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STUDY OBJECTIVE: To perform the original phase I/II trial of autologous platelet tissue graft in
gynecologic surgery to evaluate toxicity and efficacy on decreasing pain.

DESIGN: Prospective nonrandomized trial (Canadian Task Force classification II-A).
Pain SETTING: Teaching hospital.

PATIENTS: Fifty-five consecutive patients undergoing major gynecologic surgery were entered into
this prospective phase I/II trial and were matched with 55 patients from the previous 6 months.
INTERVENTION: After anesthesia was induced, peripheral venous blood (55 mL) was obtained from

the patient producing, autologous platelet tissue graft (20 mL). At completion of surgery, autologous
platelet tissue graft was directly applied to the surgical site.

MEASUREMENTS AND MAIN RESULTS: Median pain on the day of surgery was 2.7 (mild) in the
autologous platelet tissue graft group vs 6.7 (severe) in the control group, p <.001. Likewise, pain on
postoperative day 1 was 2.1 (mild) in the autologous platelet tissue graft group vs 5.5 (moderate) in the
control group, p =.001. Median of morphine per hospital stay for the autologous platelet tissue graft group
was 17 mg (range 1-98 mg) vs 26 mg (range 3-90 mg) in the control group, which was statistically

significant at p = .02. There were no adverse effects associated with autologous platelet tissue graft.
CONCLUSIONS: In the original phase I/II prospective trial of autologous platelet tissue graft in
gynecologic surgery, there were no apparent adverse effects, and pain was significantly reduced.

© 2007 AAGL. All rights reserved.

More than 350 000 women undergo major gynecologic
surgery in the United States each year. Major morbidity
associated with gynecologic surgery includes pain, bleed-

Supported in part by a research grant funded by BioMet Biologics.
There was no direct funding of this trial to Summa by BioMet Biologics.
BioMet Biologics has provided funding to Summa for a swine postopera-
tive adhesion study.

Corresponding author: James Fanning, DO, Department of Obstetrics
and Gynecology, Summa Health System, Northeastern Ohio Universities
College of Medicine, 525 E. Market Street, Medical I1, Akron, OH 44309.

E-mail: fanning @summa-health.org

Submitted March 27, 2007. Accepted for publication May 18, 2007.

1553-4650/% -see front matter © 2007 AAGL. All rights reserved.
doi:10.1016/j.jmig.2007.05.014

ing, infection, hernia, and wound dehiscence. Reduction in
the incidence of these morbidities would improve patient
care and decrease medical expense.

Recently, several autologous platelet-rich plasma prepa-
rations, including autologous platelet tissue graft (BioMet
Biologics, Warsaw, IN), have been used clinically to en-
hance hemostasis and wound healing."? Application of au-
tologous platelet tissue graft to the operative site has a
3-fold effect (Figure 1). First, the concentrated platelets
torm a fibrin clot that aids in hemostasis. Second, the plate-
lets degranulate and release numerous chemotactic and mi-
togenic growth factors (including platelet-derived growth
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Figure 1  Autologous platelet tissue graft: mechanism of action.
EGF = epidermal growth factor; PDGF = platelet-derived growth
factor; TGF = transforming growth factor; VEGF = vascular endo-
thelial growth factor; WBC = white blood cells.

factor, transforming growth factor, vascular endothelial
growth factor, and epidermal growth factor), which aid in
wound healing and decrease infection and pain. Third, in-
creased white blood cell (WBC) concentration also aids in
decreasing infection. Recent studies have shown that autol-
ogous platelet tissue graft produced by the Gravitational
Platelet Separation system (BioMet Biologics) contains an
8-fold increase in platelet count, 5-fold increase in white
blood cell count, a 4- to 6-fold increase in growth factors,
and a 7-fold increase in serotonin®* compared with serum
levels.

Because autologous platelet tissue graft is obtained in the
operating room and immediately directly applied to the
patient’s own operative site, adverse effects should be min-
imal or nonexistent. Because of the small risk of adverse
effects and encouraging initial empiric results, the use of
autologous platelet tissue graft is increasing."” However,
the clinical effectiveness and safety in gynecologic surgery
have not been proven. In general, there are 3 phases of
clinical testing of new therapeutic agents.” Phase I trials are
designed to evaluate toxicity. Phase II trials determine ef-
ficacy. If phase I/II trials show safety and efficacy, a phase
IIT trial is performed to determine whether the new treat-
ment is more effective or safer than standard therapy. There-
fore our purpose was to perform the original phase I/II trial
of autologous platelet tissue graft in gynecologic surgery to
evaluate toxicity and efficacy on pain.

Materials and methods
Eligibility

Patients undergoing major gynecologic surgery (laparo-
scopic-assisted vaginal hysterectomy, laparoscopic-assisted
vaginal hysterectomy with laparoscopic lymphadenectomy,
abdominal hysterectomy, advanced laparoscopic proce-

dures, and advanced urogynecologic procedures requiring
multiple repairs), aged 18 years or older, nonpregnant, and
able to give informed consent comprised the study group.
Institutional review board approval was granted, and written
informed consent was obtained from all patients.

Patient characteristics

From August 5, 2005, through February 6, 2006, 55
consecutive patients were entered into this phase I/II trial,
and none were excluded. Two patients declined to enter the
trial. Patients were recruited from 3 physician offices—I
private gynecology group, 1 academic urogynecologist, and
1 academic gynecologic oncologist. Patient characteristics
are presented in Table 1. Median age was 55 years old
(24-84 years old), median weight was 167 lbs (112-260
1bs), and 78% had medical comorbidities. Twenty-five per-
cent of surgical procedures were laparoscopic-assisted vag-
inal hysterectomy, 20% were extended urogynecologic pro-
cedures, and 22% were laparoscopic gynecologic oncology
procedures.

Comparison group

Fifty-five patients from the previous 6 months were
matched by surgeon and surgical procedure. As can be seen
from patient characteristics in Table 1, there was no differ-
ence between the groups in age, weight, race, medical co-
morbidities, or types of surgery. We believed this compar-
ison group was justified because both groups had the same
prospective pain evaluation by the same nursing staff who
were blinded to the study’s objectives. Also, the same pre-
printed postoperative pain management protocol was used
for both groups.

Table 1  Patient characteristics
APTG Control p

Age (yrs) 55 (24-84) 49 (27-76) .06
Weight (Lbs) 167 (112-260) 160 (67-250) .13
Race .90

White 87% 80%

Black 13% 20%
Comorbidity 78% 63% .10
Procedure (No., %) .10

LAVH 14 (25) 14 (25)

LAVH nodes 12 (22) 10 (18)

Scope 4(7) 4 (7)

TAH 14 (25) 12 (22)

Urogyn 11 (20) 15 (27)

APTG = autologous platelet tissue graft; LAVH = laparoscopic-
assisted vaginal hysterectomy; LAVH nodes = LAVH with lymphade-
nectomy; Scope = advanced laparoscopic procedure; TAH = abdominal
hysterectomy; Urogyn = advanced urogynecologic procedure.
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Technique of autologous platelet tissue graft
(BioMet Biologics)

After induction of general anesthesia, peripheral venous
blood (55 mL) was obtained from the patient and mixed
with acid-citrate-dextrose-A 5 mL, an anticoagulant, in a
60-mL syringe. The syringe contents were transferred to the
Gravitational Platelet Separation system disposable separa-
tion tube (GPSII; BioMet Biologics) (Figure 2) and spun in
a BioMet centrifuge for 15 minutes at 3200 rpm. After
centrifugation, 2 aliquots of 7 mL of platelet-poor plasma
and 3 mL of platelet concentrate (platelets and WBCs) were
obtained and transferred to two 10-mL syringes. An activa-
tion solution was prepared by mixing 1000 units of topical
bovine thrombin (Jones Pharma, St. Louis, MO) per milli-
liter of 10% CaCl, solution. The thrombin directly activates
platelets, and the CaCL, deactivates the acid-citrate-dex-
trose-A anticoagulant. The activation solution was drawn
into two I-mL syringes. The 10-mL platelet-poor plasma/
platelet concentrate syringe and the 1-mL activation syringe
were connected, in tandem, to the BioMet Malleable Dual
Cannula Tip, a dual-spray apparatus (Figure 3). This allows
both syringe plungers to be advanced in unison, mixing the
2 sprays, which allows activation before reaching the wound
bed. At completion of the surgical procedure and after
ensuring adequate hemostasis, the autologous platelet tissue
graft was directly applied to the surgical site (including the
vaginal cuff, parametrium, and fascia). Depending on the
surgical procedure, autologous platelet tissue graft was ap-
plied vaginally, laparoscopically, or transabdominally (Fig-
ure 4). Surgical application takes approximately 1 minute.

Figure 2  Gravitational Platelet Separation (GPSII) tube.

Figure 3  BioMet Malleable Duel Cannula Tip.

Data collection

All hospital data were collected prospectively before dis-
charge. Patients were followed up for 28 days with outpatient
checkups scheduled for the seventh and twenty-eighth postop-
erative day. Pain was evaluated with the visual analog scoring
system6: 0 = no pain, 2 = mild, 5 = moderate, 7 = severe, 10
= excruciating. At Summa, visual analog scoring is prospec-
tively performed and recorded every 4 hours by the nursing
staff. The highest visual analog score on postoperative day 0
and postoperative day 1 was used. Preprinted postoperative
pain management protocol was the same for both groups:
ketorolac 30 mg intravenously every 6 hours for 4 doses,
morphine 2 to 5 mg intravenously every 2 hours as needed, and
oxycodone/acetaminophen 5/325 mg 1 to 2 tablets orally every
6 hours as needed. For the few patients that required meperi-

Figure 4 Laparoscopic application of autologous platelet tissue
graft.
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dine, a conversion of meperidine 75 mg to morphine 10 mg
was used. The oxycodone/acetaminophen to morphine conver-
sion was 2 tablets to 4 mg of morphine. For the comparison
group, hospital data were collected, as well as outpatient follow-up
for 28 days. Because the control group was not prospectively
evaluated after hospital discharge, accurate visual analog scores
for pain on postoperative day 7 and 28 are not available.

Statistics

Discreet variables were compared by use of ¥ or Fisher’s
exact test, and continuous variables were compared by ¢
testing. A power analysis was performed with a p value =
.05, power of .80 and a 25% difference in pain as being
medically significant. Sample size calculation estimated a
required sample size of 35 patients per group.

Results

Results are shown in Table 2. Median blood loss was 270
mL (10-500 mL), and median operative time was 163
minutes (75-330 minutes). Median change of postoperative
hemoglobin was 1.8 g, and median length of stay was 1.3
days. Comparing these results with the 55 matched control
subjects (Table 2); there was no statistically significant
difference in blood loss, operative time, median change in
hemoglobin, or length of stay.

Comparing patients treated with autologous platelet tis-
sue graft to matched controls, postoperative pain was sig-
nificantly reduced. Median pain on the day of surgery was
2.7 (mild) in the autologous platelet tissue graft group vs 6.7
(severe) in the control group, p <.001. Likewise, pain on
postoperative day 1 was 2.1 (mild) in the autologous platelet
tissue graft group versus 5.5 (moderate) in the control
group, p =.001. Median pain in the autologous platelet
tissue graft group was 0.3 on postoperative day 7 and 0 on
postoperative day 28. The median dose of morphine per
hospital stay for the autologous platelet tissue graft group
was 17 mg (1-98 mg) vs 26 mg (3-90 mg) in the control
group, which was statistically significant at p = .02.

Table 2 Surgical characteristics

APTG Control P
Blood loss 270 (100-1500) 272 (50-1000) 48
OR Time (min) 163 (75-330) 143 (40-360) .06
A Hgb (g/dL) 1.8 2.0 .16
LOS (days) 1.3 (1-4) 1.4 (1-5) 17
Pain day 0 2.7 (0-7) 6.8 (1-10) <.001
Pain day 1 2.1 (0-6) 5.6 (1-10) <.001
Pain day 7 0.3 (0-3)
Pain day 28 0
Morphine (mg) 17 (1-98) 26 (3-90) .02

APTG = Autologous platelet tissue graft; A Hgh = change in
hemoglobin level; LOS = length of hospital stay.

No patient treated with autologous platelet tissue graft
had a surgical site infection or postoperative dehiscence
develop. Because the control group was not prospectively
followed up, data on infection and dehiscence was not
available. Autologous platelet tissue graft was not associ-
ated with any apparent adverse effects.

Discussion

Autologous platelet tissue graft is being used clinically to
enhance hemostasis and wound healing after surgery.* Con-
centrated platelets obtained from the patients own blood are
applied directly to the operative site. The 8-fold increase in
platelet count forms a fibrin clot, which aids in hemostasis™*
(Figure 1). When the concentrated platelets degranulate they
release numerous chemotactic and mitogenic growth factors
(including platelet-derived growth factor, transforming growth
factor, vascular endothelial growth factor, and epidermal
growth factor), which aid in wound healing, decrease infection,
and decrease pain®* (Figure 1). Growth factors have a chemo-
tactic and mitogenic effect on fibroblasts and mesenchymal
stem cells, which leads to reepithelialization, angiogenesis, and
collagen formation, which accelerates wound healing. The
5-fold increase in white blood cell count along with the che-
motactic and mitogenic effect of growth factors on neutrophils
may help decrease infection. Also, the growth factor chemo-
tactic effect increases the concentration of serotonin, which
helps decrease pain.

Although autologous platelet tissue graft is clinically
being used,** the clinical effectiveness and safety has not
been proven, and thus we performed the original phase I/II
trial of autologous platelet tissue graft (BioMet Biologics)
in gynecologic surgery. None of the 55 patients treated
developed a side effect from autologous platelet tissue graft.
This was expected because autologous platelet tissue graft is
obtained in the operating room from the patient and imme-
diately directly applied to the patient’s own operative site.
In the phase II portion, we found a significant reduction in
pain. Patients treated with autologous platelet tissue grafting
had an approximate two-thirds reduction in pain resulting in
mild postoperative pain versus moderate to severe postop-
erative pain in the control subjects (statistically significant,
p <.001). Also, morphine use was reduced approximately
50% in the autologous platelet tissue graft group compared
with the control subjects, which was statistically significant
at p = .02. Because this was a phase I/II trial, blinding was
not performed, and therefore placebo effect can not be
excluded. Although our study did not have enough power to
evaluate efficacy on surgical site infection or postoperative
dehiscence, no patients treated with autologous platelet tis-
sue graft developed these complications.

Multiple additional investigations of autologous platelet tis-
sue graft are needed. We are presently evaluating postoperative
adhesions in a swine model. In the future, we are planning to
evaluate the effects of autologous platelet tissue grafting on
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postoperative malignant growth. We are also planning to eval-
uate autologous platelet tissue grafting as a drug delivery
system. Finally, because we performed a phase I/II trail, there
was no control group. Therefore we are presently performing a
phase III prospective randomized controlled trial on autolo-
gous platelet tissue graft in cesarean sections.

Conclusion

In the original phase I/II prospective trial of autologous
platelet tissue graft in gynecologic surgery, there were no
adverse effects, and pain was significantly reduced. We are
presently developing a phase III prospective placebo-con-
trolled randomized trial to verify the results of our phase I/II
trial, evaluate placebo effect and to evaluate the efficacy of
autologous platelet tissue graft on surgical site infection and
postoperative dehiscence.

References

1. Berghoff W, Pietrzak W, Rhodes R. Platelet-rich plasma application
during closure following total knee arthroplasty: a retrospective study.
Orthopedics. 2006;29:590-598.

2. Mishra A, Pavelko T. Treatment of chronic elbow tendinosis with
buffered platelet-rich plasma. Am J Sports Med. 2006,34:1774-1778.

3. Woodell-May J, Ridderman D, Swift M, Higgins J. Producing accurate
platelet counts for platelet rich plasma: validation of a hematology
analyzer and preparation techniques for counting. J Craniofacial Surg.
2005;16:749-756.

4. Eppley B, Woodell J, Higgins J. Platelet quantification and growth
factor analysis from platelet-rich plasma: implications for wound heal-
ing. Plast Reconstr Surg. 2004,114:1502-1508.

5. Devita V, Hellman S, Rosenberg S. Design and conduct of clinical
trials. Cancer Principles & Practice of Oncology. 4th ed. Philadelphia,
PA: J.B. Lippincott; 1993:418-440.

6. Fishman B, Pasternak S, Wallerstein S, Houde RW, Holland JC, Foley
KM. The Memorial Pain Assessment Card: a valid instrument for the
assessment of cancer pain. Cancer. 1987;60:1151-1158.



Current Pharmaceutical Biotechnology, 2012, 13, 000-000 1

Is the Use of Autologous Platelet-Rich Plasma Gels in Gynecologic,
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Abstract: Tissue repair at wound sites begins with clot formation, and subsequently platelet degranulation with the re-
lease of platelet growth factors, which are necessary and well-regulated processes to achieve wound healing. Platelet-
derived growth factors are biologically active substances that enhance tissue repair mechanisms, such as chemotaxis, cell
proliferation, angiogenesis, extracellular matrix deposition, and remodeling. This review describes the biological back-
ground and results on the topical use of autologous platelet-rich plasma and platelet gel in gynecologic, cardiac, and gen-
eral surgical procedures, including chronic wound management and soft-tissue injuries.

Keywords: Platelets, platelet-rich plasma (PRP), platelet gel (PG), growth factors, wound healing, cardiac surgery, gynecol-

ogy, general surgery, adipose graft.

1LINTRODUCTION

The physiologic cascades of soft tissue wound healing
and bone growth are only partially clarified, but it is clear
that cellular and hormonal factors have fundamental roles in
these processes [1]. In particular, platelet-derived growth
factors (PDGFs), which are stored in various platelets vesi-
cles, are pivotal healing factors [2, 3]. Currently, platelets
can be retrieved and isolated from a volume of fresh, autolo-
gous whole blood with point-of-care devices which intra-
operatively fractionate the blood into platelet-poor plasma
(PPP), platelet-rich plasma (PRP), red blood cells, and other
biological mediators [4]. In most cases, the PRP is a so-
called buffy coat product and therefore consists of a small
volume of plasma in most instances, in which the number of
platelets and leucocytes in excess of baseline values can be
measured. In general, PRP is a term used to describe a vari-
ety of techniques to produce blood components, which are
enriched in platelets with the growth factors contained
therein. The term PRP is a bit of a misnomer since the end
product is not always a plasma fraction, but can also be a gel.

Most of the platelet growth factors are stored in the alpha
granules of platelets and are inactive upon platelet activation.
Platelet aggregation and activation can be accomplished with
platelet agonists (e.g., thrombin, calcium, or other proteins)
to create a viscous solution frequently termed platelet gel
(PG). This platelet coagulum can be applied exogenously as
a spray or as a solid gelatinous mass to soft tissues, chronic
wounds, bone, or synthetic bone. The reason for applying PG
to tissues is the delivery of platelet growth factors and other
biological mediators (e.g., adhesive proteins, fibrinogen,

*Address correspondence to this author at the Da Vinci Clinic, Center for
Regenerative Medicine, Geldrop, the Netherlands; Tel: +31 653447458,

....................

1389-2010/12 $58.00+.00

fibronectin, vitronectin, and thrombospondin-1) to mimic
and accelerate physiologic wound healing and regenerative
tissue repair processes [5, 6]. This article reviews the use of
PG in gynecologic, cardiac, and general and reconstructive

surgery.

2. PREPARATION OF PRP AND MECHANISMS OF
ACTION

2.1. PRP Preparation and Growth Factor Release

In our institution, blood is drawn in the patient holding
area or in the operating room prior to the induction of anes-
thesia, depending on the type of surgery. To draw blood, a
venous infusion catheter is placed in the patient’s antecubital
vein. Blood is collected in syringes or blood bags containing
an anticoagulant to prevent the blood from clotting. Thereaf-
ter, the pre-donated blood is sequestered with point-of care
devices, including blood cell savers/separators or table top
devices, to produce PRP. In our opinion, the preparation of
PRP by blood banks through discontinuous plasmapheresis
methods should be limited because of higher production
costs and delayed availability of PRP compared to bedside
devices. Furthermore, blood bank—prepared PRP is not ac-
cessible by the clinician, and demands a highly controlled
logistic system to avoid product mismatch before administra-
tion to the patient.

With cell savers/separators, larger pre-donation blood
volumes (150 to > 500 mL of whole blood) can be obtained,
resulting in a PRP volume ranging from 15 to > 50 mL. Ta-
bletop centrifuges have been used to manufacture smaller
volumes of PRP from lesser amounts of whole blood (50—
150 mL). The choice for system is mainly dependent on the
type of surgical procedure, and thus the anticipated amount
of PRP to be produced.

© 2012 Bentham Science Publishers
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PRP is stored in the patient’s operating room at room
temperature on a shaker until use. The PRP is placed in the
surgical field in a sterile specimen cup when appropriate
during surgery. To release platelet growth factors, the PRP
needs to be activated. When platelet activators, such as
thrombin, interact with PRP, a sticky platelet gel will be
formed. At this stage, the semi-viscous PG can be applied to
wounds or used during surgical wound closure.

2.2. Mechanisms of Action

Tissue repair and surgical wound healing are well-
orchestrated, and a complex series of events involving cell—
cell and cell-matrix interactions in which platelet growth
factors serve as messengers to regulate various regenerative
processes.

Initially, tissue repair begins with activation of the coagu-
lation cascade, platelet clot formation, platelet aggregation,
and degranulation. During this degranulation period, the
platelets release a pool of biologically active proteins
(PDGFs) and other substances into the extracellular milieu.
In this environment, the biologically active proteins might
bind to specific platelet growth factor receptors present in
surgical tissues. Released growth factors interact and bind
with the platelet tyrosine kinase receptor (TKR), which is
present in the cell membranes of tissue cells (ligand-receptor
interaction) [10]. Therefore, the actual binding site is on the
outer surface of the cell membrane, and thus not directly on
the cell nucleus. The TKR is a membrane spanning protein
that extends into the cytoplasm of cells. After the platelet
growth factor interacts with the external part of the TKR,
activation of inactive messenger proteins occurs in the cyto-
plasm. Thereafter, the messenger proteins become activated
and bind to the TKR cytoplasmic tail. Activated proteins are
generated via an active signaling cascade in the cell nucleus
where the genes responsible for control of cell division are
triggered. Thus, transcription of messenger RNA is induced,
producing a biological response that starts cascades, which in
turn provoke tissue repair and tissue regeneration [11, 12].

2.3. Platelet Growth Factors in PRP

A variety of platelet growth factors are located in the
alpha granules of platelets present in the PRP. Some of the
most relevant platelet growth factors and their specific char-
acteristics are summarized in Table 1.

Platelet-derived growth factor was one of the first growth
factors to be identified in platelets. Subsequently, additional
platelet growth factors have been identified, including trans-
forming growth factor (TGF)-a and -B, fibroblast growth
factor (FGF), insulin-like growth factor (IGF), epidermal
growth factor (EGF), vascular endothelial growth factor
(VGEF), and connective tissue growth factor (CTGF)
[13,14]. The platelet growth factors have their own specific
function and biological activity. Cell studies in wound care
have shown that multiple growth factors tend to be more
effective than the use of a single growth factor [15]. The
concept of harvesting and concentrating autologous platelets
with subsequent transfer and fixation to the wound site
within the medium of an autologous soft tissue graft allows
access to higher concentrations of multiple growth factors
placed directly into the wound site [16].

Kielstein and Burkhardt

2.4. Infection Prevention

In addition to the PG delivery of growth factors, limited
data are available that deal with the role of leucocytes pre-
sent in PLG to act as an antimicrobial component. We and
others have reported that buffy coat-prepared PRP not only
comprises a high concentration of platelets containing plate-
let growth factors, but that it is also rich in concentrated leu-
kocytes, in particular neutrophilic granulocytes, monocytes,
and lymphocytes [17,18]. Neutrophilic granulocytes and
monocytes contain numerous granules full of myeloperoxi-
dase, which catalyzes the oxidation of chloride to generate
hypochlorous acid and other reactive oxygen derivates that
act as potent bactericidal oxidants toxic to micro-organisms
and fungi [19, 20]. Furthermore, Yeaman et al. [21] and
Tang ef al. [22] have maintained the idea that platelets are
also involved in microbicidal activity, suggesting that plate-
lets take part in the platelet host defense mechanism by re-
leasing a variety of platelet microbicidal proteins. The plate-
let microbicidal proteins have been shown to be released
after platelet activation, demonstrating potent activities
against pathogens that have a tendency to enter the blood-
stream [23].

2.5. Wound Healing

During the initial days of wound healing, an inflamma-
tory process is initiated by migration of neutrophils, and sub-
sequently macrophages, to the wound site. In turn, activated
macrophages release multiple growth factors, including
platelet-derived growth factor, TGF-a and -, interleukin-1,
and FGF [24]. Angiogenesis and fibroplasia start shortly
after day 3, followed by collagen synthesis on days 3-5. This
process leads to an early increase in wound-breaking
strength, which is the most important wound-healing pa-
rameter of surgical wounds, followed by epithelialization
and the ultimate remodeling process leading to a tissue scar
[25].

Based on the actions of the various platelet growth fac-
tors during the different stages in the wound healing cascade,
the use of autologous PG to stimulate wound tissue repair
and tissue regeneration is an interesting proposition. Clini-
cians have also used recombinant growth factor to stimulate
wound healing [26]. However, as compared with recombi-
nant single growth factor applications, PG has the advantage
of being autologous. In addition, in PG the multiple platelet
growth factors and other biological and adhesive proteins
work together synergistically and promote mitogenesis of
mesenchymal stem cells and growth factors at the surgical
wound site, and therefore have the potential to accelerate and
boost tissue healing [27].

3. PLATELET-RICH PLASMA GELS IN GYNECO-
LOGIC, CARDIAC, AND GENERAL AND RECON-
STRUCTIVE SURGERY

3.1. Methods

Few articles are published on the use of autologous plate-
let growth factor applications to support wound healing, tis-
sue regeneration, or tissue growth in gynecologic and cardiac
surgery. Therefore, we performed a review of the literature,
as recommended by the Cochrane Collaboration with studies
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Table 1.
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Sources of Growth Factors ad their Biological Actions on Wounds

Platelet Growth Factor Type Growth Factor Source

Biological Actions

Platelet Derived Growth Factor,
PDGF(a-b) macrophages, monocytes, smooth

muscle cells

Platelets, osteoblasts, endothelial cells,

Mitogenetic for mesenchymal cells and osteoblasts; stimulates chemo-
taxis and mitogenesis in fibroblast/glial/ smooth muscle cells; regulates
collagenase secretion and collagen synthesis; stimulates macrophage and
neutrophil chemotaxis

Transforming Growth Factor

TGF (a-B) cartilage matrix, activated TH, cells

monocytes and neutrophils

Platelets, extracellular matrix of bone ,

and natural killer cells, macrophages/

Stimulates undifferentiated mesenchymal cell proliferation; regulates
endothelial, fibroblastic and osteoblastic mitogenesis; regulates collagen
synthesis and collagenase secretion; regulates mitogenic effects of other

growth factors; stimulates endothelial chemotaxis and angiogenesis;

inhibits macrophage and lymphocyle proliferation

Vascular endothelial growth factor, Platelets, endothelial cells

VEGF

Increases angiogenesis and vessel permeability, stimulates mitogenesis
for endothelial cells

Epidermal Growth Factor, Platelets, macrophages, monocytes

EGF

Stimulates endothelial chemotaxis/ angiogenesis; regulates collagenase
secretion; stimulates epithelial/mesenchymal mitogenesis

Fibroblast Growth Factor,

FGF cells, chondrocytes, osteoblasts

Platelets, macrophages, mesenchymal

Promotes growth and differentiation of chondrocytes and osteoblasts;
mitogenetic for mesenchymal cells, chondrocytes and osteoblasts

Platelets through endocytosis from
extracellular environment in bone

Connective tissue growth factor
CTGF
marrow.

Promotes angiogenesis, cartilage regeneration, fibrosis and platelet adhe-
sion

Plasma, epithelial cells, endothelial
cells, fibroblasts, smooth muscle
cells,osteoblasts, bone matrix

Insulin-like growth factor-1
IGF-1

Chemotactic for fibroblasts and stimulates protein synthesis. Enhances
bone formation by proliferation and differentiation of osteoblasts

N.B. PRP also contains other proteins like fibrin, tfibronectin, vitronectin, serotonin and thrombospondin, which are known to act as cell adhesion molecules, important for the migra-

tion of osteoblasts, fibroblasts, and epithelial cells [11].

published and indexed in the Cochrane, Embase, and Pub-
Med databases until April 2010. The following criteria were
established for the selection and inclusion of articles: clinical
trials, complete articles, and articles published in interna-
tional and national journals indexed in the databases men-
tioned above. Exclusion criteria were articles, editorials, and
letters published in abstract form. Only sources available in
English were used. The databases were searched for litera-
ture on PRP using the keywords platelet-rich plasma, PRP,
platelet releasate, platelet gel, platelet concentrate, platelet-
derived growth factor, gynecology, gynecologic surgery, and
cardiac surgery.

The search for articles on PRP use in general surgery was
more complex because this is a very diverse medical spe-
cialty, including many sub-specialties, like vascular surgery,
laparoscopic surgery, oncologic surgery, and wound care
management. For these reasons, we searched for appropriate
studies using the same methodology as described above, with
the exception of the use of PRP in wound care management.
Data on diabetic foot ulcers, neuropathic foot ulcers, and
chronic diabetic foot ulcers treated with PRP-like products
are being presented as a summary and conclusion of existing
systematic reviews from the last 5 years.

3.2. Gynecology

In the gynecology literature, we could only retrieve three
relevant articles and one case report on the use of autologous

prepared PRP, PG, or recombinant platelet growth factors on
wound healing and tissue regeneration.

Fanning et al performed a prospective, non-randomized
trial in 55 consecutive patients undergoing major gyneco-
logic surgery [28]. The treated patients were compared with
a control group consisting of 55 matched patients from the
previous 6 months by surgeon and surgical procedure. They
conducted a phase I/I1 trial of autologous platelet tissue graft
in gynecologic surgery to evaluate toxicity and efficacy on
decreasing pain. There were no adverse effects recorded in
this study related to the application of the autologous platelet
tissue graft. Median pain on the day of surgery and on post-
operative day 1 was significantly less in the autologous
platelet tissue graft group. Likewise, the median use of mor-
phine per hospital stay was significant for the autologous
platelet tissue graft-treated patients.

Shackelford er al. conducted a double-blind, randomized,
placebo-controlled trial using topical recombinant human
PDGF gel after abdominal wound separation [29]. They used
the recombinant growth factor to treat the wound and studied
the effects on wound healing. The patients in the placebo
group closed 54 +/- 26 days post-operatively, whereas the
wounds of patients in the treatment group closed in 35 +/- 15
days (P =.05). The preliminary study suggests that the topi-
cal application of 0.01% recombinant human PDGF gel ac-
celerates healing of separated surgical wound significantly,
as determined by Kaplan-Meier analysis.
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In an in-vitro study, PRP was used to assess its ability to
seal an iatrogenic fetal membrane defect [30]. If during
pregnancy these membrane defects do not seal spontane-
ously, it is most likely that fluid leakage through the vagina
may occur, resulting in infections and pregnancy loss.

The authors evaluated the sealing capability of PRP plugs
in an in vitro model that mimics a fetoscopic membrane de-
fect. Furthermore, the effect of PRP on membrane repair and
cell proliferation in monolayer cell cultures and amnion-
chorion tissue explants was determined. The fetal mem-
branes were obtained from uncomplicated singleton preg-
nancies undergoing elective caesarean section, and PRP was
obtained from healthy volunteers and produced by laboratory
techniques, although we could not clearly elucidate a true
definition of the PRP plugs used in the study. The results
showed that PRP plugs persisted in amniotic fluid for a me-
dian of 7 weeks; they also demonstrated waterproof sealing
of a fetoscopic membrane defect. In addition, PRP stimu-
lated cell proliferation in a monolayer cell culture and re-
sulted in a good matrix for cell proliferation and migration in
amnion-chorion tissue explants. Sipurzynski-Budrass e/ al.
published a case report in which a pregnant woman with
ruptured membranes after genetic amniocentesis in the 16th
gestational week was successfully treated with a platelet
concentrate [31]. Complete closure of the rupture was real-
ized 10 days after placement of the platelet plug.

Several endometrial tissue remodeling studies with the
involvement of PDGFs have been performed [32]. In a study
of Matsumoto er al. the effects of PDGF isoforms (PDGF-
AA, PDGF-AB, and PDGF-BB) on the proliferation, motil-
ity, invasiveness, and gel contractility of cultured human
endometrial stromal cells (ESC) were studied in well-
established in-vitro models [33].

3.3. Cardiac Surgery
3.3.1. Blood Component Platelet Plasmapheresis

Peri-operative platelet-rich plasmapheresis with cell-
saver devices has been used for decades in cardiac surgery in
order to control bleeding. The rationale for employing these
blood sequestration techniques has been that coagulopathy
after cardiopulmonary bypass (CPB) and platelet dysfunction
are the most common causes of non-surgical bleeding. Re-
peatedly, peri-operative transfusion of both allogeneic red
blood cells and platelet concentrates are used to overcome
these life-threatening situations. Pre-CPB whole blood se-
questration, in order to produce autologous blood compo-
nents (PRP, PPP, and red blood cell concentrate) is thought
to be one of the potential solutions to the problem of bleed-
ing and blood product transfusions in cardiac surgery. A
meta-analysis of clinical outcomes and costs has been well-
described by Mahoney in 1998 [34]. The concept of remov-
ing platelets from a patient immediately before CPB, thereby
potentially sparing platelets due to the avoidance of these
platelets with foreign surface materials of the extracorporeal
circuit, followed by post-CPB platelet re-infusion, seems to
be a reasonable approach to the problem of post-CPB platelet
dysfunction and bleeding.

Carless et al., in a Cochrane systematic review, suggested
that PRP infusion therapy in general is effective in reducing
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allogeneic RBC transfusion in adult patients undergoing
elective surgery [35]. However, there was considerable het-
erogenecity in treatment effects and the trials were of poor
methodological quality. Their conclusion was therefore that
the available studies provided inadequate data for firm con-
clusions with respect to the impact of PRP infusions on
clinically important endpoints.

3.3.2. Platelet Gel and Platelet-Poor Plasma Application

The production of these fresh blood components at point
of care was the starting point to apply activated PRP (i.e.,
PG) as an element of a blood management program in car-
diac surgery on wound tissues to affect bleeding and contrib-
ute to improved wound healing and prevention of infection
in select patients.

In cardiac surgery, PG is only used after CPB and an-
tagonization of the systemic heparin effects in order to have
it stick to the tissues. PG is applied on the cut sternum when
both sternum sites are re-approximated and tightened, using
either a single syringe technique or a dual spray tip catheter.
Thereafter, PG can be subcutaneously applied prior to skin
closure. Eventually, the vein harvesting donor site of the leg
can also be injected with PG.

3.3.3. Clinical Studies

The efficacy and safety of PG and PPP use during sternal
and saphenous vein harvest site closure was recently ad-
dressed in a retrospective analysis by Khalafi er al [36].
Forty covariates were collected for each patient to determine
the effect on infection and drainage of the sternal and leg
wounds. Propensity scoring was used to adjust for baseline
imbalance. The application of platelet-rich and platelet-poor
plasma significantly reduced the rates of chest wound infec-
tion, chest drainage, and leg wound drainage. Additionally,
no treatment-related adverse events were recorded. Englert er
al. were the first to report on the use of autologous PG as a
byproduct of platelet-rich plasma sequestration during car-
diac surgery [37, 38]. The purpose of their prospective ran-
domized pilot study was to examine the effects of PG on
post-operative sternal and leg pain and tissue bruising, com-
paring the pre- and post-operative situation. A retrospective
follow-up study by the same group revealed that the PG
treatment group had significantly shorter intensive care unit
and total hospital lengths of stay with less post-operative
blood loss when compared with control patients. Further-
more, they reported less incisional wound infections in PG-
treated patients. Another group also reported less wound
infections in patients undergoing cardiac surgery in a large
sample (n = 2259) retrospective study following PG applica-
tions [39]. The incidence of superficial infection was signifi-
cantly lower in patients in whom PG was applied compared
with non-PG-treated patients and a historical control group.
A similar result occurred for deep sternal wound infections,
and they concluded that the application of PG in patients
undergoing cardiac surgery seems to present a level of pro-
tection against infection. An increased resistance to infec-
tion, and a significantly better hemostatic wound healing
success rate was reported by Gunaydin ef a/. when PG was
used in a prospective, randomized study in coronary artery
bypass surgical patients [40]. Several studies also mention no
effect of PG in cardiac surgical patients. A prospective, dou-
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ble-blind study in 44 patients at risk for wound complica-
tions at thoracotomy, as well as at the site of saphenous vein
harvesting, was conducted using a table top platelet separator
[41]. The incidence of major and minor wound complica-
tions was not enunciated in either of the groups. Pain sense,
blood loss, and intensive care were not significantly either.
Intensive care unit stay and in-hospital mortality were also
comparable for both groups. In similar studies, the incidence
of post-operative wound healing disturbances was studied in
PG and control patients. Buchwald and co-workers also de-
termined PDGF AB and EGF levels originate from the PG
[42]. In this study, wound healing was photographically
documented after surgery, and the patients were monitored
until the 50" post-operative day to obtain information on
wound healing status. During the hospital stay, no statisti-
cally significant differences were recorded in the number of
hematomas, post-operative leg swelling, or pain level, al-
though large-area hematomas were less frequently observed
in the PG group, whereas both PDGF AB and EGF concen-
trations were significantly higher when compared to whole
blood levels. Vang er al. also reported no significant data on
blood loss and wound bruising, although these parameters
scored less in the PG-treated groups on the 2™ post-operative
day [43].

The outcomes of multiple studies on the efficacy of PG
treatment in cardiac surgery have been published. Propo-
nents of PG application refer to improved wound healing,
beneficial effects on pain, blood loss, and bruising. A reduc-
tion in the development of severe post-operative wound in-
fections with the application of PG during incisional wound
closure has also been reported. These observations indicate
that this is a promising technique, with the result that the
delivery of autologous platelet growth factors and vital neu-
trophilic leucocytes is now gaining more popularity. How-
ever, randomized controlled studies to support the use of PG
in cardiac surgery are mandatory, but it is also difficult to
execute such a study because these patients have a number of
confounding factors which need to be compensated for, and
therefore large patient groups are necessary order to achieve
statistical significance [44].

3.4. General and Reconstructive Surgery

General surgery focuses on skills in a variety of medical
areas, such as the abdomen and its contents, the vascular
system, skin, breast, trauma, soft tissues, and reconstruction
procedures. Despite large general surgical expertise with
PRP-application, few well-documented studies are available
in the literature. Therefore, we are limited in addressing the
use of PRP gels in general surgery. We will describe PRP/
PG applications in inguinal herniorraphies, to treat complica-
tions following endovascular surgery and diabetic wound
care management. Furthermore, we would like to introduce
the bioengineered adipose tissue (BEAT) graft as a recent
development of PRP use. This graft is a combination of fat
tissue, PRP, and a mixture of calcium chloride with autolo-
gous-prepared thrombin. The rationale to employ these grafts
is to augment tissue regeneration in vascular-deprived areas
(e.g., after radiotherapy following breast cancer), diabetic
foot ulcers, and soft tissue deficits.
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3.4.1. General Surgery: Inguinal Herniorraphy

Meshes are frequently used in inguinal herniorraphies
and they have dramatically reduced the recurrence rate.
However, chronic pain has become the main post-operative
complication, probably due to the sutures or staples used to
fix the mesh. A glue technique is an alternative for suturing
to avoid these complications. De Hingh and co-workers were
the first to publish a feasibility study in which they used
autologous platelet-rich fibrin (PRF) Fig. (1), a prepared
product similar to PRP without leucocytes, in order to study
its ability to glue the mesh instead of using sutures and sta-
ples [45]. They assessed post-operative pain and impaired
daily activities. The conclusion of the study was that it is
technical feasible to use PRF to fix the mesh, and the visual
analogue scale and disability pain scores were lower than
they were pre-operatively for all patients with no chronic
pain, sensory disorders, or discomfort at long-term follow-
up. One patient underwent re-operation due to discomfort. If
glue fixation becomes the standard to repair inguinal hernias
with mesh, than autologous prepared materials should be
further studied in randomized trials, with a focus on direct
postoperative pain and costs.

Fig. (1). Platelet-rich fibrin (white haze) is sprayed during inguinal
hernia repair for mesh fixation. A total of 3 mL is applied.

3.4.2. Vascular Surgery: Endovascular Repair

Endovascular repair (EVAR) is an alternative technique
for open surgical procedures in various vascular fields, in-
cluding abdominal aortic aneurysms (AAAs) [46]. With
EVAR it is necessary to use a percutaneous catheterization
technique via the common femoral arteries.

Due to this technique, wound-related complications have
been reported, including hematomas, seromas, infections,
pseudoaneurysm formation, and arterial bleeding. Saratzis et
al. conducted a patient- and assessor-blinded controlled trial
involving 100 patients undergoing EVAR of AAAs [47]. A
subcutaneous injection of autologous, non-activated PRP
was injected bilaterally into the subcutaneous tissues during
wound closure, and a final volume of PRP was injected per-
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cutaneously while closing the skin. Safety and efficacy of
PRP injections were evaluated in terms of duration of post-
operative hospital stay and wound-related complications.

The post-operative hospitalization was significantly
lower in the PRP-treated patient groups. The overall surgical
wound-related complications rate was also significantly
lower in the PRP group. In addition to this, the complications
observed in the control group were of greater extent and se-
verity than in the PRP group.

3.4.3. Vascular-Reconstructive Surgery: Chronic Wound
Management

Diabetic foot ulcers represent a major medical, social,
and economic problem in many countries [48]. Approxi-
mately 15% of diabetics will develop at least one foot ulcer
during their lifetime, and in 5%-8% of diabetics a major am-
putation is to be expected within 1 year [49]. The triad of
vasculopathy, neuropathy, and immunopathy outlines the
fundamental point on which the chronicity of diabetic
wounds rests. Most of these wounds are typified by in-
creased protease levels, particularly matrix metalloprotein-
ase’s (MMPs) and neutrophil elastases. Furthermore, tumor
necrosis factor-alpha has been proven to increase the pro-
duction of MMPs, while hindering the production of tissue
inhibitory metalloproteinase [50]. The goal of diabetic foot
ulcer treatment is to obtain wound closure as promptly as
possible. Accepted standards of care for diabetic foot ulcers
include pressure relief in the wound area, appropriate wound
management, infection and ischemia management, manage-
ment of co-morbidities, and wound debridement as needed.
Aggressive sharp wound debridement is believed to convert
chronic wounds to acute wounds and allows growth factors
to function more effectively. This allows the wound to pro-
gress through the normal phases of wound healing (inflam-
matory, proliferative, and remodeling). These phases involve
complex paracrine-mediated growth factors which influence
mitogenic and cellular differentiation activity. In addition,
Cooper et al. illustrated that a number of growth factors were
strikingly reduced in wound fluids from chronic wounds as
compared with acute wounds [51]. Moreover, FGF and TGF-
P concentrations are significantly down-regulated in chronic
wounds when compared with acute wounds.

Emerging cellular therapies, such as PRP, can have an
adjunctive role in the standardized, patient treatment plan.
The use of platelet growth factors for the topical treatment of
chronic wounds is based on the fact that PRP growth factors
aid the three phases of wound healing in the newly created
“acute™ wound Figs. (2 and 3).

Platelet releasates, PRP, and PGs, including multiple
growth factors, have been used to treat chronic wounds since
1985 [52]. Since this period, a variety of studies have been
published on the application of PRP gels in wound care
management,

In 2001, Margolis published a retrospective study analyz-
ing the treatment results of 26,599 patients with diabetic
neuropathic foot ulcers who had been treated with an
autologous platelet releasate [53]. One of the conclusions
was that platelet releasate applications are more effective
than standard therapy, and the effect is more pronounced in
more severe wounds. Crovetti et al. performed a technique
based on once-weekly application of PG [54]. They enrolled
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once-weekly application of PG [54]. They enrolled 24 pa-
tients with single or multiple cutaneous ulcers with a differ-
ent ethio-pathogenesis. In each case, granulation tissue for-
mation increased following the first PG applications, while
complete re-epithelization was obtained later. An interesting
observation was that pain was reduced in every patient
treated with PG.

Fig. (2). PRP and thrombin are applied by a double syringe tech-
nique on a diabetic wound during while the patient is on renal di-
alysis.

Fig. (3). An activated PRP gel cloth is covering the entire wound
after application.

A prospective, randomized, controlled, blinded, multi-
center clinical study was conducted by Driver and associates
to evaluate the efficacy and safety of autologous PRP gel for
the treatment of non-healing diabetic foot ulcers [55]. The
primary study objective was the proportion of patients with a
healed wound. Seventy-two patients were enrolled the study.
The proportion of completely healed wounds was signifi-
cantly higher in the PRP gel group when compared to the
control group (81.3% and 42.1% in the PRP gel and control
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treatment groups, respectively). Furthermore, no treatment—
related adverse effects were noted, indicating safe PRP gel
preparation and application. A variety of reviews have ad-
dressed the efficacy of autologous platelet growth factor ap-
plications in chronic and diabetic wounds [56, 57]. In gen-
eral, all authors concluded that diabetic foot ulcers are a ma-
jor health care problem, and that complications of foot ulcers
are a leading cause of hospitalization and amputation in dia-
betic patients. In most of the reviewed papers, it was con-
cluded that there is a rising body of evidence suggesting that
wound healing in chronic diabetic foot ulcers is growth fac-
tor-dependent, and that the topical therapeutic delivery of
these growth factors to wounds has the potential capability to
speed up wound healing in combination with conventional
wound care. In a systematic review by Villela and Santos, 18
studies were selected, from which 7 (39%) were randomized
clinical trials, and 5 of which studied ulcers of diabetic etiol-
ogy [58]. The results of a meta-analysis showed that PRP
favors the healing process (95% CI: 2.94-20.31), demonstrat-
ing that there is scientific evidence regarding favorable out-
comes of the use of PRP for the treatment of diabetic ulcers.

3.4.4. Reconstructive and Plastic Surgery: Adipose Tissue
Grafting with PRP

Despite modern advances in wound care treatment proto-
cols, reconstructive surgical procedures, and cosmetic sur-
gery, there is still a significant requirement for new methods
to enhance healing processes, or to restore soft tissue contour
defects. Clinically implemented tissue engineering protocols
have emerged as a promising alternative to current clinical
treatment plans. Many of these new therapies have included
the use of human growth factors, with their known biological
activities. One of the promising, yet clinically challenging
areas of recent therapeutic development involves the injec-
tion of adipose tissue derived from a modified lipoculture
technique [59]. However, successful fat graft techniques are
frequently limited by the sometimes low, and often unpre-
dictable, survival rates. As a consequence, clinicians tend to
initially overcorrect fat grafts, and/or perform multiple op-
erations to meet the recipient site volume and contour re-
quirements. In an attempt to increase fat graft survivability,
Cervelli and co-workers were the first to report on the en-
hancement of fat grafting with PRP during in-vivo tissue
engineering applications [60, 61]. They applied the PRP-fat
graft in plastic, reconstructive, and maxillofacial surgical
procedures, and as a treatment option in patients with
chronic lower extremity ulcers. The authors observed that in
16 of 20 patients with chronic ulcers, re-epithelialization
occurred during an average period of 9.7 weeks when PRP
was mixed with fat tissue with an improved functional fat
graft. According to the authors, this underlying principle for
applying PRP to fat tissue grafts is the delivery of autologous
platelet growth factors to mimic and accelerate physiologic
wound healing and reparative tissue processes. The platelet
alpha granules release their growth factors into the extracel-
lular milieu of the fatty tissue. In this environment, the
growth factors bind to specific platelet growth factor recep-
tors. Released platelet growth factors interact and bind with
the platelet TKR on the cell membranes of fat cells (ligand-
receptor interaction). The release of VEGF, TGF-B, FGF,
and 1GF has been shown to stimulate human adipose-derived
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stem cells and human dermal fibroblast proliferation and
differentiation [62]. Therefore, PRP might be suitable for
clinical cell-based, soft-tissue engineering protocols in order
to promote wound healing, when the appropriate ratio be-
tween activated PRP and fat tissue was used. Furthermore,
Blanton ef al. suggested that an important component of
wound healing was induced by the combination of adipose
stem cells and PRP, promoting enhanced vascularization of
wound repair in an experimental wound model [63]. In-
creased VEGF levels were found when adipose stem cells
were combined with PRP, contributing to a higher content of
arterioles formed in healed wounds, resulting in neo-
vascularization, an important process in the healing of
wounds.

Despite the positive effects of PRP on fat survivability,
Por and associates reported an animal study in which they
did not observe statistically significant changes with regard
to weight, volume, and histological parameters when PRP
was mixed with fat tissue when compared to a mixture of fat
tissue with a saline solution [64]. Closer analysis of the
methodology revealed that the final platelet concentration in
the fat graft was lower than the circulating whole blood
platelet concentration. The therapeutic contribution of plate-
let growth factors might therefore be questionable.

3.4.5. Bio-Engineered Adipose Tissue (BEAT) Graft

Based on the available results in the literature, and our
long-term experience on PRP applications, we decided to
develop a modified fat-PRP grafting, the bio-engineered adi-
pose tissue (BEAT) graft [65]. Tumescent fluid infiltration of
the donor sites is carried out with xylocaine and epinephrine.
Microcannulas are used to harvest the fat tissue. During fat
tissue harvesting, low-negative pressure is applied by limit-
ing the plunger movement of a 10 mL syringe to one-half
when the cannula is inserted. The syringe will be filled with
fat and tumescent fluid, which will be placed in a holder for
approximately 20 minutes to separate the fatty tissue by
gravity in fluid and oil, which will be removed, leaving fat
tissue behind.

Prior to the induction of anesthesia, a volume of anti-
coagulated whole blood is drawn from the antecubital vein
for blood component sequestration. This process is per-
formed manually in order to collect PRP with a high platelet
count, approximately 5-6 times the baseline value.

Both, PRP and PPP are collected separately. When the fat
harvesting is performed, these blood products are aseptically
transferred to the sterile field. At the sterile OR table, PPP is
mixed with 10% calcium chloride and placed in a glass Petri
dish in order to create a viscous PPP cloth. After 25-40 min,
a clot was formed inside the glass dish and compressed
manually. The cellular clot debris was left behind on the dish
and the liquid fraction containing, the thrombin is then aspi-
rated with a syringe. The separated fat tissue will be trans-
ferred in a 60 mL syringe, to which PRP will be added in a
ratio of 1:0.5. The mixture is gently, but frequently, agitated
for good mixing Fig. (4). Prior to graft injection, 3 mL ali-
quots are drawn from the 60 mL syringe and mixed with
0.15 mL of autologous prepared thrombin in order to induce
platelet degranulation shortly after the graft has been in-
jected, as advocated by Kakudo. The activated BEAT graft is
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injected in a fan-shaped manner Fig. (5). Rather than focus-
ing on the mature adipocytes, it is our belief that the BEAT
graft bioactivation aims to improve fat graft survival rates by
stimulating the early ischemic phase with new mature adipo-
cytes from the differentiation of cells under the influence of
platelet growth factors by mechanisms, such as neoangio-
genesis, neovasculogenesis, and adipogenesis.

v

Fig. (4). PRP is transferred in a syringe containing adipose tissue
and then both components are gently but frequently mixed in order
to achieve a homogenous graft mass.

Fig. (5). After activation with thrombin a small portion of BEAT
graft is injected with a large bore cannula during a reconstructive
surgical procedure of a skin grafting procedure of the lower extrem-
ity following an accident.
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4. CONCLUSION

From the literature it is clear that autologous PRP and PG
have a wide and safe application within a variety of opera-
tive procedures as a tissue regenerative agent. Its application
has extended to patients that are prone to higher surgical
complications, and to patients suffering from chronic, often
diabetic, wounds. The ability of PRP to deliver multiple
growth factors with synergistic effects to wound sites is an
attractive proposition. Activated PRP will result in a platelet
plug, which acts as a barrier to microorganism invasion of
wounds, achieved with the help of highly concentrated leu-
kocytes present in the PG if prepared from the buffy coat
volume. Platelet growth factors and other platelet cytokines
promote mitogenesis of a variety of cells, such as macro-
phages, other circulating growth factors, and mesenchymal
stem cells at wound sites. Ultimately, these mechanisms
might boost primary wound healing during surgical wound
closure, especially in patients who are at risk for wound heal-
ing disturbances, or they might contribute to wound healing
in patients with chronic lesions.

However, the overall efficacy of PPR gels in treating
wounds is likely to be a function of many variables, such as
the platelet concentration of the PRP, PRP preparation de-
vice used, platelet activation, application volume to a wound,
and the overall health status of the patient.

As a three-dimensional volumetric soft connective tissue
replacement, the combination of thrombin-stimulated PRP
with fat tissue provides a unique active tissue matrix for cell
migration, proliferation, differentiation, and finally, tissue
granulation formation.

Until now, few well-designed studies are available in a
variety of procedures related to gynecology, cardiac and
general surgery. Therefore, more randomized, controlled,
blinded, studies on autologous growth factor applications are
needed to demonstrate its effects in supportive healing dur-
ing primary and delayed wound healing. Furthermore, cost-
effectiveness studies of PRP therapy benefits are lacking in
all medical disciplines.
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immunisation. For these reasons, experience in this field is limited and has lagged far behind
that in other surgical specialties. There has, however, been renewed interest in its use over
recent years, mainly as a result of problems associated with allogeneic blood transfusion.
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Introduction

The report on Confidential Enquiries into Maternal and
Child Health (CEMACH) 2000-2002 has shown an in-
crease in mortality due to haemorrhage from 3.3 to
8.5 per million maternities, such that it now exceeds hyper-
tensive disease as the second most common cause of direct
maternal death.’ Furthermore, haemorrhage is often a con-
tributing factor in deaths from other causes. It is estimated
that severe haemorrhage occurs in 6.7 per 1000 deliveries®
and that obstetric haemorrhage accounts for 3-4% of all red
cell transfusions in the UK.” The ongoing demand for do-
nor blood,™ in the face of a threatened supply, has
prompted government recommendations for conserving
and using alternatives to donor blood wherever possible.”
Every effort should therefore be made to reduce blood
transfusion requirements. General measures include opti-
mising haemoglobin levels pre-operatively with erythropoi-
etin and iron, the use of antifibrinolytic agents and robust,
local blood transfusion guidelines to ensure transfusion is
appropriate. In pregnancy, oral and parenteral iron supple-
mentation is probably effective in raising haemoglobin lev-
els but its impact on reducing maternal anaemia® and the
need for blood transfusion is uncertain. Additionally, dose
requirements in both anaemic and non-anaemic mothers
and effects of supplementation on fetal and maternal out-
comes remain unclear.’

In addition to concerns over availability are the well-
documented risks associated with allogeneic blood transfu-
sion.* '* The greatest risk, as highlighted by the Serious
Hazards of Transfusion (SHOT) reports, is that of incorrect
blood transfusion due to clerical error in the laboratory or at
the bedside. In the 2005 SHOT report,'? there were 485
(79.6%) incidents of incorrect blood component transfu-
sion, compared with only three confirmed reports of trans-
fusion-transmitted infection. Although transmission of well
known agents now represents a very small risk,'>'" the
threat from new or unscreened agents is ever present.'>'®
In particular, the recent probable transmission of variant
Creutzfeldt-Jakob Disease (vCID) in four paiiems,” 0
three of whom have since died, highlights the need to de-
velop mandatory donor screening for sub-clinical vCID.?’
A positive finding on screening risks a significant and ad-
verse impact on donor life insurance. This could deter do-
nors in the future, diminishing the current donor pool and
further compounding problems of blood availability and
cost currently faced by the National Blood Service (NBS).

When blood transfusion is unavoidable, conserving and
using autologous blood wherever possible is increasingly
favoured.”>” This is mostly due to its improved safety
profile over allogeneic blood and ready availability.
Although immunological and infective complications may
be reduced, the risk of process failures and errors in collec-
tion, delivery and administration notably still remain. A
recent review by Catling® considered the effectiveness of
pre-operative autologous donation (PAD), acute normovo-
laemic haemodilution (ANH) and intra-operative cell sal-
vage (IOCS) as blood conservation tools in obstetrics.
PAD, performed only at certain blood processing centres,

2

has been successfully used in the past***> and may be
safely achieved without physiological compromise to both
mother and baby. It is of limited value, though, as most
cases of obstetric haemorrhage require blood transfusion
far in excess of that which may be collected pre-operatively
and the need can rarely be foreseen, while only a small pro-
portion of patients are suitable. For these reasons, PAD is
currently not recommended by CEMACH in obstetrics or
by the NBS in most other forms of surgery. ANH can de-
plete iron stores and cause anaemia. It is only suitable for
use in a minority of patients and good evidence regarding
its safety and efficacy is lacking.

The use of IOCS however, may be a more effective® and
life-saving tool in many cases of obstetric haemorrhage.*®
Indeed, the Obstetric Anaesthetist's Association/Associa-
tion of Anaesthetists of Great Britain and Ireland (OAA/
AAGBI) Guidelines for Obstetric Anaesthetic Services
published in 2005,% state “an increasing shortage of blood
and blood products, and growing anxiety about the use of
donor blood, is leading to an increasing interest in the
use of cell salvage in obstetrics”. We reviewed the medical
literature to ascertain the principles, efficacy and safety of
cell salvage in the obstetric setting.

Methods

The National Library of Medicine literature database ac-
cessed via PubMed (www.pubmed.gov), and the internet
search engine Google Scholar (http://scholar.google.com/),
were searched using the terms “obstetric™”, “‘cesarean”,
“caesarean” or “pregnancy” AND “blood transfusion,
autologous”, “autotransfusion” or the text strings “cell
saver” or ‘“cell salvage”. Relevant articles and websites
were hand searched for further references.

Principles of cell salvage

Autologous erythrocyte salvage, commonly termed “cell
salvage,” was developed in the 1970s and has become well
established in cardiac, vascular and orthopaedic surgery. In
this technique, blood shed at the time of surgery is collected
and washed, and red cells are returned to the patient as an
ongoing process.***” In skilled hands, blood salvage can be
quickly set up and the final product returned to the patient
within minutes of collection.

In traditional devices, blood is aspirated from the oper-
ative site via a dual lumen anticoagulated suction tube,
passed through a filter and collected in a reservoir before
episodic or non-continuous haemoconcentration and wash-
ing in a differential centrifugation bowl. Less dense ele-
ments such as plasma, platelets, activated clotting factors
and complement are all removed as effluent in the centrifu-
gation and washing process. The quality of salvaged red
cells depends on the size and speed of the processing
bowls, the volume of saline wash used and the final con-
centration of red cells, all of which may vary between de-
vices. Red cells from bloody swabs may also be salvaged
after placement in sterile, anticoagulated saline. Washed
red cells, with a haematocrit of 0.5-0.8, may be re-infused
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Fig. 1 - Schematic representation of a blood salvage system.
LDF = leucocyte depletion filter.

immediately or within 6 h of collection. A newer cell sal-
vage device (CATS: Continuous Autotransfusion System,
Fresenius AG, Bad Homburg, Germany) washes and sepa-
rates cells continuously, using a spiral-shaped separation
chamber. However, the general principle of collection, anti-
coagulation, washing/separation and re-infusion are the
same (Fig. 1).

With the exception of small amounts of residual heparin,
salvaged blood has been shown to be at least equal or phys-
iologically superior to banked blood in terms of red cell
osmotic resistance, morphology, pH and levels of 2,3-
diphosphoglycerate.*’*

Two groups have assessed and compared the perfor-
mance of these machines.”>** They have found differences
in the ability to clear certain blood components such as leu-
cocytes, and differences in the rate and mass of red cell
recovery. However, these differences may not be clinically
relevant.”* Some currently available systems are listed in
Table 1.

The salvage process itself is cost-effective, as the dis-
posable items required cost less than a single unit of banked
blood (currently £134 plus laboratory costs in the UK
[NBS; personal communication]), regardless of the number
of units salvaged, and there is a reduction in both the length

Table 1 Key features and costs of currently available cell salvage systems

of hospital stay® and the amount of allogeneic blood
used.*®*” An important practical limitation of its use how-
ever, is the need for adequately trained personnel who, ide-
ally, should be available to provide 24-h emergency cover.
Obtaining time for training may be difficult and costly and
not viewed as a priority by some hospitals, and at present,
few anaesthetists and operating department practitioners
use cell salvage routinely. Although in experienced hands
the device can be set up quickly and little intervention is
required thereafter, its use should not unduly distract from
care of the mother. Other considerations when using cell
salvage are the initial high capital cost of the equipment
and the risk of error during use.’®

A particular advantage of the cell salvage apparatus is
that it can be set up in continuity with the patient's own cir-
culation, thus increasing its acceptability to Jehovah's Wit-
nesses.>”*” This has current relevance since two of the 17
maternal deaths due to haemorrhage listed in the CEMACH
report occurred in patients who refused allogeneic blood
transfusion.'

Complications

Early problems of cell salvage in the general population in-
cluded the development of coagulopathy, haemolysis and
renal failure.*’*> Following technological advances, more
recent concerns have been the potential for precipitating
embolic sequelae from the re-infusion product® and dis-
seminating infection.** Autotransfusion has been associated
with increased levels of inflammatory markers,45'4(’ which
may be linked to the occurrence of “salvaged blood syn-
drome,”™"” comprising disseminated intravascular coagula-
tion (DIC) and acute respiratory distress syndrome
(ARDS). It has been proposed that cell salvage may acti-
vate polymorphonuclear leucocytes, leading to endothelial
damage, increased vascular permeability, coagulopathy
and pulmonary dysfunction. However, Tawes and Duvall*®
proposed that factors such as shock, hypothermia and mul-
tiple transfusions are responsible for causing this syndrome,
rather than the autotransfusor itself, because of the reperfu-
sion injury that follows an ischaemic event. Encouragingly,

Manufacturer Fresenuis AG, Bad Homburg,

Haemonetics Corp., Braintree,

“Sorin Group, Mirandola, ~ Medtronic Inc.,

Germany Massachusetts, USA Modena, Italy Minneapolis, Minnesota,
USA
Cell saver system CAT.S Cell Saver 5+ Electa Essential Concept AutoLog Autotransfusion
System
Approximate cost (£):*
Machine 12,000 12,000 6850 Available on request
Consumables 85 102 62

Key features

Published descriptions®

Single spiral chamber,
continuous cycling, low/high
blood volumes, higher fat”’
removal

30, 49, 92

3 bowl sizes, faster RBC
recovery rate,’’ lower final
haematoerit™’

26, 65, 74, 75, 77, 83, 87, 88

4 bowl sizes for low/high
blood volumes, in-built
vacuum pump

61, 73

2 stage bowl-filling
process, higher
platelet + free
haemoglobin removal,
faster processing time™’
90

30

* Formerly Dideco SpA.

i Supplied by manufacturer. Consumables = per use.
§ Refer to previous models except C.A.T.S.
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recent work has found that using the CATS, polymorpho-
nuclear leucocytes are not activated to a priming threshold
to induce endothelial damage.*’

Cell salvage in obstetrics

The delayed introduction of cell salvage in the obstetric
arena, compared with the non-obstetric setting, stems from
the historical and ongoing dispute concerning its safety in
parturients, who are at theoretical risk of amniotic fluid
embolism (AFE) and alloimmunisation.

Experimental evidence

Cell salvage and amniotic fluid
The predominant concern of using cell salvage in obstetrics
is that any amniotic fluid entrained into the circuit may be
re-infused and so precipitate the syndrome of amniotic fluid
embolism.””>" This phenomenon of hypoxia, cardiovascu-
lar collapse and coagulopathy continues to be associated
with a high mortality, although recent improvements in out-
come have been reported.’” The pathophysiology of the
condition remains controversial, as does the question of
which, if any, of the components of amniotic fluid might
be the primary trigger,”'**>® and even whether amniotic
fluid has a role at all.’’ Various studies have examined
the products of cell salvage for evidence of amniotic fluid
contamination. In 1990, Zichella and Gramolini®” salvaged
blood at caesarean section with the Cell Saver 3 (Haemo-
netics Corporation, Braintree, Massachusetts, USA) and
examined the re-infusion product for amniotic fluid phos-
phatidyl glycerol, both directly and indirectly (the latter
by assessing clotting activity). Investigation revealed near
disappearance on spectrophotometry and an “absolute lack
of coagulant activity”. Another laboratory-based study
mixed amniotic fluid from healthy parturients with samples
of blood before processing through an early Dideco model
(formerly known as Dideco SpA, now Sorin Group, Miran-
dola, Modena, Italy).®" In all post-wash samples, o fetopro-
tein was completely eliminated and trophoblasts, lanugo
hair and vernix caseosa were absent. Fetal squames, how-
ever, were still present, although reduced in numbers after
processing. Similarly, o fetoprotein was completely re-
moved but some squamous cells remained following sal-
vage of blood at caesarean section through a COBE
BRAT-2 system (COBE Cardiovascular, Arvada, Colorado,
USA).®? Tissue factor is another constituent of amniotic
fluid and is postulated to be an important trigger of DIC
seen in this syndrome.®® One study,”* despite the investiga-
tors' attempts to minimise gross amniotic fluid contamina-
tion, was unable fully to eliminate tissue factor or o
fetoprotein from post-wash samples. However, on analys-
ing blood deliberately contaminated with amniotic
fluid, the Cell Saver 4 (Haemonetics) has since successfully
eliminated active tissue factor from all post-wash
sampies.f’S

The removal of lipid components such as lamellar
bodies, which are phospholipids released from the maturing
fetal lung, has also been studied. In the past, their removal
from salvaged blood has been shown to be incomplete,(’(‘

but the newer CATS device appears to be more efficient
in this respect.’”

Cell salvage with leucocyte depletion filters

The need to eliminate fully the particulate components of
amniotic fluid has led to the introduction of leucocyte
depletion filters to improve processing efficiency. Leuco-
cyte depletion filters are used to remove white cells from
donated blood, in order to improve the safety of allogeneic
blood transfusion. Their mechanism of action relies on a
combination of passive sieving through a microfibre web
and active adhesion to a negative surface charge.®” Since
tumour cells have been demonstrated in salvaged blood,
the potential contribution of these filters to the salvage pro-
cess in patients with malignancy and infection has been
examined. They have been shown to remove tumour cells
from salvaged blood almost completely®®®® and their use
is well documented and mostly supported.’™

In patients with infection, most studies have shown a
reduction in bacterial contamination following the wash
process’”’! and even in cases of penetrating abdominal
trauma,’ > morbidity does not appear to be significantly in-
creased provided antibiotics are given. In obstetrics, bacte-
rial contamination in post-wash, unfiltered samples’*"* has
been found to be minimal and clinically irrelevant. Waters
et al.” compared unwashed blood collected from the surgi-
cal field during elective caesarean section with washed, fil-
tered blood using the LeukoGuard RS filter (Pall
Biomedical Products Company, East Hills, New York,
USA). They demonstrated a significant reduction in bacte-
rial contamination in the washed, filtered samples, to levels
equivalent to those found in maternal central venous blood
at the time of delivery.

With regard to lipid, a recent in vifro study using the
PureCell leukocyte reduction filter (Pall Biomedical, Ports-
mouth, UK) has demonstrated complete removal of lipid
from oil/blood mixtures following blood salvage.”®

Two in vivo studies in the obstetric population, neither
of which returned salvaged blood to patients, have exam-
ined the efficacy of these filters in removing the various
components of amniotic fluid. The first, by Catling
et al.”” in 1999, involved cell salvage in 27 patients under-
going elective caesarean section using the Cell Saver 5
(Haemonetics) in conjunction with the Pall RC 100 leuco-
cyte depletion filter (Pall Biomedical). Pre-wash, post-wash
and post-wash plus filtration (post-filtration) samples were
analysed. Levels of o fetoprotein were found to be signifi-
cantly reduced in the post-wash compared with pre-wash
samples, but remained unchanged following filtration. Leu-
cocytes and trophoblastic tissue were completely elimi-
nated from the post-filtration samples. Fetal squames,
however, were present in all but two of the post-filtration
samples. Similarly, amorphous debris was not cleared in
any instance. The second study’ again involved the Cell
Saver 5 (Haemonetics), but this time in conjunction with
the LeukoGuard RS filter, in 15 women undergoing elec-
live caesarean section. As in the study by Catling et al.,
three sequential samples were taken, in addition to maternal
central venous blood obtained from a femoral catheter at
the time of feto-placental separation. Squamous cell
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concentrations were significantly lower in the post-filtra-
tion samples compared with maternal blood. Lamellar-body
count and potassium levels were also significantly reduced
in the post-filtration samples and found to be significantly
lower than those found in maternal blood. These two stud-
ies found a marked difference in the clearance of squamous
cells from the post-filtration samples. This finding has been
attributed to the use of different filters, which vary in de-
sign features such as fibre diameter and charge.”>"’

Cell salvage and alloimmunisation

Despite the addition of leucocyte depletion filters to im-
prove clearance of amniotic fluid, cell salvage systems re-
main unable to differentiate fetal from maternal red blood
cells, and so the risk of alloimmunisation to the parturient
must also be considered.

Fetal red cells may be entrained into the mother's circu-
lation at any time during pregnancy or delivery,” so any
incompatibility between maternal and fetal red cell anti-
gens risks maternal alloimmunisation, with resultant eryth-
roblastosis and fetal anaemia in future pregnancies.”
Rhesus factor incompatibility is particularly common and
Rhesus negative mothers are routinely given anti-D immu-
noglobulin to counteract this. Kleihauer-Betke testing®
post-natally gives the degree of fetal red cell contamination
of maternal blood so that adequate doses of anti-D may be
given.

Fong et al.®? demonstrated that all 10 post-wash samples
derived from elective caesarean section in Rhesus negative
mothers were positive on Kleihauer-Betke testing, indicat-
ing the universal presence of fetal blood cells in the re-infu-
sion product. However, these post-wash samples, once
mixed with pre-operative maternal blood samples, did not
display any antigen-antibody reactions even 48 h after incu-
bation, and crossmatching maternal serum with the samples
was successful in all cases. None of these patients, how-
ever, were re-infused. On assessing the quality of processed
blood salvaged during caesarean section, Rainaldi et al.”®
found that fetal haemoglobin was present at 1.8-2.0% in
three samples (20%), but that these same mothers had com-
parable levels of fetal haemoglobin present in their circula-
tion pre-operatively. The authors concluded that 3 mL, the
maximum estimated contamination with fetal blood, was in
keeping with that of spontaneous feto-maternal haemor-
rhage, thus the risk of alloimmunisation from salvaged
blood is likely to be the same as during normal delivery.
However, patients with materno-fetal blood group incom-
patibility were only re-infused after ensuring complete ab-
sence of fetal blood from the re-infusion product. There
were no reported complications as a result of re-infusion.

The addition of leucocyte depletion filters to the salvage
process has not improved contamination with fetal erythro-
cytes, which Catling et al.”” described to be in the range of
2-19 mL (an average of 100 mL of blood was obtained after
salvage) in 27 patients undergoing routine elective caesar-
ean section. It was calculated that had a patient received
maximally contaminated blood, she would require five
times the standard dose of anti-D immunoglobulin. Interest-
ingly, the more recent study by Waters et al.”® showed post-
filtration concentrations of fetal haemoglobin (1.9%) to be

significantly higher than those in maternal central venous
blood (0.5%). Again, none of the mothers in either study
were re-infused with the salvaged product.

In summary, cell salvage in combination with a leuco-
cyte depletion filter appears to provide a re-infusion prod-
uct comparable to maternal blood in terms of particulate
and bacterial contaminants, but is unable to clear fetal red
cells to this extent.

Clinical evidence

Much evidence exists for the use of cell salvage in other
forms of surgery. An earlier meta-analysis™® of cell salvage
in orthopaedic and cardiac surgery showed no difference in
the frequency of adverse events compared to the control
groups and a reduction in allogeneic blood transfusion in
the orthopaedic group. A recent Cochrane review®  has
shown that, again in elective orthopaedic and cardiac sur-
gery, cell salvage reduces overall allogeneic blood transfu-
sion. No difference was found to exist between cell salvage
and control groups in terms of postoperative complications,
length of hospital stay or mortality. In vascular surgery, the
effectiveness of cell salvage is less well defined.®'*> How-
ever, because of practical difficulties in achieving blinding,
in any cell salvage trial the strength of the evidence base
may be questioned. The evidence relating to safety is
favourable, with only coagulopathy reported as an adverse
outcome. As the wash process is known to remove clotting
factors from salvaged blood, a coagulopathy should be
anticipated, particularly when coupled with massive haem-
orrhage. There is to date no proven case of any serious, ad-
verse maternal outcome following the use of cell salvage in
obstetrics.

Many cell salvage studies in the past have included small
numbers of obstetric and gynaecology patients. An early ret-
rospective review of 725 patients,” although predominantly
involving cardiovascular cases, included in the miscella-
neous group (5.9%) several women having surgery for ecto-
pic pregnancy or caesarean section. Clotting profiles taken
pre- and postoperatively were not significantly different,
and none of the morbidity or mortality encountered were
attributed to autotransfusion. No evidence of systemic sep-
sis, air or amniotic embolism or renal failure was found in
this series. Tawes and Duvall*® carried out a retrospective
review of 36 000 cases receiving salvaged blood over an
18-year period. This included an undocumented number
of obstetric and gynaecology patients. Overall, they found
minor abnormalities in clotting to be “not uncommon”
but the incidence of DIC and ARDS to be low at 0.05%.
All 18 deaths occurred in non-obstetric, shocked, hypother-
mic patients receiving large amounts of blood, and were not
attributed to cell salvage. An early case series,*" involving
38 patients with ruptured ectopic pregnancy, concluded that
cell salvage with autotransfusion was safe in this group of
patients, despite clinically significant coagulopathy with
re-infusion of large volumes of blood. No adverse reactions
occurred in 18 patients undergoing laparoscopy for haemo-
peritoneum resulting from ectopic pregnancy or benign
ovarian bleeding following intra-operative blood salvage
and transfusion.”
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Table 2 Clinical outcomes of cell salvage and autotransfusion in obstetrics

Publication Publication type Number of subjects Clinical setting Clinical outcomes

Grimes,” 1988 Case report 2 Abdominal pregnancy, PPH Uneventful

Jackson,®” 1993 Retrospective series 64 CS Uneventful

Rainaldi,” 1998 Prospective, controlled 68 (34 in salvage group) Ccs Salvage group: reduced length

Rebarber.* 1998 Historical cohort 139
Potter,” 1999 Case report 1
Catling,>® 2002 Case reports 4
Waters,” 2003 Case report 1
De Souza,”' 2002 Case report 1
0ei,” 2000 Case report 1

of stay + allogeneic blood
transfusion, higher
postoperative Hb
CS Heparin toxicity (n=1)
Placenta praevia/CS Pyrexia’endometritis
Extrauterine placenta/CS ARDS/Pneumonia

PPH Pyrexia/respiratory tract
infection

Jehovah's witness/CS Uneventful

Jehovah's witness/CS Anaemia

Beta thalassaemia/CS Uneventful

Placenta praevia/CS Uneventful

PET + HELLP/CS Cardiac arrest/death

CS = caesarean section; PPH = postpartum haemorrhage; HELLP = haemolysis, elevated liver enzymes and low platelets; ARDS = acute respiratory

distress syndrome: Hb = haemoglobin.

Documented experience of cell salvage in a solely
obstetric population is more limited and to date totals
around 400 cases (Table 2).* The exact number studied
is difficult to quantify, as not all published data specify
numbers of obstetric cases included. The literature mostly
comprises small series, retrospective studies, case reports
and correspondence, with only one small reported con-
trolled, prospective trial. The available information encom-
passes its use in elective and emergency caesarean
section,® 7% placenta praevia,*>? Jehovah's Wit-
nesses,”*”*? and laparotomy for postpartum haemor-
rhage.”®”® Both early and more recent reports of blood
salvage and autotransfusion during caesarean section have
been encouraging and deemed safe, although details are of-
ten incomplete.® Jackson and Lonser®’ reported 64 patients
in 1993 who received a total of 136 units of salvaged blood
at caesarean section, without any adverse sequalae. In
1998, Rebarber et a].,88 in a triple-centre historical cohort
study, compared 139 patients who received cell salvaged
blood during caesarean section with a control group receiv-
ing allogeneic blood transfusion only. This was the first
such study to assess the safety of cell salvage in the obstet-
ric population. No differences existed between the two
groups in terms of length of hospital stay, postoperative
infection rates, need for ventilatory support and occurrence
of ARDS, DIC or AFE. There was one suspected case of
heparin toxicity in a patient re-infused with 45 units of sal-
vaged blood; this coagulopathy was reportedly reversed
with protamine sulphate. The one maternal death, which
occurred in the study group, was attributed to massive,
uncontrollable haemorrhage from a ruptured splenic artery
aneurysm.

There has been only one prospective, controlled trial to
date that has evaluated the use of cell salvage in elective
and emergency caesarean section.”® Thirty-four patients
receiving autologous, salvaged blood were compared with
a control group, who were to receive only allogeneic blood
if transfusion was required. The mean volume of blood sal-
vaged in the study group was 363 mL. The results revealed
a significant reduction in the need for allogeneic blood

transfusion, higher postoperative haemoglobin levels (de-
spite lower initial baseline values) and shorter lengths of
hospital stay in the study group. However, the postopera-
tive haemoglobin threshold for allogeneic transfusion was
not pre-defined, and as the study was not blinded, the find-
ings may be subject to bias. This emphasises the need for
clear and appropriate local transfusion guidelines both in
practice and when conducting clinical trials. No serious
complications were noted from the re-infusion of salvaged
blood.

With regard to salvage in placenta praevia, a retrospec-
tive series” showed it to be a useful and safe tool. Another
case report”’ described a successful outcome in a patient
with placenta praevia who had experienced DIC and con-
gestive cardiac failure after massive blood loss in a preced-
ing pregnancy also complicated by placenta praevia. She
developed a postoperative pyrexia that was attributed to
endometritis, but remained otherwise well. More re-
cently,”® the use of the Cell Saver 5 in combination with
the Pall RC 100 leucocyte depletion filter was reported in
four obstetric patients. In one, the cell saver crucially al-
lowed ongoing transfusion after depletion of the immedi-
ately available allogeneic blood supply because of
torrential bleeding from an extra-uterine placenta discov-
ered at caesarean section. The patient developed a coagu-
lopathy  (readily corrected by clotting factors),
staphylococcal pneumonia and ARDS postoperatively, but
made a full recovery. Another patient required emergency
laparotomy for post-partum haemorrhage. As the patient
was severely anaemic, the cell saver was used to facilitate
immediate transfusion. The patient developed a postopera-
tive pyrexia and clinical chest infection, but remained
otherwise well. The other two cases involved Jehovah's
Witnesses undergoing caesarean section. Apart from the
associated clinical signs and symptoms of anaemia in one
patient, both made an unremarkable recovery. Earlier cases
of blood salvage during laparotomy in obstetric patients
have also been reportedly free of postoperative complica-
tions.”® Successful and safe blood salvage has also been de-
scribed in unusual conditions such as [ thalassaemia
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intermedia® and in patients with rare red cell antibodies
who present serious cross-matching difficulties.”

The only obstetric death in the literature to date, clini-
cally attributed to amniotic fluid embolism by the authors,
occurred in Holland in 2000.”% The case involved cell sal-
vage in a Jehovah's Witness requiring emergency caesarean
section, who had declined allogeneic blood products. The
patient was unwell with preeclampsia and HELLP syn-
drome, anaemia and coagulopathy. Shortly after starting
to re-infuse the salvaged product, without the use of a leu-
cocyte depletion filter, the patient “became very restless
and dyspnoeic” and developed hypoxia and then cardiac ar-
rest. This death has not generally been accepted in the lit-
erature as secondary to AFE, as the patient was at high
risk in terms of obstetric co-morbidity and post-mortem
examination was inconclusive of AFE. The risk of AFE
in obstetrics therefore remains theoretical.

Current opinion

Several bodies, such as CEMACH,' the American College
of Obstetricians and Gynecologists (ACOG)” and the
OAA}'AAGBI,H have endorsed the use of cell salvage in
obstetric haemorrhage, even in patients willing to accept
allogeneic blood transfusion. The National Institute for
Health and Clinical Excellence (NICE) issued a cautious
endorsement in November 2005,”” emphasising the impor-
tance of providing patients with information and gaining
consent, and the need for experienced multidisciplinary
teams who regularly practise cell salvage.

Some authors believe, pending further trials, that cell
salvage should only be used in exceptional cases when
there is no alternative for oxygen carriage,”® that is in pa-
tients unable to receive allogeneic blood transfusion for
personal, haematological or religious reasons. However,
the risk-benefit ratio seems to have changed in favour of
cell salvage.3 690100 11 3 recent debate, 58% of obstetric
anaesthetists favoured the motion that facilities for cell sal-
vage should be available in every obstetric theatre.'”' A
survey of lead obstetric anaesthetists in the UK revealed
that 11% had experience of cell salvage in obstetrics, and
that 42% of units had access to a cell saver.'"* Our own
experience reflects this changing attitude and, in our mater-
nity unit, a protocol for the use of cell salvage has recently
been approved and adopted.

There appears to be a consensus that certain precautions
should be taken when using cell salvage in obstetrics. Most
authors support the use of a separate suction device from
the time of rupture of the amniotic membrane until com-
plete delivery of the placenta and fetus in caesarean sec-
tion,””” in order to reduce amniotic fluid contamination
of salvaged blood.®> Experience of cell salvage is mostly
confined to caesarean section, but it has been safely used
in laparotomy for post-partum haemorrhage and ectopic
pregnancy. Cell salvage is not advocated, however, in per-
ineal or lower genital tract bleeding because of the risk of
infection. Most authors consider the use of leucocyte deple-
tion filters mandatory.”>”” Furthermore, cell salvage pro-
duces a dilutional coagulopathy by removing clotting
factors and platelets from the re-infusion product. They

must therefore be replaced in cases of major bleeding. Klei-
hauer-Betke testing is essential as fetal blood cells and hae-
moglobin cannot be reliably removed during the wash
process.””" Following surgery, patients should be moni-
tored in a high dependency unit*® and any complications re-
ported to the Medicines and Healthcare products
Regulatory Agency (MHRA). A national survey into the
use of cell salvage in obstetrics has recently been
sanctioned by the OAA (www.oaa-anaes.ac.uk/surveys3.
htm).

Conclusion

Autotransfusion following cell salvage in obstetrics does
not a%)ear to increase the rate of AFE, infection or
DIC.”**® At present its use is recommended in unex-
pected major haemorrhage,* or in cases at increased risk
of major haemorrhage,'” such as placenta praevia. Cell
salvage may also decrease the incidence of infectious
and non-infectious complications of allogeneic blood trans-
fusion”””” and may even decrease mortality.'”' Its use is
supported by national bodies and many clinicians and is
likely to increase. However, well-designed, large prospec-
tive studies to evaluate further the balance of clinical effec-
tiveness and safety of cell salvage are clearly needed
before wider application in obstetrics. Clinical experience
in the interim must continue to be carefully collected, to
ensure that current practice is based on the best available
evidence.
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