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Background There is a time lag between hair follicle harvesting and implantation, 
during this time hair follicles suffer ischemic injury. We need a holding medium or a 
solution to minimize or neutralize ischemic injury.
Aims and Objective To evaluate plasma as a graft holding solution in terms of its 
efficacy in hair growth and hair graft survival.
Method and Material A split scalp study was performed. The left side was designat-
ed as the control area (Group A) where grafts implanted were kept in Ringer’s lactate, 
and the right side behaved as the test area (Group B) and received grafts preserved in 
autologous plasma. The p-value was calculated.
Observations MTT staining for grafts stored in Ringer’s lactate at 12 and 72 hours 
showed poor hair follicle cells’ survival while grafts kept in plasma showed viable cells 
even after 72 hours.
The hair count and density in plasma group were significantly higher than those in the 
Ringer’s lactate group. There was an improvement in hair thickness in both groups 
from 6 months to 12 months.
Conclusion Autologous plasma is an easily available graft holding solution. Platelets 
along with the plasma provide multiple growth factors promoting epithelialization, 
neovascularization, and action on hair follicle stem cells to improve growth. The fibrin 
coating around the graft makes it sticky and prevents dehydration. The split scalp con-
trolled study certainly shows the advantages of using plasma over other extra cellular 
graft holding solutions.
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Introduction
The surgical trauma of hair transplantation triggers inflam-
mation which is the first step in wound healing. The brunt of 
the biochemical changes has to be borne by the newly trans-
ferred grafts which are devoid of any blood supply. Graft sur-
vival is affected by a cascade of multiple factors including graft 
harvesting, dissection, manipulation during  implantation, 
and ischemia/reperfusion injury following implantation in 
the body. The insults inflicted from these unfavorable factors 
add up leading to apoptosis which affects graft survival and 

the quality of hair regrowth. To achieve the best results we 
should focus on improving all the above-mentioned factors.

Grafts harvested and maintained out of the scalp are pre-
served in a holding solution until they are implanted. Thus, 
the holding solution plays a crucial role in the hair transplant 
procedure. An ideal holding solution should have the same 
osmolality as of the grafts cells, should prevent acidosis, 
 provide energy to the cells, and prevent the release of free 
radicals. There are two types of holding solutions, extracellu-
lar and intracellular. Examples of extracellular solutions are 
normal saline, lactated Ringer’s (RL), and plasma-like fluids. 
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The intracellular solutions are represented by hypothermo-
sol. Extracellular holding solutions do not require chilling, 
which causes sodium pump failure leading to swelling of the 
cells, whereas intracellular holding solutions require chilling.1

At our center, we use autologous plasma with platelets as 
a graft holding solution during hair transplantation surgery. 
Clinical results have been evaluated with trichoscan analysis 
and supported by histological evaluation for graft viability. 
Previously the platelet-rich plasma to promote hair growth 
was used by Uebel.2 The study was based on the hypothesis 
that platelets have growth factors that stimulate the stem cells 
of hair follicles.2 Uebel2 however did not do histological study.

Aims and Objective
To evaluate plasma as a graft holding solution in terms of its 
efficacy in hair growth and hair graft survival.

Method
A split scalp study was performed comparing hair grafts 
transplanted on the right and left frontotemporal areas select-
ed as recipient sites in the same patient. The patients’ were 
informed and consent was taken for the split scalp study. The 
left side was designated as the control area (Group A) and the 
right side behaved as the test area (Group B), for comparison 
of the results. The right frontotemporal area received grafts 
preserved in autologous plasma, while the left frontotem-
poral area received grafts preserved in RL. Both sides were 
implanted with grafts harvested with the same technique, 
with equal number of grafts of the same quality, and with the 
same implantation time. Grafts on both sides were implant-
ed by two surgeons sharing similar experience and expertise 
using optical loupes for magnification.

The autologous plasma and the RL holding solutions 
with the grafts were maintained at a temperature of around 
12 ± 2°C, whereas the room temperature was maintained 
around 18°C.

The following parameters were taken into consideration 
for the study:

 • A histological study with MTT (3- (4,5- dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide) stain (a colorimetric 
assay for assessing cell metabolic activity) to confirm the vi-
ability of cells in the grafts at 12 and 72 hours.

 • Periodical postoperative patient follow-up with regular 
photographs and trichoscan evaluations to identify any 
event of anagen effluvium due to postsurgical shock loss.

 • Trichoscan study for hair density was done at 3 months to 
check for hair growth.

 • Hair thickness was assessed at 6 and 12 months to check 
for the quality of hair growth.

Preparation of Autologous Plasma

Preparation of autologous plasma was the first step before 
commencing the hair transplant. We collected 23 cc of blood 

from the patient in a syringe with 2 cc ACD (acid citrate dex-
trose) solution as an anticoagulant. The blood was trans-
ferred to a high-quality glass container designed by the 
author. The blood was centrifuged in a temperature-con-
trolled (19°C) centrifuge machine at 5,000 RPM (rotations 
per minute; this RPM is default factory setting, and regu-
larly it is calibrated) for 16 minutes. The process resulted in 
the separation of RBC at the bottom of the tube and plasma 
with platelets forming the upper fluid compartment. The 
23 cc of blood yielded approximately 12 cc of plasma. Hence 
we can deduce that the platelet concentration was twice 
the normal basal levels of the patient. The laboratory fur-
ther confirmed the platelet count ranging between 400,000 
and 500,000/cumm. The plasma thus created was stored in 
a sterile stainless steel bowl (a Petri dish can also be used) 
maintaining a temperature of 12 ± 2°C on a cool gel pack 
ready to receive the grafts; the temperature of plasma was 
checked regularly.

The harvested grafts were divided randomly into two 
groups, with an equal number of grafts per side. Control 
group (A) grafts were stored in RL and test group (B) grafts 
were stored in plasma. Both graft holding solutions were 
maintained at the same temperature.

Grafts dipped in the plasma form a very loose clump. 
A trained assistant separates the individual graft from a small 
clump and places it on surgeon’s hand to implant.

Six volunteer patients having similar grades of male 
pattern baldness were included in the study, with ages 
between 25 and 40 years. Grafts were implanted over the 
bilateral frontotemporal areas as planned. Grafts stored in 
plasma were implanted on the right frontotemporal side, 
while the grafts stored in RL were implanted on the left 
frontotemporal side. The same numbers of grafts were 
implanted with a standard density of 40 grafts/cm2. Rou-
tine postoperative care of the donor and recipient areas 
was followed as per general guidelines for all hair-trans-
plant patients.

The study was conducted as follows:

 • The graft samples A and B were sent for MTT staining 
at 12 and 72 hours of graft holding time to determine 
 viability of the cells.

 • Patient follow-ups were conducted at 1, 2, 3, 4, 6, and 
12 months after hair transplant.

 • Photographs were taken for comparison of left and right 
frontotemporal areas with and without flash.

 • Hair count and density were taken on both sides using 
trichoscan.

 • At the 6 and 12 months follow-up, photographs and 
trichoscan for hair thickness were repeatedly taken for 
evaluation of terminal hair.

Observations
Observation of MTT Staining

 • MTT-staining at 12 hours—grafts stored in the incuba-
tor at temperature 12 ± 2°C in RL showed poor staining, 
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while the grafts stored in the plasma holding solution 
were well stained, indicating good cell viability in the 
plasma group when compared with RL group. As MTT 
stains differentiate between live and dead cells, so it was 
selected for study.

 • MTT-staining at 72 hours— (►Figs. 1 and 2) grafts stored 
in plasma showed good staining, while very poor  
staining of grafts of the RL group was observed 
(►Figs. 3–5).

Fig. 1 Method of preparation of plasma for graft holding solution.

Fig. 3 MTT staining 12-hour medium B plasma.

Trichoscan Study
For thickness at 3 months: Trichoscan study done at 3 months 
after hair transplant for the hair count on the RL side showed 
an average of 1.3 (density: 4.4 grafts/cm2), while on the plas-
ma side the average hair count was 8.3 (density: 27.5 grafts/
cm2). Thus the plasma side had 68.75% hair growth while on 
RL side had only 11% hair growth. The hair count and density 
in the plasma group were significantly higher than those in 
the RL group (►Fig. 6 and ►Table 1).

Fig. 2 MTT staining 12-hour medium A Ringer.
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Fig. 5 MTT staining 72-hour medium B plasma.

Fig. 6 Hair density comparison between control and test groups.

Table 1  Hair density at 3 months on Ringer’s lactate and plasma sides (density of implanted hair: 40 grafts/cm2).

Hair count Hair density per square cm Average % of hair growth

GH solution RL Plasma RL Plasma RL Plasma

Patient -1 2 9 6.6 29.7 110% 68.75%

Patient -2 1 10 3.3 33

Patient -3 2 7 6.6 23.1

Patient -4 0 8 0.0 26.4

Patient -5 2 7 6.6 23.1

Patient -6 1 9 3.3 29.7

Average 1.3 8.3 4.4 27.5

Abbreviations: GH, graft holding; RL, Ringer’s lactate.

Fig. 4 MTT staining 72-hour medium A Ringer.
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Fig. 8 After 50 days of hair transplant. After 50 days of hair trans-
plant showing significant anagen effluvium on Ringer’s lactate side 
while on plasma side implanted hair were still present.

Fig. 7 Comparison of hair thickness in both groups at 6 months and 12 months. There was an improvement in hair thickness in both groups 
from 6 months to 12 months with a p-value of 0.002.

Trichoscan Study for Hair Thickness
The hair thickness measured at 6 months after hair transplant 
by trichoscan showed an average of 53.5 µm on the RL side, 
while on the plasma side it was 65.66 µm, which was signifi-
cantly higher. At the 12-month follow-up, the hair thickness 
measured was 60.6 µm on the RL side, while on the plasma 
side it was 66.125 µm. Details are mentioned in► Fig. 7.

Clinical Evaluation
Photographs of the right and left frontotemporal areas were 
taken at 50 and 120 days after the hair transplant for evalua-
tion of hair growth and anagen effluvium.

At 50 days (►Fig. 8), on the test side (plasma side) implant-
ed hair were present, while on the control side (RL) most 
of the implanted hair were lost as they underwent anagen 

effluvium. Photographs (►Fig. 9) taken at 120 days showed 
the difference in hair quality and density on the left and right 
frontotemporal regions.

Discussion
The most important benefit of an optimum graft holding 
solution would be an increase in hair yield from the trans-
planted grafts. The optimum holding solution would reduce 
the damage from reperfusion injury and free radical forma-
tion as well as from ionic imbalance and variation in osmolal-
ity created by the ischemic phase.

Holding solutions are formulated according to the compo-
sition of intracellular and extracellular body fluid environ-
ment and behave differently. An intracellular graft holding 
solution1 needs chilling. They also do not assure protection 
from reperfusion injury3 and are expensive. Extracellular 
solutions are widely used, economical, and do not need chill-
ing. Intracellular fluids like hypothermosol with adenosine 
triphosphate (ATP) added have significant benefits when the 
graft holding time is more than 10 hours; however, this is 
a very rare situation as most hair-transplant procedures are 
complete within 4 to 6 hours.

Autologous plasma is an extracellular fluid which is iso-
tonic with nutrients and platelet-derived growth factors. It is 
cost-effective and can be prepared by a surgeon or a pathol-
ogist. Drying and desiccation of grafts immersed in plasma 
is delayed, and the grafts look shiny and more hydrated even 
at the end of 4 hours holding time. Uebel2,4 in his study had 
implanted grafts after keeping in plasma and reported 5 to 
53% increase in hair count after 7 months of hair transplant.

MTT Assay
The MTT assay is a colorimetric assay for assessing cell met-
abolic activity. NAD (P)H-dependent cellular oxidoreductase 
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enzymes reflect the number of viable cells present under 
defined conditions. These enzymes are capable of reducing 
the tetrazolium dye MTT to its insoluble formazan.5 There-
fore the dye can detect metabolically active live cells. In our 
study samples of hair follicle grafts were sent for MTT histo-
logical assay to detect live cells. Results of staining showed 
that at 12 hours the plasma grafts were better stained than 
the RL grafts. Results at 72 hours staining were surprising. 
Plasma grafts showed good staining while RL grafts showed 
very poor staining indicating that the cells were viable in 
plasma grafts even at the end of 72 hours.

Trichoscan study done at 3 months for the hair 
count on the RL side showed an average of 1.3 
(density: 4.4 grafts/cm2), while on the plasma side the aver-
age hair count was 8.3 (density: 27.5 grafts/cm2). Thus the 
plasma side had 68.75% hair growth, while on RL side only 
11% hair growth. The unpaired test showed an RL mean of 
4.5 ± 2.950 standard deviation (SD) and a plasma mean of 
27.50 ± 4.135 SD with a p-value < 0.001, which is significant. 
This indicates that anagen effluvium on the plasma side 
was 31.25%, while on the RL side the effluvium was 89.00%. 
This shows that anagen effluvium was controlled by 58.75%, 
which is significant (p-value < 0.001).

In the first 7 days after hair transplantation, there is peri-
od of inflammatory response (involving neutrophils, eosin-
ophils, macrophages, platelets, fibroblasts, and growth fac-
tors2) in which both erythema and edema occur followed by 
apoptosis and the grafted hair follicles, as well the existing 
hair follicles, may enter into an involution phase resulting 
in hair shedding. This process is triggered and propagated 
due to ischemia. The follicles become refractory and those 
that survive will regrow at the stimulus of the next growth 
cycle which begins after the third month and continues up to 
7 months. Prevention of anagen effluvium can be achieved 
with prevention of apoptosis of the more metabolically 
active progeny of the stem cells. This observation may help 
us in the development of an ideal holding solution by further 
bioenhancement of platelet and plasma solution.

The hair thickness measured at 6 months by trichoscan 
showed average of 53.5 µm on the RL side, while on plas-
ma side it was 65.66 µm, which was significantly higher. The 
unpaired test showed a group RL mean of 53.5 ± 6.377 SD and 
a group plasma mean of 65.67± 9.688 SD. The p-value was 
<0.001, which is very significant.

At the 12-month follow-up the hair thickness measured 
was 60.6 µm on the RL side, while on the plasma side it was 
66.125 µm. The thickness of hair on the RL side increased in 
12 months but was still less than that on the plasma side. The 
unpaired test showed a group RL mean of 60.00 ± 1.414 SD 
and a group plasma mean 69.86 ± 9.218 SD; the p-value was 
<0.001, which is very significant.

The hair diameter depends on several viable cells in the 
matrix. These are the mesodermal stem cells known to be 
very sensitive to ischemia. Ischemia leads to accumulation 
of free radicals and anaerobic metabolic pathways result-
ing in apoptosis of cells thereby affecting hair thickness. 
The hair thickness on the plasma graft side was better 
than that on the RL side. This may be because of the effect  
of multiple beneficial factors in the plasma holding 
solution.

Platelets are activated on contact with collagen around 
hair follicles resulting in the release of various platelet-de-
rived growth factors.6,7 Fibrinogen in plasma gets convert-
ed to fibrin which forms a mesh2,4,8,9 in which platelets are 
trapped. This fibrin mesh with activated platelets forms a 
three-dimensional fibrin scaffold. The graft so covered by 
this scaffold is implanted back in the scalp. Platelet-rich fibrin 
was first described by Dohan et al in France.10,11 Fibrin glue 
along with skeletal myoblasts in the fibrin scaffold preserve 
the cardiac function after myocardial infarction.12 In vitro 
prefabrication of human cartilage is created in shapes using 
fibrin glue and human chondrocytes.13 Long-term regenera-
tion of human epidermis is achieved on third degree burns 
transplanted with autologous cultured epithelium grown on 
a fibrin matrix.13 There is a definite role of the fibrin matrix 
in angiogenesis.14

Fig. 9 Patient photographs after 4 months showing hair growth difference on left and right frontotemporal regions.
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Conclusion
Autologous plasma is an easily available graft holding solu-
tion. It is isotonic in nature having nutrient growth factors as 
well as the advantage of fibrin. Platelets along with the plas-
ma provide multiple growth factors promoting epithelializa-
tion, neovascularization, and action on hair follicle stem cells 
to improve growth. The improved growth has been noted in 
this study. The fibrin coating around graft makes it sticky and 
prevents dehydration. The growth factors and nutrients suc-
cessfully prevent the anagen effluvium and shock loss post 
hair transplant. The thickness of hair and yield of the graft 
are also better in plasma as compared with those in RL. The 
probable explanation of the improved results is availability 
of various nutrients, fibrin, and multiple growth factors in 
plasma. The split scalp controlled study certainly shows the 
advantages of using plasma over other extracellular graft 
holding solutions.
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