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Abstract This study evaluated the influence of age and
smoking on the occurrence of vaginal erosions after trans-
vaginal mesh repair of pelvic organ prolapses.We recruited all
patients that underwent mesh correction of prolapses and
excluded those with stress urinary incontinence, ongoing
clinical infections, with a complete antibiotic course in the last
6 months, and with systemic diseases affecting tissue
oxygenation.We enrolled 325 patients. Postoperative erosions
were present in 6%. Age conferred a 1.6-fold increase in the
risk to develop erosions while smoking a threefold increase.
Patients with deep erosions had the highest values of pack
years, and 6.85 pack years conferred a risk similar to advanced
age. Age and smoking are important factors also after pelvic
organ prolapse surgery. Our data could be used to stratify
patients according to their estimated risk and to dedicate them
to specific cares for prevention.
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Introduction

Synthetic prostheses, widely accepted in general surgery,
have been successfully introduced in gynecology for the
treatment of stress urinary incontinences (SUIs) and of
pelvic floor prolapses (POPs) [1]. Although advantages of
small incisions and minimal surgical traumas immediately
rendered these techniques attractive, specific complications,
such as mesh vaginal erosions, seriously endangered the
functional outcome [2]. Several factors contribute to the
occurrence of postoperative erosions including the opera-
tive technique, implant size, and the specific properties of
the sling material (pore size, stiffness, elasticity, and basic
tissue compatibility). Even if their incidence is not related
to the way used to place the tape (suprapubic or trans-
obturator), placement of the sling in a plane too close to the
urethra, the presence of inadequate vaginal tissue coverage,
poor vaginal tissue vascularity, or bacterial infections
(secondary to a draining hematoma or seeding of the mesh)
may lead to early sling erosion/extrusion. Furthermore,
poor tissue irrigation, local ischemia, poor mesh incorpo-
ration, and early resumption of sexual activities can also
influence their occurrence [2–4].

Age and smoking are two important factors that usually
impair wound healing. Laboratory and patient studies
dating back almost a century describe an age-related decline
in the rate of repair [5], and more recent works defined age-
related alterations in the proliferative aspects of repair
involving all aspects of wound healing, such as keratino-
cyte proliferation, inflammatory cells, matrix deposition,
and neoangiogenesis [6–12]. On the contrary, the effects of
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cigarette smoking on wound healing were studied for
the first time by Mosely and Finseth in 1977 [13], estab-
lishing that recovery from injuries is usually compromised
in smokers patients [14]. Since then, many studies have
shown that cigarette smoking leads to an increased inci-
dence of postoperative wound infections, flap necroses (i.e.,
after face liftings, abdominoplasties) [15–16], wound de-
hiscences, and a general increase in overall complication
rates [17–18]. All of them confirm a role of cigarettes in
the cutaneous processes of healing, increasing the risk of
infections especially in operations that require a perfect
vascularization for healing (i.e., abdominoplasty) or that
permanently introduce foreign bodies in the organism (breast
augmentations) [18–20].

It is our working hypothesis that, as in other types of
surgery, aging and smoking can alter the tissue oxygena-
tion and influence the occurrence of vaginal erosions after
prosthesis-based repair of POP. For this reason, we con-
ducted this prospective trial to determine whether a signif-
icant relationship existed.

Materials and methods

The study received approval of the Institutional Ethics
Committee. After a careful explanation about purposes and
risks, patients were asked to participate to the study and had
an informed consent signed. We prospectively recruited
patients aged 45–75 years that underwent mesh correction
of POP. All operations were conducted in an inpatient
setting at the University “Tor Vergata” in Rome. We excluded
patients affected by SUI (for the requirement of the additional
sling), with ongoing clinical infections, that received a
complete antibiotic course in the last 6 months before
operation and with systemic diseases that adversely affect
wound healing by impairing tissue oxygenation (cardiovas-
cular diseases, hypertension, diabetes mellitus). Patients with
SUI were diagnosed preoperatively with a urodynamic
evaluation. When all conditions were satisfied and the
inclusion/exclusion criteria of the study were met, patients
were investigated about their smoke habits (specifically, the
number of cigarettes smoked/day and the overall years of
smoking), adopting a simplified version of the World Health
Organization’s MONICA Manual Smoking Questionnaire
[21]. In all patients, the smoking status was also confirmed
by direct questioning of first-degree relatives.

Preoperative care

According to standard prophylaxis measures of deep venous
thrombosis (DVT), low-molecular-weight heparin was ad-
ministered (Clexane 4,000 UI) 1 h before the operation along
with elastic stockings/mechanical calf compression until com-

plete mobilization was obtained. Infection prophylaxis was
administered with one dose of intravenous (i.v.) cefuroxime
750 mg (erythromycin—1 g i.v.—if specific allergies were
referred) 10–30 min before the operation.

Surgical techniques

Prostheses were introduced via the anterior or posterior
approach [22–24]. For anterior repair, the anterior vaginal
wall was infiltrated with a local anesthetic (0.5% ligno-
caine), and a midline incision was made 2 cm below the
external urethral meatus. The bladder was reached by blunt
dissection from the vagina and paravescical spaces individ-
uated. Two tiny skin incisions were made on the genitor-
femoralis fold, near the hymen, and two other incisions
more caudally and laterally. A tunneller, with the prosthesis
included (GyneMesh-Soft PS, 10×15 cm, Gynecare Ethicon),
was introduced in the obturator foramen and passed through
the obturator membrane and obturator internal muscle until it
reached the vagina. At this point, the prosthesis was anchored
and the arms distended. Finally, the anterior vaginal incision
was closedwith 3/0 absorbable suture. For posterior repair, the
posterior vaginal wall was infiltrated with 0.5% lignocaine. A
midline vertical posterior vaginal incision was made, the
rectus was reached by blunt dissection from the vagina, and
pararectal spaces were individuated. Two small skin incisions
for each side were made on the glutei, 3 cm posterior and
lateral to the anal verge. A tunneller was introduced, with the
prosthesis, and passed through the ischiatic fossa and exited
on the para-rectal space. The posterior colpotomy was closed
with 3/0 absorbable suture.

Postoperative care

Antibiotics were administered 12 and 48 h after the operation,
and DVT prophylaxis continued until complete mobilization.
Tramadol was usually given on patient’s request as analgesic.
Patients without complications were discharged home 3 days
after the operation. Outpatient follow-up visits were planned
at the 7th, 14th, and 30th postoperative day and after 6months.
Postoperative vaginal erosions were defined on the basis of
clinical signs (vaginal mucosa split, mesh exposure, pain,
swelling, purulent drainage) and classified as superficial or
deep [2, 25]. Superficial erosions were defined as those
inferior to 2 cm in diameter or that involving just the vaginal
mucosa with no evident signs of infection. They were
managed by resuturing the vaginal mucosa in local anesthe-
sia and, when mesh was exposed, resecting a small piece
of it. When signs of local infection were present or the
antibiogram was positive for pathogens, an oral antibiotic
course was started. Deep erosions were defined as those
greater than 2 cm in diameter, involving tissues deep below
the mucosa and with evident signs of infection. In these
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cases, patients were readmitted to the hospital, and the mesh
was removed in general anesthesia. After 8 weeks from the
removal, it was reinserted.

The aim of this study was to assess if age and cigarette
smoking influenced the incidence of vaginal erosions after
synthetic mesh correction of POP. We recorded the age,
weight, height, body mass index, number of previous vaginal
deliveries, previous hysterectomies, associated pathologies,
smoking status, number of cigarettes smoked/day, overall
years of smoke, operative time, type of repair (anterior,
posterior, both), number of catheterization days, postoperative
necessity of recatheterization, complications (vaginal or
bladder perforations, hematomas, obstructions, dyspareunia,
superficial and deep vaginal erosions), recurrences, and
reoperations. To evaluate the influence of chronic smoking
and its amount on the occurrence of vaginal erosions, we
calculated the number of pack years according to the National
Cancer Institute definition (=number of packs smoked per
day×number of years as a smoker).

A previous pilot evaluation of patients recovered in our
institution found that 45–75 years was the most frequent
class of age, and the recorded incidence of vaginal erosions
was 3% (similar to that described in literature) [1]. An age
cutoff was determined with receiver operating characteristic
(ROC) curves to find the greatest areas of sensitivity and
specificity: It corresponded to an area of 0.6 (sensitivity=
0.56; specificity=0.75). To end the study in 5 years, with-
out excessive costs and with a resulting test power of 90%
(significance level=0.05), 40 patients were needed for each
group (younger vs older age and smokers vs no smokers),
comprehensive of five patients in excess to balance an
estimated dropout of 25% during the study and/or follow-
up. The enrolment was conducted with a controlled strategy
that allowed the obtaining of initially two groups according
to the previously determined cutoff (younger patients [45–
59 years] vs older patients [60–75 years]), subsequently
classified into smokers vs nonsmokers. All patients pre-
sented in the hospital with a random access, to undergo
routine preoperative investigations and for a final revision
of surgical indications, and on that occasion were recruited.

Statistical analysis

All data analysis and calculation of sample size were
performed using the Statistical Package for the Social
Sciences Windows version 13.0 (SPSS, Chicago, IL).
Descriptive statistics for quantitative continuous variables
were the mean and standard deviation after confirmation of
normal distribution, otherwise median and range. Normality
assumptions have been demonstrated with histograms,
Kolmogorov–Smirnov, and Shapiro–Wilk testings. Descrip-
tive statistics for qualitative categorical variables was
performed with frequencies.

Comparison for groups homogeneity was performed with
the Student’s t test for continuous parametric variables, the
Mann–Whitney test for continuous nonparametric, and the
chi-squared test or Fisher’s exact test for categorical
variables (Fisher’s if counts were inferior to 5). The odds
ratio of age and smoking on the occurrence vaginal erosions
was calculated. All p values were considered significant if
inferior to 0.05.

Results

We followed the Consolidated Standards for Reporting of
Trials criteria for the development and description of this
trial [26]. The study began in January 2002 and ended in
December 2006 with the recruitment of the last patient. We
evaluated 397 patients and enrolled 343 of them. Twenty-
five patients were excluded because of age (8 for age<
45 years, 17 for age>75 years); 19 patients were excluded
because they were affected by cardiac ischemic disease (n=
6), hypertension (n=9), or diabetes mellitus (n=4); four
patients were excluded because they were affected by SUI
and six patients because had received an antibiotic course in
the previous 6 months to the operation. Eighteen patients
were lost to follow-up, and 325 remained for the analysis.

Demographics and clinical characteristics are summa-
rized in Table 1 and associated pathologies in Table 2. All
tests used for normality confirmation proved a normal
distribution for all variables exception that made for the
number of pack years, operating times, and days of
catheterization. We recorded 19 vaginal erosions (6%), 13
superficial and 6 deep. They occurred after a mean of 11±
3 days, superficial after 6±2 days and deep infections after
29±4 days. The most common organism isolated was the
Staphylococcus epidermidis. No cases of bladder perfora-
tions, hematomas, deep vein thrombosis, or pulmonary
embolism were observed. Patients were discharged home
after a median of 4.3 days (range 3–6). The mean follow up
was 22 months (range 13–48).

The z test and the chi-squared test confirmed that all
groups (smokers vs nonsmokers and younger vs older
patients) were homogeneous for variables analyzed (Table 1).
According to the age of patients, we had 6 (4%) patients with
erosions in the younger group and 13 (9%) in the older group
(chi-squared; p<0.05). Superficial erosions occurred in five
(3%) patients of the younger group and eight (5%) of the
older group (Fisher’s exact test; not significant [NS]). Deep
erosions occurred in one patient (1%) of the younger group
and in five (3%) of the older group (Fisher’s exact test; NS).
The analysis of erosions occurrence showed significant
differences for age between patients that developed them vs
those erosion-free (62±7 vs 59±7 years; t test: p<0.05).
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Thirteen vaginal erosions occurred in smokers (9.5%)
and six in nonsmokers (3.2%; chi-squared test; p<0.05).
Nine superficial erosions occurred in smokers (6.6%) and
four in nonsmokers (2.1%; chi-squared test; NS). Four deep
erosions occurred in smokers (2.9%) and two in non-
smokers (1.1%; Fisher’s exact test; NS). The analysis of
erosions occurrence in smokers showed no significant
differences between patients that developed them vs those
erosion-free for the number of pack years (13 [5–31] vs 13
[3–31]; Mann–Whitney test: NS). Those that developed
deep infections had the highest values when compared to
overall smokers, and the difference was significant (number
of pack years 25 [19–31] vs 13 [3–31]; Mann–Whitney test:
p<0.05). Such difference remained significant also when
smokers with deep erosions were compared with those with
superficial erosions (number of pack years 25 [19–31] vs
8 [5–31]; Mann–Whitney test: p<0.05).

In all patients, the analysis of age (cutoff value of
60 years) and smoke (smokers vs nonsmokers) determined
four different subgroups for the occurrence of vaginal

Table 1 Descriptive statistics

All patients (325) Younger patients (n=174) Older patients (n = 151)

Smoker Non smokers Smoker Non smokers
(n=44) (n=130) (n=93) (n=58)

Age (years) 59±7 53±3 53±3 65±3 65±3
Weight (kg) 74±9 77±8 74±8 76±10 72±8
Height (cm) 160±8 163±8 157±8 162±6 159±8
BMI (kg/m2) 29±4 29±3 30±4 29±5 29±4
Number of pack yearsa 0 (0–31) 13 (4–31) – 13 (3–31) –
Vaginal deliveries
0 17 (5%) 2 (5%) 10 (8%) 5 (5%) 0
1 114 (35%) 15 (34%) 42 (32%) 29 (31%) 28 (48%)
2 153 (47%) 21 (48%) 62 (48%) 49 (53% 21 (36%)
3 36 (11%) 6 (14%) 14 (11%) 9 (10%) 7 (12%)
4 5 (1.5%) 0 2 (2%) 1 (1%) 2 (3%)

Previous hysterectomy 88 (27%) 18 (41%) 33 (25%) 25 (27%) 12 (21%)
Operative time (min)a 88 (80–150) 87 (80–146) 89 (80–150) 88 (80–144) 89 (80–150)
Type of repair
Anterior 183 (56%) 37 (84%) 74 (57%) 35 (38%) 37 (64%)
Posterior 84 (26%) 2 (5%) 36 (28%) 41 (44%) 5 (9%)
Total 58 (18%) 5 (11%) 20 (15%) 17 (18%) 16(28%)

Catheterization daysa 1 (0–8) 0 (0–7) 1 (0–8) 1 (0–8) 0 (0–3)
Dispareunia 18 (6%) 2 (5%) 12 (9%) 3 (3%) 3 (5%)
Voiding obstructions 6 (2%) 0 3 (2%) 2 (2%) 1 (2%)
Recatheterizations 5 (2%) 0 3 (2%) 2 (2%) 0
Vaginal erosions
Superficial 13 (4%) 3 (7%) 2 (2%) 6 (6%) 2 (3%)
Deep 6 (2%) 0 1 (1%) 4 (4%) 1 (2%)
Total 19 (6%) 3 (7%) 3 (2%) 10 (11%) 3 (5%)

Vaginal perforations 4 (1.2%) 0 3 (2%) 1 (1%) 0
Recurrences 9 (3%) 2 (5%) 4 (3%) 2 (2%) 1 (2%)
Reoperations 12 (4%) 2 (5%) 3 (2%) 5 (5%) 2 (3%)

Values were expressed as mean±standard deviation and frequencies, except for the nonparametric variable (a ), described with median and range.

Table 2 Associated pathologies

Cases

Uterine fibromatosis 44 (13.5%)
Arthritis 20 (6.2%)
Irritable bowel syndrome 18 (5.5%)
Hemorrhoids 12 (3.7%)
Endometrial hyperplasia 10 (3.1%)
Uterine atony 9 (2.8%)
Ischemic cardiopathy 8 (2.5%)
Gastritis 7 (2.2%)
Unknown gastrointestinal bleeding 7 (2.2%)
Peptic ulcer 6 (1.8%)
Asthma 1 (0.3%)
Chrohn’s disease 1 (0.3%)
Food allergy 1 (0.3%)
Gastro-esophageal reflux disease 1 (0.3%)
Varicous veins 1 (0.3%)
Fibrocystic mastopathy 1 (0.3%)
Spondylitis 1 (0.3%)
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erosions and OR (Fig. 1). Smokers had an incidence of
10% (13 of 137) and nonsmokers of 3% (6 of 188),
corresponding to an OR of 3. Older patients had an
incidence of 9% (13 of 151) and younger patients of 4%
(6 of 174), with an OR of 2.5. In smokers, the incidence in
older patients was 11% (10 of 93) and in younger of 7% (3
of 44), with an OR of 1.6. In nonsmokers, the incidence in
older patients was 5% (3 of 58) and in younger 2% (3 of
130), with an OR of 2.3. In older patients, the incidence in
smokers was 11% (10 of 93) and in nonsmokers 5% (3 of
58), with an OR of 2. In younger patients, the incidence in
smokers was 7% (3 of 44) and in non smokers 2% (3 of
130), with an OR of 3.

A cutoff value of 6.85 pack years conferred a risk of
postoperative erosions similar to that added by the age
greater than 60 years (Fig. 1). Such cutoff was determined
with ROC curves (area of 0.663; sensitivity=0.53; speci-
ficity=0.70). In heavier smokers (>6.85 pack years), the
incidence in older patients was 11% (8 of 70) and in
younger 6% (2 of 33), with an OR of 2. In lighter smokers
and nonsmokers, the incidence in older patients was 6%
(5 of 81) and in younger 3% (4 of 141), with an OR of 2.

Discussion

Vaginal erosions are important complications reported in up
to 22% of cases after POP mesh repair. The exact causes are
unclear, and probably several factors contribute to the wide
range of erosion/extrusion rates, including operative tech-
nique, implant size, the specific properties of the sling
material, poor tissue irrigation, local ischemia, poor mesh
incorporation, and subclinical infection [3]. However, to

date, no author specifically investigated the influence of age
and/or smoking on the occurrence of such complications.

Laboratory and patient studies dating back almost a
century describe an age-related decline in the rate of repair
[5]. The majority of more recent studies define alterations in
the proliferative aspects of repair involving keratinocyte
proliferation [6] and changes in the function of inflammatory
cells (macrophage and T cell) with alterations in chemokine
content and phagocytic functions [7–8]. Furthermore, a
reduced extracellular matrix synthesis is present in the aged
skin [8] that derives from decreased tissue inhibitor of matrix
metalloproteinase levels and a reduced deposition of matrix
components [9–10]. Finally, angiogenesis is impaired [11]
because of a reduced sprouting of aged microvessels [12].

Smoking usually increases the risk of postoperative
complications in almost all types of surgery [27]. Different
studies on plastic surgery patients correlated its influence on
wound repair and tissue regeneration ability [19, 28–32]. In
fact, principal components of tobacco (nicotine, nitric oxide,
and carbon monoxide) influence wound healings in peripheral
tissues [33–35]; the dermis, that has the highest sympathetic
innervation, is particularly sensitive to the vasoconstrictive
effects of smoking [36–37], and the increased level of
carboxyhemoglobin and of platelet adhesiveness lead to
microtrombi formation and a reduced ability to deliver
oxygen [38–39]. Finally, increased serum levels of fibrinogen
and of hemoglobin, a decreased fibrinolytic activity, and the
direct endothelial injury [40–41] all contribute to the reduced
local circulation.

The analysis of our patients showed that postoperative
erosions were present in 6% of patients (n=19), similar to
that reported in literature [1], and that most of them (n=13;
68%) were superficial. Most erosions (13 of 19; 68%)
occurred in older patients (mean age in this group=65 years;
mean age of younger patients=53 years), and age conferred
a 1.6-fold increase in the chance of developing vaginal
erosions. For these reasons, age could be an important
factor that influences erosion occurrence, as usually
happens in other types of surgery, possibly affecting tissue
oxygenation and the organism’s ability to repair wounds.
Furthermore, most erosions (13 of 19; 68%) occurred in
smokers, and cigarette smoking conferred a threefold
increase in the chance of developing vaginal erosions. In
this case, the analysis showed that not only the smoking
status but also the amount of smoking seemed to have an
influence on the occurrence of erosions. In fact, smoker
patients that developed deep erosions had the highest values
of pack years when compared to those that experienced
superficial infections and overall smokers. In this case, few
simple questions during the process of history taking and the
simple calculation of pack years could help the caregivers to
roughly evaluate the patient’s risk to develop erosions. Finally,
6.85 pack years was the amount of smoked cigarettes that

Fig. 1 Scatter plot showing the age (younger and older patients) vs
pack years for the occurrence of vaginal erosions. Vertical continue
line: cutoff between smokers and nonsmokers. Vertical dot line: cutoff
between lighter and heavier smokers (6.85 pack years). Horizontal
line: cutoff between older and younger patients (60 years)
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conferred a risk of erosions similar to that added by 12 years
(the age difference between groups). Such data confirm that,
as in other types of surgery, smoke influences the tissue ability
to repair wounds and increase the incidence of postoperative
complications derived from an impaired microcirculation and
oxygenation.

Our study is a large and highly selected study that enrolled
patients over 5 years. However, as it began in 2002, we did not
perform a dosage of specific metabolites in the urine (i.e.,
Cotinine) or an extensive and specific preoperative pulmonary
evaluation to objectively evaluate the amount of cigarettes
smoked by patients. Fortunately, no patient reported to have
quitted smoking or smoked only sporadically, and all those
analyzed had a regular habit. However, to have a more
objective estimate, in all smokers, the amount of cigarettes
smoked per day and the number of years was confirmed by
direct questioning to first-degree relatives. Furthermore,
although the study was designed to evaluate the occurrence
of all postoperative vaginal erosions, those that would seem to
really matter are the ones requiring mesh removal. In this case,
our study is underpowered, and future larger ones are
necessary to confirm our data also in this subgroup of patients.

Conclusions

In our series, the incidence of vaginal erosions in patients
undergoing POP repair with prostheses is 6%. Age greater
than 60 years had a risk of 1.6, while smoking of 3.0. Results
of this study would suggest that patients prone to develop
erosions could be easily identified preoperatively by the class
of age and the smoking status. Our data, if confirmed by future
studies, could be used to stratify patients according to their
estimated risk and dedicate them specific cares for prevention.
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