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ABSTRACT

 In this study, we investigated the effects of (-)-epigallocatechin-3-gallate (EGCG) on 
wound healing both in vitro and in vivo with and without infection. EGCG has antimicrobial 
properties and could be useful as a topical agent to prevent and/or treat wound infections. 
Normal fibroblasts were isolated from the dermis of C57BL/6 mice and cultured with 0, 0.001 
to 0.400 mg/ml of EGCG. In vitro assays demonstrated that migration, proliferation, and apop-
tosis were inhibited at EGCG concentrations of 0.100-0.400 mg/ml. Expression of α-smooth 
muscle actin (α-SMA) was also reduced. In vivo experiments measured closure/contraction 
of full-thickness dorsal wounds that were treated with 0, 0.3, 3.0, and 30.0 mg/ml of EGCG 
every 24 hours. Macrophages (F4/80), neutrophils (Ly-6G) and myofibroblasts (α-SMA) were 
assessed at 48 and 168 hours. By 168 hours there was a significant reduction in presence with 
the 30 mg/ml dose vs. 0.3 and 3.0 mg/ml (p<0.009, p<0.006, respectively). The percentage of 
wound closure at one week in EGCG treated wounds was 87.87% (0.03 mg), 85.23% (0.3 mg) 
and 40.06% (30 mg/ml) compared to controls. Reduced quantities of α-SMA myofibroblasts 
were observed in the 3 mg EGCG treatment group compared to controls at 168 hours. We 
previously demonstrated that EGCG has antimicrobial properties (MIC50 ~0.3 mg/ml). This 
data suggests that EGCG could potentially be applied to the wound surface as an antimicrobial 
without negatively influencing healing. To this end we applied EGCG (10 mg/ml) to a model 
of an infected traumatic wound. EGCG treatment significantly reduced bacterial load after one 
and two dose regimens.

KEYwORDS: EGCG; (-)-Epigallocatechin-3-Gallate; Wound healing.

InTRODuCTIOn

 Epigallocatechin-3-gallate (EGCG) is the predominant polyphenol found in green 
tea. It is has been widely consumed for three millennia as a beverage and is known to have 
medicinal properties. Recent work with EGCG, and related catechins, has shown it has pow-
erful anti-oxidant properties1 and displays anti-tumor,2 anti-inflammatory,3,4 antikeloid scar 
formation,5 alters apoptosis,5-8 anti-metastatic,9,10 and anti-atherogenic11 activity both in vitro 
and in vivo settings. EGCG also has been demonstrated to inhibit growth of microbes such 
as Acinetobacter baumannii,12 Bordetella pertussis,13 Helicobacter pylori,14,15 Porphyromo-
nas gingivalis,16,17 Staphylococcus aureus and Eschericia coli18 and Salmonella typhimuri-
um.19 Moreover, EGCG has been shown to synergize with antibiotics in preventing growth 
of various microbes.13,20-24 Because EGCG is generally considered safe for use in humans, it 
may be an attractive compound to augment or treat wounds topically, especially in light of 
its antimicrobial activity. While recent work with nude mice has demonstrated the effects of 
EGCG impregnated dressing on sterile wound,25 it is not known if the concentrations needed 
to inhibit microbial growth are compatible with wound closure in immune competent mice. 

http://openventio.org/Volume1_Issue1/The_Effects_of_Epigallocatechin_3_Galate_on_Wound_Closure_and_Infections_in_Mice_SROJ_1_101.pdf
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 Recent work in our laboratory indicated that the EGCG 
concentration needed to kill Multi-Drug Resistant (MDR) A. bau-
mannii would be difficult to achieve in the blood. Burns and cu-
taneous wounds, therefore, represent an ideal situation in which 
EGCG could be applied directly to the wound. The superficial lo-
cation of wounds allow for topical applications of high concentra-
tions of the antimicrobial polyphenol. Kim et al. showed in leptin 
receptor deficient mice used as a model for diabetic wound healing 
that an implanted collagen sponge infused with EGCG enhanced 
wound closure.23 Additionally, EGCG at various concentrations 
promoted differentiation and proliferation of keratinocytes. These 
results suggest that EGCG may promote wound healing. However, 
in this same study the researchers found that high concentrations 
of EGCG (1000 ppm) appear to inhibit wound contraction and 
reduce granulation tissue formation. Klass et al. demonstrate that 
EGCG reduces the effects of Transforming Growth Factor beta 
(TGFβ1) on fibroblast contraction as well as differentiation of 
myofibroblasts.26 Furthermore EGCG in a number of systems has 
been shown to inhibit the production of collagen27 and fibroblast 
contraction.28 In a full-thickness excisional rat model of wounds 
EGCG increased angiogenesis and Vascular Endothelial Growth 
Factor (VEGF) expression, decreased arginase activity, and more 
mature collagen deposition within the wound site.29 

 To determine the effects of EGCG on murine wound 
healing we investigated its effects following a full-thickness exci-
sional wound made on the dorsal surface of C57BL6 mice. EGCG 
was applied at various concentrations and wound closure, apop-
tosis, alpha-smooth muscle actin (α-SMA) expression, migration 
and proliferation of cultured primary mouse fibroblasts, inflamma-
tion and granulation formation were monitored. Finally we wished 
to determine if the antibacterial properties of EGCG observed in 
vitro are effective in a surgical wound with infection model.

MATERIAlS AnD METHODS

General Approach

 EGCG has been previously shown to alter many biologi-
cal functions. In this study we examined the effects of this com-
pound on healing (contraction) of sterile wounds in vitro and in 
vivo and on viability of grossly contaminated wounds. Some of the 
potential mechanisms for the results obtained were also examined. 
Studies performed in vitro included an examination of the effects 
of EGCG on the migration of skin fibroblasts into the damaged are 
of a monolayer, These in vitro studies were expanded to include an 
examination of the effects of EGCG on cell proliferation and cell 
death by apoptosis, In the next series of experiments two in vivo 
models were utilized to examine the effects of EGCG: a punch 
biopsy model to measure the effects on wound closure and an inci-
sion/infection model to measure the effects on wound infections. 
Immunohistochemical methods were applied to the sections from 
the wound to determine the effects of EGCG on potential scarring 
and leukocyte infiltration. 

Reagents

 EGCG was provided by S.H Hyon (Institute for 
Frontier Medical Sciences, Kyoto University. Japan), with 
purity in excess of 90%. EGCG was reconstituted at the re-
quired concentration in 1X PBS unless otherwise noted. An-
nexin V-APC was obtained from BD Biosciences (Franklin 
Lakes, NJ, USA). α-smooth muscle actin rabbit monoclonal 
(α-SMA, clone E184) was purchased from Abcam (Cam-
bridge, MA, USA). Anti-Gr-1 and anti-F4/80 antibodies were 
purchased from eBioscience (San Diego, CA, USA). For im-
munohistochemical staining the Vectastain ABC kit was pur-
chased from Vector Laboratories (Burlingame, CA, USA).

Cell culture

 Primary cell cultures were initiated by removing 
a 3 by 3cm section of dorsal skin from 3 female C57BL/6 
mice per experiment (Charles River Laboratories Wilming-
ton, MA, USA, 8 week-old, 20-22 g). Before excision, hair 
was shaved and skin disinfected with povidone-iodine. Der-
mis was mechanically separated and placed in a 0.1% gelatin 
coated 6-well plate. After 15 minutes, cells were cultured in 
Dulbecco’s Modified Eagle Medium containing 10% Fetal 
Bovine Serum (FBS), penicillin, and streptomycin at 37oC in 
5% CO2. Cells at passage 6 were seeded into culture dishes 
and tested with various concentrations of EGCG.

Cell apoptosis

 Apoptotic cells were detected by flow cytometry 
using Annexin V-APC and propidium iodide.30 Cells were 
seeded in 100-mm dishes, and 0, 1.0, 10, 100, 200, and 400 
μg/ml of EGCG in culture medium were added for 48 hours. 
The cells were then trypsinized and 1×106 cells were washed 
in ice-cold azide free flow buffer (1X PBS, 1% BSA, 25 mM 
CaCl2). Cells where then stained with Annexin V-APC and 
1 μg/ml of propidium iodide in 1X binding buffer (0.01 M 
HEPES, pH 7.4; 0.14 M NaCl; 2.5 mM CaCl2), on ice, and 
in the dark for 15 minutes. Cells were immediately analy-
sed on an LSR II flow cytometer (BD Biosciences) equipped 
with 488 nm, 633 nm laser excitation and appropriate filters. 
10,000 cells were collected per sample.

Flow cytometry

 Flow cytometry was performed at the Shriners Hos-
pital for Children in Cincinnati Flow Cytometry Core Fa-
cility. All cytometry, with the exception of DNA cell cycle 
determinations, was performed on an LSRII flow cytometer 
(BD Biosciences). The 488 and 633 nm lasers on LSR II were 
utilized and fluorescence was collected with appropriate fil-
ters. The data obtained from the LSR II were analyzed using 
Diva Software v5.0.2 (BD Bioscience). For DNA cell cycle
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 measurements, data were collected on a Coulter Epics XL system 
(Beckman-Coulter, Fullerton, CA, USA) with 488 nm excitation 
with System II software (v3) as described previously.31 Listmode 
files were analyzed using ModFit v3.1 (Verity Software House, 
Inc., Topsham, ME, USA) to determine quantities of cells in G0/
G1, S, and G2/M phases of the cell cycle. At least 10,000 cells were 
measured per sample.

Immunohistochemistry

 Immunohistochemical staining was used to detect alpha 
smooth muscle actin (α-SMA). Cells were grown to 80% conflu-
ence with each concentration of EGCG in 24 well culture dishes 
(six wells/sample), and fixed with 4% paraformaldehyde. Cells 
were stained with the Vectastain ABC kit according to manufac-
turer’s directions. Briefly, after washes with PBS, cells were incu-
bated in 0.5% H2O2 in MeOH for 30 minutes and then washed with 
1X PBS. Samples were stained with primary antibodies to rab-
bit monoclonal anti-α-SMA for 1 hour. Anti-mouse biotinylated 
secondary antibodies were added followed by 1 hour incubation 
before the strepavidin-HRP was applied for 30 minutes at room 
temperature. All samples were visualized with 3,3’-diaminobenz-
idine colorimetric substrate (DAB). Wound tissues, 8 samples per 
treatment, were fixed with 10% paraformaldehyde in PBS, embed-
ded in paraffin, and cut into three 5-6 μm slices. Sections where 
then washed with xylene to remove paraffin. The sections were 
stained with anti-mouse monoclonal Gr-1 anti-mouse monoclonal 
F4/80and anti-rabbit alpha smooth muscle actin.

Migration assay

 Cells were seeded into 24-well plates at a density of 
1×104 cells per well dish, allowed to attach overnight, and then 
treated with culture medium containing various concentrations of 
EGCG for 48 hours using 6 samples per concentration. Cell mono-
layers were then wounded by making a scratch with a sterile 200 
μl pipet tip perpendicular to the bottom of the plate. After fixation 
with 4% paraformaldehyde, cells were stained with hematoxylin 
& eosin and migration distance measured by light microscopy.

Proliferation assay

 For cell-cycle analysis, flow cytometry was performed 
as previously described by Osterburg et al.SS  Briefly, cells were 
seeded into duplicate 100-mm dishes at a density of 1×106 cells 
per dish, allowed to attach overnight, and then treated with 0, 1.0, 
10, and 100 μg/ml EGCG in culture medium for 48 hours. Cells 
were harvested using trypsin and fixed with 90% methanol over-
night at -20oC. After washing 2X with flow buffer (1X PBS, 1% 
BSA, 25 mM CaCl2, and 0.1% sodium azide), cells were incubated 
in propidium iodide staining solution (50 µg PI/mL, 0.1% Triton 
X-100, 25µg RNase A, 1X PBS) for 30 minutes and analyzed.

wound healing model

 Specific pathogen-free C57BL/6 mice (Charles 
River, 8-12 week-old, female, 20-22 grams) were purchased 
from Charles River Laboratories (Wilmington, MA, USA). 
All animal procedures were approved by the University of 
Cincinnati’s Institutional Animal Care and Use Committees 
(IACUC). Eight mice were used for each experiment and the 
experiments were repeated for consistency. Following hair re-
moval from the dorsal surface, the skin was disinfected and 
two full-thickness skin wounds were created on each side of 
the midline using 4-mm biopsy punch. Then 100 μl of EGCG 
in PBS (0,0.3, 3.0, and 30 mg/ml) was applied to the wound 
surface of the right side, and 100 μl of PBS as a control was 
added to the left side. Each wound was individually covered 
with a rectangle Theragauze (Soluble Systems, VA, USA) 
which was sutured into place. Sterile gauze was placed over 
the Theragauze and both were covered with Opsite (Smith & 
Nephew Medical Limited, Hull, United Kingdom). Finally, 
the dressings and wound site were covered with Coban (3M, 
US). Concentrations of EGCG or PBS were loaded into the 
TheraGauze dressing every 24-hours by injecting through the 
Opsite using 1 mm syringe. For planimetric and immunohis-
tological wound assessments, tissue biopsies were taken from 
the wound area and the surrounding normal tissue at 48 hours 
and 1 week after wounding.

Traumatic wound with Infection Model

 A full thickness excision (2x2 cm) was made mid-
dorsal of 26-32 gram CF1 mice, 8/group, maintaining the 
integrity of the panniculus carnosus under isofluorane seda-
tion. The mice were then infected with a clinical strain of 
Pseudomonas aeruginosa (SBIN) by pipetting the organ-
isms directly into the wound (~103 organisms/wound). Four 
groups were utilized, two EGCG (single and multiple doses), 
Ciprofloxacin, and PBS. The wounds were then covered with 
TheraGauze® which was preloaded with 200 microliters of 
EGCG (10 mg/ml), PBS, or Ciprofloxacin (20 µg/ml). Thera-
Gauze® which was loaded using a micropipette allows for the 
continue release of a constant quantity of liquid over a set 
time period. Wound margins were overlaid with OpSite and 
wrapped with Coban. In two dose groups, 200 microliters was 
injected through OpSite 24 hours later.

Statistics

 Experiments were performed in triplicate, and re-
sults are expressed as means ± SE. Data were analyzed us-
ing Student’s t-test, ANOVA or Kruskal-Wallis One-way 
Analysis of Variance. p-values <0.05 were considered to be 
significant. Kaplan-Meier, with multiple test corrections was 
utilized in wound with infection model.

Page 3
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RESulTS

Effects of EGCG on scratch assay with cultured fibroblasts

 In vitro wounding assays (scratch assays) were performed 
to determine if EGCG altered cellular migration into the scratch. 
Confluent cultures where perturbed with a pipet tip and migra-
tion into the wound measured over a three-day period. The data 
in figure 1A demonstrate a dose-dependent effect EGCG (200µg/
ml and 400µg/ml) with fewer cells appearing in the scratched 
area with these concentrations versus the lower concentrations of 
EGCG and the control. Figure 1B quantifies the size of the ini-
tial scratch over time. The data indicate that over time the higher 
doses of EGCG (400, 200, and 100 µg/ml) significantly (P<0.05) 
reduced the extent of cell migration into the scratch.

Figure 1: Scratch wounds of primary mouse fibroblasts treated with EGCG. A) Hematoxylin & eosin 
counter stained fibroblasts. Black bar represents 1 mm. Figure is representative of multiple experi-
ments. B) Scratch width vs. the initial size. Widths where measured every 24 hours. Error bars omit-
ted for clarity. P<0.05 of 100-400 ug/ml EGCG vs. controls. N=4.

 Inhibition of migration could be due to increased apop-
tosis of cells in culture. Therefore we examined the effects of 
EGCG on apoptosis in treated fibroblasts. Apoptosis was as 
-sayed by staining with Annexin V-APC and propidium iodide 
followed by analysis using flow cytometry. As demonstrated 
in Figure 2, at the 100 µg/ml dose of EGCG (p<0.003 vs. low 
er doses) there were increasing quantities of cells in early and 
late apoptosis/necrosis. The 0, 1 and 10 µg/ml doses of EGCG 
had near baseline percentages of both early and late apoptosis/

necrosis. At the very highest dose of EGCG (400 µg/ml) there 
was a large increase (75.7% +/- 1.68 SE) in predominantly 
late apoptosis/necrosis. The reduction in early apoptosis at 
this quantity of EGCG is due to increased progression to late 
apoptosis/necrosis in this sample.

 
Figure 2: Apoptosis of primary mouse fibroblasts treated with EGCG. Early apoptosis rep-
resents cells that are annexin V positive, but negative for propidium iodide. Late apoptosis/
necrosis represents cells that are propidium iodide positive and either annexin V positive or 
negative. N=3 +/- SE. P<0.05.

 Decreased migration into the scratch wound could 
also be indicative of a decrease in cellular proliferation of 
the primary fibroblasts. In order to determine the effects of 
EGCG on cell cycle, cells were treated with various doses of 
EGCG, stained with propidium iodide, and analyzed by flow 
cytometry. Figure 3 indicates that cell cycle progression is 
altered at 100 ug/ml of EGCG. As can be seen in the figure the 
quantity of cells in G0/G1 are significantly increased (P<0.05) 
vs. the controls, and S and G2/M phases were significantly 
decreased (P<0.05) vs. the controls. Lower doses of EGCG 
did not appear to have any effect on cell cycle kinetics.

Figure 3: Effects of EGCG on cell cycle of primary mouse fibroblasts. Propidium iodide stained 
cells were analyzed by flow cytometry and the quantity of cells in G0/G1, S and G2/M determined 
by analysis of the appropriate listmode files with ModFit. N=3+/-SE.

Page 4
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wound healing and Immunochemistry

 Previously published studies suggest that EGCG inhibits 
the α-SMA production. We stained primary fibroblasts cultures with 
an anti-α-SMA and visualized them by immunohistochemistry. The 
data in Figure 4 indicate that as the dose of EGCG increases the 
quantity of α-SMA decreases. At the two highest doses of EGCG 
(200, and 400 µg/ml) α-SMA appears to be almost entirely absent. 
There are fewer cells at these doses but this does not account for the 
reduction in the quantity of α-SMA staining.

Figure 4: Expression of α-SMA in primary mouse fibroblasts treated with EGCG. Primary mouse 
fibroblasts where treated and then immunohistochemically stained for α-SMA. Figure is representa-
tive of multiple experiments.

 Next, a series of animal experiments were performed in 
which two full thickness excisional wounds were made with 4 mm 
punch biopsy probes on the backs of C57BL6 mice to determine 
if EGCG inhibited wound contraction and/or closure. The pictures 
in Figure 5A depicts the wounds after 7 days. The highest dose of 
EGCG (30 mg/ml) shows a clearly greater size of wound. The data 
in Figure 5B quantifies closure rates at day 2 and 7 post-wounding. 
A significant delay in closure/contraction at the 30 mg/ml is visible 
at day 7. The high dose of EGCG significantly inhibited closure/
contraction 40.06% +/- 8.63SE vs. 88.23%+/- 5.30SE (p<0.009) 
for 30 mg/ml vs. 3.0 mg/ml, respectively. Likewise, there was an 
inhibition of closure/contraction for the 0.3 mg/ml EGCG (87.87% 
+/-3.46) dose vs. the 30 mg/ml dose (p<0.006).

 
Figure 5: Wound contraction/closure in C57BL6 mice exposed to EGCG. Wounds were treated as 
listed every 24 hours. Wound size was measured at days 2 and 7. A) Images taken at day 7 that 
represent the extent of closure/contraction. B) Plot of the wound size at days 2 and 7. Wounds were 
normalized by dividing the size of the EGCG treated wound with the PBS treated control wound. On 
day two n=3 and on day 7 n=9. # P<0.009 for 30 mg/ml vs. 0.3 mg/ml at day 7, ‡ P<0.006 for 3.0 mg/
ml vs. 0.3 mg/ml at day 7.

 We sought to determine if the decreased closure/
contraction of the 30.0 mg/ml dosed wounds was due to de-
creased numbers of α-SMA expressing myofibroblasts. Figure 
6 depicts the immunohistochemical staining of tissue sections 
from EGCG treated wounds 7 week post-wounding. There is 
a clear reduction in the α-SMA positive cells. The lower doses 
of EGCG do not appear to alter α-SMA staining vs. controls. 
We then sought to determine if there where changes in F4/80 
macrophage and Ly-6G neutrophil populations in EGCG treat-
ed wounds. The data in Figure 7 indicate there are no differ-
ences in the extent and location of staining at day 2 or 7 for 
either F4/80 or Ly-6G.

Figure 6: Immunohistochemical staining for α-SMA of wound beds from mice. Brightfield im-
ages where taken at 7 days and 40x magnification. Circled areas represent locations of α-SMA 
staining. Figure is representative of multiple experiments.

 
 
 
Figure 7: Immunohistochemical staining for F4/80 macrophages and Ly-6G neutrophils in 
EGCG treated wounds. Wounds were probed for F4/80 (macrophage) and Ly-6G (neutrophil) 
epitopes. Tissue sections where stained at days 2 and 7. Circles represent areas of either 
macrophage or neutrophils. Figure is representative of multiple experiments.

Page 5
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Traumatic wound with Infection model

 Our combined in vitro results (antibacterial and wound 
healing neutral) culminated with an in vivo application of EGCG 
to an infected murine wound. The results were far superior to ve-
hicle control, approaching results obtained with Ciprofloxacin. 
While data in these studies were not put through the same battery 
of analysis as in wound closure model, we saw no sign that wound 
closure was inhibited. Tracing data indicated no closure at 7 days 
whether treated with Ciprofloxacin, EGCG, or PBS.

DISCuSSIOn

 The rise in antibiotic resistant microorganisms has re-
newed the interest in agents that can supplement current antibiotics. 
Recent work demonstrates that polyphenol EGCG has significant 
antimicrobial activity against a number of microorganisms.13,32-34 
Furthermore, microorganisms with resistance to systemic antibiot-
ics have increased resistance to many topical antimicrobial treat-
ments currently in use.35 There is a need to evaluate the efficacy of 
topical agents that can be used to supplement or enhance current 
systemic antimicrobial therapies. In the clinical arena, especially 
following severe trauma, both wound healing and infections are 
major concerns. Our laboratory has reported that EGCG exhibits 
broad anti-microbial activity especially against multi-drug resis-
tant organisms such as A. baumannii.13 We found that the minimum 
inhibitory concentration of EGCG against A. baumannii is ~300 
μg/ml, and additionally, against clinical isolates of Pseudomonas 
aeruginosa and MRSA MICs, ~600 μg/ml and ~60 μg/ml, respec-
tively.36 To use EGCG as a topical anti-microbial agent on wounds 
or burns, it should have limited deleterious effects on wound heal-
ing. In this study, we examined the effects of EGCG on migration, 
apoptosis, proliferation and alpha-smooth muscle actin (α-SMA) 
expression in cultured primary mouse fibroblasts in vitro. Murine 
wound closure/contraction was also investigated following a full-
thickness excisional wound made on the dorsal surface of C57BL6 
mice. EGCG was applied in vivo at various concentrations with 
wound closure, α-SMA, inflammation and granulation tissue for-
mation monitored. It was important to determine not only the ef-
fects of EGCG on wound healing but also its effects at concentra-
tions that are both anti-microbial and within the concentrations 
that may be used clinically. 

 EGCG significantly inhibited migration and proliferation 
of fibroblasts using an in vitro scratch assay. This is in agreement 
with data published by Park et al.32 who reported that EGCG in-
hibited proliferation and migration of keloid and to lesser extent 
normal fibroblasts in vitro. We also demonstrated that at higher 
doses of EGCG (100 µg/ml and above) treated fibroblasts dem-
onstrate a statistically significant (P<0.05) increase in the quantity 
of cells in G0/G1 compared to controls indicating that a smaller 
fraction of cells were dividing. Absence of cell proliferation is one 
explanation for the lack of closure of the scratch wound. Addi-
tionally, EGCG may have induced programmed cell death in cul-
tured primary fibroblasts. Our studies indicated that apoptosis was

significantly increased at high dosages of EGCG. These data 
indicate that both alterations in cell cycle progression and in-
creased apoptosis are responsible for the reduction in fibro-
blast proliferation following treatment with EGCG. Increased 
EGCG-dependent apoptosis of transformed cells is well 
known. Additionally, EGCG has been reported to increase 
apoptosis in normal non-transformed cells.34,36 

 Myofibroblasts produce contractile forces in the 
wound and promote wound closure. We examined the effects 
of EGCG on the expression of α-SMA in the wound mar-
gins. EGCG could reduce recruitment of fibroblasts/myofi-
broblasts from circulating bone marrow derived cells. This 
opens the possibility that EGCG is anti-scarring. However, 
Barisic-Dujmovic et al. demonstrated that myofibroblasts 
within the wound are derived from resident fibroblasts.35 
EGCG has been previously demonstrated to inhibit the dif-
ferentiation of fibroblasts into myofibroblasts.26 In vitro, there 
was a significant reduction in α-SMA staining at the higher 
doses of EGCG. In culture, EGCG has been shown to inhibit 
transforming growth factor beta-receptor signaling as well 
as inhibiting AP-1 and NF-κB in fibroblasts.26 In the animal 
wound, this would be consistent with our observations of re-
duced α-SMA staining in sections from the wounds treated 
with 30 mg/ml EGCG.

 The in vivo wound model used in these studies 
clearly indicated that only at very high concentrations EGCG 
delayed wound contracture/closure. This is in contrast to sev-
eral studies that reported that EGCG enhanced wound closure 
.37,32 Kim et al. implanted collagen sponges impregnated with 
EGCG, and that at low doses (10 ppm), healing was observed 
in diabetic wounds.33 Park et al. examine keloid formation 
in vivo with and without EGCG.32 These are very different 
wound healing models and while these data suggest an effect 
of EGCG at low doses, the studies involve the response of 
a diabetic pathology and not the direct effect of EGCG on 
normal wound healing. Our group examined the inflamma-
tory infiltrate in EGCG and non-treated tissues and found no 
difference, indicating the observed differences were not due 
to alterations in inflammation. 

 The data presented here demonstrate that concentra-
tions of EGCG used for in vitro and in vivo assays are not di-
rectly comparable and thus vary in the amounts necessary to 
produce biological function. For example, the in vitro data in-
dicated that there are changes in migration, proliferation and 
apoptosis at EGCG concentrations of 0.1-0.4 mg/ml while 
the in vivo data indicated that a significantly higher dose of 
EGCG was needed to alter wound closure (Figure 5A/B). Our 
laboratory demonstrated that EGCG was bactericidal at con-
centrations of 0.300 mg/ml. This dose would clearly fall into 
the concentration that inhibited apoptosis, migration and pro-
liferation in vivo. However, the 0.300 mg/ml concentration 
had little impact on the degree of wound closure/contraction 
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in vivo. Caution should be exercised in evaluating in vitro evi-
dence to interpret the effects of EGCG in vivo. We clearly show 
that the dose of EGCG that inhibits negatively cell cycle, apop-
tosis, and scratch wound closure is much lower than the dose re-
quired in vivo. The discrepancy between in vitro and in vivo data 
suggests that cells are directly exposed to EGCG in culture sys-
tems in contrast to in vivo exposures in which tissues are more 
likely exposed to metabolized products of EGCG rather than intact 
EGCG.35 Additionally, the wound is a complex environment and 
the dose of EGCG that cells see may highly depended on the mi-
croenvironment of the wound. As a topical agent, EGCG warrants 
further investigation into its properties in the context of healing 
and infection control.

 In conclusion, the detrimental effects of EGCG on wound 
closure appear minor, with reduced closure only at high doses. 
However the antimicrobial effects of EGCG are impressive and 
the well-known safety of external and internal use of EGCG sug-
gests that further investigations into its use to supplement and treat 
topical lesions are warranted.
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AbSTRAcT

Aim: The study aim was to investigate the correlations between suspicious lower GI symptoms 
and endoscopic findings in symptomatic population using flexible sigmoidoscopy.

Methods: Retrospective review of all rapid access sigmoidoscopy clinic referrals was per-
formed. Clinical, sigmoidoscopy findings and outcome were reviewed. Patients were further 
monitored for over five years for new cancers.

Results: A total of 445 patients met the inclusion criteria. Most patients (87.2%) had a flexible 
sigmoidoscopy in their first visit; 41.2% had barium enema to investigate proximal bowel. 
Polyp detection rate was 12.6% with an average distance of 23.1±18.9 cm from the anal verge. 
Passing mucus (p=0.05) and incontinence (p=0.035) were the only predictive symptoms for 
polyps. Cancer detection rate was 7%. Almost 93% of cancers were detected with the flexible 
sigmoidoscope alone with an average distance of 23.1±16.6 cm with majority being advanced 
as 17.9% had Duke’s A. Weight loss (p=0.005), tenesmus (p=0.006) and passing mucus per 
rectum (p=0.008) were three predictive symptoms on univariate and multivariate analysis. One 
patient developed a primary cancer 5 years from his index sigmoidoscopy. Substantial savings 
were achieved using this model of investigation.

conclusion: Flexible sigmoidoscopy is easy, safe, sensitive and cost effective investigation for 
patients with suspicious lower colonic symptoms.  

KEywoRDS: Symptomatic; Sigmoidoscopy; Cancer.

INTRoDucTIoN

 Worldwide the incidence of Colorectal Cancers (CRC) is approximately  one mil-
lion per year with an annual mortality approaching 5,00,000.1 Despite medical advances and 
the high quality primary health care in Europe, the annual incidence is around 4,12,000 with 
an annual mortality reaching 50 percent.2 The Republic of Ireland has a similar trend with an 
annual incident rate of close to 1,900 with an annual  mortality of approximately 930 patients. 
In the report published by GLOBOCAN in 2002, Ireland had the highest mortality rates in 
Western   European  and the fourth  worldwide.3 Furthermore, the World Health Organisation 
has estimated that the number of newly diagnosed colorectal cancers will increase by 79% in 
males and 56% in females by 2020.4 In response to these figures, the launch of a national col-
orectal screening program is anticipated to start this year targeting patients between the age of 
60-69 in its first phase until it finally involves a screening population between 55-74 years old.4

 Despite the high incidence of colorectal cancers and the intensive studies of the disease,
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the early symptoms remain very vague resulting in 19-44% of pa-
tients presenting with advanced disease and requiring emergency 
surgery.5 Part of the delay in the diagnosis can be linked to the 
reluctance of patients and primary care physicians to refer for en-
doscopy in secondary care centres.6 The problem is further com-
plicated by the universal delay to the index outpatient review and 
colonoscopy.7

 The early stages of cancer are asymptomatic but clini-
cally detectable. Cancer screening programmes target this stage 
as the cancer is still at an early stage and is believed to be curable. 
The advanced stages are symptomatic and will logically have a 
poorer outcome.8 Although many studies recommend colonosco-
py as a preferred investigation,  most colorectal studies have been 
performed in asymptomatic cohorts with limited data in symptom-
atic population.9

 Flexible sigmoidoscopy has been shown to reduce cancer 
related mortality.10 Once-off flexible Sigmoidoscopy screening test 
for bowel cancer can reduce mortality from the disease by 43% 
(31% on a population basis) and reduce the incidence of bowel 
cancer by 33%.11 Furthermore, sigmoidoscopy is more convenient 
for patients to evaluate their bowel compared to colonoscopy as it 
does not require an intense bowel preparation and it is a less stress-
ful procedure.12

 What is important is that despite all available diagnostic 
modalities, the vast majority of patients present only after devel-
oping worrying symptoms.13 Therefore, the main objective of this 
study was to provide an evaluation of symptomatic patients pre-
senting with suspicious symptoms of colorectal cancer to our rapid 
access colorectal clinic where they had flexible sigmoidoscopy in 
their index visit. Diagnostic yield, polyps and cancer detection 
rates, histological grade, anatomical location, presenting symp-
toms and economic viability were analysed. A secondary outcome 
was to look at new cancers diagnosed within the first five years 
following negative sigmoidoscopy.

METhoDS 

 The Rapid access colorectal clinic in Cork University 
Hospital was established in June 2001. The main objective of this 
clinic was to identify patients with symptoms suggestive of col-
orectal cancer and to review them within two weeks from refer-
ral. General Practitioners (GPs) in the hospital capture area were 
invited to refer all patients using a standardised referral form. The 
referral symptoms included in the form were rectal bleeding, pass-
ing mucus per rectum, Faecal Occult Blood (FOB) positive stool 
samples, and change in bowel habits, episodes of faecal inconti-
nence, weight loss, anorexia, tenesmus and family history. GPs 
had to specify the duration of the symptom or symptoms and if 
there was a family history; age, sex, relationship to patient and the 
type of cancer should be included. All physical findings including 
per rectal examination had to be clearly highlighted.

Rapid access patients were seen as part of the general out-
patient clinic. Upon arrival to the clinic, patients were re-
viewed with a full history and clinical examination. Half an 
hour before the flexible sigmoidoscopy, a phosphate enema 
was given by the endoscopy nurse. All sigmoidoscopies were 
performed by a consultant or a specialist registrar with a full 
sigmoidoscopy report written immediately after the proce-
dure and before reviewing the next patient. No sedation was 
administered and banding of haemorrhoids was performed 
in the same visit if indicated. Patients with high risk polyps 
(multiple or high grade) or with symptoms suggestive of neo-
plasia were scheduled for a completion colonoscopy. Bowel 
imaging was completed in appropriate patients using barium 
enema, CT colonography or colonoscopy.

 All patients referred to the rapid access colorectal 
clinic between 2001 and 2006 were included in the study. Pa-
tients younger than 40 years old have been excluded from 
analysis as it has been shown that their cancer diagnostic yield 
is limited.12 Other exclusion criteria were history of inflam-
matory bowel disease, incomplete data, refusal of sigmoidos-
copy and incomplete sigmoidoscopy reports. All new cancers 
diagnosed within five years from the initial sigmoidoscopy 
were recorded.

Statistical analysis

 The statistical analysis was performed using SPSS 
20 (SPSS Inc. Chicago, IL, USA). Descriptive statistics such 
as rates and percentages were used for categorical data while 
mean ± Standard Deviations (SD) were used for continu-
ous data. The categorical variables were tested using X2 test, 
Fisher’s exact test or Wilcoxon rank–sum test. Continuous 
variables were tested using a Student’s t-test. Standard logis-
tic regression analysis was used to calculate the relative risk 
as Odds Ratios (OR) with 95% Confidence Intervals (CI). A 
p-value of less than or equal to 0.05 was considered signifi-
cant.

RESuLTS 

 After exclusion, a total of 445 patients were included 
in the study and deemed suitable for analysis. None of the 
excluded patients was diagnosed with cancer throughout the 
study period. 

 The average age of referred patients was 58.7±13.05 
years (52 years mean). Under half of the referred patients 
(49.4%, n=220) were males and 50.6% (n=225) were females. 
Most patients (87.2%, n= 388) had their flexible sigmoidos-
copy in their index visit. The average waiting time from refer-
ral to clinical review was 19.5 (± SD 16.7) days. The average 
distance of assessed colon from the anal verge was 52.4±16.8 
cm (55.95 cm in males and 48.95 cm in females). Some pa-
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-tients (41.1%) then required a completion barium enema (n=183) 
and 4.5 % of patients had other tests to investigate their bowel 
(n=20) (Table 1).

              
             Table 1: Patients characteristics, presenting symptoms and diagnosis

 The commonest presenting symptom of the referred pa-
tients was change in bowel habit accounting for 53.7% (n=239) 
followed by 52.4% of patients presenting with bleeding per rectum 
(n=233). The commonest diagnosis was diverticular disease (14.8 
%, n=66) followed by haemorrhoids (14.6 %, n=65). Almost one 
third of patients (31.7%) did not show any pathology in their in-
vestigations (n=141). The polyp detection rate was 12.6% (n=56), 
and the cancer detection rate was 7 % (n=31). (Table 1).

 The commonest presenting symptom of the referred pa-
tients was change in bowel habit accounting for 53.7% (n=239) 
followed by 52.4% of patients presenting with bleeding per rec-
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Patients characteristics N = 445

Age                    Mean 58.7(± SD 13.1)

Median 52

Male 220(49.4%)

Female 225(50.6%)

Sigmoidoscopy at first visit 388(87.2%)

Clinic waiting time(days) 19.5(± SD 16.7)

Sigmoidoscopy distance in cm 54.4(± SD 16.8)

Completion barium enema 183(41.1%)

Other investigations 20(4.5%)

Indication for referral

Bleeding PR 233(52.4%)

Change in bowel habits 239(53.7%)

Weight loss 33(7.4%)

Family history 58(13 %)

Abdominal pain 66(14.8%)

Tenesmus 70(15.7%)

Mucus 25(5.6%)

Incontinence 24(5.4%)

Other complaints 8(1.8%)

Diagnosis

Diverticular disease 66(14.8%)

Haemorrhoids 65(14.6%)

Colitis 29(6.5%)

Irritable bowel syndrome 12(2.7%)

Inflammatory bowel disease 9(2%)

Anal fissure 10(2.2%)

Celiac disease 4(0.9%)

Polyps 56(12.6%)

Cancers 31(7%)

NAD 141(31.7%)

Others 22(4.9%)

Polyp characteristics N = 56, 12.6%

Patients age          Mean 60.8 ± SD 12.3

Median 61

Average polyp distance 23.1 cm ± SD

Anatomical location

Rectum 21(37.5%)

Rectosigmoid junction 6(10.7%)

Sigmoid colon 28(50%)

Descending colon 1(1.8%)

Polyp histology

Adenoma 17(30.4%)

Villous 11(19.6%)

Hyperplastic 16(28.6%)

Dysplastic 1(1.8%)

Inflammatory 4(7.1%)

Mucosa 7(12.5%)

Table 2: Characteristic of colorectal polyps

The commonest complaint was change in bowel habits (60.7%, 
n=34) followed by 51.8% reporting bleeding per rectum 
(n=29). Passing mucus per rectum (12.5%, n=7, p= 0.05) and 
episodes of faecal incontinence (12.5%, n=7, p=0.035) were 
the only significant symptoms seen in the univariate analysis. 
However, faecal incontinence was the only significant symp-
tom identified by multivariate analysis (p=0.043, OR 3.143, CI 
1.04-9.53) (see Table 3)

 Thirty-one cancers (7%) were diagnosed in the re-
ferred population. Three patients were diagnosed with non-
colonic cancers which were pancreatic, anal and small bowel 
lymphoma on subsequent investigations. The total number of 
the detected colonic cancers was 28 patients (6.3%) with mean 
age of 66.4±13.3 years (65.9 years old in males and 67.4 years 
old in females) and median of 65 years. The average tumour 
distance was 21.95±16.6 cm from the anal verge. The majority 
of cancer patients presented with advanced disease. The rec-

tum (n=233). The commonest diagnosis was diverticular 
disease (14.8 %, n=66) followed by haemorrhoids (14.6 %, 
n= 65). Almost one third of patients (31.7%) did not show 
any pathology in their investigations (n=141). The polyp 
detection rate was 12.6% (n=56), and the cancer detection 
rate was 7 % (n= 31) (Table 1).

 The mean age of the 56 patients diagnosed with 
colonic polyps was 60.8 years ± 12.3 (61 years median). 
The mean age in male patients in this group was 56.3 years 
while females were slightly older (62.1 years). The aver-
age detection distance for polyps was 23.1 cm (± SD 18.9). 
Half of the polyps were in the sigmoid colon (50%, n= 
28) followed by the rectum (37.5%, n=21). The common-
est detected polyp was an adenomatous polyp (30.4%, n= 
17) followed by hyperplastic polyps (28.6%, n=16). The 
characteristics of detected polyps are shown in Table 2.
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Colonic polyps Polyps  N = 56, 12.6% No polyps  N = 389 Univariate analysis 
p value

Multivariate analysis           
 p value, OR & CI

Age 60.8 ± SD 12.3 58.72 ± SD 12.6 0.340 -

Gender

Male 35 (62.5%) 185 (47.6%) 0.069

Female 21 (37.5%) 204 (52.4%) - -

Presenting symptom

Bleeding PR 29 (51.8%) 204 (52.4%) 0.89 -

Change in bowel habits 34 (60.7%) 205 (52.7%) 0.176 -

Weight loss 1 (1.8%) 32 (8.2%) 0.051 -

Family history 10 (17.9%) 48 (12.3%) 0.377 -

Abdominal pain 10 (17.9%) 56 (14.4%) 0.999 -

Tenesmus 8 (14.3%) 62 (15.9%) 0.814 -

Mucus 7 (12.5%) 18 (6.2%) 0.05   0.058,OR 2.89 (CI 0.96 -8.68)

Incontinence 7 (12.5%) 17 (4.4 %) 0.035   0.043,OR 3.143 (CI 1.04-9.53)

tum was the commonest site for cancer (53.6%, n=15) followed by rectosigmoid junction (28.6%, n=8) (see Table 4). Within this 
group, the commonest symptoms were bleeding per rectum which was seen in 57.1% (n=16) and change in bowel habits in 57.1% 
(n=16). Weight loss, tenesmus and passing mucus per rectum were the three significant symptoms seen in univariate and multivariate 
analysis of this group (see Table 5).

Table 3: Univariate and multivariate analysis of polyps symptoms

Cancer characteristics N = 28, 6.3%

Patients age (Mean) 66.4±13.3

Median 65

Average cancer distance 21.95 ± SD 16.64

Anatomical location 

Rectum 15 (53.6%)

Rectosigmoid junction 8 (28.6%)

Sigmoid colon 3 (10.7%)

Hepatic flexure 1 (3.6%)

Cecum 1 (3.6%)

Cancer type

Duke A 5 (17.86%)

Duke B 8 (28.57%)

Duke C 15 (53.57%)

Table 4: Characteristic of colorectal cancers
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Colonic cancers Cancer N = 28, 6.8% No Cancer  N = 417 Univariate analysis 
p values

Multivariate analysis             
p values, OR & CI 

Age 66.4 ± SD 13.29 57.76 ± SD 12.77 0.004 -

Gender

Male 19 (67.9%) 201 (48.2%) 0.062

Female 9 (32.1%) 214 (51.8%) - -

Presenting symptom

Bleeding PR 16 (57.14%) 217 (52.03%) 0.971 -

Change in bowel habits 16 (57.14%) 223 (53.5%) 0.390 -

Weight loss 7 (25%) 26 (6.2%) 0.005 0.01,OR 4.5, CI 1.4-14.1

Family history 5 (17.86%) 53 (12.7%) 0.458 -

Abdominal pain 3 (10.7%) 63 (15.1%) 0.745 -

Tenesmus 9 (31.1%) 61 (14.6%) 0.006 0.014, OR 3.3, CI 1.27-8.64

Mucus 5 (17.86%) 20 (4.8%) 0.008 0.031, OR 3.96,CI 1.13-13.9

Incontinence 1 (3.6%) 23 (5.5%) 0.093 -

Table 5: Univariate and multivariate analysis of colorectal cancers symptoms

 One patient was diagnosed with right sided Duke’s A co-
lonic cancer five years after his initial visit. His initial diagnosis 
was adenomatous polyp in the sigmoid colon and the cancer was 
detected during his follow up visit.

 The estimated cost difference between flexible sigmoi-
doscopy and a day case colonoscopy is around 220 Euros. If all 
patients in this study (n=388) had undergone a colonoscopy, an 
additional cost of 80,309 Euros would have been incurred without 
any difference in the detection of major disease compared to the 
combination of flexible sigmoidoscopy and selective barium en-
ema. Even with the addition of all patients who required comple-
tion colonoscopy for polyps or cancer or other means of bowel 
evaluation, our savings were around 27,500 Euros.

DIScuSSIoN

 Flexible sigmoidoscopes reach 70% of bowel cancers 
and their combination with barium enema increases their sensi-
tivity to 94% and specificity to 99% for the detection of bowel 
neoplasia14 Moreover, the ability of a physician to perform this 
test in most health care settings makes it more accessible. This 
combined with the relative ease of performing sigmoidoscopies 
could enable primary care physicians and para-medical staff to 
perform the procedure after relatively short training.15

 The early detection and removal of adenomas has a posi-
tive impact on the subsequent development of cancers.12 The na-
tional polyp study demonstrated a 76-90% reduction in the devel-
opment of colorectal cancer after successful endoscopic removal 
of polyps even after a prolonged surveillance period.16 Although 
screening an already symptomatic population with more ad-
vanced disease will not result in any survival benefit;8 the elective 

treatment of colorectal cancer can significantly improve patients 
prognosis compared to outcomes after emergency surgery for an 
obstructing or perforated tumor.17

 In our study, colonic polyps were detected on 12.6% of 
patients with the median age at the time of detection being 61 
years. As seen in many studies, there is a preponderance of the 
disease in the male population.18 We identified that passing mucus 
per rectum and episodic faecal incontinence are unique presenting 
symptoms for distal colonic polyp which has not been described 
in previous reports. However, the relatively small number of pol-
yps detected and the overall small patient pool may have resulted 
in a Type I error or false positives in other words Therefore large 
studies looking specifically at symptoms related to distal polyps 
will be required to further validate these findings.

 Although there is a myriad of symptoms a colorectal 
cancer patients can present with, few of these are unique. It is 
very important to understand that these symptoms are more like-
ly to occur in clusters rather than in isolation. Most of isolated 
symptoms lack sensitivity and specificity and in clusters they in-
crease the likelihood of cancer.19 Most patients referred to second-
ary centres with colorectal cancers have more than one symptom 
(85%).13 Furthermore, these symptoms are subjected to selection 
bias which affects their predictive value in both the primary and 
secondary care settings.20

 Rectal bleeding is one of the most widely known and 
feared symptom. It is important to evaluate both the nature and 
duration of bleeding before considering flexible sigmoidoscopy or 
any other investigation. The estimated predictive value of bleed-
ing per rectum for colorectal cancer in the general population is 
around 1 in 1000.21 Furthermore, 6% of the population above the 
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age of 40 years had recent rectal bleeding.22 In most cases, bleed-
ing per rectum is a symptom of benign pathology rather than from 
a cancerous origin. This was reflected in our study as 233 patients 
(52.4%) were referred with bleeding per rectum and only 16 
(6.9%) were diagnosed with cancer.

 When looking at change in bowel habits, constipation is 
considered as a low risk symptom for colorectal cancer.23 Many 
studies reported that increased bowel frequency and loose mo-
tion is associated with 60-91% in distal and 40-61% in proximal 
cancers.24 However, it was reported that the predictive value of 
diarrhoea is 0.63% in patients below 70 years and 1.7% in those 
over 70.25 Similar to rectal bleeding, out of 239 patients (53.7%) 
referred with change in bowel habits, only 16 (6.7%) were diag-
nosed with cancer.

 Unintentional weight loss is one of the most alarming 
symptoms of colorectal cancers despite being shared with benign 
conditions. The incidence of weight loss in general population is 
about 2.3-3.3 %.26 In our study, weight loss was a significant pre-
dictor for colorectal cancers. Out of 33 patients referred with un-
intentional weight loss, 7 (21.2%) had colorectal cancer (p<0.05). 
A higher incidence rate was seen in a study by Majumdar et. al 
in which 39% of a cohort of 194 cancer patients presented with 
weight loss. The study also showed that weight loss was less com-
mon in distal cancers without reaching statistical significance.8 
This high figure drops to 1.2% in non-selected primary care pa-
tient cohort.19,25 Likewise, colonoscopy findings in patients with 
abdominal pain compared to asymptomatic patients showed no 
difference in the detection of major colorectal diseases.27

 The combinations of two or more symptoms can increase 
the predictive ability to detect colorectal cancer.19 The association 
of rectal bleeding and change of bowel habit is described in many 
studies.25 Likewise, the combination of weight loss and rectal 
bleeding or change in bowel habits increases the positive predic-
tive value.19 Despite the low predictive value of abdominal pain, 
its combination with rectal bleeding can raise its predictive value 
significantly.25 In our study, 79% of patients had more than one 
symptom in their presentation. 

 The colorectal cancer detection rate of 6.3% in this study 
is comparable to the detection range of 4 -16 % described in pre-
vious reports.5,12,28 Moreover, the 57 % incidence of rectal bleed-
ing and change in bowel habits in bowel cancer was very similar 
to 58 and 51% in a symptomatic colorectal study.13 In our study, 
92.8% of all cancers were within the reach of the sigmoidoscope 
and 7.2% were on the right side which is in keeping with previous 
reports.29 Unexplained weight loss, peri-anal pain and passing mu-
cus per rectum were the most significant independent predictors of 
colorectal carcinoma in our symptomatic population.

 Currently, our rapid access clinic has further transformed 
and it is almost entirely managed by our advanced nurse practi-
tioner who is supervised by consultant colorectal surgeons. This 
has further reduced the operator cost from an average of 50 Eu

ros per hour to 20 Euros per hour. Furthermore, twice the 
number of sigmoidoscopies can be performed compared to 
colonoscopies in each endoscopy session. This further re-
duced the cost, the endoscopic waiting time and the burden 
on the day-case services. Within 2011, our service was able 
to deliver 818 flexible sigmoidoscopies through the rapid ac-
cess clinic.

 One potential weakness of this study is the variability 
of symptoms among different referring GPs. It is quite possible 
that they might be more thorough in their referrals if there was 
a suspicion of malignancy. As such, the predictive value of the 
symptoms could be overestimated. We were also hampered by 
our inability to accurately collect information from the referral 
forms about dietary habits and medications that may have had 
relevance to the patient presentation.

 In conclusion, in the presence of the alarming symp-
toms identified in this study or combination of two or more, 
patient’s referral should be flagged as urgent. Most importantly, 
flexible sigmoidoscopy is relatively easy, safe, sensitive and 
cost effective investigation for patients with lower colonic 
symptoms especially in such a difficult economic climate. 
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ABSTRACT

Objectives: Stress Urinary Incontinence (SUI) is highly prevalent, noticeably deteriorating 
quality of life. The current surgical treatment is performed through minimally invasive tech-
niques that are quite rapidly evolving. The objective of this study is to analyze the comparative 
efficiency, from the perspective of the health system, of surgical treatments for patients with 
SUI through the use of the single-incision mini-sling (SIMS), MiniArc™ (American Medical 
Systems, Inc), in relation to the transobturator sling, TVT-O.
Methods: Cost-effectiveness analysis based on the results of interventions performed with 
TVT-O (2005-2008) and MiniArc™ (2008-2011) in women with a diagnosis of SUI. The 
clinical result was an objective cure at 12 months (pad-test <1 g/h). The costs were the direct 
healthcare costs (diagnostic and surgical procedures, medical devices, medications, hospital 
stay times and staff). Later, different sensitivity analyses were conducted.
Results: The two groups were homogenous regarding the principal base characteristics. No 
statistically significant difference in effectiveness between MiniArc™ (93.2%) and TVT-O 
(86.5%) was observed. The total annual cost per patient was less with MiniArc™ (2,059€, 95% 
CI: 1,914; 2,285; 2,543$, 95% CI: 2,364; 2,822) than with TVT-O (2,821€, 95% CI: 2,661; 
2,997; 3,484$, 95% CI: 3,287; 3,701), causing an estimated savings of 762€, 95% CI: 516; 987 
(-941$, 95% CI: -1,219; -637). The sensitivity analysis showed that the probability of associa-
tion MiniArc™ with the lowest cost was close to 100% in almost all the cases.
Conclusions: The use of MiniArc™ is associated with a 762€, 941$ per patient reduction in the 
average annual cost, compared to TVT-O, while maintaining a similar effectiveness.

KEYWORDS: Cost-effectiveness; Single-incision mini-sling; Transobturator.

ABBREVIATIONS: SIMS: Single-incision mini-sling; TVT-O: Tension-free Vaginal Tape Obtu-
rator; SUI: Stress Urinary Incontinence; ICIQ-SF: International Consultation on Incontinence 
Questionnaire-Short Form; ICER: Incremental Cost Effectiveness Ratio; 95% CI: 95% Confi-
dence Interval; SD: Standard Deviation.

INTRODUCTION

 Stress Urinary Incontinence (SUI) is the involuntary loss of urine triggered by physi-
cal activity such as coughing, laughing, etc., which coincides with an increase in abdominal 
pressure. It is most commonly caused when the urethra is hyper mobile because of problems 
with the muscles of the pelvis and hyperactivity of the detrusor. This pathology affects a sig-
nificant proportion of women, especially beginning at 30 years of age, notably deteriorating
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quality of life.1 The objective of its treatment is improving the 
patients’ quality of life. Once pharmacological treatment or mus-
cular rehabilitation of the pelvic floor is not enough, surgery is 
used.2 In 1996, Ulmstein et al3 used a tension-free suburethral 
vaginal sling (Tension-free Vaginal Tape, TVT), performing an 
intraoperative review cystoscopy to test bladder integrity. Later, 
to reduce complications associated with retropubic placement of 
the TVT, Delorme et al4 approached the technique more simply 
as it did not require the review cytoscopy, by implanting a tran-
sobturator sling (Tension-free Vaginal Tape, TVT-O). Finally, a 
third generation of slings appears, with a single incision as well 
as reduced size, called mini-slings,5,6 among which are TVT-
Secur™ and MiniArc™, which are affixed using an obturator 
needle.

 The Spanish National Health System presents a univer-
sal coverage, and it is funded from taxes and predominantly op-
erates within the public sector. Provision is free of charge-with 
the exception of the drugs prescribed. Nowadays, knowledge 
of the efficiency of new technology has become indispensable, 
for the sake of a rational allocation of health resources. For this 
reason, the objective of the present study is to estimate the incre-
mental cost effectiveness ratio of surgical treatment of patients 
with SUI using the MiniArc™ compared to TVT-O, from the 
perspective of the health system.

MATERIAL AND METHODS

Data obtained from medical records of patients who 
had undergone interventions consecutively in one hospital for 
SUI between 2005 and 2011 were analyzed retrospectively. The 
follow-up period for data collection was 12 months. All patients 
signed the corresponding informed consent form; additionally, 

prior approval from the hospital’s corresponding Research Eth-
ics Committee was obtained. The basal severity was measured 
with Sandvick’s test7 (consists of two questions, regarding fre-
quency and amount of leakage), and the International Consulta-
tion on Incontinence Questionnaire-Short Form, ICIQ-SF8 (that 
provides a measure to assess the impact of symptoms of inconti-
nence on quality of life and outcome treatment by using 4 items, 
being severe incontinence if there is an score bigger than 12).
An economic evaluation of the surgical options, MiniArc™ and 
TVT-O, was performed to estimate the incremental costs and 
benefits of surgical treatments for the patients who presented 
with stress urinary incontinence. The analysis was carried out 
in a 1 year time horizon and from the perspective of the Spanish 
National Health System. The type of analysis was cost effective-
ness; a cost minimization analysis would be carried out if there 
was not a significant statistical difference of clinical result. The 
result of the analysis is expressed as the Incremental Cost Ef-
fectiveness Ratio (ICER), calculated using:

 
 In the case of performing a cost minimization analysis, 
the final result corresponds to the difference between the costs of 
each option. 

 A mathematical model was designed to estimate the 
overall cost per patient during 12 months of follow-up. The 
model was based on the flow of follow-up processes in care of 
patients in the hospital (Figure 1)

Urology 
Consultations

Preoperative Study Admission at Health 
Center

Laboratory Tests Other Tests

Control Visits Hospital Stays Surgery (SUI)

Laboratory Tests Other Tests Complications

Figure 1: Process flow diagram carried out in surgical treatment of patients with stress urinary incontinence
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Given the health system’s perspective, only direct healthcare 
costs were included.9 The cost analysis was carried out using the 
bottom-up method. Briefly, this method identifies, quantifies and 
evaluates the individual costs of each phase of the process:

a) Preoperative, which includes everything from the visit when 
the decision to surgical intervention is made (consultations for 
clinical history and overall evaluation, diagnostic and laboratory 
tests and urodynamic evaluation);

b) Interventional, including everything from the moment of the 
intervention until patient’s discharge from the hospital (time of 
the surgical intervention and the health professionals and hospi-
tal stay);

c) Post-operative, where the events that have occurred since hos-
pital discharge after surgery up to 12 months follow-up (con-
sultations, diagnostic and laboratory tests, and management of 
complications) are analyzed. 

 The unit prices of consultations, diagnostic testing 
and laboratory tests are taken from the hospital’s analytical ac-
counting; the prices of medications used were extracted from 
the BOT Plus database from the General Council of Spanish 
Pharmacists;10 operating room times and the times of the health 
professionals were taken from the hospital registries of each pa-
tient who underwent surgery. All costs are expressed in 2013 
euros (and US dollars), updating them to that year if necessary, 
according to the general CPI of the National Statistics Institute 
of Spain.

 The total cost (Tc) is calculated using the corresponding 
cost of each phase (i):

q being the frequency of use of each resource and c the unit 
price. 
 Once the total cost was estimated, the bootstrap 
method11,12 was used to analyze the uncertainty associated with 
the obtained result of each surgical option. Briefly, bootstrap is 
a nonparametric method, which, through a resampling process 
with replacement, generates a large quantity of samples with the 
same size as the original, allowing one to estimate a probabilistic 
distribution to calculate the statistic of interest, in our case, the 
dispersion of the average cost using its confidence interval at 
95% (95% CI).

 Finally, the average cost of the difference between the 
use of TVT-O and MiniArc™ was calculated, then proceeding 
to estimate the probability that MiniArc™ was less costly than 

TVT-O, analyzing for each iteration obtained in the bootstrap:

 Clinical effectiveness was expressed using the objec-
tive cure rate at 12 months follow-up, defined as the absence of 
urine loss, manifested with a negative pad test result (urine loss 
of <1g in 1 hour).13 Additionally, the secondary complications 
of each surgical option were analyzed: intraoperative complica-
tions such as bladder perforation, early complications (in the first 
month after surgery) such as hematoma, groin pain or urethral 
obstruction, and late complications (after the first month) such 
as vaginal erosion, difficulty urinating, new urgency or urinary 
tract infection (UTI) (repeated).

 When comparing the two groups, continuous variables 
were analyzed using the Student’s t test, and categorical ones 
using Chi-square test; difference between proportions was es-
timated using Wald method. The statistical package used was 
SPSS 17.

 Different sensitivity analyses were performed, evaluat-
ing the robustness of the result through variation of the value of 
the most relevant variables. As such, the hospital stay of patients 
who received the TVT-O was reduced to bring it in line with 
the stay of MiniArc™ patients (0 days), the cost of the hospital 
stay was varied within a wide margin (±25%), attending to the 
variability existing between different centers; additionally, tak-
ing the variability of the price of the devices into account, the 
corresponding price of MiniArc™ varied some ±25%.

RESULTS

Patient Characteristics

 The information corresponding to 81 patients was col-
lected, 37 of whom had undergone surgery through the available 
technique at the time of the TVT-O (2005-2008) and the remain-
ing 44 of whom with MiniArc™, beginning when this device 
was available (2008-2011). The patients’ clinical parameters that 
were most relevant to the economic study are included in Table 
1.

MiniArc™ (SD) TVT-O (SD) p

Number of patients 44 37

Age (yr) 58.9 (11.0) 58.3 (11.3) 0.816

Body Mass Index (kg/m2) 27.9 (4.7) 31.1 (5.7) 0.009

Parity (n) 2.5 (1.2) 2.3 (1.3) 0.547

Sandvik’s test 4.32 (1.22) 4.38 (1.32) 0.833

ICIQ-SF Questionnaire 14.50 (1.77) 14.95 (1.39) 0.208

Table 1: Baseline characteristics of patients who underwent the surgical interventions

( ) ( )
1

*
n
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Clinical Results

 The principal clinical result, objective cure of the pa-
tient at 12 months, was slightly greater with MiniArc™ (41/44; 
93.2%; SD: 3.8) than with TVT-O (32/37; 86.5%; SD: 5.6), al-
though a significant statistical difference was not present (6.7%, 
95% CI: -6.6; 20.0; χ2: 0.40; p: 0.527). For that reason, the ad-
opted economic analysis was cost minimization, exclusively 
evaluating the costs associated with each surgical option, since 
there was a statistical equivalence of clinical results.

 No intraoperative complications were observed in ei-
ther of the analyzed surgical options. Only 3 cases of early com-
plications were observed (1 with MiniArc™ and 2 with TVT-O) 
without showing a statistically significant difference between 
the two techniques p: 0.553). With regard to late complica-
tions, statistically different differences in vaginal erosion (1 case 
with TVT-O) difficulty urinating (2 with MiniArc™ and 3 with 
TVT-O; p: 0.506), new urgency (6 with MiniArc™ and 10 with 
TVT-O; p: 0.131) were not observed either. The only difference 
was with repeated UTIs (1 with MiniArc™ and 13 with TVT-O; 
p<0.05)

Costs
 
 The relevant resources used in patients with one or the 
other therapeutic option, as well as the average number of units 
used are expressed in Table 2. 

The main difference is found in the intervention phase, showing 
a significant reduction in resources used during that phase with 
MiniArc™.

 To estimate the overall cost of patient care, the unit 
prices described in Table 3 were used, which multiplying the 
frequency of use of each to estimate the cost of each phase.

 
 The result of the analysis after performing the bootstrap 
indicated that the average cost associated with MiniArc™ was 
lower (2,059€; 2,543$), showing a statistically significant differ-
ence with respect to TVT-O (2,821€; 3,485$), with an average 
savings of 762 euros (941$) (t: -5.6636; p: 1.99) per patient in 
the first year of follow-up (Table 4). Additionally, a 100% prob-
ability of producing this cost savings was estimated.

 
 The results of the costs, disaggregated according to the 
previously defined phases, show that the intervention phase con-
stitutes the cost determinant in the group of patients who had 
MiniArc™ placement (Table 5).

Table 2: Healthcare resources used for patient management with each therapeutic option. (*): 
statistically significant difference

Health Resource Unit Price (€; ($))

Gynecologist visit 35.00€ ; (43.23$)

Ultrasound scan 43.00€ ; (53.11$)

Urodynamic test 201.72€ ; (249.14$)

Urine sediment 7.00€ ; (8.65$)

Rehabilitation Session 14.07€ ; (17.38$)

Theater (min) 2.50€ ; (3.09$)

Gynecologist (min) 0.81€ ; (1.00$)

Anaesthetist (min) 0.90€ ; (1.11$)

Nurse (min) 0.46€ ; (0.57$)

Nurse’s Assistant (min) 0.29€ ; (0.36$)

MiniArc™ 680.40€ ; (840.34$)

TVT-O 646.76€ ; (798.79$)

AMS Room 76.17€ ; (94.07$)

Hospital stay (days) 288.90€ ; (356.81$)

TVT-O: Tension free Vaginal Tape Obturator; MAS: Major ambulatory 
surgery

Table 3: Unit prices of the principal resources used (€; ($), 2013).

Therapeutic Alternative Cost (€;$) (95% CI) Difference (95% CI)

MiniArc™ 2,059€ (1,914; 2,285);

2,543$ (2,364; 2,822

-762€ (-987; -516);

-941$ (-1,219; -637)

TVT-O 2,821€ (2,661; 2,997);

3,484$ (3,287; 3,701)

Table 4: Results of costs obtained with MiniArc™ and TVT-O in the base case
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MMiniArc TMSD) TVT-O) p

Preoperative phase

Gynecological visit 1.00 1.14 0.129

Ultrasound scan 1.09 1.00 0.061

Urodynamic test 1.05 0.97 0.095

Urine sediment 0.98 0.58 0.013(*)

Rehabilitation 4.91 2.54 0.097

Intervention phase

Theater (min) 39.66 54.24 <0.001(*)

Gynecologist (min) 24.68 42.65 0.001(*)

Anaesthetist (min) 57.57 50.68 <0.001(*)

Nurse (min) 46.61 54.38 <0.001(*)

Hospital stay (days) 0 3.14 <0.001(*)

Post-operative phase

Gynecologist (visit) 4.09 3.84 0.046(*)

Ultrasound scan 2.18 2.41 0.345

Urodinamic test 1.02 1.08 0.535

Urine sediment 1.98 0.00 <0.001(*)

Rehabilitation 0 0.65 <0.001(*)
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 That is essentially due to the fact that the surgery is 
performed as an outpatient procedure, which is less normal in 
the case of TVT-O (mean stay: 3.14 days, range: 2-9) because of 
pain.

Sensitivity Analysis

 In the univariate sensitivity analysis, a reduction of costs 
associated with the use of MiniArc™ was maintained when the 
hospital stay was reduced by 25% (555€, 95% CI: 252; 779; 
685$, 95% CI: 311; 962) or was increased by the same propor-
tion (966€, 95% CI: 692; 1,242; 1,193$, 95% CI: 855; 1,534). 
Additionally, given that the length of the hospital stay forms a 
relevant variable in the cost, a sensitivity analysis was carried 
out, modifying the time in an interval of 2 to 0 days, estimating 
that the probability of cost savings with MiniArc™ was 100%, 

90% and 9% for an average stay of patients treated with TVT-O 
of 2, 1, and 0 days, respectively (Figure 2). On the other hand, if 
the cost of MiniArc™ were reduced by 25% the reduction of the 
overall cost would increase to 919€ (95% CI: 651; 1,163),1,134$ 
(95% CI: 804; 1,436) ; in the case of a 25% increase in the price 
of the device, there would still be a cost savings, estimated at 
575€ (95% CI:313; 832), 710$ (95% CI%: 387; 1,028). (Figure 
2)

DISCUSSION

 Based on the results found, surgical treatment with-
MiniArc™ for patients diagnosed with stress urinary inconti-
nence is associated with a comparable clinical effectiveness to 
that obtained with Tension-free Vaginal Tape Obturator (TVT-
O),without any significant difference in the occurrence of com-
plications observed, except for repeated UTIs, which were fewer 
in patients who had undergone surgery with MiniArc™. Howev-
er, the use of MiniArc™ produces a significant reduction of 762€ 
(95% CI: 516; 987), 941$ (95% CI: 637; 1,219), in the total cost.

 The equivalent effectiveness between the two surgical 
options has already been shown previously. An exploratory, ran-
domized phase 2 study14 analyzed the objective response, mea-
sured using the pad test at 12 months, and shows a slight dif-
ference in favor of MiniArc™. Later, a randomized controlled 
trial,15 which has evaluated the objective cure rate of MiniArc™ 
compared to the transobturator standard midurethral sling,  

Table 5: Average cost disaggregated by time components of the process

Figure 2: Graphic representation of the bootstrap (after 1000 iterations) to estimate the probability that the treatment with MiniArc™ would be less costly with 
respect to the different stays with TVT-O. The points above the threshold indicate a lower MiniArc™ cost; those below indicate a greater cost.
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Phase Alternative Cost (95% CI) Difference  (95% CI)

Preoperative MiniArc™ 369 (339; 399) 51 (11; 90)

TVT-O 317 (293; 344)

Intervention MiniArc™ 950 (941; 961) -984 (-988; -817)

TVT-O 1,832 (1,770; 1,934)

Post-Operative MiniArc™ 740 (591; 915) 64 (-135; 286)

TVT-O 676 (583; 820)
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Monarc™, concludes that MiniArc™ presents an objective cure 
rate that is not inferior to the other option (89% v. 91%, respec-
tively; p: 0.65) nor subjective cure (83% v. 86%, respectively; p: 
0.46) while post-operative pain is greater (p<0.01). Additionally, 
systematic reviews have been performed that confirm this fact: 
Mostafa et al16 have compared the effectiveness of the single-in-
cision minislings vs. TVT-O and similar slings, concluding that 
there is no significant difference in the objective cure rate (RR: 
0.98; 95% CI: 0.94; 1.01 at 18.6 months) although MiniArc™ 
shows a shorter recovery time to return to daily activities (5.08 
v. 7.20 days). The demonstration of equivalence in the effective-
ness results is essential for the choice of the type of economic 
analysis.17 This fact led to the decision to perform a cost mini-
mization analysis, for which the variable in the result is the dif-
ference between the total average cost of each evaluated option, 
having estimated a reduction of costs associated with the use of 
MiniArc™. 
 
 The cost determinants, which explain the result, consist 
of the shorter intervention time and the performance of the sur-
gery with MiniArc™ as an outpatient procedure. The hospital 
stay is a relevant factor in the cost difference, which is why that 
variable was analyzed in depth. On one hand, the duration ob-
tained in our study is in accordance with other practices in our 
country, as is shown in the recent study from Castroviejo-Royo 
et al,18 who indicated a stay of 3.83±2.46 days in patients treat-
ed using TVT-TOT. Girvent et al19 analyzed interventions with 
TVT-O, obtaining an average stay of 2.7 days, equal to what was 
reported by others, such as Úbeda et al20 or Álvarez Cañadas et 
al.21 A slightly shorter stay was described by Navazo et al22 (1.5 
days, range: 1-5) or Zullo et al23 (1, 1±0.3 days). However, the 
performance of the technique under anesthesia-sedation as an 
outpatient procedure has been described,24 for which there was 
no stay. Thus a great variability can be observed in our country 
regarding hospitalization time after surgical intervention. For 
these reasons, the sensitivity of the obtained result to the length 
of the hospital stay was analyzed, estimating the average cost 
associated with TVT-O according to different lengths of hospital 
stays (between 3 and 0 days), showing a higher probability of a 
lower cost with MiniArc™ in almost all analyzed cases. 

 We have not found an economic study that compares 
the cost of MiniArc™ with that of TVT-O. Nevertheless, Mon-
tesino et al25 have recently evaluated the efficiency of surgical 
treatment – with mini-slings or TVT-O, compared to no surgery 
in a sample of women with stress urinary incontinence, mixed 
urinary incontinence, and incontinence associated with prolapse. 
However, as comparison of the evaluated procedures is not the 
objective of their study, they did not disaggregate the result by 
type of procedure or incontinence. They concluded, however, 
that surgery with minis lings is an efficient option for the Na-
tional Health System. In another recent study, Boyers et al26 had 
estimated the relative efficiency of TVT-O and another single-
incision minis ling, Ajust™, showing a higher cost of TVT-O in 

comparison; the said increase in cost is still greater when the in-
vestigators carried out the study from a social perspective, based 
on a faster recovery with the single-incision minisling, a fact 
that has also been indicated for MiniArc™ in a recent systemic 
review.16

 The study carried out presents some limitations. The 
sample size is not enough to give the study a large statistical 
power. For that reason, although the average value of effective-
ness was higher with MiniArc™, it could not be demonstrated 
that there was a significant difference. Nevertheless, a nonpara-
metric bootstrap has been applied to the costs, allowing us to 
more precisely estimate the measure of interindividual disper-
sion. A second limitation is the retrospective nature of the study, 
since the TVT-O group corresponds to a historical control, 
which could reduce homogeneity between the patients accord-
ing to some variation in clinical practice. However, this fact was 
minimized, since the same group of professionals treated all the 
patients in both groups, which minimizes variability in clinical 
practice; residents were not involved. Finally, randomized as-
signment of the surgical options was not done; it was made se-
quentially in two time periods, before and after the appearance 
of MiniArc™, which could have an influence in that the samples 
were not perfectly homologous; however, the samples faithfully 
reflect common practice, which increases its external validity.

 For future investigations, it is suggested that prospec-
tive studies are designed with a large enough sample size and 
that the studied options are randomly assigned to patients. Also, 
the follow-up times should be longer to analyze the relative effi-
ciency of the two surgical options in the medium and long term.

 In conclusion, the results obtained indicate that the use 
of MiniArc™ in surgical intervention for patients with stress uri-
nary incontinence shows a comparable effectiveness as well as a 
762€, 941$ reduction of the annual cost per patient, in compari-
son with TVT-O. The results suggest that MiniArc™ isa domi-
nant alternative in comparison with TVT-O due to its lower cost 
and comparable effectiveness.
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ABSTRACT

 The idea that carcinoma and sarcoma can exist together dated to as early as 1804. 
Pictorial illustrations of this phenomenon appeared by 1882. Nowadays, with regard to the 
breast, it is reportedly rare, there being but the documentation of one or two cases. Therefore, 
i.e. a series of 12 cases is presented from one ethnic group in Nigeria. The ages ranged from 
22 to 52 years (average, 35 years). Two cases were diagnosed clinically as benign, 2 others 
as Cystosarcoma Phyllodes and the rest as carcinoma. A 2 cm wedge was submitted whereas 
the rest ranged up to 20 cm in size. The appearances were described often as huge, fleshy and 
fungating. The right: left ratio was 1.4:1. Most patients were attended to at the cosmopolitan 
Enugu Teaching Hospital, the rest being from the hinterland.
 
KEYWORDS: Breast; Carcinosarcoma; Reference Laboratory; Nigeria.

INTRODUCTION

 The concept of the co-existence of not only carcinoma but also sarcoma was known 
for many years. Thus, going by my historical collections, Abernethy,1 of the fascia eponym, 
wrote concerning “carcinomatous sarcoma.” Indeed, he noted that “the disease extends through 
the medium of the absorbing vessels.” By 1883, David Finlay2 of the Middlesex Hospital of 
London presented to the Pathological Society of that City the illustrations of the different carci-
nomatous and sarcomatous components found in the one patient’s fibroid uterus (Figures 1 and 
2). 

Figure 1: Drawings from the cited reference: a section of the growth 
under a low power. A refers to areas of rounded-cell growth. B refers 
to areas of spindle-cell growth.

Figure 2: Represents a portion where an area of spindle-shaped 
cells closely adjoins a portion of the normal structure of the fibro-
myoma.
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 Nowadays, with particular reference to the breast, con-
tributors from countries as far apart as Jamaica,3 USA4 and Is-
lamabad5 emphasized the rarity of mammary carcinosarcoma 
as contained in the literature. Therefore, the Nigerian picture 
is subjoined in terms of the epidemiologic picture based on an 
ethnic group called the Igbos or Ibos.6 The total was possible be-
cause of the establishment of a histopathology data pool as was 
proposed by a Birmingham, UK group.7

INVESTIGATION
 
 The establishment in 1970 of a Reference Pathology 
Laboratory serving the large ethnic group called the Igbo’s who 
lives mainly in the Eastern Region of Nigeria served until other 
laboratories came on stream by 2000. During this period, the 
author was the sole pathologist. This facilitated the analysis of 
surgical specimens. The only proviso was that clinical details 
must be supplied in the Standard Request Form. Incidentally, as 
many as 420 cases of teenage fibro adenomas were encountered 
during this period.8 Concerning the special tumor called carcino-
sarcoma, it was not until 1986 that the first case was recognized 
personally. It is of interest to reproduce my very report as thus: 
(Table 1)

 The microscopic appearances are odd. There are two 
components, each showing high mitotic activity. On the one 
hand, there are deeply basophilic epithelial elements which form 
recognizable acini in places and are epidermoid in one focus. On 
the other hand, there is a granulation-like component in which 
hyperchromatic bizarre cells are scattered.

DISCUSSION

 Now, these cases pertain to biopsy materials, whose 
parameters do not include surgical treatments and outcomes. 
Therefore, these aspects are outside the scope of this paper. Ac-
cordingly, epidemiologic considerations alone are deemed to be 
apposite.

 Firstly, there are the above histological descriptions 
which are typical. It is to be noted that this particular example 
displays malignancy of two different breast tissues. Such tis-
sues are regarded as being homologous. In fact, the encyclope-
dic Ackerman’s Surgical Pathology9 distinguished between the 
homologous type, which displays the malignant change of the 
component tissues, as opposed to the heterologous group which 
may show “skeletal muscle, cartilage, bone or fat.” 

 Secondly, apart from the three cited examples concern-
ing the breast from Jamaica,3 USA4 and Islamabad,5 there are 
interesting records from the UK,10 Taiwan,11 and Morocco,12 in 
respect of another female organ, i.e., the ovary.

 Thirdly, there is the debate in the UK as to “whether 
a satisfactory histopathology service can ever be delivered to 
a hospital remote from the providing pathologists and their 
laboratory.”13 Certainly, in this series, most requests were made 
in Enugu where the Pathology Laboratory is situated. However, 
requests made by surgeons practicing in Missionary Hospitals 
and Private Hospitals situated in the hinterland of this develop-
ing community were attended to. In point of fact, the statisti-
cally the usefulness of such a designated laboratory has been

Series Patient Lab No Age Description Size
(cm) 

Side  Appearance Town 

 1

 2

 3

 4

 5

 6

 7

 8

 9

10

11

12

A I

A N

I C

I F

N C

N V

O C

O N

O E

U E

O P

O C

011196

52/91

584/88

040555

06122

416/87

249/87

1607/87

9205137

001092

9301116

2224/86

36

33

22

37

49

24

41

37

52

28

25

42

Carcinoma

Fibroadenoma 

Fibrocystic 

Carcinoma

Carcinoma

Carcinoma

Carcinoma

Carcinoma

Carcinoma

Cystosarcoma

Cystosarcoma

Carcinoma

  2

  4

  4

 12

  8

 16

  9

 18

  7

 20

 11

  4

 R

 L

 R

 L

 L

 R

 R

 L

 L

 R

 R

 R

Ulcer

Lump

Huge

Lump

Lump

Lump

Fungating

Fungating

Lump

Fishy

Mass

Lump

Afikpo

Enugu

Umuahia

Enugu

Owerri

Enugu

Enugu

Enugu

Enugu

Ehime

Enugu

Enugu

Table 1: Epidemiologic data: Shows the findings concerning this unique tumour from 1986 to 2006.
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demonstrated by courtesy of a British journal14 and a Nigerian 
journal.15 Moreover, the present study provides concrete evi-
dence that surgeons trained in a cosmopolitan center can opt to 
render skilled professional services in remote hospitals.

 Finally, an interesting question arises as follows; “Of 
what use is breast cancer classification?” From the Netherlands, 
Weigelt`s group16 sought the refinement of cancer classification 
along molecular lines. As they summarized, “Taken together, our 
results represent a step forward towards a taxonomy that not only 
best reflects the biology of breast cancers, but also paves the way 
for a refinement in the prognostication of breast cancer patients 
and the identification of novel tailored therapies.” From UK and 
Australia, Reis-Filho and Lakhan,17 who classified “Carcinosar-
coma” as “Metaplastic Carcinoma,” were able to conclude with 
an eye on the future prospects thus: 

 Understanding the molecular basis of histological fea-
tures is a crucial step for unravelling the complexity and hetero-
geneity of breast cancer and for effectively tailoring the thera-
pies of breast cancer patients. Let us hope that these efforts pave 
the way for better classification systems and hence more tailored 
management of patients with cancer.
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Case Report

ABSTRACT

Background: A limb-shaking Transient Ischemic Attack (TIA) is a rare neurological symptom 
of hemodynamic origin caused by severe carotid artery disease. Physicians should be aware of 
its presence because it has a non-typical presentation and is cured by endarterectomy or stent-
ing of the stenosed carotid artery. The aim of the present study was to describe a rare case of 
limb-shaking TIA.
Description of case: A 76 year-old man with a 80% right internal carotid artery stenosis pre-
sented with numerous episodes of involuntary jerky movements of his left arm and leg, associ-
ated with episodes of brief weakness of the left leg, caused by preoperative optimization of his 
hypertension. No stroke ensued despite the daily appearance of symptoms for several months. 
Limb-shaking TIA was diagnosed and all symptoms disappeared immediately after an uncom-
plicated carotid endarterectomy was performed. 
Conclusion: The clinical presentation of this limb-shaking TIA case, the first to our knowledge 
to appear during treatment of hypertension, supports further the hemodynamic theory of limb-
shaking TIAs. 

KEYWORDS: Brain TIA; Arterial disease, carotid; Carotid endarterectomy.

INTRODUCTION

 Limb-Shaking Transient Ischemic Attack (LS-TIA) is a rare form of a TIA character-
ized by involuntary limb movements or “shaking”, caused by severe stenosis or occlusion of 
the carotid artery ipsilateral to the appropriate brain hemisphere. LS-TIAs were first described 
by C. Miller Fisher of Massachusetts General Hospital some 50 years ago.1 Contrary to the vast 
majority of TIAs, hemodynamic mechanisms are thought to be involved in the pathogenesis of 
LS-TIAs.2-4 

 Because LS-TIA may mimic focal motor seizures, clinicians should be aware of its 
existence and make the correct diagnosis.2 Timely carotid endarterectomy can not only cure 
LS-TIA, but also prevent carotid occlusion and/or stroke. Herein we present a rare case of 
LS-TIA caused by preoperative management of hypertension leading to deterioration of brain 
hypoperfusion.
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DESCRIPTION OF CASE

A 76 year-old male patient with a 80% asymptomatic 
right carotid stenosis and a negative stress echo was on the wait-
ing list for endarterectomy pending control of his otherwise poor-
ly controlled long-standing hypertension (systolic blood pres-
sure values around 170 mmHg). The initial diagnosis was made 
by Duplex ultrasound and confirmed by Computed Tomography 
(CT) angiography. The latter showed a mixed plaque (type II) at 
the right carotid bulb obstructing the lumen by 80%, according to 
the North American Symptomatic Carotid Endarterectomy Trial 
(NASCET) methodology (Figure 1a). The contralateral carotid 
had a 30% stenosis, while the aortic arch and supra-aortic arter-
ies were all patent. There was no evidence of anatomic variations 
of the circle of Willis (Figure 1b). Both vertebral arteries were 
patent with antegrade flow on Duplex. The patient was referred 
back to his primary care physician for optimization of his blood 
pressure before carotic endarterectomy was performed, while he 
was instructed to immediately report symptoms of amaurosis fu-
gax, TIA or stroke. Although such symptoms did not occur, he 
started getting involuntary jerky movements five months after 
he was originally seen. He failed to report these symptoms for 
five months up to the point he was called in order to re-examine 
his situation and schedule an endarterectomy. These movements 
affected his left arm and leg, occurred several times every day 
each one lasting for a few seconds, and were associated with 
episodes of weakness of his left leg, short in duration; a position-
ing effect was not reported. Based on the clinical characteristics 
of his symptoms and the history of severe carotid stenosis, the 
diagnosis of LS-TIA was made.

 Past medical history included hypertension, diabe-
tes mellitus, hyperlipidemia and excision of bladder papillo-
mas. Medications taken were clopidogrel 75 mg OD, losartan/
hydrochlorothiazide 50 mg/12.5 mg BID, lasipidin 4 mg BID, 
atenolol/chlorothalidone 50 mg/12.5 mg OD, glimepiride 4 mg 
OD, metformin 850 mg BID, simvastatin 40 mg OD and alfu-
zosin 10 mg OD. 
 
 Upon admission to the hospital he was normotensive 
(with the exception of one abnormal blood pressure reading), a 
right carotid bruit was noted and he had a normal neurological 
examination. CT scanning excluded brain infarction or a tumor 
and a repeat duplex scanning excluded interval carotid occlu-
sion not amenable to endarterectomy. He underwent carotid en-
darterectomy under general anesthesia with cerebral oximetry 
monitoring; hypoperfusion during carotid clamping was not de-
tected. Immediately after the operation all neurological symp-
toms resolved completely. Postoperative course was uneventful 
and he was discharged home on the second postoperative day 
on an enhanced antihypertensive regimen (losartan tb 50 mg 
OD in the afternoon); three months later he had a twenty minute 
Electroencephalogram (EEG) that was normal with no signs of 
any epileptiform activity. Our patient remains asymptomatic 16 
months postoperatively, with no evidence of restenosis on ca-
rotid Duplex and his hypertension being fully controlled.

DISCUSSION

This is the first case of a LS-TIA caused by manage-
ment of hypertension in a patient with a tight carotid stenosis, 
leading to hypoperfusion of a critical watershed brain territory, 
and to the best of our knowledge the first LS-TIA to be managed 
with endarterectomy in Greece.

Figure 1a: Sagittal MPR image of the right carotid, shows mixed atherosclerotic plaque 
(type II) at the level of carotid bulb (black arrow).

Figure 1b: VRT (Volume Rendering Technique) reconstruction of the Circle of Willis (CoW), 
shows no anatomic variations of CoW.
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 Our patient reported short in duration episodes of left 
leg weakness, in addition to the involuntary limb movements. 
Frequently other typical TIA manifestations co-exist in patients 
with LS-TIA,5 these can be missed if careful history is not taken. 
LS-TIA may mimic a focal motor seizure, and thus should be 
meticulously differentiated. Neurological deficits in TIAs are 
maximal at onset whereas symptoms in a focal seizure tend to 
evolve over seconds. The lack of a Jacksonian march,2 together 
with the sparing of the facial muscles characterizes the LS-TIA. 
The presence of other vascular paroxysmal dyskinesias, such 
as ataxia, myoclonic jerks, dystonic limb posturing and par-
kinsonism, may aid the clinical diagnosis of LS-TIA, which is 
further supported by a normal EEG, which rules out epileptic 
seizures. 

 It is interesting that despite the repetitive long-standing 
TIAs, our patient did not develop stroke, perhaps because of the 
transient hemodynamic nature of LS-TIA,2 whereas the classical 
TIAs are caused by embolism from an unstable carotid lesion, 
not present in this patient. The hemodynamic mechanism of LS-
TIAs is further supported not only by the observation that in 
our patient all symptoms started after the attempts to manage 
his poorly-controlled hypertension, but also from other reports 
where symptoms were elicited by orthostatic hypotension,6,7 
postprandial hypotension,8 hypertension control in association 
with complete carotid occlusion successfully managed with anti-
hypertensive dose reduction,9 external compression,10 or balloon 
occlusion,11 of the carotid artery. During evolvement of symp-
toms in a patient in one study, a dramatic decrease of flow ve-
locities in the left middle cerebral artery was observed on trans-
cranial Doppler, a finding that further support the hemodynamic 
theory.12

 Carotid endarterectomy led to immediate disappear-
ance of limb shaking of our patient, similarly to a previous re-
port on six patients.5 No complications occurred, including the 
hyperperfusion syndrome and hemorrhage into the revascular-
ized brain territory, which might be seen more often in patients 
with LS-TIAs because of loss of cerebrovascular vasomotor re-
activity due to the high grade carotid stenosis. Although subop-
timal hypertension control may prevent LS-TIA symptoms, on 
the other hand it may increase the frequency of the hyperperfu-
sion syndrome of the brain.13 Carotid revascularization (endar-
terectomy or stenting) is considered the treatment of choice for 
patients with LS-TIA due to severe stenosis because of better 
patient prognosis compared to medical treatment.14 Indeed our 
patient remains asymptomatic more than a year after his carotid 
endarterectomy was performed. On the other hand LS-TIA in 
patients with complete carotid artery occlusion can respond to 
blood pressure optimization.2,15 
 
 In conclusion, a rare case of LS-TIA is described. Clini-
cians should be aware of its existence to make the correct diag-
nosis, while its clinical presentation-association with attempts to 
manage hypertension-supports further the hemodynamic nature 

of this entity.
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