survive.10,13 However, cadaveric studies have
their limitations, as stated by Wong et al, “This methodology
doesnotpretend tomimicphysiological conditionsandcannot
account for aspects such as vasoconstriction and physiological
shunting. Actual vascularity may be quite different in
a physiological situation...”.10



In vivo studies such as that of Rubino et al.,14 measured
blood flow in pedicles of perforator flaps one month post-
operative using color Doppler flowmetry. With regression
analysis, they calculated the diameters of flap veins which
would adequately drain flaps with a range of weights. They
also used Poiseuille’s equation in their calculations.



The FVI relies on the application of Poiseuille’s Law to
blood flow. Poiseuille’s Law strictly applies to Newtonian
fluids, where the viscosity is constant and independent of
flow rate or pressure. Blood is not strictly a Newtonian
fluid, as it contains particles (cells) and other variables
which cause variation in viscosity. Arterial blood flow is also
pulsatile, affecting shear rates by up to 30%.15 Neverthe-
less, Poiseuilles’ equation is cited in physiological studies of
blood flow.15,16 Philip Blondeel cites it as a critical factor in
DIEP flap survival.17



Poiseiulle’s equation includes variables for length of
vessel, perfusion pressure and blood viscosity. In similar
biological systems such as DIEP flaps, the effects of
viscosity and other variables are assumed to be relatively
constant between patients, allowing these variables to be
practically eliminated from calculation. Thus the main
variable is the internal radius (or diameter) of the perfo-
rating vessels. Blood flow is proportional to its fourth
power. A 50% reduction in perfusion pressure reduces flow
by 50% but a 50% reduction in vessel diameter makes for
a massive 1600% reduction.



The accuracy of CTA-measured perforator diameters
depends on the experience of the technician18 and density
of both contrast material and surrounding tissue, but is
probably in the range # 10 percent.19 Pre-operative
measurement is more reliable than intra-operative visual
measurement, because dissection exposing perforators
causes arterial spasm, and intra-operative measurement is
only of the outside diameter of the vessel. Moreover CTA is
conducted in an un-anaesthetised patient. a more physi-
ological environment. CTA is more accurate than Duplex
Doppler ultrasound for measuring perforator diameters and
intramuscular courses of the DIEA branches.20,21 Increased
numbers of measurements and subjects reduces measure-
ment error. With three measurements of each perforator
averaged, the accumulation of 50 subjects has seen
statistically significant differences emerge.



Does position matter? Cadaver injection studies by
Schaverian & Wong et al.10,13 showed medial perforators to
have better cross-midline perfusion than lateral, perhaps
because lateral perforators are sited further from Zone 4
than medial perforators and their average diameter may be
smaller. In a clinical study of 354 DIEP and free muscle-
sparing TRAM flaps, Garvey et al demonstrated no perfu-
sion advantage for medial over lateral perforators.22 Blon-
deel et al. reported similar findings.17



Wong et al.10 found that medial perforasomes were about
twice as large as lateral perforasomes, but nomeasurements
of the perforator diameters were reported. However, if the
average internal diameter of medial perforators was only
twenty percent greater than that of lateral perforators, their
blood flow would be doubled in comparison.



We found slight correlation between viability and hori-
zontal distance of perforator(s) from the midline. However,
of the perforators utilized in 50 flaps, there was no signif-
icant difference between average diameters of medial and
lateral perforators. There was greater correlation between
flap viability and average perforator size than between
viability and perforator position (p Z 0.032 vs p Z 0.048).



Early papers linked perforator numbers with flap
viability. However, Gill et al paradoxically found an inverse
relationship between perforator numbers and viability.23



We found no relationship between perforator numbers
and flap viability. Poiseille’s equation states that one 2 mm
perforator matches the flow of sixteen 1.0 mm perforators.
A flap with a single 2.0 mm perforator has an FVI of 16 and
will easily support a flap weight of over 1 kg. For perforator
flaps, size is everything.



The critical FVI for DIEP flaps is around 10. Flaps with
FVIs above 10 had high rates of complete survival, and
those below 10 had high rates of partial necrosis.



FVI calculation may have to be modified in higher risk
groups such as diabetics and vasculopaths, and those with
micro-angiopathies. In these patients poor capillary blood
flow may negate the effect of pedicle blood flow, even
through large perforators. Perforator site is important.
Even a large perforator on the flap edge may supply insuf-
ficient blood to distant parts of the flap, such as the
suprapubic region, Zones 3 and 4 and to the far side of the
umbilicus. Therefore we discount the value of an edge
perforator within the FVI formula by 50% (Figure 1). We
define an edge perforator as one which lies superior to the
level of the umbilicus, or is within 20 mm of any skin edge.



Table 2 Maximum weight of flap surviving on single
perforator vs perforator diameter.



Arterial Diameter (mm) Flap Weight (gms)



1.20 207
1.30 286
1.40 384
1.50 506
1.60 655
1.70 835
1.80 1050



The flap viability index 1493
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