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Introduction. Platelet-rich plasma (PRP) is a product widely used in sports medicine, tissue repair, and general surgery. A recent
meta-analysis showed this product to be beneficial when introduced into a wound area, be it intra-articular (i.e., joint-injections)
or direct introduction onto the wound surface. Methods. Between the years of 2012 and 2014 a questionnaire evaluating surgical
outcome after port (venous access device) removal was answered by 100 patients in the control group and 20 patients in a PRP group,
leading to a total of 120 patients in this single center, retrospective, subjective outcome evaluation. Results. No statistical difference
was shown in postsurgical complication rates, postsurgical pain, decreased mobility, and overall quality of life. A significant
difference was shown in overall patient satisfaction and the desire to further improve port area scarring. Results differed significantly
in favor of the PRP group. Interestingly, approximately 40.2% of patients are dissatisfied with the surgical outcome after port removal
in the control group. This result, though surprising, may be improved to 10% dissatisfaction when a PRP product is used. Conclusion.
PRP products such as Arthrex ACP are safe to use and present an additional option in improving surgical outcome.

1. Introduction

Platelet-rich plasma (PRP) is a product widely used in
sports medicine, tissue repair, and general surgery. A recent
meta-analysis showed this product to be beneficial when
introduced into a wound area, be it intra-articular [1] (i.e.,
joint) injection or direct introduction onto the wound surface
[2-4]. Creaney and Hamilton have summarized the manner
in which both platelets and plasma play an instrumental
role in normal healing response [5]. In addition, literature
indicates benefits in neurosurgery [6], as well as ophthalmic
[7] and plastic surgery [8, 9]. Despite the fact that a variety of
positive clinical data is available, initial enthusiastic reports
may have to be reconsidered since some literature shows
limited effectiveness [3]. It was the goal of this study to
evaluate the clinical benefit derived from the use of PRP by
using a patient questionnaire. 20 patients who had received

PRP injections into the wound area after port system (venous
access device) removal were compared directly to 100 ret-
rospectively recruited patients who had not received PRP. It
should be mentioned that since the removal of port systems is
a significant cost factor of $1,485-3,325 [10], only 20 patients
had received PRP due to the fact that the additional cost of
this product is not covered in the German diagnosis related
group (DRG) healthcare reimbursement system. Regardless
of the study outcome, options for patients to receive this
product are limited, due to the unique reimbursement situ-
ation. Although PRP has shown to be beneficial, the given
baseline of extremely low clinical complication rates after
port system removal would make it difficult to demonstrate
benefits based only on factors such as postoperative pain,
hematoma, seroma, and possible revision surgery. Also,
literature only reports problems with in situ port systems or
problems with different placement techniques [11, 12]. After
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port removal and completed chemotherapy, patients may
once again focus on their physical appearance and self-image.
In addition, patients often mention unsightly scarring, arm
pain, and problems sleeping due to general discomfort in the
surgical area. This remains true even after the venous access
device has been removed. Since subjective patient evaluation
of their port scar after removal showed a high degree of
dissatisfaction (subjectively in everyday practice) we aimed to
evaluate whether this could be addressed by offering patients
the use of PRP. This of course, was conducted along with a
variety of scar reducing measures which are common practice
in the OB/GYN and oncoplastic surgical settings [13, 14].

2. Patients and Methods

Between the years of 2012 and 2014 all in-hospital port
removals were asked to participate in a postsurgical survey.
The survey was mailed to patients and included eight ques-
tions. Five of those questions were patient evaluated clinical
factors, and three questions pertained to cosmetic results
of the intervention. Clinical factors such as revision rates
and seroma aspirations were collected form on-site patient
files. This was a single center, retrospective analysis. In 2013
and 2014, twenty patients also received port system removal
with the addition of PRP in the wound area. Patient age did
not differ between the PRP and the control group, and all
patients had received chemotherapy. None received radiation
treatment on the ipsilateral side. The questions pertained to
a timeframe within the first six months after port removal.
A total of 150 patients were invited to participate in the
control group. A written response was obtained from 100
patients. Thereafter recruitment was discontinued. This led
to a total N of 120 patients (100 control, 20 PRP). Initial data
analysis did not exceed more than 20 study group patients
due to an additional cost factor associated with this type of
intervention. Nonetheless, this procedure is currently being
offered to patients and subsequent analyses will include more
PRP patients.

Questionnaire Endpoints. Primary endpoints were arm pain,
decreased mobility, difficulty in sleeping, quality-of-life
decrease, and pain in the port area. All questions were
evaluated on a five-point scale. An overview of questions
and results may be found in Tables 1 through 3. Secondary
endpoints were patient satisfaction with the results, the
desire to improve result, and whether the results met patient
expectations.

Surgical Procedure. The surgical procedure for port removal
was the same in both groups. Absorbable suture material
was used in all cases. All procedures were performed by
experienced surgeons, in accordance with the gold standard
for venous access device removal.

PRP Preparation and Application. PRP was prepared using
the autologous conditioned plasma system (Arthrex ACP
Double Syringe) by Arthrex [15]. Patient blood was extracted
under sterile conditions during surgery via the port system.
After centrifuge treatment, the double syringe system allowed
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sterile transfer of the PRP [16]. The PRP was then injected
into the wound area before a sterile dressing was applied and
after the intracutaneous wound closure was performed. See
Figure 1.

Informed Consent. Written informed consent was obtained
from all patients. A copy of the written consent is available
for review. This study was conducted in accordance with
institutional review board standard operating procedures.
The application of a patient blood product was listed with
the required municipal health agency. (i.e. Bezirksregierung
Koeln, Dezernat 24: Oeffentliche Gesundheit, medizinische
und pharmazeutische Angelegenheiten).

Statistics. Statistical analysis was performed using the Vas-
sarStats (Vassar College, Poughkeepsie, NY, USA) statistics
program. Pearson’s chi-squared tests and t-tests were used in
order to evaluate significances when appropriate.

3. Results

There were no revision surgeries, hematoma, seroma, or
wound infections in either group.

Primary Endpoints. Since eight categories were evaluated and
patients were offered five options each, listing all results in
this text body would be cumbersome. Thus the focus will be
limited to the most frequently chosen options.

69.4% of the control group answered that they “never”
suffered significant arm pain on the ipsilateral side. The
same was true for 84.2% of the patients in the ACP group.
This difference was not significant. Additionally, 22.4% of
the control group and 15.8% in the ACP group reported
“rarely” suffering from arm pain. A slight trend in favor of
the ACP group is apparent, although significance could not
be shown (P = 0.668). The same is true for the decreased
mobility category where 68.4% and 84.2% reported never
suffering from decreased mobility in the control and ACP
group, respectively (P = 0.665).70.1% and 90% of the patients
did not report any sleeping difficulties in the control and ACP
group, respectively (P = 0.559). A complete list of results is
shown in Table 1.

56% (control) and 78.9% (ACP) reported “no” subjective
decrease in quality of life (Qol) and only 20% (Control)
and 5.3% (ACP) reported “very little” decrease in quality
of life (P = 0.3316). While this is an unorthodox way to
evaluate quality of life, we found that including a regular QoL
questionnaire would drastically decrease the response rate
due since more questions would have had to be answered by
patients. Regarding pain in the port area within six months
after removal 85.1% (control) and 95.0% (ACP) answered to
experience with no pain at all. Again, a trend favoring the
ACP group may be observed; however no statistical difference
could be shown (P = 0.7871). An overview of all results may
be found in Table 2.

Secondary Endpoints. While no statistical significance could
be produced for the primary endpoints, although a trend
favoring the ACP group could be shown, this does not hold
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FIGURE 1: Shown are the preparation steps for the Arthrex ACP Double Syringe, PRP extraction system. (a) Showing the sterile extraction of
autologous blood via the port system intraoperatively. (b) Showing 10 mL of whole blood in a double syringe system prior to centrifugation.
(c) Showing the separation of PRP and erythrocyte layers after centrifugation. (d) Showing the harvesting of PRP via the double syringe
system. (e) Showing the introduction of PRP into the wound area, after wound closure.

TaBLE 1: Results of the primary endpoints (arm pain, decreased mobility, and difficulty in sleeping) for the control group and the PRP (Arthrex

ACP) group.
Arm pain Decreased mobility Difficulty in sleeping
Control % ACP % Control % ACP % Control % ACP %
Never 68 69.4 16 84.2 67 68.4 16 84.2 68 70.1 18 90
Rarely 22 22.4 3 15.8 24 24.5 3 15.8 16 16.5 1
Sometimes 4 41 — 2 2.0 — 10 10.3 1 5
Most of the time 3 31 — 4.1 — 3 3.1 —
Always 1 1.0 — 1.0 — — —
Total 98 19 98 19 97 20
p 0.668 0.655 0.56

true for the secondary endpoints. Results are listed in Table 3.
When asked to evaluate general satisfaction with the scar
area 27.8% and 12.4% of the control group claimed to be
dissatisfied or rarely satisfied with the results. This contrasts
with only 5% and 5% feeling accordingly in the ACP group. In
turn only 54.7% claimed to be satisfied/very satisfied within
the control group while 70% did so in the ACP group. These

results differ significantly (P = 0.0167). When asked whether
the patients would like to improve the surgical result 53.2%
and 20.2% in the control group had the desire to improve the
scar area. None of the patients in the ACP intended to do so
(P < 0.001). Lastly, patients were asked whether the results
met their expectations. This produced a fairly heterogeneous
response for both groups. 56.4% (control) and 73.7% (ACP)
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TABLE 2: Results of the primary endpoints (quality-of-life decrease and pain in port area) for the control group and the PRP (Arthrex ACP)

group.
QoL decrease Pain in port area

Control % ACP % Control % ACP %
None 56 56 15 78.9 80 85.1 19 95
Very little 20 20 1 53 8 8.5 1 5
Some 5 5 1 53 2 2.1 —
More than average 6 6 — 2.1 —
Alot 13 13 2 10.5 2 2.1 —
Total 100 19 94 20
p 0.332 0.787

TaBLE 3: Results of the secondary endpoints (satisfaction with the result, desire for improvement, and expectations being met) for the control

group and the PRP (Arthrex ACP) group.

Satisfied with result

Would like to improve result

Result meets expectations

Control % ACP % Control % ACP % Control % ACP %
Not at all 27 27.8 1 5 13 13.8 15 79 29 30.9 —
Rarely 12 12.4 1 5 10 10.6 2 10.5 7 7.4 2 10.5
Sometimes 5 5.2 4 20 2 2.1 2 10.5 5 5.3 3 15.8
Most of the time 22 22.7 3 15 19 20.2 — 19 20.2 2 10.5
Always 31 32 1 55 50 53.2 — 34 36.2 12 63.2
Total 97 20 94 19 94
P 0.02 <0.001 0.02

reported results to meet or somewhat meet their expectations.
However, 30.9% (control) versus 0% (ACP) were surprised by
the extent of the scar tissue (P = 0.017).

4. Discussion

The use of PRP products has yielded good results in both
orthopedic and general surgical areas [2, 17, 18]. Both in
vivo and in vitro models show the benefit of delivering,
for example, platelet released growth factors (i.e., PDGF-
AB) into a wound area [19]. While PRP composition may
vary significantly, interstudy comparisons are difficult. This
is mirrored in the overall heterogeneity of available literature
data. There is also no current literature available (PubMed,
October, 2014) for the use of PRP in breast cancer patients in
a port removal scenario.

Primary endpoints of this study showed that arm pain,
decreased mobility, difficulty in sleeping, quality-of-life
reduction, and pain in immediate port area did not differ
significantly between the control and the ACP group. This
may have several causes. The baseline in the control group
sets a very high standard due to the fact that, using the
example of pain in the port area, 93.6% (control) and 100%
(ACP) of the patients reported to not experience any or very
little pain in the port area after surgery. This is similar in
all primary endpoint groups although a trend in favor of
the ACP group may be observed. It may also be argued that
given that this is a patient questionnaire-based analysis bias
was produced as patients were informed that they would
receive the PRP product which is known to improve the
healing process. Regarding the primary endpoints it may

therefore be stated that general port removal will result in
a generally satisfied and pain-free patient even if PRP is not
used. Nonetheless, offering additional options for wound care
seems to further increase patient satisfaction. This in turn was
shown by secondary endpoint analysis. Table 3 shows a fairly
heterogeneous distribution within the satisfaction category of
surgical outcome. For example, 27.8% of the control group
patients seem to be completely dissatisfied with the scar
tissue. While all above listed clinical parameters may be
viewed as adequate, this level of patient dissatisfaction is not
acceptable. In particular in a difficult postchemotherapy set-
ting the additional psychological stress due to an unsatisfying
body image may be problematic for overall patient morbidity
[20, 21]. A somewhat surprising result was therefore that
within the ACP group only two patients (10%) tend to be
somewhat dissatisfied with their surgical result. One of them
was a patient who had a very large port system scar prior
to the intervention resulting in a dissatisfying evaluation of
the postsurgical outcome. It should therefore be said that in
order to circumvent overall dissatisfaction the additional use
of PRP may be an option. These results are supported by 73%
of the control group patients who reported that they would
like to improve their surgical result.

This data has not yet been reported in other works but
will have a direct impact on our physician-patient interaction
prior to surgery. Before this data was available we felt that
most patients did not mind a small port scar. Apparently this
is not true for our study population (i.e., postchemotherapy
breast cancer patients). Routinely offering a PRP product
would increase the surgical costs by approximately $75 per
intervention and is therefore only an option for private
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practitioners/clinics as the addition of this product is not
part of the DRG reimbursement system. We may therefore
conclude that clinical primary endpoints after port system
removal display a more than adequate baseline regarding
mobility, pain, and overall quality of life. Use of PRP does
not significantly improve these tested areas. However, overall
patient satisfaction is approved when PRP was used.

Limitations. While patient numbers in both the control and
ACP group are adequate, an inherent bias in this study may
tilt overall results in favor of the PRP group since patients
were informed about PRP use prior to the intervention. A
prospective, single-blind study would have to be performed
in order to eliminate this factor.

5. Conclusion

Common clinical endpoints such as postsurgical complica-
tions (revision, infection, and seroma), postsurgical pain,
or decreased mobility did not differ between both groups.
Interestingly, 40.2% of patients are dissatisfied with the
surgical outcome after port removal in the control group.
This result, though surprising, may be improved to 10%
dissatisfaction when a PRP product is used.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

References

[1] M. P. Hall, P. A. Band, R. T. Meislin, L. M. Jazrawi, and D. A.
Cardone, “Platelet-rich plasma: current concepts and applica-
tion in sports medicine,” Journal of the American Academy of
Orthopaedic Surgeons, vol. 17, no. 10, pp. 602-608, 2009.

[2] L. Wang, Z. Gu, and C. Gao, “Platelet-rich plasma for treating
acute wounds: a meta-analysis,” Zhonghua Yi Xue Za Zhi, vol.
94, no. 28, pp. 2169-2174, 2014.

[3] X. Li, C.-P. Xu, Y.-L. Hou, J.-Q. Song, Z. Cui, and B. Yu,
“Are Platelet concentrates an ideal biomaterial for arthroscopic
rotator cuff repair? a meta-analysis of randomized controlled
trials,” Arthroscopy, vol. 30, no. 11, pp. 1483-1490, 2014.

[4] M. Sanchez, D. Delgado, P. Sinchez et al., “Platelet rich plasma
and knee surgery,” BioMed Research International, vol. 2014,
Article ID 890630, 10 pages, 2014.

[5] L. Creaney and B. Hamilton, “Growth factor delivery methods
in the management of sports injuries: the state of play;” British
Journal of Sports Medicine, vol. 42, no. 5, pp. 314-320, 2008.

[6] B. Biglari, T. Reitzel, T. Swing et al., “A pilot study on the
effectiveness of platelet-rich plasma and debridement for the
treatment of nonhealing fistulas in spinal cord-injured patients,”
Advances in Skin & Wound Care, vol. 28, no. 3, pp. 123-128, 2015.

[7] E. Anitua, M. de la Fuente, F. Muruzabal, A. Riestra, ]. Merayo-
Lloves, and G. Orive, “Plasma rich in growth factors (PRGF) eye
drops stimulates scarless regeneration compared to autologous
serum in the ocular surface stromal fibroblasts,” Experimental
Eye Research, 2015.

[8] V. P. Waiker and S. Shivalingappa, “Comparison between
conventional mechanical fixation and use of autologous platelet

rich plasma (PRP) in wound beds prior to resurfacing with split

thickness skin graft,” World Journal of Plastic Surgery, vol. 4, no.

1, pp. 50-59, 2015.

V. Cervelli, I. Bocchini, C. Di Pasquali et al., “P.R.L. platelet

rich lipotransfert: our experience and current state of art in the

combined use of fat and PRP BioMed Research International,

vol. 2013, Article ID 434191, 9 pages, 2013.

[10] B. K. Woodard and J. Burke, “Subcutaneous venous-access
device removal: a cost analysis,” Obstetrics & Gynecology, vol.
123, supplement 1, p. 5S, 2014.

[11] E. M. Walser, “Venous access ports: indications, implantation
technique, follow-up, and complications,” CardioVascular and
Interventional Radiology, vol. 35, no. 4, pp. 751-764, 2012.

[12] H. J. Kock, U. Krause, M. Pietsch, S. Rasfeld, and M. K.
Walz, “Implantable catheter systems. Experiences with 1000
patients with central venous ports,” Deutsche Medizinische
Wochenschrift, vol. 121, no. 3, pp. 47-51,1996.

(13] T. Al-Abdullah, A. C. Plint, and D. Fergusson, “Absorbable
versus nonabsorbable sutures in the management of traumatic
lacerations and surgical wounds: a meta-analysis,” Pediatric
Emergency Care, vol. 23, no. 5, pp. 339-344, 2007.

[14] D. Son and A. Harijan, “Overview of surgical scar prevention
and management,” Journal of Korean Medical Science, vol. 29,
no. 6, pp. 751-757, 2014.

[15] Arthrex Research and Development, “Plasma-based autologous
blood systems: Arthrex ACP, MTF Cascade, and Orthovita
CellPaker/Vitagel,” White Paper, Manufacturer, 2014.

[16] A. R. A. Development, “In vitro comparison of autologous
conditioned plasma (ACP) to a bufty coat-based platelet-rich
plasma (PRP) product,” White Paper, 2010.

[17] W. G. La and H. S. Yang, “Heparin-conjugated poly(lactic-
co-glycolic acid) nanospheres enhance large-wound healing
by delivering growth factors in platelet-rich plasma,” Artificial
Organs, 2014.

[18] S. M. Rayegani, S. A. Raeissadat, M. Sanei Taheri et al., “Does
intra articular platelet rich plasma injection improve function,
pain and quality of life in patients with osteoarthritis of the
knee? A randomized clinical trial,” Orthopedic Reviews, vol. 6,
no. 3, article 5405, 2014.

[19] X. Xie, C. Zhang, and R. S. Tuan, “Biology of platelet-rich
plasma and its clinical application in cartilage repair,” Arthritis
Research and Therapy, vol. 16, no. 1, article 204, 2014.

[20] M. C. Fingeret, S. Nipomnick, M. Guindani, D. Baumann, M.
Hanasono, and M. Crosby, “Body image screening for cancer
patients undergoing reconstructive surgery;, Psychooncology,
vol. 23, no. 8, pp. 898-905, 2014.

[21] A. Przezdziecki, K. A. Sherman, A. Baillie, A. Taylor, E. Foley,
and K. Stalgis-Bilinski, “My changed body: breast cancer, body
image, distress and self-compassion,” Psycho-Oncology, vol. 22,
no. 8, pp. 1872-1879, 2013.

[9



