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Local gentamicin-collagen sponge reduces
cardiovascular implantable electronic device
infections and pocket hematoma
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Abstract. – OBJECTIVE: Implantation or replacement of a cardiovascular implantable electronic device (CIED) may be associated with
complications, such as pocket hematomas and
infections. This study aims to determine whether a lyophilized gentamycin-containing collagen
implant (GCCI) reduces major CIED infections
and pocket hematomas after implant.
SUBJECTS AND METHODS: A retrospective
study was conducted among patients who underwent implantation or replacement of CIED
at the Tor Vergata Polyclinic (Rome, Italy) between June 2007 and November 2019. The primary combined endpoint was infection and hematoma occurrence through 12 months of follow-up post-procedure. The rate of single infectious complications, pocket hematomas or both
were also assessed.
RESULTS: We compared 475 patients treated with the GCCI (GCCI group) with 714 patients
who did not receive it (control group). Complications occurred in 127 patients (11%); a statistically significant reduction of infections and
pocket hematomas in the GCCI group was reported when compared with control patients (1%
vs. 17%; p<0.0001). A total of 20 (2%) infectious
events were reported, 102 (8%) patients developed a pocket hematoma, and 5 (0.4%) had both.
The rate of single complications was significantly lower in GCCI group: infection 0.2% vs. 2.6%
(p=0.002), pocket hematoma 0.6% vs. 13.8%
(p<0.001). The association between antiplatelet/
anticoagulation therapy and hematoma development was not statistically significant.
CONCLUSIONS: The GCCI is a medical device
that can be used in addition to local hemostasis
and prophylactic doses of systemic antibiotics
with the aim of reducing infective complications
and pocket hematoma after permanent CIED implantation or replacement.
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Introduction
It has been estimated that over 1 million
patients receive cardiac implantable electronic devices (CIEDs) worldwide every year1.
Implantation or replacement of a permanent
pacemaker (PPM) and implantable cardioverter-defibrillator (ICD), although offering evident benefits, may be associated with serious
complications, such as pocket hematomas and
infections2,3. Pocket hematomas can result from
inadequate hemostasis or bleeding from venous
access and may increase hospitalization time
and reoperation rate 4. The estimated incidence
rate of clinically significant pocket hematomas
is 2-5% in patients who are not receiving any
anticoagulation and 4% among patients who
have interruption of oral anticoagulation without bridging5. The estimated infection rate of
cardiac devices ranges between 1 and 2% and,
despite the use of various antibiotic prophylaxis regimens and advocacy of best surgical
practices, infections in most cases are the result of contamination during the procedure 6-9.
A clinically significant pocket hematoma was
associated with a significantly increased risk
of infection, leading to hospitalization within
1 year following CIED10. Consequently, strategies aimed at reducing hematomas may also
decrease the long-term risk of infections.
Recently, intraprocedural antibiotics administration using an antibacterial pocket envelope or
via an antibiotic pocket wash has been proposed
to reduce CIED infection rate and preoperative
antibiotics6,7,11,12. These strategies resulted in a
lower incidence of CIED infections without a
higher incidence of complications beyond the
first-year post-procedure, supporting the viability
and effectiveness of incremental antibiotic treatments6,7,11,12.
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The gentamycin-containing collagen implant
(COLLATAMP® EG, Schering-Plough, Stockholm, Sweden; hereafter termed GCCI) is a matrix of purified bovine collagen type I impregnated with 2.0 mg/cm2 gentamycin sulfate13-16.
Within GCCI, gentamycin is released by a combination of diffusion and enzymatic breakdown of
the collagen matrix, giving a high local concentration for at least 72 hours; systemically, blood or
plasma levels are not generally achieved17. Some
studies18,19 have shown the effectiveness of the
GCCI to reduce the incidence of infectious complications in major heart surgery and the role of
microcrystalline collagen in wound healing. Otherwise, the role of GCCI in CIED interventions
was scarcely investigated.
This observational study aimed to retrospectively assess the rate of local hematoma and
surgical site infection in patients treated with
the GCCI inside the device pocket during CIED
implantation or replacement compared with patients treated with the conventional preoperative
antibiotic regimen.

Subjects and Methods
Study Design and Setting
This was a retrospective observational study
carried out between June 2007 and November
2019 at the Policlinico Tor Vergata (Rome, Italy). Clinical data of consecutive patients undergoing successful CIED implantations or CIED
replacements were used. One procedure for
each patient was considered; device revision
or replacement cases for reasons other than
end-of-life battery were not considered. Patients with mechanical cardiac prosthesis were
excluded. Indications for the treatment with the
GCCI were based on the hemorrhagic risk (dual
antiplatelet therapy/anticoagulant therapy), the
infectious risk (age, diabetes, chronic kidney
disease, >2 leads, or immunosuppressed patients) and the availability of the GCCI device
in the hospital. Pregnant, breastfeeding patients
and patients with chronic kidney disease with
glomerular filtration rate (GFR) ≤15 mL/min
were excluded because of the contraindications
to the study product as reported in manufacturer’s guidelines20.
The study was conducted in accordance with
the ethical standards as laid down in the Declaration of Helsinki and its later amendments and was
notified to the Ethics Committee of Policlinico

Tor Vergata (Rome, Italy) on 15 February 2022.
All the participants signed an informed consent
form.
Study Measures
The primary composite endpoint was CIED
infection complications and pocket hematoma
within 12 months after the procedure, according
to the treatment with the GCCI. CIED infection
was defined as the presence of local and systemic
signs and symptoms (surgically site pain, redness
or swelling of the wound, dehiscence with or
without drainage of pus, fever) and confirmed
by laboratory results21. The hematoma was defined as a blood collection inside the prepectoral
pocket that required monitoring/revision of the
implant. Occurrence of infection or pocket hematoma individually was also assessed as secondary
endpoints, along with the impact of antiplatelet/
anti-coagulant therapies in developing a pocket
hematoma.
Gentamycin-Containing
Collagen Implant
The GCCI consists of a matrix of purified
bovine collagen type I impregnated with 2.0 mg/
cm2 gentamicin sulfate15,16. The collagen matrix
is fully resorbed within 1-7 weeks, depending
on the location (well-vascularized tissues versus
bone cavities), making its removal unnecessary.
The GCCI is available in different sizes (10×10
cm, 5×5 cm or 5×20 cm) and can be applied entirely or partially cut into small strips, according
to the size of the pocket, into the surgical wound
during implantation or replacement.
Statistical Analysis
Data were described and summarized using
means with standard deviation and proportions.
The χ2 test was applied to compare the influence
of the categorical variables. p<0.05 was considered statistically significant.

Results
Overall, 1.250 subjects were enrolled. Due to
the lack of follow-up data and the consequent
exclusion from the study, 1,189 patients were
included. Baseline characteristics of included patients were listed in Table I; device characteristics
were summarized in Supplementary Table I.
All patients underwent antibiotics prophylaxis
with cefazolin or vancomycin/gentamicin, and
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Table I. Patients’ characteristics (n=1,189).
Characteristics
Age (years), mean (SD)
Males
NYHA class:
•I
• II
• III
• IV
AF/AFL
CAD
CMP:
• Genetic
• Acquired
• Secondary
Hypertensive cardiopathy
Valvulopathy (˃++)
Arterial hypertension
Diabetes
CKD
eGFR <30 mL/min (˃15 mL/min)
LVEF >55%
LVEF, mean (SD)
Antiplatelet
• Single
• DAPT
Anti-coagulant
β-blockers
Calcium channel blockers
Diuretic drugs
ACE-Inhibitors/sartans
IC/amiodarone
Digitalis
Rhythm at the implant:
• AF
• Sinus rhythm
• Junctional
Heart rhythm/VRR < 40 bpm
Asystole > 3 seconds
(> 5 seconds if AF)
SND
AV block
Alternant BBB
Syncope
TAVI
Fluoroscopy time (minutes),
mean (SD)
Procedure time skin-to-skin
(minutes), mean (SD)

Patients, n (%)
76 (10)
764 (64)
610 (51)
507 (43)
64 (5)
8 (1)
460 (39)
235 (20)
3 (0.2)
1 (0.08)
1 (0.08)
483 (41)
334 (28)
982 (83)
155 (13)
144 (12)
16 (1)
747 (63)
44 (7)
499 (42)
116 (10)
339 (29)
439 (37)
442 (38)
629 (53)
777 (65)
159 (13)
29 (2)
270 (23)
610 (51)
309 (26)
526 (44)
292 (25)
197 (17)
625 (53)
86 (7)
296 (25)
62 (5)
7 (18)
69 (26)

ACE: Angiotensin-converting enzyme; AF: Atrial fibrillation; AFL: Atrial flutter; CAD: Coronary artery disease;
CKD: Chronic kidney disease; CMP: Cardiomyopathy;
DAPT: Dual antiplatelet therapy; eGRF: Estimated glomerular filtration rate; LVEF: Left ventricular ejection fraction;
NYHA: New York Heart Association; SND: Sinus node
disfunction; TAVI: Transcatheter aortic valve implantation;
VRR: Ventricular rate response.

475 (40%) were additionally treated with the
GCCI (GCCI group). The remaining 714 (60%)
patients who did not receive the additional GCCI
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treatment were considered a control group. Baseline characteristics of GCCI and control patients
were not statistically different (Supplementary
Table II). The distribution of patients according
to the type of procedure (implant or replacement)
and the type of electronic device (PPM or ICD) is
shown in Table II.
Infection Complications and
Pocket Hematoma
Infection and pocket hematoma occurred in
127 patients (11%). Of them, 4 were treated with
the GCCI (3%), and 123 were controls (97%).
Thus, a statistically significant reduction of infection and pocket hematoma in the GCCI group
was reported if compared to control patients (1%
vs. 17%: p˂0.0001).
According to the type of electronic device,
infection and pocket hematoma occurred in 0.4%
(n=2) of GCCI-PPM patients vs. 20% (n=90) of
control-PPM patients (p<0.05) and in 9% (n=2)
of GCCI-ICD patients vs. 12% (n=32) of control-ICD patients (p<0.05).
Secondary Endpoints
The occurrence of single infectious complications, pocket hematoma or both according to
the type of procedure and the type of electronic
device is reported in Tables III, IV and V, respectively.
A statistically significant higher occurrence of
infective complications in patients undergoing
ICD implant or replacement (n=12 out of 286)
compared to PPM implant or replacement (n=8
out of 903) was reported (4% vs. 0.8%: p˂0.05).
Otherwise, the type of electronic device was not
related to a statistically different occurrence of
pocket hematoma (n=80 out of 903; 9%, ICD
implant vs. n=22 out of 286; 8%, PPM implant;
p>0.05).
Pocket Hematoma Among Patients
Treated With Antiplatelet/
Anti-Coagulant Therapy
The impact of antiplatelet/anti-coagulant therapy was evaluated within the 107 patients that
developed a pocket hematoma. Among them,
8 (7%) received an antiplatelet associated with
oral anti-coagulant (DOACs or anti-vitamin K
agents), 12 (11%) dual antiplatelet therapy, 5 (5%)
received a single antiplatelet and 18 (17%) an oral
anti-coagulant. No one patient had international
normalized ratio ˃2 at the time of intervention.
The association between antiplatelet/anti-coagu-
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Table II. Distribution of GCCI and control patients according to the type of procedure (de novo implant or replacement) and
the type of electronic device.
De novo implants, n (%)

Replacement, n (%)

GCCI
All devices
388 (82.0)
87 (18.0)
PPM
371 (82.0)
82 (18.0)
ICD	  17 (77.0)	  5 (23.0)
Control
All devices
682 (95.5)
32 (4.5)
PPM
425 (94.4)
25 (5.6)
ICD
257 (97.3)
7 (2.7)

Total (n)
475
453
22
714
450
264

ICD: Implantable cardioverter-defibrillator; PPM: Permanent pacemaker.

Table III. Infective complications in GCCI and control group, according to the type of implant and type of intervention.
GCCI group, n (%)
Total
PPM:
• De novo implant
• Replacement
ICD:
• De novo implant
• Replacement

1 (0.3)
1 (0.3)
1 (0.3)
0 (0)
0 (0)
0 (0)
0 (0)

Control group, n (%)

p-value

19 (2.7)
7 (1.4)
6 (1.3)
1 (0.2)
12 (4.5)
9 (3.5)
3 (1.1)

0.002
0.21
0.31
0.83
0.01
0.03
0.40

GCCI: Gentamycin-containing collagen implant; ICD: Implantable cardioverter-defibrillator; PPM: Permanent pacemaker.

Table IV. Pocket hematoma in GCCI and control group, according to the type of implant and type of intervention.
GCCI group, n (%)
Total
PPM:
• De novo implant
• Replacement
ICD:
• De novo implant
• Replacement

3 (0.3)
1 (0.3)
1 (0.2)
0 (0)
2 (5.8)
1 (4.5)
1 (4.5)

Control group, n (%)
99 (18.5)
79 (17.0)
56 (12.0)
23 (5.0)
20 (8.0)
17 (6.2)
3 (1.1)

p-value
< 0.0001
< 0.0001
< 0.0001
0.0001
0.005
0.005
0.9

GCCI: Gentamycin-containing collagen implant; ICD: Implantable cardioverter-defibrillator; PPM: Permanent pacemaker.
Table V. Concomitant pocket hematoma and infectious complications in GCCI and control group, according to the type of
implant and type of intervention.

Total
PPM:
• De novo implant
• Replacement
ICD:
• De novo implant
• Replacement

GCCI group, n (%)

Control group, n (%)

p-value

0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

5 (0.7)
3 (0.6)
2 (0.4)
1 (0.7)
2 (0.6)
1 (0.3)
1 (0.3)

0.17
0.4
0.6
0.8
0.6
0.8
0.8

GCCI: Gentamycin-containing collagen implant; ICD: Implantable cardioverter-defibrillator; PPM: Permanent pacemaker.
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lant therapy and the development of hematoma
was not statistically significant compared to patients who had not developed a hematoma and
were on the same antiplatelet/anti-coagulant regimen (Table VI).

Discussion
Several studies16,18,19,22 demonstrated the effectiveness of GCCI in reducing infective complications during surgical procedures and in managing
soft tissue complications, wound infections or
open fractures. To the best of our knowledge, this
is the first study that evaluated retrospectively
the reduction of the infective complications and
pocket hematoma through the use of the GCCI
for CIED interventions. Our findings show that
the use of GCCI for CIED de novo implant or
replacement was associated with a significantly
low rate of major CIED infections and pocket hematoma in comparison to the conventional antibiotic coverage (1% vs. 17%; p<0.0001) without an
increase of device-related mechanical complications, showing the effectiveness of the local gentamicin-collagen sponge and stating statistical
superiority to conventional antibiotic coverage
and local hemostasis. This can be explained by
attaining a high level of antibiotic and hemostasis
factors in situ and their slow washout.
A statistically significant reduction of infective
complications and pocket hematoma in PPM-GCCI patients and ICD-GCCI patients was demonstrated compared to PPM-control and ICD-control patients (0.4% vs. 20%; p<0.05 and 9% vs.
12%; p<0.05, respectively).
The study also states a statistically significant
higher incidence of infective complications in
patients undergoing ICD implant or replacement
than PPM implant or replacement (4% vs. 0.8%:
p˂0.05), probably due to the larger hardware size
and the lifetime of devices.

A statistically significant reduction was observed in the incidence of single pocket hematoma (0.6% vs. 14%; p<0.0001) in GCCI-group
compared to control patients. A significant reduction of this parameter was also observed in the
PPM-GCCI group compared to the PPM-control
patients (0.2% vs. 17%; p<0.0001). This is in line
with several studies23-25, which demonstrated
the favorable role of GCCI during hemostasis,
thanks to the activation of the extrinsic coagulation pathway triggered by blood contact with the
renaturated collagen fibers of GCCI, thanks to
its spongy structure which allows it to stabilize
the clot, promote the formation of granulation
tissue and the re-epithelialization process23-25.
The overall effect is an improvement of the
healing process.
Regarding the type of intervention, a statistically significant reduction in the incidence of infections in de novo implant or replacement-GCCI
patients compared to de novo implant or replacement-control patients (0.5% vs. 3.5%; p<0.05 and
0% vs. 1.4%; p<0.05, respectively) was observed.
Similar results were demonstrated for the incidence of pocket hematoma, with a statistically
significant reduction in de novo implant-GCCI patients compared to de novo implant-control patients (0.5% vs. 14%; p<0.05) and in replacement-GCCI patients compared to replacement-control patients (1.4% vs. 12%; p<0.05).
Regarding the development of pocket hematoma, the role of the type of antiplatelet/anti-coagulant treatment prescribed at the time of discharge
has been assessed. There was no statistically
significant evidence for the development of hematoma depending on the type of drug used.
Several studies6,7,11,12 have already evaluated
local devices able to reduce infectious complications and pocket hematoma in the electrophysiological field. Nevertheless, the GCCI can be
easily modeled in the pocket, as it can be cut into
pieces of different sizes, representing a cheaper

Table VI. Incidence of antiplatelet/anti-coagulant therapy in the development of pocket hematoma.
		
		
Therapy
Antiplatelet and oral anticoagulant (DOACs or
anti-vitamin K agents)
Dual antiplatelet therapy
Single antiplatelet
DOACs/anti-vitamin K agents
DOAC: Direct-acting oral anti-coagulants.
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Patients who
developed hematoma
(n = 107), n (%)

Patients who
not developed hematoma
(n = 1,087), n (%)

p-value

8 (7.4)

81 (7.4)

0.85

12 (11.2)
5 (4.6)
18 (16.8)

128 (11.7)
83 (7.6)
140 (12.8)

0.97
0.50
0.52

GCCI reduces CIED infections and hematomas

device than other products, such as the TYR-X
envelope11. Despite some limitations, such as the
retrospective monocenter nature of the study and
the lack of cost analysis, our findings pave the
way for further studies that will help investigate
whether the GCCI has performance statistically
not inferior to similar products.

Conclusions
The GCCI is a medical device that has already
been proven as a useful aid in the reduction of
infections and hematoma after surgical interventions; our findings suggest that this device can be
safely used in addition to local hemostasis and
prophylactic doses of systemic antibiotics with
the aim of reducing infective complications and
pocket hematoma after permanent CIED implantation or replacement.

Conflict of Interest

The Authors declare that they have no conflict of interests.

Acknowledgements

Editorial assistance was provided by Simonetta Papa, Ph.D,
Sara Di Nunzio, Ph.D and Aashni Shah (Polistudium SRL,
Milan, Italy). This assistance was supported by SERB Speciality Pharmaceuticals.

Funding

There was no explicit funding for the development of this
work.

Availability of Data

The datasets generated during and/or analyzed during the
current study are available from the corresponding author
on reasonable request.

Ethics Approval

This study was notified to the Ethics Committee of Policlinico Tor Vergata (Rome, Italy) on 15th February 2022.

Consent to Participate

All the participants signed an informed consent form.

Consent for Publication

Not required as this manuscript does not include images or
videos related to the participants.

References
1) Bhatia N, El-Chami M. Leadless pacemakers: a
contemporary review. J Geriatr Cardiol 2018; 15:
249-253.
2) Hassoun A, Thottacherry ED, Raja M, Scully M,
Azarbal A. Retrospective comparative analysis of
cardiovascular implantable electronic device infections with and without the use of antibacterial
envelopes. J Hosp Infect 2017; 95: 286-291.
3) Younis A, Wieder A, Beinart R, Glikson M, Nof E.
Post-cardiac Implantable Electronic Devices: Inflammation of the Pocket. Should We Be More
Aggressive? Isr Med Assoc J 2018; 20: 539-542.
4) Korantzopoulos P, Sideris S, Dilaveris P, Gatzoulis K, Goudevenos JA. Infection control in implantation of cardiac implantable electronic devices:
current evidence, controversial points, and unresolved issues. Europace 2016; 18: 473-478.
5) Özcan KS, Osmonov D, Yıldırım E, Altay S, Türkkan C, Ekmekçi A, Güngör B, Erdinler I. Hematoma complicating permanent pacemaker implantation: the role of periprocedural antiplatelet or anticoagulant therapy. J Cardiol 2013; 62: 127-130.
6) Krahn AD, Longtin Y, Philippon F, Birnie DH, Manlucu J, Angaran P, Rinne C, Coutu B, Low RA, Essebag V, Morillo C, Redfearn D, Toal S, Becker G,
Degrâce M, Thibault B, Crystal E, Tung S, LeMaitre J, Sultan O, Bennett M, Bashir J, Ayala-Paredes F, Gervais P, Rioux L, Hemels MEW, Bouwels
LHR, van Vlies B, Wang J, Exner DV, Dorian P,
Parkash R, Alings M, Connolly SJ. Prevention of
Arrhythmia Device Infection Trial: The PADIT Trial. J Am Coll Cardiol 2018; 72: 3098-3109.
7) Tarakji KG, Mittal S, Kennergren C, Corey R,
Poole JE, Schloss E, Gallastegui J, Pickett RA,
Evonich R, Philippon F, McComb JM, Roark SF,
Sorrentino D, Sholevar D, Cronin E, Berman B,
Riggio D, Biffi M, Khan H, Silver MT, Collier J,
Eldadah Z, Wright DJ, Lande JD, Lexcen DR,
Cheng A, Wilkoff BL; WRAP-IT Investigators. Antibacterial envelope to prevent cardiac implantable device infection. N Engl J Med 2019; 380:
1895-1905.
8) Baddour LM, Epstein AE, Erickson CC, Knight
BP, Levison ME, Lockhart PB, Masoudi FA, Okum
EJ, Wilson WR, Beerman LB, Bolger AF, EstesIII
NAM, Gewitz M, Newburger JW, Schron EB, Taubert KA, Council on Cardiovascular Surgery and
Anesthesia, Council on Cardiovascular Nursing,
Council on Clinical Cardiology and on behalf of
the Interdisciplinary Council on Quality of Care
and Outcomes Research. Update on cardiovascular implantable electronic device infections and
their management: a scientific statement from the
American Heart Association. Circulation 2010;
121: 458-477.
9) Habib G, Lancellotti P, Antunes MJ, Bongiorni MG, Casalta JP, Del Zotti F, Dulgheru R, El
Khoury G, Erba PA, Iung B, Miro JM, Mulder BJ,
Plonska-Gosciniak E, Price S, Roos-Hesselink
J, Snygg-Martin U, Thuny F, Tornos Mas P, Vila-

5223

C. Monaco, L. Barone, V. Cammalleri, G. Stifano, G. Magliano, F. Geuna, F. Romeo, D. Sergi

10)

11)

12)

13)

14)

15)

costa I, Zamorano JL; ESC Scientific Document
Group. 2015 ESC Guidelines for the management of infective endocarditis: The Task Force
for the Management of Infective Endocarditis of
the European Society of Cardiology (ESC). Endorsed by: European Association for Cardio-Thoracic Surgery (EACTS), the European Association of Nuclear Medicine (EANM). Eur Heart J
2015; 36: 3075-3128.
Essebag V, Verma A, Healey JS, Krahn AD,
Kalfon E, Coutu B, Ayala-Paredes F, Tang AS,
Sapp J, Sturmer M, Keren A, Wells GA, Birnie
DH; BRUISE CONTROL Investigators. Clinically significant pocket hematoma increases longterm risk of device infection: BRUISE CONTROL
INFECTION study. J Am Coll Cardiol 2016; 67:
1300-1308.
Tarakji KG, Mittal S, Kennergren C, Corey R,
Poole J, Stromberg K, Lexcen DR, Wilkoff BL.
Worldwide Randomized Antibiotic EnveloPe Infection PrevenTion Trial (WRAP-IT). Am Heart J
2016; 180: 12-21.
Mittal S, Wilkoff BL, Kennergren C, Poole JE, Corey R, Bracke FA, Curnis A, Addo K, Martinez-Arraras J, Issa ZF, Redpath C, Moubarak J, Khelae
SK, Boersma LVA, Korantzopoulos P, Krueger J,
Lande JD, Morss GM, Seshadri S, Tarakji KG.
The Worldwide Randomized Antibiotic Envelope
Infection Prevention (WRAP-IT) trial: Long-term
follow-up. Heart Rhythm 2020; 17: 1115-1122.
Zhao AH, Kwok CHR, Jacques A, Stopher L,
Hockley JA, Garbowski MW, Jansen SJ. Gentamicin-containing collagen implant may reduce
surgical site infections after open infrainguinal arterial revascularization. Ann Vasc Surg 2022; 78:
84-92.
Han JS, Kim SH, Jin SW, Lee SH, Kim BJ, Kim
SD, Lim DJ. The use of gentamicin-impregnated
collagen sponge for reducing surgical site infection after spine surgery. Korean J Spine 2016; 13:
129-133.
Rutten HJ, Nijhuis PH. Prevention of wound infection in elective colorectal surgery by local application of a gentamicin-containing collagen sponge.
Eur J Surg Suppl 1997; 578: 31-35.

5224

16) Logroscino G, Malerba G, Pagano E, Ziranu A,
Ciriello V. The use of collatamp in total hip arthroplasty. Acta Biomed 2011; 82: 154-159.
17) Ruszczak Z, Friess W. Collagen as a carrier for
on-site delivery of antibacterial drugs. Adv Drug
Deliv Rev 2003; 55: 1679-1698.
18) Friberg O, Dahlin LG, Källman J, Kihlström E,
Söderquist B, Svedjeholm R. Collagen-gentamicin implant for prevention of sternal wound infection; long-term follow-up of effectiveness. Interact
Cardiovasc Thorac Surg 2009; 9: 454-458.
19) Friberg O, Svedjeholm R, Söderquist B, Granfeldt H, Vikerfors T, Källman J. Local gentamicin reduces sternal wound infections after cardiac surgery: a randomized controlled trial. Ann
Thorac Surg 2005; 79: 153-161; discussion 161162.
20) SmPC. Available at: https://collatamp.co.uk/.
21) Bongiorni MG, Marinskis G, Lip GY, Svendsen
JH, Dobreanu D, Blomström-Lundqvist C; Scientific Initiative Committee, European Heart Rhythm
Association. How European centres diagnose,
treat, and prevent CIED infections: results of an
European Heart Rhythm Association survey. Europace 2012; 14: 1666-1669.
22) Stemberger A, Grimm H, Bader F, et al. Local
treatment of bone and soft tissue infections with
the collagen-gentamicin sponge. Eur J Surg Suppl 1997; 578: 17-26.
23) Lorenzetti OJ, Fortenberry B, Busby E. Influence
of microcrystalline collagen in wound healing. II.
Comparison of several collagen dressings on excised wounds of pigs and rabbits. Res Commun
Chem Pathol Pharmacol 1973; 5: 431-440.
24) Leyh RG, Bartels C, Sievers HH. Adjuvant treatment of deep sternal wound infection with collagenous gentamycin. Ann Thorac Surg 1999; 68:
1648-1651.
25) Varga M, Sixta B, Bem R, Matia I, Jirkovska A,
Adamec M. Application of gentamicin-collagen
sponge shortened wound healing time after minor amputations in diabetic patients - a prospective, randomised trial. Arch Med Sci 2014; 10:
283-287.

