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Pre-making recipient sites to increase graft survival in manual and

robotic EUE procedures
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In 1984, Drs. O’Tar Norwood and Richard Shiell proposed
the concept of an X Factor, some unknown factor, or factors,
that can lead to suboptimal growth following a hair transplant.!
Over the years, as these “unknown” factors have been identified
and addressed, graft survival has improved. Some of the factors
that have been responsible for the improvements in growth have
included: minimizing surgical transection of the follicles at the
time of harvesting, preventing graft desiccation, reducing the
time grafts are held outside the body, improving holding solu-
tions, and decreasing crush injury during placing. The purpose
of this paper is to suggest additional manipulations to increase
the survival of grafts in FUE hair transplant procedures.

In 1996, Dr. Bobby Limmer underscored these concerns by
reporting decreased survival when grafts spend prolonged pe-
riods of time outside the body.? Following that work, there has
been a significant effort to streamline the surgical process, so that
grafts can be planted as quickly as possible; a particular concern
in large surgical sessions. Graft survival has also been enhanced
by using metabolically optimized holding solutions and keeping
grafts in a chilled environment while awaiting placement.>>

One of the first responses to the creation of a recipient wound
is the formation of a clot. This has great adaptive value for an
organism, where the immediate containment of blood loss takes
precedent over the healing process. However, a response that is
crucial for the preservation of a species may present a problem
for newly transplanted grafts that have been sitting in a holding
solution outside the body.

In the 1995 publication “Follicular Transplantation,” Ber-
nstein and Rassman hypothesized that a “snug fit” of newly
placed follicular unit grafts in the recipient wounds would
minimize dead space and reduce clot formation. This, in turn,
would facilitate the diffusion of oxygen and nutrients into the
newly transplanted tissue and promote optimal graft survival.®
The crusts that form on the surface of a newly coagulated wound
may also serve as a nidus for superficial bacterial colonization
and incite an inflammatory reaction required for their removal;
therefore, manipulations that minimize them would also be
beneficial for the grafts.

It has long been assumed that once grafts are transferred from
the cold, hypoxic environment of the holding solution into the
warm milieu of the human scalp, their metabolic needs would
immediately be fulfilled. However, the initial environment of the
recipient site may not be as immediately hospitable to grafts as
previously believed. Although clotting and changes in vascular
permeability occurs within minutes of wounding, the reabsorp-
tion of the clot, the mobilization of an inflammatory infiltrate,
angiogenesis, the formation of granulation tissue, and collagen
deposition takes hours to days to develop.’
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During the first 24 hours following recipient wound creation,
a flurry of biologic activities takes place that facilitate healing,
which includes the migration of platelets with subsequent release
of cytokines, growth factors, and pro-inflammatory proteins
(histamine, serotonin, kinins, prostaglandins, etc.) that increase
blood vessel permeability and stimulate cell migration. Allowing
these processes to begin before implantation of the grafts should
be beneficial to their healing and subsequent growth.®1°

Another aspect of the hair transplant that can adversely affect
the survival of grafts is crush injury during placement. When
grafts are placed in newly made recipient sites, they tend to pop
up (or completely out) due to active blood flow and the slippery
nature of fresh wound edges. This necessitates re-insertion,
subjecting the grafts to additional injury. In addition, the popped
grafts sitting above the skin surface are more subject to desicca-
tion and hypoxic injury compared to grafts still in their chilled
Bolding solution. Over time, however, the bleeding subsides and
the wound edges become more “sticky” due to activation of the
coagulation cascade. This enables grafts to be placed more eas-
ily, so that the later part of the placement process proceeds with
greater ease than the initial phases.

After follicular unit grafts have been isolated in FUT (through
strip harvesting and microscopic dissection) or FUE (via direct
extraction), there are three additional phases of a hair transplant
where grafts are subject to metabolic and physical stresses: in
their holding solution, during graft insertion, and after being
placed into a fresh recipient wound. In each of these steps, fol-
licular unit grafts are at risk to factors that may contribute to
suboptimal growth.

The typical sequence for a follicular unit transplant performed
via strip harvesting (FUT) or direct extraction (FUE) is:

Standard Hair Transplant

Step #1: Obtaining follicular units
Step #2: Site creation

Step #3: Graft placement

In FUT, follicular units are obtained through the stereomi-
croscopic dissection of a donor strip.!! Since this is an in vitro
process, graft dissection can proceed simultaneously with the in
vivo steps of site creation and graft placement. In FUE, grafts are
removed directly from the donor area.'? Since this is an in vivo
process, it makes it difficult for graft extraction to be accom-
plished at the same time as the other in vivo steps of site creation
and graft placement. As a result, in standard FUE procedures,
there is a delay from the time grafts are extracted from the body
until they can be placed into the recipient sites.
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In FUT, the microscopic dissection can be done in parallel,
with many dissectors working simultaneously to complete the
process quickly. In FUE, the logistical constraints of extraction
limit it to being performed by one person at a time, significantly
increasing the duration of this step of the procedure.'?

In FUT, the doctor first decides on a specific number of grafts,
harvests a donor strip estimated to contain those grafts, and then
makes recipient sites based on the number actually obtained from
the donor strip.* In FUE, the doctor can harvest the exact number
of grafts needed from the donor area, so there is usually no need
to wait until the extraction is done to determine the number of
recipient sites needed.

With some manual FUE techniques, it is possible to do all,
or part, of the extraction process with the patient in a sitting po-
sition, so that at least
part of his recipient
scalp is accessible
for concomitant site
creation and placing.
With current robotic
technology, however,
the movement of the
robotic arm and the
techniques used to
stabilize the head pre-
clude the extraction
of follicular units and
the creation of recipi-
ent sites from being
performed at the same
time (Figure 1).'

Figure 1. Positioning the patient for robotic FUE.

The delay in FUE procedures, from the time grafts are ex-
tracted from the body until they can be placed into the recipient
sites can be reduced by simply creating the recipient sites prior
to extraction. The problem in FUT of not knowing exactly how
many sites are needed is a non-issue in FUE, since the doctor can
harvest the exact amount desired from the donor area.

Therefore, FUE procedures lend themselves to easily revers-
ing the normal FUT sequence of graft (strip) harvesting followed
by site creation. By making recipient sites first, the time grafts
are out of the body will be reduced.

These “pre-made” recipient sites will also exhibit less bleed-
ing than newly created sites and will exhibit the stickiness that
makes older sites easier to place grafts into and have less pop-
ping. Thus, besides allowing the placing step to proceed more
quickly, pre-making sites will reduce the risk of mechanical
injury inherent in repositioning elevated grafts.

Another advantage of creating sites before harvesting follicu-
lar units is that it provides time for the removal of crusts from the
surface of the wound prior to implantation. The removal of these
crusts will decrease post-operative inflammation and promote
wound healing. A final benefit of reversing the order is that these
pre-made recipient sites will start to heal, perhaps making them
a more fertile bed for the newly implanted grafts.

The authors suggest that the following basic sequence be
used for FUE procedures: |
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FUE with Pre-Made Sites

Step #1: Site creation

Step #2: Obtaining follicular units
Step #3: Graft placement

With large sessions, these authors and others sometimes
extend the FUE procedure over a 2-day period simply because
the more time-consuming, large FUE procedures cannot be
completed in a single session.'® Given the described advantages
of pre-making recipient sites in an FUE procedure, the question
arises if there should be a deliberate delay between site creation
and the harvesting steps by creating recipients sites the day prior
to harvesting and graft placement, even if the size of the session
does not necessitate this.

We have suggested that a recipient wound may become a
more hospitable bed for grafts and easier to place over time. This
optimal time is, at present, unknown. However, with our knowl-
edge of wound healing and our experience with consecutive day
procedures, it seems that making recipient sites the day prior to
graft harvesting may offer some advantages over procedures
completed in one session.

FUE with Pre-Made Sites and Delay
Step #1: Site creation

Step #2: Deliberate delay (up to 24 hours)
Step #3: Obtaining follicular units

Step #4: Graft placement

The authors considered the possibility that placing grafts
into a recipient site further along in the healing process might
increase the risk of reperfusion injury.*> This possibility was
deemed unlikely, however, as the second day post-op, the grafts
are still relying on diffusion, rather than neovascularization, for
their oxygenation. Therefore, the factors normally associated
with reperfusion injury would not seem to apply.

The expediency of 1-day surgery for the physician and the
convenience to the patient having a hair transplant completed in
a single session are obvious advantages to 1-day procedures.!”
However, for larger sessions of FUE where thousands of grafts
have to be negotiated, it may be worthwhile to consider a 2-day
protocol if it could be shown to facilitate growth.

We have examined two methods of improving the FUE
procedure. The first decreases the time grafts are held in vitro
by pre-making recipient sites prior to the hair being harvested
from the donor area. The second adds additional time between
site creation and graft harvesting/placement to allow recipient
site healing to progress.

These simple manipulations will decrease the time grafts are
out of the body, allow for easier graft placement, allow for crust
removal, and possibly create a more fertile bed for the grafts.
When performing FUE, there is an obvious advantage to mak-
ing recipient sites before the grafts are harvested. One might
also consider delaying extraction to allow the healing process
to proceed. The optimal length of this delay, however, remains
to be determined.
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