
with their interventional radiologist regarding the
type of sclerosing agent that will be used and appre-
ciate the potential dangers of using cautery during
resection of lesions embolized with Onyx.
DOI: 10.1097/PRS.0b013e31823af140
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Antibacterial Analysis of Surgical Adhesives
Sir:

Surgical-site infections account for approximately
300,000 nosocomial infections in the United

States annually, of which approximately 20 to 30
percent are caused by Staphylococcus aureus.1 Preven-
tion of surgical-site infections is of paramount con-
cern to the surgeon.

There is debate as to the advantages of the com-
monly used surgical adhesives Mastisol (Ferndale Lab-
oratories, Inc., Ferndale, Mich.) and compound tinc-
ture of benzoin (3M, St. Paul, Minn.). Compound
tincture of benzoin may cause allergic contact derma-

titis and sensitization against other adhesives.2 Mastisol
has greater adhesive strength,3 suggesting that it may be
superior. There are no published studies of the anti-
microbial effects of Mastisol, and there are only limited
evaluations of compound tincture of benzoin.4 We hy-
pothesized that Mastisol and compound tincture of
benzoin would kill common clinical isolates that cause
surgical-site infections.5

In a variation of Nathan’s method,6 90 �l of bacteria
was mixed with 10 �l of 100% ethanol, Mastisol, com-
pound tincture of benzoin, or a buffered salt solution.
Both adhesives polymerized rapidly, forming a granu-
lar sediment that was vortexed with the bacteria for
homogeneity. The mixtures were incubated for 4 min-
utes, diluted, spread on agar plates, and incubated
overnight. Percentage killing was calculated by enu-
meration of colony-forming units compared with that
obtained in buffer.

We found that compound tincture of benzoin me-
diated significant (p � 0.01) killing of 38 to 55 per-
cent of Gram-positive bacteria, whereas Mastisol
killed 25 to 35 percent (Fig. 1). Compound tincture
of benzoin–mediated killing exceeded that of Mas-
tisol (p � 0.05) against all Gram-positive bacteria
except community-associated methicillin-resistant S.
aureus. We also found 38 to 47 percent killing of the
Gram-negative bacteria Escherichia coli and Escherichia
cloacae (Fig. 2) (p � 0.01). There was no difference
in killing of these Gram-negative bacteria by either
adhesive, and there was no killing of Pseudomonas
aeruginosa.

In summary, we show that compound tincture of
benzoin and Mastisol manifest antibacterial activity
against surgical-site infection–related pathogens, in-
cluding methicillin-resistant S. aureus. The mecha-
nism(s) of killing may include the antimicrobial effect
of ethanol, other ingredients, and/or polymerization.
Compound tincture of benzoin contains approxi-
mately 75 to 83% ethanol, an effective antimicrobial.
Because Mastisol is proprietary, its ethanol content is
unknown. In the current work, the relative contribu-
tion of polymerization to the overall antibacterial effect
cannot be assessed because the bacteria had contact
time with the adhesives in both liquid and polymerized
forms.

It has been suggested by others that the outer mem-
brane of Gram-negative bacteria and/or lipopolysac-
charide confers resistance to the antimicrobial effect of
polymerization.7,8 However, our finding that two Gram-
negative bacteria, E. coli and Enterobacter, were killed by
compound tincture of benzoin and Mastisol to similar
extents as Gram-positive bacteria makes this explana-
tion unlikely. However, our work does raise the ques-
tion of why Pseudomonas was resistant to killing, as ob-
served by others.7,8 Although the outer membrane of
Pseudomonas differs from that of Enterobacteriaceae, as
it expresses a different lipopolysaccharide, numerous
efflux pumps, and modulated porin expression,
whether these factors contributed to resistance to ad-
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hesive-mediated killing is unclear and requires further
study.

The rapid onset of the antimicrobial effect of com-
pound tincture of benzoin and Mastisol is notable be-
cause this short time frame is unlikely to select for
resistance. Given the worrisome spread of multidrug-

resistant bacteria, this is a desirable property. Finally,
this work raises the question about whether antibiotic
ointments are useful postoperatively if compound tinc-
ture of benzoin or Mastisol are used. Future animal stud-
ies are necessary to address this important question.
DOI: 10.1097/PRS.0b013e31823af194

Fig. 1. Killing of Gram-positive organisms. The indicated strains were incubated with ethanol,
compound tincture of benzoin, or Mastisol. Statistically significant killing of all Gram-positive
strains by ethanol, compound tincture of benzoin, and Mastisol versus buffer was observed (p
� 0.01). Both adhesives showed superior killing of all strains versus ethanol (solid blue brackets,
*p � 0.05). Except for community-associated methicillin-resistant S. aureus, greater killing of
the strains by compound tincture of benzoin versus Mastisol was observed (dashed black
bracket, †p � 0.05). Data are the mean � SEM of at least three experiments in triplicate, and
significance was determined by the using the t test. MSSA, methicillin-sensitive S. aureus; HA,
hospital-associated; CA, community-associated; GAS, xxx; CTB, compound tincture of benzoin.

Fig. 2. Killing of Gram-negative organisms. The experiment was performed as
in Figure 1. Statistically significant killing of E. cloacae and E. coli by ethanol
(EtOH), compound tincture of benzoin (CTB), and Mastisol versus buffer was
observed (*p � 0.01), but the viability of P. aeruginosa was unaffected. No sig-
nificant difference in killing of E. cloacae and E. coli between the two adhesives
was observed, and only Mastisol-mediated killing of E. coli was significantly
greater than that mediated by ethanol (†p � 0.01 versus ethanol).

Volume 129, Number 2 • Viewpoints

403e



Jeffrey M. Joseph, M.D.
Division of Ophthalmic Plastic and Reconstructive Surgery

Department of Ophthalmology
New York University School of Medicine

New York, N.Y.

Alex Voldman, B.A.
New York College of Osteopathic Medicine

Old Westbury, N.Y.

Christopher I. Zoumalan, M.D.
Division of Ophthalmic Plastic and Reconstructive Surgery

Department of Ophthalmology
Keck School of Medicine of the University of Southern

California
Los Angeles, Calif.

Richard D. Lisman, M.D.
Division of Ophthalmic Plastic and Reconstructive Surgery

Department of Ophthalmology
New York University School of Medicine

New York, N.Y.

Nicole M. Iovine, M.D., Ph.D.
Division of Infectious Diseases

Department of Medicine
University of Florida College of Medicine

Gainesville, Fla.

Presented in part at the American Society of Ophthalmic
Plastic and Reconstructive Surgery Fall Scientific Symposium,
in Chicago, Illinois, October 13 through 14, 2010.

Correspondence to Dr. Joseph
Department of Ophthalmology

New York University
462 First Avenue, NBV 5N18

New York, N.Y. 10016
josepj03@nyumc.org

DISCLOSURE
This work was funded by the New York University De-

partment of Medicine and the University of Florida Depart-
ment of Medicine (Nicole M. Iovine, M.D., Ph.D., principal
investigator). The authors have no conflicts of interest to
declare.

REFERENCES
1. Mangram AJ, Horan TC, Pearson ML, Silver LC, Jarvis WR.

Guideline for Prevention of Surgical Site Infection, 1999.
Centers for Disease Control and Prevention (CDC) Hospital
Infection Control Practices Advisory Committee. Am J Infect
Control 1999;27:97–132.

2. James WD, White SW, Yanklowitz B. Allergic contact derma-
titis to compound tincture of benzoin. J Am Acad Dermatol.
1984;11:847–850.

3. Mikhail GR, Selak L, Salo S. Reinforcement of surgical adhe-
sive strips. J Dermatol Surg Oncol. 1986;12:904–905, 908.

4. Wascher RA, Barcia PJ. Tincture of benzoin: Clinical and
microbiological implications of reusable containers. Mil Med.
1996;161:143–145.

5. National Nosocomial Infections Surveillance System. National
Nosocomial Infections Surveillance (NNIS) System Report,
data summary from January 1992 through June 2004, issued
October 2004. Am J Infect Control 2004;32:470–485.

6. Nathan P, Law EJ, Murphy DF, MacMillan BG. A laboratory
method for selection of topical antimicrobial agents to treat
infected burn wounds. Burns 1978;4:177–187.

7. de Almeida Manzano RP, Naufal SC, Hida RY, Guarnieri LO,
Nishiwaki-Dantas MC. Antibacterial analysis in vitro of ethyl-
cyanoacrylate against ocular pathogens. Cornea 2006;25:350–
351.

8. Eiferman RA, Snyder JW. Antibacterial effect of cyanoacrylate
glue. Arch Ophthalmol. 1983;101:958–960.

Instruments for Supermicrosurgery in Japan
Sir:

Supermicrosurgery techniques for anastomosis of
blood vessels thinner than 1 mm (0.3 to 0.8 mm)

have recently been developed.1,2 This technique has
allowed development of many new therapeutic meth-
ods, including surgery using a perforator flap,3 re-
plantation of amputated fingertips,4 and lymphati-
covenular anastomosis.5 These instruments include a
surgical microscope with the highest currently avail-
able magnifying power, with 50� magnification
(MM50; Mitaka Kohki Co. Ltd., Tokyo, Japan) (Fig.
1), the thinnest titanium forceps in the world
(Togari; EMI Factory Co., Nagano, Japan) (Fig. 2),
the world’s smallest surgical needle (12-0 nylon;
Crownjun Kono Co., Tokyo, Japan) (Fig. 2). These
instruments allow supermicrosurgery on vessels of
0.3 to 0.8 mm and have opened new frontiers of
vascular surgery.

The patient was a 74-year-old woman who under-
went mastectomy and axillary lymph node dissection
for right breast cancer. Under local anesthesia, three
lymphaticovenular anastomoses were made. In the
wrist, a 0.4-mm lymphatic vessel and a 0.5-mm vein
were anastomosed in end-to-end fashion using 12-0

Fig. 1. A surgical microscope with a magnifying power of 50�,
which is the highest available in the world.
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