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ORIGINAL ARTICLE

Seminal vesicles and diabetic neuropathy: ultrasound
evaluation in patients with couple infertility and different
levels of glycaemic control

Sandro La Vignera, Rosita A Condorelli, Enzo Vicari, Rosario D’Agata and Aldo E Calogero

The aim of this study was to evaluate the ultrasound characteristics of the seminal vesicles (SVs) of infertile patients with diabetes
mellitus (DM) and diabetic neuropathy (DN) and to investigate possible changes in ultrasound characteristics related to glycaemic
control. Toaccomplish this, 45 infertile patients with type 2 DM and symptomatic DN were selected. Twenty healthy fertile menand 20
patients with idiopathic oligoasthenoteratozoospermia without DM represented the control groups. DM patients were arbitrarily divided
into three groups according to glycaemic control level (A=glycosylated haemoglobin <7%; B=glycosylated haemoglobin between 7%
and 10%; C=glycosylated haemoglobin >10%). Patients underwent prostate-vesicular transrectal ultrasonography and sperm
analysis. The following SV ultrasound parameters were recorded: (i) body antero-posterior diameter (APD); (ii) fundus APD; (iii) parietal
thicknesses of the right and left SVs; and (iv) the number of polycyclic areas within both SVs. We then calculated the following
parameters: (i) fundus/body (F/B) ratio; (ii) difference of the parietal thickness between the right and the left SV; and (iii) pre- and
post-ejaculatory APD difference. All DM patients had a higher F/B ratio compared to controls (P<0.05). Group C had a higher F/B ratio
compared to the other DM groups (P<<0.05). All DM patients had a lower pre- and post-ejaculatory difference of the body SV APD
compared to controls (P<<0.05). Groups A and B had a similar pre- and post-ejaculatory difference of the body SV APD, whereas this

difference was lower in Group C (P<<0.05). In conclusion, infertile DM patients with DN showed peculiar SV ultrasound features
suggestive of functional atony, and low glycaemic control was associated with greater expression of these features.
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INTRODUCTION

We recently evaluated the ultrasound characteristics of the seminal
vesicles (SVs) in patients with diabetes mellitus (DM) by transrectal
prostate-vesicular ultrasonography before and 1 h after ejaculation
following 1 day of sexual abstinence. In a previous study,' infertile
patients with type 2 DM and no other known cause of sperm para-
meter abnormalities were selected and evaluated, and the results were
compared with those of healthy patients with idiopathic infertility or
infertile patients with male accessory gland infections (MAGI), a well-
studied clinical model of seminal vesicle inflammation. The following
SV ultrasound parameters were evaluated: (i) body antero-posterior
diameter (APD); (ii) fundus APD; (iii) parietal thickness of both
seminal vesicles; (iv) number of polycyclic areas within both seminal
vesicles; (v) fundus/body (F/B) ratio; (vi) difference in parietal thick-
ness between the two seminal vesicles; and (vii) pre- and post-
ejaculatory APD difference. Diabetic patients had a higher F/B ratio
compared with controls or patients with MAGI. Patients with MAGI
were the only group showing an elevated number of polycyclic areas.
Controls and patients with MAGI had a similar pre- and post-
ejaculatory difference of the body SV APD, whereas this difference

was less pronounced in patients with DM. In summary, this study
demonstrated that infertile patients with DM have peculiar SV ultra-
sound features which differ from those seen in patients with vesiculitis.
In a subsequent study,” we evaluated the SV ultrasound features
described above in patients with DM and diabetic neuropathy (DN)
and their possible changes in relation to the duration of DM. Infertile
patients with type 2 DM and symptomatic DN were divided into three
groups according to disease duration: group A: <5 years; Group B: 5—
15 years; Group C: >15 years. All diabetic patients had a higher F/B
ratio and a lower pre- and post-ejaculatory difference of the body SV
APD compared with controls. Patients with the longest disease dura-
tion (Group C) showed a higher F/B ratio and a lower pre- and post-
ejaculatory difference of the body SV APD compared with the other
diabetic groups. The latter parameter was similar in patients of the
Groups A and B. These findings suggested that infertile diabetic
patients with neuropathy have SV ultrasound features suggestive of
functional atony, and the duration of the disease is associated with
worse ultrasound findings. The unchanged SV APD after ejaculation
in patients with DM is similar to our observations in patients with
alcoholic or dysvitaminosis neuropathy.® Subsequently, we reported
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that this SV functional atony is associated with a higher leukocyte
concentration in the seminal fluid. Therefore, SV functional atony
may favour the onset of a chronic inflammatory response of the pro-
state—ampullo—vesicular tract in these young infertile patients.® In the
present study, we further investigated these findings by evaluating
whether the glycaemic control may influence the characteristics of
the ultrasound findings.

MATERIALS AND METHODS
A total of 45 infertile patients with DM and DN were selected for this
study and divided into three groups:

e Group A comprised 15 diabetic patients with serum levels of gly-
cosylated haemoglobin <7%. The mean age of this group was
44.0%3.0 years (range: 36—48 years).

e Group B was composed of 15 diabetic patients with serum levels of
glycosylated haemoglobin between 7% and 10%. The mean age of
Group B was 42.0+2.5 years (range: 35—46 years).

e Group C included 15 diabetic patients with serum levels of glyco-
sylated haemoglobin >10%. These patients had a mean age of
41.0%2.0 years (range: 32—48 years).

Diabetic patients had a mean body mass index (BMI) of 27+2 kg m™>

(range: 25-30 kg m™2). All patients examined had symptomatic neuro-
pathy, stage 2 according to the Dyck’s classification.*” Stage 2 of this
four-stage classification is diagnosed when at least two of the following
abnormalities are present: moderate alterations detected at the physical
exam, and/or electrophysiological, cardiovascular and/or autonomic
tests.

The following two groups of patients were retrospectively selected
and included in the study as diseased and true controls:

e Patients with oligoasthenoteratozoospermia (OAT): 20 patients
with idiopathic OAT and without DM. They had a mean age of
42.0*£0.4 years (range: 34—47 years) and a mean BMI of
27.0%0.5 kg m ™~ ? (range: 22-30 kg m ™~ %);

e Fertile control group data analysis: 20 healthy fertile men. They had
amean age of 40.0£1.2 years (range: 30-50 years) and a mean BMI
of 28.0+1.5 kg m ™~ ? (range: 24-30 kg m ™).

Each patient enrolled in the study underwent to an accurate andro-
logical diagnostic work-up including physical examination, sperm
analysis (WHO, 1999°) and ultrasound scans. Healthy fertile men
who underwent transrectal ultrasound evaluation were selected from
patients coming to our centre for chronic pelvic pain without dia-
gnostic evidence of MAGI.

Table 1 Serum hormone concentrations of patients and controls
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Exclusion criteria are as follows: (i) ultrasound signs of proximal
(epididymal) and/or distal (ampullo—prostato—vesicular) obstruction;
(i) ultrasound and/or microbiological signs of male accessory gland
infections; (iii) hormonal disorders including hypogonadism (total
testosterone <3 ngml ™' or 10.4 nmol1~"),” hyperprolactinemia (pro-
lactin >25 ng ml~")® and hypothyroidism (TSH >4.5 pU ml™").”
Endocrine factors can affect ejaculatory time and function,'® and we
therefore arbitrarily chose to exclude these patients to minimize fac-
tors promoting stasis in the seminal vesicles. Table 1 shows the serum
hormone concentrations of these patients.

In addition, we excluded subjects from the study meeting any of the
following criteria: cigarette smoking, alcohol consumption, occu-
pational chemical exposure, fever or drug use within 3 months prior
to enrolment in this study, azoospermia, testicular volume <15 ml
(testicular volume significantly correlates with testicular function; in
particular, sperm parameters are subnormal in patients with a total
testicular volume (right plus left testicular volume) below 30 ml as
analysed by orchidometry)'' and past or present cryptorchidism or
varicocele.

Female partners

Gynaecological evaluation had previously excluded patients with
female partners showing ovulatory dysfunction, tubal obstruction,
urogenital infections and endometriosis. In addition, subjects’ part-
ners showed normal ultrasound findings of the uterus and ovaries and
normal ovarian reserve.

Measurement of glycosylated haemoglobin

Levels of HbAlc were determined by high-pressure liquid chromato-
graphy. HPLC equipment (Variant II model), as well as calibration
and control standards, was from Bio-Rad (Hercules, CA, USA).
Reference ranges were 3.7%—-6.2%.

Measurement of serum hormone concentrations

The hormone assays were performed by electrochemiluminescence
with a Hitachi-Roche device (Cobas 6000; Roche Diagnostics,
Indianapolis, IN, USA). The reference intervals were as follows:
TSH=0.3-42 mUI ml~', LH=1.6-9.0 mUI ml~', FSH=2.0—
12.0 mUI ml™}, 17B-estradiol=8.0-43.0 pg ml ™Y, total testoster-
one=2.8-8.0 ng ml~ ', prolactin=4.0-15.0 ng ml~*, thyroglobulin
antibody <100.0 mUI ml™" and thyroid peroxidase antibody=0.0—
34,0 mUI ml ™",

Ultrasound evaluation
All patients underwent prostate-vesicular transrectal ultrasonography
before and 1 h after ejaculation following 1 day of sexual abstinence

Groups TSH FSH LH Testosterone 17p-estradiol  Prolactin AbTg AbTPO
(mUI'mi~1) (mUI'mi~1) (mUI'mi~1) (ngmi~1) (pgmi~1) (ngmi~1) (Urmi~1) (Ulmi~1)

A: Patients with DM 1.4+2.0 4.2+50 3.2+3.0 5.6+3.0 13.0£10.0 6.0+4.0 33.0+20.0 12.0+8.0
(HbAlc <7%)

B: Patients with DM 1.8+3.0 4.8+4.0 3.6+2.0 5.3+4.0 18.0+ 7.0 8.0+6.0 44.0+18.0 18.0+8.0
(HbAlc 7%-10%)

C: Patients with DM 1.2+2.0 3.9+3.0 2.9+4.0 5.4%3.0 11.0+10.0 4.0+5.0 23.0£10.0 15.0+4.0
(HbAlc >10%)

OAT control group 1.9+35 4.0+2.0 3.0+3.0 5.8+6.0 12.0+6.0 6.0+3.0 44.0+12.0 18.0+6.0

Fertile control group 1.5+3.0 4.3+6.0 26+2.0 5.4+5.0 14.0+5.0 9.0+2.0 33.0+10.0 15.0%6.0

Abbreviations: AbTg, thyreoglobulin antibodies; AbTPO, thyreoperoxidase antibodies; DM, diabetes mellitus; FSH, follicle-stimulating hormone; HbAlc, glycosylated
haemoglobin; LH, luteinzing hormone; OAT, oligoasthenoteratozoospermia; TSH, thyroid-stimulating hormone.
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using a transrectal 7.5 MHz biplan biconvex transducer (Esaote GPX
Megas, Genova, Italy). We arbitrarily chose to examine patients after
only 1 day of sexual abstinence to minimize factors that promote stasis
in the SV.

The following SV ultrasound parameters were recorded for each
patient by the same blind operator (SLV): (i) body APD; (ii) fundus
APD; (iii) parietal thicknesses of the right and left SVs; and (iv) num-
bers of polycyclic areas within both SVs. These findings were used to
calculate the following parameters: (i) F/B ratio; (ii) difference in
parietal thickness between the right and the left SV; and (iii) pre-
and post-ejaculatory APD difference. The measurements were
repeated once and the results were expressed as the mean in the final
report. For a measurement below 1 mm, the calculations were per-
formed on ultrasound paper with a millimetric measurement system.

The protocol was approved by the Institutional Review Board, and
informed written consent was obtained from each patient and control
subject.

Statistical analysis

Results are reported as mean*s.e.m. throughout the study. The data
were analysed by one-way analysis of variance (ANOVA) followed by
the Duncan’s multiple range test and a unpaired -test for direct com-
parisons between two groups. Statistical analysis was performed using
SPSS 9.0 for Windows (SPSS Inc., Chicago, IL, USA). A P value less
than 0.05 was accepted as statistically significant.

RESULTS

There were no statistically significant differences among patients with
DM with regard to age and BMI (low dispersion, more than 50% of
patients were between the first and third quartiles).

Among the different groups we considered, ANOVA did not reveal
any significant difference in testosterone levels (Table 1). Hence, we
did not include this covariate, which could affect SV parameters, in the
statistical analysis. In addition, there were no significant differences
among the groups as far as testicular size, prostate volume, and epi-
didymal head and tail sizes by scrotal ultrasound scan (Table 2).

All patients with DM had a significantly higher body APD, fundus
APD and F/B ratio compared with controls (P<0.05; #-test). Among
the patient groups, Group C had a significantly higher SV body and
fundus APD (P<<0.05 vs. Groups A and B; one-way ANOVA followed
by Duncan test). In addition, Group C had a significantly higher F/B
ratio compared to the other diabetic groups (P<<0.05 vs. Group A and
Group B; one-way ANOVA followed by Duncan test) (Table 3).

No significant differences were found between patients with DM
and controls in parietal thickness, difference in parietal thickness
between the right and left SV, or the number of polycyclic areas
(one-way ANOVA followed by Duncan test) (Table 3).

Patients with DM had a significantly lower (P<<0.05; t-test) pre- and
post-ejaculatory difference in body SV APD compared with controls.
Groups A (0.40*+0.06 mm) and B (0.46+0.16 mm) had a similar

pre- and post-ejaculatory difference of the body SV APD, whereas this
difference was significantly lower in Group C (0.10£0.06 mm)
(P<<0.05 vs. Groups A and B; one-way ANOVA followed by Duncan
test) (Table 3).

Semen analysis

Patients with DM had seminal leukocyte concentrations significantly
higher compared with healthy and diseased control groups (P<<0.05).
In addition, patients of Group C had a higher concentration leuko-
cytes compared with the other DM groups (P<<0.05). In addition,
Group C showed significantly lower values for all conventional sperm
parameters (concentration, progressive motility and percentage of
normal forms), compared with the other groups of patients with
DM and control groups (P<<0.05) (Table 4). Finally, ejaculate volume
did not differ significantly between patients with DM and controls or
among the groups of patients with DM.

DISCUSSION
This study confirmed that the SVs of infertile patients with type 2 DM
and DN had particular characteristics on ultrasound. In addition,
these characteristics were accentuated in patients with worse glycae-
mic control. Finally, the patients with DM also showed a lower sperm
quality compared with controls; in particular, they had higher seminal
leukocyte concentrations, but a similar ejaculate volume.
Neuropathy, a frequent complication of DM, can cause not only
sexual dysfunction but also infertility by altering SV function.'? SV
dysfunction is one of the factors thought to contribute to male infer-
tility. The following mechanisms have been proposed:

1. SV dysfunction may relay to inflammation. It is well known that
MAGTI have a negative impact on sperm parameters'> and cause a
leukocyte-related reactive oxygen species overproduction. Both
events are directly related to extension of the inflammatory pro-
cess. Indeed, prostate vesiculitis is associated with more severe
sperm production impairment and higher reactive oxygen species
production than prostatitis alone.

2. The secretory capacity of SV, evaluated by various biochemical
markers (e.g., fructose), has been used to assess their function
and/or to localize an obstruction. Recently, seminal fructose levels
have been proposed as marker of sperm motility. Indeed, studies
have shown that both corrected fructose (log (sperm concentra-
tion) multiplied by seminal fructose) and true corrected fructose
(log (motile sperm concentration) multiplied by seminal fruct-
ose) are mathematical measures correlating with sperm motility
in cases of asthenozoospermia.'*

3. Finally, a recent study'® in patients with MAGI found an asso-
ciation between hyperechoic SV, dilated ejaculatory ducts or duct
calcifications, and higher levels of seminal plasma interleukin-8, a
reliable marker of prostatic inflammatory diseases and possibly a
marker of male genital tract inflammation.

Table 2 Scrotal and prostate ultrasound parameters of patients and controls

Groups Prostate volume (cm®) Testicular volume (ml) Epididymal head size (mm)  Epididymal tail size (mm)
A: Patients with DM (HbAlc <7%) 32.0+6.0 19.0+£3.0 10.0£2.0 5.0%1.0
B: Patients with DM (HbAlc 7%-10%) 34.0+2.0 21.0+x2.0 9.0+3.0 4.0+2.0
C: Patients with DM (HbAlc >10%) 33.5+4.0 20.0£2.0 10.0=1.0 4.0x1.0
OAT control group 34.0+2.0 22.0+4.0 9.0+3.0 50=*1.0
Fertile control group 35.6+8.0 21.0£5.0 10.0+2.0 4.0+2.0

Abbreviations: DM, diabetes mellitus; HbAlc, glycosylated haemoglobin; OAT, oligoasthenoteratozoospermia.
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Table 3 Ultrasound evaluation of seminal vesicles of patients and controls

Groups Body APD Fundus APD F/B ratio Parietal thickness  Parietal differences No. of polycyclical ~ Pre- and post-ejaculatory
(mm) (mm) (mm) (mm) areas APD difference (mm)

A: Patients with DM 12.0+2.0" 40.0+10.0" 2.6+3.0" 0.82+0.30 0.82+0.20 1.0=1.0 0.40+0.06"
(HbAlc <7%)

B: Patients with DM 12.0+3.0° 40.0+8.0" 26+20 0.84+0.20 0.81+0.30 2.0%x2.0 0.46+0.16"
(HbAlc 7%-10%)

C: Patients with DM 17.0+4.077 50.0+10.0°" 3.6+2.0" 0.81+0.30 0.83+0.40 1.0=1.0 0.10+0.06""
(HbAlc >10%)

OAT control group 8.0x2.0 12.0£2.0 1.0+0.6 0.80+0.40 0.81+0.20 2.0x1.0 1.20+0.60

Fertile control group 8.0=3.0 12.0+£4.0 1.0x04 0.80+0.30 0.82+0.30 2.0=£2.0 1.28+0.80

Abbreviations: APD, antero-posterior diameter; F/B, fundus/body ratio.
* P<0.05 vs. OAT and fertile controls.

T P<0.05 vs. DM patients with HbAlc<7%, HbAlc 7%-10% and controls (OAT and fertile).

SV dysfunction is one possible cause of sexual impairment. A pre-
vious study showed that urogenital infections may affect sexual func-
tion by causing premature ejaculation and erectile dysfunction.'® In
particular, more data link prostatitis to premature ejaculation than
prostatitis to erectile disorders, and there is even more evidence which
links lower urinary tract symptoms and sexual dysfunction. However,
there is no direct evidence regarding the influence of SV dysfunction
on ejaculation and erection.'® Nevertheless, some studies have indi-
cated that prostate inflammation often involves both SV,'*'* and this
could have multiple effects on sexual function.

There are no reported histopathological characteristics of SVs in
patients with DM. The only data come from animal studies describing
a reduction in the weight of male accessory sex glands that was coun-
teracted by insulin treatment.'” Another recent study indicated that
Solanum lycocarpum St. Hill, a native shrub common in the Brazilian
savannah employed in folk medicine to manage diabetes, increased SV
weights in male rats.'® In addition, previous reports have shown sig-
nificant changes in the sympathetic innervation of the SV during
streptozotocin-induced DM, and alterations in the reuptake, release
and synthesis of the neurotransmitter noradrenaline have been impli-
cated in changes in the tissue concentration of this amine. It is possible
that the observed changes are related to the remodelling and regrowth
of sympathetic nerve endings damaged in the early stages of hypergly-
cemia. These changes may also contribute to ejaculation disorders in
patients with DM.'® Another study showed a decrease in the sensi-
tivity of the VIP receptor/effector system in SV membranes from

Table 4 Sperm analysis of patients and controls

streptozotocin-treated rats, suggesting a physiopathological role for
VIP in the seminal neuropathy observed in DM patients.”

Ultrasonographic examinations are useful for the diagnosis of dia-
betic neuropathy. A recent study evaluated the cross-sectional area
and echo intensity of the peripheral nerve at the carpal tunnel, the
median nerve proximal to the wrist and the tibial nerve at the ankle.
The data revealed a significant increase in nerve cross-sectional area
and hypoechoic area in patients with DM compared with controls.*!
Cholecystomegaly was found in patients with type 2 diabetics to be
significantly correlated with age, BMI and the severity of autonomic
neuropathy. In male type 2 DM patients, gallbladder volume corre-
lated significantly with low-density lipoprotein cholesterol levels. In
female type 2 DM patients, gallbladder volume correlated significantly
with waist/hip ratio. Gallbladder volume also showed a significant
correlation with proliferative diabetic retinopathy but not with gly-
caemic control, microalbuminuria, hypertension or the duration of
DM.** In addition, ultrasonographic measurement of gastric emp-
tying time successfully and non-invasively identifies abnormal gastric
motility in different types of disease.”® Gastroparesis is a complication
of DM and can be documented using an ultrasonographic method.
Poor glucose control and autonomic neuropathy are associated with
gastroparesis.”*

CONCLUSIONS
To our knowledge, this is the first study exploring the ultrasound
characteristics of the SV in relation to glycaemic control in infertile

Groups Sperm concentration Total sperm no. Progressive motility Morphology Leukocytes Ejaculate volume
(10°mr1) (10° ejaculated) (%) (% normal forms) (10°mr 1) (ml)

A: Patients with DM 52.0 (36.0-84.0) 131.0(90.5-186.0) 42.0(35.0-50.0) 16.0 (8.0-31.0)° 1.3(0.6-2.2* 3.2(1.2-4.9)
(HbAlc <7%)

B: Patients with DM 30.0 (22.0-72.0)°¢ 83.0(40.0-110.0)>¢  32.0 (22.0-42.0)"° 10.0 (6.0-30.0)>¢  1.5(0.7-2.4 3.1(1.1-4.8)
(HbAlc 7%-10%)

C: Patients with DM 16.0 (10.0-40.0)>°4 44.0 (21.0-66.0)>%4  20.0 (14.0-36.0)>%¢ 7.0 (2.0-18.0)*%Y 2.6 (0.9-3.6)*° 3.0(1.3-5.0)
(HbAlc >10%)

OAT control group 7.5(2.0-13.0)° 17.0 (12.0-20)° 15.8 (10.0-24.0)° 4.0 (1.0-8.0)° 08(0.1-19)  3.2(1.0-5.2)

Fertile control group 57.5 (40.0-90.0) 144.0(100.0-212.0)  48.8 (41.0-56.0) 38.0(30.0-44.0) 04(0.1-1.1)  29(1.3-5.4)

Values are medians, and the 10™"-90™ percentiles are shown in parentheses.

Abbreviations: HbAlc, glycosylated haemoglobin; OAT, oligoasthenoteratozoospermia.

@ P<0.05 vs. OAT and fertile control groups.

® P<0.05 vs. fertile control group.

¢ P<0.05 vs. patients with diabetes mellitus (HbAlc <7%).

9 P<0.05 vs. patients with diabetes mellitus (HbAlc 7%—-10%).
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patients with DM and DN and without other known causes of infer-
tility. The lack of data on SV function in patients with DM is of
particular relevance given the increasing interest of the negative
impact of DM on sperm parameters and consequently on male repro-
ductive function.” Future studies are needed to clarify the association
between these ultrasound signs and the increased seminal leukocytes
concentration in these patients.
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