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The deep inferior epigastric perforator (DIEP) flap use in
reconstruction was first described in 1989 by Koshima and
Soeda,1 and popularized by Allen2 in 1994 for breast recon-
struction. Since then, it has become one of themost preferred
and integral components in the field of autologous breast
reconstruction. The technical aspects of performing a DIEP
flap have beenmodified andwell-established over the years.

However, the literature regarding the impact of perforator
number and size on flap viability remains variable. Blondeel
et al3 advocated the use of larger caliber perforators and
inscription vessels and argued that the distance of the
perforator from the midline determines flap viability as
opposed to the number of perforators. Gill et al4 found
that the complication rate was higher as more perforators
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Abstract Background The deep inferior epigastric artery flap is an integral component of
autologous breast reconstruction. The technical aspects of performing the flap have
been well-established. A prior mathematical model suggested using the largest
perforator and concluded that the inclusion of additional perforators may decrease
resistance and increase flow, but at the downside of increased tissue trauma. Many
complications may result from inadequate venous drainage of the flap and the same
mathematical concepts may be applied. We attempt to give a mathematical model,
based on the physics of flow and properties of circuits, to explain clinical observations
regarding venous drainage of the flap and the complications that may arise.
Methods We compare the different possible venous drainage systems of a perforator
flap to a complex circuit with multiple resistances. Multiple venous perforators will be
represented by resistances in parallel, while the deep and superficial drainage systems
will be represented by a complex circuit loop.
Results Drainage of the flap may be optimized through the deep drainage system if
the venous perforators are of sufficient size. Inclusion of additional perforators may
decrease resistance and enhance drainage. Salvage procedures may be necessary when
the venous perforators are insufficient in size or when there are insufficient connec-
tions between the deep and superficial systems.
Conclusion A single large sized vessel may provide adequate drainage in most DIEP
flaps, while the use of multiple vessels may enhance drainage upon the encounter of
smaller vessels. Salvage procedures may be needed to relieve venous congestion as the
design of the venous system becomes more complicated.
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were recruited, while Grover et al5 found that the number of
perforators does not impact flap survival. However, it is
generally acceptable to use a single centrally located perfo-
rator of large caliber (1.5 mm). If no such dominant perfora-
tor exists, then multiple (2–4) medium-sized (1 mm)
perforatorsmay be dissected from themedial or lateral row.5

Patel et al6 developed a theoretical model to describe the
arterial flow in the DIEP flap and explain the clinical observa-
tions described above, based on the physics of flow through
vessels and the properties of circuitswithmultiple resistances
in parallel. This model supports the use of a single large
diameter vessel. While inclusion of additional smaller perfo-
rators may theoretically reduce overall resistance, this is
dependent on the diameter of the additional perforators and
maycomewith thecostof additional traumato themuscle and
fascia. However, while arterial flow in the DIEP flap is impor-
tant, flap survival also depends on adequate venous drainage.
The rate of venous congestion is reported to be between 2–8%
and is associated with increased flap complications and po-
tential failure.7,8Additionally, the same rules that govern flow
through the arterial system apply to the venous system,
therefore, a similar theoretical model may be more clinically
relevant if applied to the venous drainage of the flap. In this
article, we attempt to provide a mathematical explanation,
basedonthephysicsofflowthroughvessels and theproperties
of circuits to describe the venous circulation in the DIEP flap.

Methods

We compare a system of multiple venous perforators to a
circuit with multiple resistances. The venous drainage of the
DIEP occurs via twomain pathways: the superficial and deep
inferior epigastric veins.9–12 The superficial and deep venous
systems have extensive anastomotic connections by a net-
work of linking veins.9–14 In most cases, the DIEP flap is
primarily drained via venous perforators from the deep
inferior epigastric veins (DIEV) and main pedicle.9,15 The
DIEV are often paired veins that have ladder-like (H-type)
connections and usually unite prior to drainage into the
external iliac vein.9,13 The superficial systemnormally drains
into the superficial epigastric vein in a nonsurgical patient.8

However, after isolation of the DIEP flap, the superficial
inferior epigastric vein (SIEV) is transected and flow will
be redirected into the deep systemvia the network of linking
veins.8,12 The superficial system may be dominant in cases
when the deep perforator veins are insufficient in diame-
ter.9,12,13 Additionally, the superficial system may be of
greater importance when linking veins are insufficient or
absent between the two systems.12,13 A typical DIEP flap
venous systemwill be represented by►Fig. 1, which includes
a single venous perforator in series with a network of veins
composed of the superficial and deep drainage systems that
are connected by the linking veins. This figure is based on a
dominant deep venous drainage system and a single DIEP
perforating artery. As previously mentioned, there are mul-
tiple bridging connections between the DIEV, which will not
be represented in our model for simplicity.

Additionally, secondary drainage may occur through the
SIEV, superior epigastric vein, superficial circumflex iliac
vein, and lower intercostals.15 However, with the exception
of the SIEV, these are not included in the flap, therefore will
not be included in our model for simplicity.

In a flapwith multiple arterial perforators, each addition-
al perforating artery will be paired with a venous perforator.
These perforating veins will be in parallel configurationwith
each other. Additionally, this system of parallel veins will be
in series with the venous plexus draining the flap.

The resistance through a tube is defined by the following
equation:

where R is resistance, n is a constant, L is the length of the
vessel, and r is the radius of the vessel.

For multiple resistors in parallel, the total resistance Rt is
defined as follows:

where n equals the total number of perforator vessels.

Ohm’s Law states that current (I) is equal to the change in
voltage (ΔV) divided by the resistance (R) or:

I ¼ ΔV/R

When applied to hemodynamics, this law tells us that
flow is inversely proportional to resistance:

where Pa is the arterial pressure and Pv is the venous pressure.
Thedifferencegives thepressuregradient. Therefore, thelower
the resistance, the higher the flow, and vice versa.

Fig. 1 Circuit representing typical DIEP flap with dominant deep
venous system with drainage via a single venous perforator with
resistance R1. The arrows represent the normal direction of flow.
(P, pressure; RD, resistance of the deep venous system; RS, resistance
of the superficial venous system; RLV, resistance of the linking veins;
DIEV, deep inferior epigastric vein).
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Results

The simplest case of outflow for the DIEP flap is one based on
a DIEV dominant drainage system with a single venous
perforator of length L1 and radius r1 (►Fig. 2). This model
also assumes there is sufficient communication between the
superficial and deep venous systems. For simplicity, the
superficial venous network, deep venous network, and the
linking veins will be represented by a single combined
resistance (RV). Based on this model, the resistance R1

generated by the perforator vessel is:

In this case, the shorter the vessel and the greater the
diameter, the lower resistance and the greater the flow.

However, in a DIEP flapwithmultiple perforating arteries,
each artery is paired with a venous perforator. Therefore, a
flap design with two perforating arteries will have two
venous perforators in parallel configuration. In this scenario,
if the two venous perforators have the same resistance as the
single vessel in the first scenario (r1 and L1) in a DIEV
dominant drainage system (►Fig. 3), the total resistance of
the perforators taken together changes according to Eq. (2).
The total resistance (Rt), in this case will be equal to half of
the resistance seen in the first scenario, or (1/2Rt). This
should theoretically increase the outflow from the flap.

If two venous perforators with radii (r2) smaller than (r1)
were used (►Fig. 4) instead of the single perforator with
radius r1, this should theoretically increase the resistance
according to Eq. (2). Consider a scenariowith two perforators
each with a radius (r2) that is half of (r1), or r2 ¼ (1/2) r1. The
resistance of each perforator will be 16 � R1 according to Eq.
1. The total resistance generated by using the two smaller
vessels with radius (r2) as determined by Eq. 2 will be equal
to eight times the value of R1.

Moreover, this concept can be applied to a flapmodelwith
more than two perforators. For example, consider a flapwith
a total of four venous perforators in parallel. In this case, if
each venous perforator has the same radius (r1), as in thefirst
scenario, the total resistance will decrease by 75% according

to Eq. 2. However, in this same flap design, if each venous
perforator has a radius (r2), half of (r1), with resulting
resistance of 16 � R1 for each perforator, the total resistance
will increase by a factor of 4.

Upon closer review of the two previously discussed
scenarios, it can be observed that there exists a point at
which the use of two smaller vessels becomes a limitation to
flowas opposed to using a single larger vessel, as determined
in the arterialmodel by Patel et al.6 In one case, a single vessel
with a radius (r1) is used. In another case, two vessels are
used, one with radius (r2) and the other with radius (r3).
Therefore, in order for the resistances in each case to be the
same, the following must occur:

According to this equation, if the two smaller vessels have the
same radii, the point at which the two smaller vessels have

Fig. 2 Circuit representing drainage via a single venous perforator
with resistance R1. (P, inflow pressure; RV, combined resistance of the
superficial system, deep system, and linking veins; DIEV, deep inferior
epigastric vein). Fig. 3 Circuit representing drainage via two perforating deep veins of

same resistance as perforator in ►Fig. 1 (R1). (P, pressure; RV,
combined resistance of the superficial system, deep system, and
linking veins; DIEV, deep inferior epigastric vein).

Fig. 4 Circuit representing drainage via two perforating deep veins
with radii equal to half of the radii of perforators in ►Figs. 2 and 3,
therefore with resistances 16 times that of resistance of R1. (P,
pressure; RV, combined resistance of the superficial system, deep
system, and linking veins; DIEV, deep inferior epigastric vein).
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the same resistance as the single larger vessel occurs when
the smaller radii are the fourth root of 1/2 or approximately
0.84 times the radius of the single larger vessel. Therefore, if
the vessels are larger than 0.84 r1, then the flow would be
greater using the smaller perforators. If the vessels are
smaller than 0.84 r1, then the flow would greater using a
single larger perforator. In general, if n vessels of equal but
smaller radii than a single larger vessels are used, the
resistances of the two systems will be equal when the radii
of the smaller vessels are the fourth root of 1/n times the
radius of (r1). For example, if three smaller perforators are
used instead of a single larger perforator, the resistances of
the two perforator systems will be equal when the radii of
the smaller perforators are the fourth root of 1/3, or 0.76
times the radius of the single perforator.

This concept may explain drainage in a flap with a
dominant superficial drainage system. If a SIEV with radius
rSIEV and resistance RSIEV is encountered in a flap with two
venous perforators from the deep system, then it will be the
dominant drainage system if the two venous perforators are
less than 0.84 times the radius of the SIEV, or 0.84 rSIEV. The
resistance across each individual venous perforator with
radius 0.84 rSIEV or less will be at least double the resistance
of the SIEV (RSIEV), or 2RSIEV. Most of the venous outflow, or
drainage of the flapwill be directed towards the path of least
resistance through the superficial venous system in a non-
surgical patient. However, since the SIEV is transected with
flap dissection, therefore, interrupting flow across the su-
perficial system, flap drainagewill be redirected towards the
perforating veins of the DIEV via the linking veins (►Fig. 5).
This will theoretically hinder flap drainage as flow will be
forced across the high resistance of the deep system, which
may contribute to venous congestion. One proposed tech-

nique to salvage intraoperative venous congestion is by
supercharging the flap. Supercharging involves providing
additional outflow by anastomosing the SIEV to a recipient
vein such as the cephalic or thoracodorsal, or an additional
internal mammary vein (►Fig. 6).7 This allows most of the
drainage to flow through the low-resistance superficial
system.

In a scenario where the venous perforators are of suffi-
cient size (r1) but with insufficient or absent connections
between the superficial and deep systems, flap drainagemay
also be hindered as outflow from the superficial system
would be obstructed (►Fig. 7). Turbocharging is another
method to salvage venous congestion, which involves creat-
ing a superficial to deep venous loop by anastomosing the
SIEV to one of the DIEV (►Fig. 8).7

However, according to our model, turbocharging the flap
may not be effective in a flap with a high-resistance deep
system, as in a case where the DIEV have radii of 0.84 rSIEV. In
this scenario, drainage would be redirected towards the
high-resistance deep system and may not relieve venous
congestion. Clinically, this indicates that if intraoperative
venous congestion does occur, the better maneuver is to
anastomose the SIEV to a different outflow vein rather than a
pedicle branch.

If a single vessel with the largest diameter has been
incorporated in the perforator flap, the addition of smaller
vessels duringdissectionwould theoretically reduce the total
resistance of the perforator system according to Eq. 2. This
relationship can be described by combining Eqs. (1), (2), and
(3) as follows:

R2 ¼ R1 [1/(1 þ x4)], where R2 is the resistance of the
system when a second vessel of radius xr1 is added to the
single vessel of radius r1 with resistance R1. If two additional

Fig. 5 Circuit representing drainage via two perforating veins from
the deep system with radii 0.84 times the radius of the SIEV. The solid
black arrows represent the normal direction of flow through the path
of least resistance of the superficial drainage system. The dashed
arrows represent the resulting redistribution of flow across the high-
resistance deep system after ligation of the SIEV. (P, pressure; RD,
resistance of the deep system; RS, resistance of the superficial system;
RLV, resistance of the linking veins; RSIEV, resistance of the SIEV; SIEV,
superficial inferior epigastric vein; DIEV, deep inferior epigastric vein).

Fig. 6 Supercharged flap with two perforating veins off the deep
system with radii 0.84 times the radius of the SIEV. The SIEV is
anastomosed to a recipient vessel. Most of the flow will now be
directed towards the low-resistance superficial system (solid arrows).
The dashed arrows represent residual flow through the high-resis-
tance deep system. (P, pressure; RD, resistance of the deep system RS,
resistance of the superficial system; RLV, resistance of the linking
veins; RSIEV, resistance of the SIEV; RRV, resistance of the recipient
vessel; RV, recipient vessel; SIEV, superficial inferior epigastric vein;
DIEV, deep inferior epigastric vein).
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vessels with radii of xr1 and yr1 are added to the single vessel,
the resistance of the system of three vessels R3 would be as
follows:

R3 ¼ R1 [1/(1 þ x4 þ y4)]
According to this equation, adding a second vessel with a

diameter of 0.9 times, the single larger vessel will decrease
the resistance to approximately 0.6 times the resistance of
the single large vessel. However, adding a second vessel with

a diameter of 0.5 times the single larger vessel will result in a
decrease in resistance only approximately 1/10th, or 0.9
times the resistance of the single larger vessel.

If two equal sized venous perforators of largest diameter
have been incorporated, the addition of smaller single ve-
nous perforator would also reduce the total resistance. This
relationship can be described by the following equation:

R2 ¼ R1 [1/(2 þx4)] where R2 is the resistance of a system
with two equal sized venous perforators when a third venous
perforator of radius xr1 is added to the systemwith resistance
R1.

According to the above equation, in a perforator system
with two equal sized perforators, the addition of a third
venous perforator with a diameter of 0.9 times, the diameter
of one of the larger venous perforator will decrease the
resistance to approximately 0.38 times the resistance of
the two larger venous perforators.

Discussion

Several studies have described the perfusion to the infraum-
bilical abdominal wall and, hence, the DIEP flap. Adequate
perfusion of the flap is crucial for flap survival and to
minimize complications such as fat necrosis, arterial throm-
bosis, and venous congestion. Such complications may lead
to increased flapmorbidity and flap loss. Therefore, methods
to minimize these complications should be applied.

One method to minimize complications may include the
use of multiple arterial perforators. In the model described

Fig. 7 Circuit representing drainage via a single venous perforator off the deep system with resistance R1. The solid black arrows represent the
normal direction of flow through the deep system. The dashed arrows represent obstructed flow through superficial system. (P, pressure; RD,
resistance of the deep system; RS, resistance of the superficial system; RSIEV, resistance of the SIEV; SIEV, superficial inferior epigastric vein; DIEV,
deep inferior epigastric vein).

Fig. 8 Turbocharged model representing drainage via a single venous
perforator with resistance R1. The solid black arrows represent the
normal direction of flow. (P, pressure; RD, resistance of the deep
system; RS, resistance of the superficial system; RLV, resistance of the
linking veins; RSIEV, resistance of the SIEV; SIEV, superficial inferior
epigastric vein; DIEV, deep inferior epigastric vein).
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by Patel et al,6 the inclusion of additional perforators may
decrease resistance and enhance perfusion of the flap. This
may ultimately minimize certain complications, such as fat
necrosis, which has an incidence between 5 to 35%.16 Fat
necrosis is a significant sequelae of the DIEP flap as it can
create wound healing complications and wound infections.
In addition, these firm masses can cause significant distress
to the breast cancer patient and increase the risk of addi-
tional imaging, biopsies, and surgery. In the current litera-
ture, there is a lower incidence of fat necrosis with a higher
number of perforators.16 However, a higher incidence of fat
necrosis has been observed with the use of several perfo-
rators, notably five or more.4,16 This may be due to increased
tissue trauma from additional dissection of the flap and the
lackof a strong central blood supply in instanceswhere there
are multiple small-diameter vessels. Additionally, some
studies reported an increased rate of fat necrosis in the
setting of venous congestion and that fat necrosis may be
mitigated in by augmentation of venous outflow.8,17,18

While arterial perfusion remains an important compo-
nent of the DIEP flap, venous drainagemay bemore clinically
relevant as inadequate venous drainagemay result in venous
congestion and potential failure of the flap. The incidence of
venous congestion in DIEP flaps is reported to be 2 to 8%.8 An
inadequate venous drainage system leading to venous con-
gestion will result in an increase in venous pressure and
edema across the flap.19 This rise in pressure of the
obstructed venous system may transmit to the arterial
systempotentially impairing inflow. Impaired arterial inflow
may be further exacerbated by the resulting arterial throm-
bosis that may occur. This may further damage the flap and
impair its survival. The cause of venous congestion is multi-
factorial. This may be a result of venous thrombosis, insuffi-
cient communications between the deep and superficial
venous system, or small caliber venous perforators. External
causes include inadequate inflow from poor perforator se-
lection, vessel kinking, or anastomotic failure with recipient
vessels.20,21 Blondeel et al suggested that it is failure of
venous outflow as opposed to arterial inflow that is the
rate-limiting step in flap survival, as demonstrated by bluish
discoloration of the flap and dark venous bleeding when
venous congestion occcurs.12

Large caliber venous perforators may be adequate for
drainage of a DIEP flap, given a dominant deep drainage
system. Some literature suggests a single 2 mm vein to be of
adequate size.5 Based on our model, the inclusion of addi-
tional perforator veins may decrease resistance and there-
fore enhance outflow of the DIEP flap. If a vein less than
2 mm is encountered, our model supports the use of multi-
ple venous perforators to decrease resistance and enhance
drainage. However, outflowmay be limited when the size of
the venous perforator is small or when the size of the SIEV
becomes important.

A flap may have a dominant superficial drainage system
when the SIEV size is large. Current literature suggests that
intraoperative venous congestion is observed with a SIEV
diameter of 1.5 mm or greater.5 In this scenario, according to
our model, a deep system with two venous perforators may

only adequately drain the flap if the venous perforators are
greater than 1.26 mm in diameter as determined by Eq. 3. If
venous perforators of smaller size are encountered, the risk
of intraoperative venous congestion increases and a salvage
procedure may be necessary. Therefore, it is recommended
that the SIEV be preserved in all situations until the size of
the deep venous perforators can be assessed.

Supercharging may relieve intraoperative venous conges-
tion by allowingdrainage of theflap through the SIEV instead
of forcing outflow through the high-resistance deep system.
The SIEV, in this situation, may be anastomosed to the
cephalic vein, thoracodorsal vein, or an additional internal
mammary vein. Turbocharging is another technique to sal-
vage the flap. This involves anastomosing the SIEV to a
branch of the deep system. This technique may be useful
when the deep system alone is inadequate for drainage and
in situations where there are insufficient connections be-
tween the superficial and deep drainage systems. However,
this would not be effective in flaps with SIEV dominant
drainage and small caliber venous perforators where the
resistance of the deep system is high and would still not
provide adequate outflow.

The clinical application of this study can be difficult when
a simplified version of a complex system is used. However,
there are some takeaway points based on this model alone.
When dissecting a DIEP flap, it is prudent to preserve the
SIEV and dissect it for several centimeters in all scenarios
until the caliber of the venous perforators can be assessed.
This allows a lifeboat in the event of small venous perforators
from the deep system. Turbocharging the flap may be effec-
tive in certain scenarios where the linking veins between the
superficial system and the deep system are inadequate but
would not be effective if the resistance in the deep system is
high. Therefore, it seems safe to always supercharge these
flaps if necessary rather than turbocharge them. The domi-
nant perforator should always be sought, especially the one
with the largest vein. This supersedes taking multiple small
perforators to compensate for the large one, unless the
smaller perforators are of adequate size where they do not
limit outflow from the flap. The dominant perforator can be
harvested with additional perforators from the same row to
decrease overall resistance.

The limitations of this study are mostly a result of a
theoretical model that is simplified, applied to a complex
system that is highly variable. There are physiologic factors
that can cause the radius of the vessels to contract such as
hypoxia, manipulation, hypothermia, and a variety of other
reasons. In addition, the radius of the outflow is not constant
across the entire system from the subdermal plexus to the
perforator, to the DIEV in the main pedicle.

In conclusion, maintaining adequate perfusion and drain-
age of the DIEP flap are crucial to its survival. Adequate
perfusion may be achieved with a single large sized vessel in
most DIEP flaps. However, upon encounter of smaller vessels,
it would be beneficial to include multiple perforators as this
can reduce resistance and enhance flow. This concept also
applies to the venous system as the addition of multiple
vessels may also reduce resistance and enhance drainage.
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However, additional measures may be needed in order to
relieve venous congestion and prevent flap loss as the design
of the venous system becomes more complicated. Further
clinical observations and analysis should be taken to confirm
this theoretical model.
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