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Abstract: Diabet ic autonomic neuropathy (DAN) affects each tissue, organ, system and the
whole body , and present s with a diverse clinical picture. Origin ating from endocrine
factors, this neurological disease may cau se symptoms, whose differential diagno sis
needs a good knowledge of the whole internal medicine. DAN is stron gly involved
in the developm ent of diabetic foot, ulceration and amputation. The life threatening
consequences of cardi ac and patient-frustrat ing sequels of other type s of DAN is
more difficult to estimate .

In this chapter the different clinical aspects of DAN will be discussed,
accord ing to the involved system- cardiovascular, gastrointestinal , gen itourin ary,
sudomotor and pupill ary dysfunctions and the unawareness and unresponsivene ss
to hypoglycaem ia. The diagnostic tests for DAN are more complicated and time
consum ing, compared with the somatic tool s. There is a need for simple devices
and methods for evaluat ion ofautonomic functions in the everyday clinic al practice.
Tight glycaem ic control is the cornerston e of the prevention, progression and
retardation of DAN . An effective broad-spectrum patho genetic treatm ent of neural
deterioration remains to be establi shed. In most cases symptomatic drug s are the
treatment of choice.

INTRODUCTION

Diabeti c neuropathy (ON) is related to all three regulatory systems ofthe body: (I) it
is caused by malfunctions ofthe endocrine system, (2) directly affects the nervous system,
and (3) includes elements of, also causes alterations to the immune system. Being both
a consequence of and simultaneously a cause for further dysregulation, ON affects each
tissue, organ , and systems, and the whole body presents with diverse clinical pictures.
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Diabetic neuropathy has been defined as "the presence of symptoms and/or signs
of peripheral nerve dysfunction in people with diabetes after the exclusion of other
causes".' DAN develops in most cases simultaneously with somatic DN and is seldom
an object of investigations. It affects the whole body, but here we mostly discuss
the aspects of the symptoms in the cardiovascular, gastrointestinal, genitourinary,
sudomotor and pupillary dysfunctions and the unawareness and unresponsiveness to
hypoglycaemia. The prevalence of autonomic impairment is up to 54% in Type I and
73% in Type 2 diabetic patients.'

The pathogenetic aspects of DN have been already discussed in Chapter 14, Diabetic
Somatic Neuropathy, by Kamenov and Traykov, in this volume. Epidemiological data
concerning the prevalence ofDAN vary extremely with a range from 1.6 to 90%3depending
on the methodological aspects (studied different body systems with different diagnostic
methods and/or cut-offs) and epidemiological (different in age, type and duration ofDM
populations). Low et al reported autonomic impairment up to 54% in Type I and 73%
in Type 2 diabetic patients.'

Clinical symptoms ofDAN generally do not occur until long after the onset ofdiabetes.
Whereas symptoms suggestive ofautonomic dysfunction may common ,they may frequently
be due to other causes rather than to true autonomic neuropathy. Subclinical autonomic
dysfunction can, however, occur within a year of diagnosis in Type 2 diabetes mellitus
(T2DM) patients and within two years in Type I diabetes mellitus (TI DM) patients.v'

Multiple factors influence autonomic function-body position, emotional state ,
ingested food and medicines, as well as other factors." Several conditions have to be
taken into consideration when performing tests for DAN . Caffeine and nicotine should be
withheld for at least 3-4 hours and alcohol for 8 hours before test. Also sympathomimetic
drugs may be stopped for 24-48 hours before test and anticholinergics for 48 hours.
Standardization of test conditions is crucial in order to make them comparable,
especially during the assessment of cardiovascular reflexes. Directly before testing,
the patient should be laid down or seated for about 30 minutes in a quiet room with
neutral temperature and humidity.Y

The treatment of DAN is build according to the same principles, described for
somatic DN-elimination of risk factors, strict glycaemic control and education. Apart
from these common aspects, the therapeutic approach is specific for the particular
involved system.

CLASSIFICATION

The classification which will be used here is a modification based on the Consensus
of San Antonio Conference? and P.K. Thomas.l"!' It should be mentioned that as a rule
different forms of DN co-exist in the same patient.

Classification of Diabetic Neuropathy

Class I: Subclinical (asymptomatic)

Class II: Clinical (symptomatic)

I. Somatic (discussed in detail in Chapter 14 by Kamenov and Traykov)
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2. Autonomic
2.1. Cardiovascular

2.1.1. resting fixed tachycardia
2.1.2. orthostatic hypotension
2.1.3 . silent myocardial ischemia/infarction
2.1.4 . sudden death
2.1.5. exercise intolerance

2.2. Gastrointestinal
2.2.1. esophageal dysmotility
2.2.2 . gastroparesis
2.2.3. diarrhea
2.2.4. constipation
2.2 .5. Fecal incontinence

2.3. Genitourinary
2.3.1. erectile dysfunction
2.3.2. bladder dysfunction
2.3.3. retrograde ejaculation
2.3.4. female sexual dysfunction

2.4 . Sudomotor
2.4 .1. dry skin
2.4.2 . gustatory sweating

2.5. Hypoglycaemia unawareness and unresponsiveness
2.6. Pupillary disturbances

2.6.1. pupillomotor function impairment
2.6.2. Argyll-Robertson pupil

CARDIOVASCULAR AUTONOMIC NEUROPATHY

Cardiovascular autonomic neuropathy (CAN) is the most studied and clinically
important form of DAN. The prevalence varies from 2.5 to 50%, depending on the
diagnostic criteria used, patient's age and the duration of diabetes.P'" An analysis of
fifteen studies, using different end points , reported even a higher dispersion of the
epidemiological data-from I to 90%.5

CAN is significantly associated with overall mortality!' and includes different clinical
presentations: 14

Resting and fixed tachycardia
Silent myocardial ischemia
Painless myocardial infarction
Sudden cardiac death
Orthostatic and/or postprandial hypotension
Diabetic left ventricular dysfunction
Skin blood flow dysregulation
Intolerance to physical exercise

Cardiovascular reflex tests are the gold standard in clinical autonomic test (Table 1).
These tests have good sensitivity, specificity and reproducibility and are non-invasive,
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Table t. Cardiovascular tests in CAN15, 16

Method Parameter Normal Borderline Pathologic

I, Deep breathing Difference in heartrate(bpm) ;;,15 11-14 :dO

2. Valsalva manoevr R-R length ratio ;;,1.21 ,;;1.20

3. Heart rate response on R-R ratio 30 to 15 beat ;;,1,04 1,01-1,03 ,;;1,00
standing

4. Blood pressure response Systolic BPdrop (mmHg) ,;;10 11-29 ;;,30
on standing

5. Hand grip (dynamometer) Diastolic BPrise (mmHg) ;;;, 16 I I-IS ,;;10

safe, well-standardized, and eas ily performed.'? However, a Va lsa lva maneuver must
not be performed in patients with pro liferative reti nopathy . The most widely used
tests, assessing cardiac parasympathetic function , are based on the time -do main heart
rate (HR) response to deep breathing, a Valsalva maneuver, and postural change . Of
these tests, HR to deep breathing has the greatest specificity (-80%). Cardiovascu lar
sympathetic funct ion is assessed by measuring the BP response to orthostatic change
and a Va lsalva maneuver. The performance of these tests shou ld be standardized, and
the influence ofconfounding variables such as med ications, hydration, and antecedent
activity should be minimized. Age normative va lues sho uld be used." The combinat ion
of cardiovascular autonomic tests with sudomotor function tests may allow a more
accurate diagnosis of DAN . 18

Diagnostic criteria and staging ofCAN are sti ll be ing debated. The Toronto Diabetic
Ne uropathy Expert Group (TDNEG) suggests that the presence of one abnormal
cardiovagal test identifies possible or early CAN; at least two abnormal HR tests are
required for a defin ite or confirmed diagnosis of CAN and orthostatic hypotension
(asymptomatic or symptomatic); in addition to HR test ab normalities, identify a
condition of severe or advanced CAN . Progressive stages of CAN are associated with
an increasingly worse prognosis.

Other diagnostic methods, suggested for clinical trials and research include:'?

Frequency-domain indexes obtained by app lying spectral analysis to HR
variability ofshorter (5-7 min) and longer (24 -h) electrocardiogram recordings
provide a measure of sympathetic and parasympathetic modulation of HR. HR
spectral power in the high -frequency region is a measure of parasympathetic
mod ulation, while spectral power in the low-frequency region provides a measure
of both sympathetic and parasympathetic modulation.
W hole-body sym pat het ic activity is most accurately assessed by measurements
of plasma concentrations of noradrenalin and adrenaline.
Assessme nt of cardiac vagal baroreftex sensitivity combines information
derived from both , HR and BP, in response to pharmacological or spontaneous
BP perturbations. Cardiac sympathetic baroreflex sens itivity can be measured
wit h simultaneous recordings of musc le sympathetic nerve activity.
Sci ntigraphic studies with rad io labeled nonmeta bolized norad rena lin
a nalogues allow a direct sem i-quantitative C231-metaiodobenzy lguanidine
[MIBG] and single photon em ission computed tomography) assessment ofcard iac
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sympathetic integrity." The method is more sensitive in detecting CAN than
indirect autonomic reflex testing ,because MIBG uptake is reduced in patients with
normal autonomictests.'"?' The MIBG uptake defects are localized predominantly
in the LV posterior and inferior segments. In advanced CAN , completely absent
MIBG uptake may be observed. Another option to examine cardiac innervation
defects is the norepinephrine analogue [11C]-hydroxyephedrine (HEO) and
positron emission tomography (PET). In diabetic patients, attenuated HEO
retention is related to the severity ofCAN and is most pronounced in the inferior,
apical , and lateral segments." The myocardial retention ofHEO is remarkably
heterogenous in severe CAN , and as the extent ofdistal deficits increases, HEO
retention became paradoxically increased in the proximal myocardial segments,
which shows the highest deficits in coronary bloodflow reserve." Such a proximal
hyper innervation relative to the distal denervation could result in potentially
life-threatening myocardial electrical instability. Myocardial dysinnervation
correlates with the reduction in blood flow reserve. It has been suggested that
augmented cardiac sympathetict one and impaired myocardial perfusion may
contribute to myocardial injury in diabetes."

There is no therapy currently available forthetreatment ofCAN . Therefore, treatment
mostly focuses upon management of a number of modifiable risk factors, which can
significantly reduce the risk ofdeveloping CAN . 25 Treatment of orthostatic hypotension
includes different approaches:

Non-drug measures-rising from bed slowly at consecutive stages, beginning
with the head at 10 ern; dorsiflection ofthe feet ; application of insulin in a lying
position; compression garments; high salt and fluid diet (for adequate salt intake
the sodium-uria must be around 170 m equivalents/24 hour).
Avoiding hypotensive factors like hypotension inducing medication­
tranquilants, antidepressants, diuretics, alcohol , etc.; hot weather and baths ;
consuming large amounts offood; isometric exercises; hyperventilation ;standing
immovable upright for a long time; tension by defecation or micturition.
Pharmacological approach-several drugs have been advocated with
different success-sympathomimetics; pyridostigmine; fludrocortisone ;
erythropoietin ; somatostatin analogs; nonsteroidal anti-inflammatory drugs;
dihydroergotamine; vasopressin analogs; fluoxetine ; yohimbine; caffeine;
clonidine; metoclopram ide.

The main drugs are :"

midodrine-alpha-agonist, starting dose 5 mg, optimal 10 mg, initial effect
between 30-60 min, duration of the effect 2-4 h;
pyridostigmine-acetylcholinesterase inhibitor, starting with 30 mg BID,
optimal total daily dose 180 mg; and
fl udrocortisone-mineral ocorticoid agent, starting with o. I mg QO or BI0 ,
maximum daily dose 0.4-0 .6 mg.

Screening for CAN should be performed at the diagnosis of T20M and 5 years
after the diagnosis of Tl OM, particularly in patients at greater risk of CAN due to a
history of poor glycaemic control, cardiovascular risk factors , OPN, and macro- and
microangiopathic diabetic complications."
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GASTROINTESTINAL AUTONOMIC NEUROPATHY (GIAN)

lSI

The gastrointestinal (01) system, has tremendous importance in diabetes, being one
of the main participants in the blood glucose control. It is the only exogenous supplier of
glucose and, including the liver-the main glucose source ofthe body. Together with the
muscles (main energy expenditure) and the hormonal regulation, 01 system frames the
basic cycle ofglucose homeostasis.A complex interaction ofsympathetic, parasympathetic
and enteric nervous systems with a basic rhythm generated by the interstitial cells of
Cajal located within the smooth muscle, determine the motor, sensory, and secretory
functions of 01 system.

In last two decades a huge progress has been made in the field ofendocrine functions
ofGI system. Hormones likeglucagon like peptide I (OLP-l),glucose-dependent intestinal
polypeptide (0 IP), oxyntomodulin, peptid YY, and many others, secreted by the intestinal
L- and K- cells , through paracrine, endocrine and neural mechanisms have strong local and
central effect on appetite, GI motility and pancreatic glucose-regulating hormones. The
incretine-based therapy represents a new promising paradigm in the treatment of DM2 .
The exact regulatory interactions between the exogenous (food and intestinal flora) and
the endogenous (exocrine, endocrine, paracrine and neural functions) intestinal elements
remains to be clarified in the field of neuro-endocrine gastroenterology.

Evaluation of GI autonomic function is difficult in humans, and the diagnosis of
GIAN is often one of exclusion. The prevalence of 01 symptoms in diabetes is not well
established, but is higher, compared to general population." It should be taken into
consideration that many patients with 01 dysfunction (mostly motor) are asymptomatic.
Around 60-75% of patients, visiting diabetes clinics, report significant 0 I syrnptoms.F-"
While irreversible autonomic neuropathy has been regarded as the cause of disordered
gut motility in diabetes, recent evidence indicates a heterogeneous picture with a range
offixed pathology and reversible functional abnormalities." Acute hyperglycemia slows
gastric emptying (OE) , while insulin-induced hypoglycemia accelerates it. Any segment
of the GI tract may be affected with the most common types ofOIAN being :

esophageal enteropathy,
gastroparesis,
constipation,
diarrhea, and
fecal incontinence.

Disordered GI symptoms may be associated with GI motility, impaired oral drug
absorption, poor glycaemic control, malnutrition, abnormal postprandial regulation of
blood pressure, poor QoL , and a high rate of hospitalization. The relationships with
symptoms and CAN are relatively weak. '?

Esophageal transit is delayed in -50% of patients with long standing diabetes
and may be asymptomatic, but usually is associated with nonspecific symptoms like
regurgitation, heartburn, dysphagia and a propensity for pill-induced esophageal erosions
and strictures. One out of four diabetics has had symptomatic gastroesophageal reflux
disease, compared to one in ten controls with chronic hepatitis C.3 1

Gastroparesis is an electromechanical motility disorder, which affects -40% of
patients with longstanding diabetes. It can be acute or chronic. Symptoms are variable
and more common in patients with worse chronic glycaemic control and psychological
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disorders." Common complains are of recurrent nausea and vomiting, dyspeptic
symptoms-satiety, frequent belching and bloating. On abdominal examination, agastric
splash might be detected, but it is rare . The nausea and vomiting episodes tend to follow
a variable course and might be self-limited, recurrent, or unrelenting. In severe cases ,
the gastroparesis syndrome might lead to malnutrition or serious complications, such as
bleeding from Mallory-Weiss tears secondary to repeated bouts of retching or vomiting.
Symptoms tend to be worse during periods of diabetic decompensation and in fact the
prototypic patient with symptomatic diabetic gastroparesis has poorly controlled, long
standing, insu Iin-dependent diabetes.33 Lack ofcorrelation between gastric emptying rates
and GI symptoms has been evidenced by numerous studies." Postprandial hypotension
occurs frequently in diabetes, and its magnitude is related directly to GE rate. In patients
with gastroparesis the prevalence of disordered small and large intestinal and anorectal
motility is high .

Diarrhea may result from rapid or slow transit, which is complicated by bacterial
overgrowth and/or disordered secretion. The diarrhea is watery, often severe, 15-20
defecations per day particularly at night, preceded by abdominal cramps, but commonly
also painless and may be accompanied by fecal incontinence. Symptoms are intermittent
and might last from a few hours to several weeks. During remissions, patients may shift
and complain ofconstipation, resembling the bowel movement alternance characteristic
of irritable bowel syndrome. Mild steatorrhea, although not common is compatible with
the diabetic diarrhea syndrome, whereas weight loss is unusual. Other signs ofautonomic
neuropathy may be present concomitantly. When steatorrhea is found , pancreatic
insufficiency should be excluded by performing a pancreatic function test or, if these are
not available, by a trial with oral pancreatic enzymes." The very common treatment with
metformin should also be taken into consideration in a patient with diarrhea.

Constipation is the most common lower-gastrointestinal symptom but can alternate
with episodes of diarrhea. Because of the high prevalence of constipation in the general
population it is difficult to determine the prevalence of diabetic constipation.

Fecal incontinence is not uncommon and is related to reduced and unstable internal
anal sphincter tone and impaired rectal compliance and sensation.'? The vast majority of
patients with diabetes with fecal incontinence have normal or only moderately increased
daily stool volumes, but also exhibit multiple abnormalities of anorectal sensory and
motor functions. " Fecal incontinence might be associated with severe diabetic diarrhea
or constitute an apparently independent disorder. Diarrhea might, of course, produce
stress on the continence mechanisms that are already impaired.

A broad spectrum ofdiagnostic methods is available to investigate GIAN (Table 2) .
It should be noted , that clinical assumption for GIAN should not preclude a thorough
search for an organic process, causing the GI dysfunction.

Objective GEmeasurement is advocated forthe diagnosis ofgastroparesis. Evaluation
ofsolid emptying is probably more sensitive than that oflow-nutrient liquid or semi-solid
meals . Medications that may influence GE should ideally be withdrawn, glycaemiashould
ideally be < 10 mmol/L throughout the test and other causes of gastroparesis must be
excluded. Failureto demonstrate delayed GE does not necessarily imply that symptoms are
not due to "diabetic gastropathy," but it does help in guiding drug therapy. Scintigraphy is
still regarded as the gold standard techn ique for GE measurement.'?Standardization ofthe
meal technique has been improved by the recommendation of a low-fat, egg white meal
labeled with technetium-99 (99mTc) sulfur colloid." Breath tests using nonradioactive
I3C-acetate or -octanoic acid as a label are appealing options, at least as a screening
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tool. They are safe, easy to perform, inexpensive, and correlate well with scintigraphy.
Ultrasonography (20 and 3D) is non-invasive and 20 ultrasound has been validated for
measuring emptying of liquids and semi-solids. However, obesity and abdominal gas ,
together with the necessity for an experienced operator, have limited its wide spread
use . Surface electrogastrography, used to detect abdominal gastric slow-wave activity,
should be regarded as a research tool. A barium meal has no role in quantifying GE . In
the investigation of "diabet ic diarrhea" celiac disease, exocrine pancreatic insufficiency
and small intestinal bacterial overgrowth must be excluded. Tests ofanorectal motor and
sensory function are well developed for clinical use."

Treatment ofGIAN

Gastroparesis Diabeticorum

Dietary measures are important and include frequent meals, but in small amounts
and with fluid consistence, without much fat and poorly digestible fibers . Patients
with severe feeding problems might even require surgical implantation of a feeding
jejunostomy, sometimes complemented by a " vent ing" gastrostomy that serves to
decompress the gastric cavity on dernand.v -" The standard approach to pharmacotherapy
are the prokinetics (metoclopramide, domperidone, cisapride, cinitrapride, and others).
Although diet and prokinetics bring symptomatic relief in most patients, it should be
remembered that improvement in GE does not equate symptom relief." Erythromycin,
a motilin receptor agonist, is a highly effective prokinetic agent, particularly when
administered as IV boluses in acute flare-ups of gastroparesis. It induces a sweeping
gastric peristaltic contraction, which empties retained content into the small bowel.
Unfortunately, its mid- and long-term efficacy when given orally casts doubt. In
addition, concerns have arisen about recommending sustained antibiotic administration.
Newer motilin agonists devoid of antibiotic properties are under development. 33 Other
therapeutic options with limited evidence are clonidine, sildenafil and endoscopic
injections of botulinum toxin into pyloric muscle. Gastric pacing is a relatively new
treatment modality which holds promise. Gastric stimulation devices are surgically
implanted, first temporarily and, permanently if patients show positive responses .
Several series have been published and report substantial improvement in nausea and
vomiting in association with improved quality of life ,40,41 but this method should be
reserved for nonresponders to conservative treatment.

Diabetic Diarrhea

The somatostatin analogue octreotide inhibits peptide secretion including
serotonin, gastrin , and motilin and at the same time directly suppresses GI motility?
and improves fluid and electrolyte absorption . Octreotide reduces diabetic diarrhea
and its consequences.v-" The subcutaneous injections may be started at 50 urn cg BID
and increased to 100 ug TID as needed. If effective, to improve the compliance, the
patient can be switched to a long-acting octreotide preparation . Blood sugar must be
controlled frequently because ofthe increased hypoglycemic risk, after inhibition ofthe
release of glucagon, growth hormone, and other peptides, by octreotide. Suppression
of exocrine pancreatic function also may occur. Other drugs like loperamide, codeine,
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clonidine may be also useful. Antibiotics may be necessary for long time to prevent
or control the bacterial overgrowth.

Diabetic Constipation

Treatment of constipation in diabetics does not differ from those without diabetes.
Acarbose may be helpful.

Fecal Incontinence

Besides the optimal blood glucose control and recommendations to consume more dry
food biofeedback therapy has been shown to be successful. Surgical intervention should
be reserved for cases refractory to medical treatment or for those patients with rectocele
or obstetrical injury." The clinical outcome of surgical treatment of incontinence is far
from uniform and caution is advisable before recommending it.

Genitourinary Autonomic Neuropathy (GUAN)

Diabetic Erectile Dysfunction

Diabetic erectile dysfunction (DED) is more common in diabetic men with a
prevalence varying from 20 to > 70% depending on differences in age, diabetes type,
duration and severity, and diagnostic methods." The pathogenesis ofDED is complex
and includes atherosclerosis, neuropathy, hypogonadism and corporeal erectile tissue
alterations like endothelial dysfunction, abnormal collagen deposition and smooth muscle
degeneration." Not only the peripheral (sensory and autonomic), but also "centra l"
neuropathy may contribute to the profound sexual dysfunction that characterizes this
condition." After sexual stimulation the erectile process is initiated through neural
mechanisms on central brain level -neocortex, hippocampus, septum pelucidum, to
hypothalamus (medial preoptic area-the keycenter of the autonomic nervous system
in both sexes and paraventricular nucleus) and ventral tegmentum in the mid brain,
further descending through dorsolateral funiculus in the spinal cord, reaching finally
the corpora cavernosa. The non-adrenergic noncholinergic parasympathetic cavernosal
nerve terminals release nitric oxide (NO), which activates guanil cyclase to form
intracellular cyclic guanosine monophosphate (GMP), a potent second messenger
for smooth muscle relaxation . Cyclic GMP activates a specific protein kinase, which
phosphorylates certain proteins and ion channels, resulting in a drop ofcytosolic calcium
concentrations and relaxation of the intracavernosal smooth muscles. Blood fi lis the
cavernosal spaces through the helical arteries inducing the tumescence. Further, the
venous outflow from the penis is blocked by compression ofthe veins against the rigid
tunica albuginea and the full rigidity ofthe penis is reached. After ejaculation, during
the return to the flaccid state, cyclic GMP is hydrolyzed by phosphodiesterase Type
5 (PDE-5), intracellular Ca'" raises and the tonus of the smooth muscles increases,
leading to detumescence. Failure of each of the described stages of erection may
cause DED, which is linked more to microangiopathic complications and DN than to
macroangiopathic disturbances."
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A special problem, aggravating the OED in diabetic men is testosterone deficiency.
Earlier thought to determine only libido, nowadays to testosterone has been attributed
a main role in all erectile processes from the brain , through the spinal cord pathways
to the fine balance of both signal initiators (neural and endothelial NO synthases) and
signal terminators phosphodiesterase 5 (PDE5) oferection. Recently, a study including
2162 men over the age of 45 (mean age 60.5 years), visiting primary care centers for
different reasons showed a crude prevalence of low testosterone « I0.4 nmol /L) of
38.7%. The prevalence of hypogonadism if having hyperlipidemia was 40.4% (odds
ratio for having low testosterone 1.47) ; arterial hypertension 42.4% (1.84), diabetes
50 .0% (2.09) ; obesity 52.4% (2.38). 50 According to other sources, the prevalence of
hypogonadism in men with DM2 varies from 20 to 60% .51 ,52

The diagnosis of OED is made by questionnaires like The International Index of
Erectile Function," psychological consultation and rarely by intracavernosal injections of
vasodilating agents Iike PgE I, followed by Doppler ultrasonography. More soph isticated
methods for investigations like analysis ofnocturnal penile tumescence, arteriography,
etc. are rarely used .

After the introduction of the first PDE5 inhibitor-sildenafil on the market in
1998 a new era in the treatment of OED began. The three currently available PDE-5
inhibitors sildenafil, vardenafil and tadalafil represent the first-line therapy of OED .
The interventional studies of patients with OED indicate poorer results , compared to
nondiabetic erectile dysfunction (ED),54ordering OED to the "difficult to treat" groups
of ED. Usually the highest doses ofthe drugs are required . Studies comparing different
PDE-5 inhibitors head-to-head indiabetes are scarce.55Recently, the first study comparing
the first intake ofvardenafil and tadalafil in men with ON and OED was published."
Intracavernosal injections with PgE I, phentolamine and papaverine, are second-line
therapy, together with vacuum erection devices and intra-urethral application ofPgE I.
As third line options penile prostheses are implemented and occasionally vascular
surgery after traumatic injuries in younger men .

Retrograde Ejaculation

Retrograde ejaculation (RE) may be caused by anatom ic (congen ital and acquired),
neurologic (including OM) pharmacologic factors , or may be idiopathic. In a man
with absentor low-volume ejaculate, the diagnosis is made by demonstration of
sperm in an analys is of a post-ejaculatory urine sarnple .>? performed by centrifuging
the specimen for 10 minutes at 300 g or more. In patients with absent ejaculation,
the finding of greater than 10 sperm per high power field in a post-ejaculation urine
specimen confirms the presence of RE. In patients with low-volume ejaculate,
the finding of more sperm in the urine, than in the antegrade ejaculate indicates a
significant component of RE.58

The conservative treatment of RE includes adrenergic agents such as ephedrine
(30-60 mg), pseudoephedrine (60-120 mg), or tricyclic antidepressant with
anticholinergic effects such as desipramine (50 mg), taken one to two hours before
sexual activity, or imipramine (25-75 mg three times a day).57,59The success rate
reported by different authors varied between 20 and 67%.60 Surgical treatment for
RE is not commonly used, due to the success achieved with seminal fluid harvesting,
sperm processing and assisted reproductive technology.sl-" A few specific surgical
techniques for treatment of RE have been reported.v-v'
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Female Sexual Dysfunction
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Female sexual dysfunctions (FSD) is at least as common in the general population
as ED is. The effects of diabetes on women's sexual functioning are poorly understood
and probably multifactorial ." There are several reasons for this information gap :

I . Most of the epidemiological research in sexual medicine is men-oriented,
especi ally after identifying ofED as a predictor for cardiovascular and metabolic
diseases and the introduction of PDE-5 inhibitors as very effective treatment.

2. There is much less therapeutic progress in FSD.
3. FSD is rarely an issue of discuss ion when medical history is evaluated. Men

with diagnosed diabetes are more than twice as likely (46.8%) as women with
diagnosed diabetes (18 .8%) to discuss sex with a physician ."

FSD includes four main aspects:

I . Persistent or recurrent disorders of sexual interest/desire (hypoactive sexual
desire disorder-HSDD),

2. Disorders of subjective (central) and genital (peripheral) arousal,
3. Orgasm disorder,
4. Sexual pain (dyspareunia and vaginismus) and difficulty with attempted or

completed intercourse.

FSD is more common in T 10M compared to T2DM.67,68 Ofthe sexually active women
with TI OM in the EDIC study , 35% met criteria for FSD. 69 Women with FSD reported
loss oflibido (57%) ; problems with orgasm (51%), lubrication (47%), and arousal (38%);
and pain (21%). Univariate analyses revealed a positive association between FSD and
age , marital status, menopausal status , microvasculopathy, and depression. However, in a
multivariate analysis, only depres sion and marital status were significant predictors ofFSD.

Problems affecting sexuality in women with diabetes are fatigue, changes in
perimenstrual blood glucose control, vaginitis, decreased sexual desire, decreased vaginal
lubrication and an increased time to reach orgasm. Even minor episodes of depression,
which is twice more frequent than in men can result in a loss of libido. To which degree
these symptoms are related to autonomic neuropathy has also been examined in a few
studies, the results of which are at variance.v"

The examination for a women with diab etes with sexual dysfunction should include
the duration of symptoms, psychological state , concommitant, medications, presence of
vaginitis, cystitis and other infections, frequen cy of intercourse, blood pressure, 8MI,
retinal status, pelvic examination, presence of discharge, and glycemic control ." A
teamwork is recommended when diagnosing FSD. Optimal referral includes gynecologist
to exclude organic causes; andrologist, when the loss of desire appears to be secondary
to a male sexual problem; endocrinologist, when endocrine and metabolic disorders
are suspected; couple therapist, when the desire disorder reflects relational problems;
psychiatrist, if development traumas (child abuse , parental loss, etc.) or underlying
psychiatric disorders (majordepressive or generalized anxiety disorder, etc.) are suspected
or already establi shed. "

The treatment should be etiologic, according to the underlying condition. Recently
effective therapy of HSDD with 0.3 mglday testosterone patch has been reported in
surgically'P-" and in naturally menopausal women," but further studies are necessary to
properly position this hormonal treatment.Y"
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Bladder Dysfunction
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Diabetic bladder dysfunction is characterized by decreased bladder sensation,
increased bladder capacity, and impaired detrusor contractility. Bladder complications
can be due to an alteration of the detrusor smooth muscle, neuronal dysfunction and
urothelial dysfunction . Estimates ofthe prevalence of bladder dysfunction are 43 to 87%
in Type I diabetic and 25% in Type 2 diabetic patients. Diabetes duration is significantly
associated with severe incontinence. The correlation between diabetic cystopathy and
peripheral neuropathy ranges from 75 to 100%.12

Common symptoms include dysuria, frequency, urgency, nocturiaand incomplete bladder
emptying. Other symptoms include infrequent voiding, poor stream, hesitancy in initiating
micturition, recurrent cystitis and stress and urgency urinary incontinence. Since urological
conditions such as benign prostatic hypertrophy in men or gynecological disorders in women
may share the same symptoms, these causes must be excluded by appropriate testing.

Diagnosis should use a validated questionnaire for lower urinary tract symptoms.
The type of bladder dysfunction is most readily characterized with complete urodynamic
testing. Treatment includes behavioral maneuvers and medication according to the leading
symptoms and detected by urological investigations disturbances.

Sudomotor Autonomic Neuropathy

The eccrine sweat glands are innervated by the sudomotor, postganglionic,
unmyelinated cholinergic sympathetic C-fibers. Sudomotor dysfunction may result in
hypo- oranhidrosis. Particularly, dryness ofthe foot skin is a predisposing factor to fissures,
infection and ulceration. Gustatory sweating (GS) consists of localized hyperhidrosis
of the face during meals. The mechanism of GS is not proven, but is considered to be
related to sympathetic postganglionic denervation followed by aberrant re-innervation
by parasympathetic misdirected fibers.

There are several tests for evaluation of sudomotor function ." Significant work has
been done using tests like Thermoregulatory Sweat Test (TST),79modified by R. Fealey,"
Quantitative Sudomotor Axon Reflex Test (QSART),81 Skin Potential Recording" ofthe
Sympathetic skin response (SSR). Recently V.A. Low et al using TST, autonomic reflex
screen (ARS) and nerve conduction studies and electromyography in patients with distal
small-fiberneuropathy including diabetic etiology, concluded that sudomotorexam ination
is a highly sensitive detection tool in SFN. Autonomic involvement is mainly distal and
additionally may involve adrenergic and the long cardiovagal fibers ."

Although very sensitive, these tests are not appl icable for everyday outpatient practice.
Therefore simple and reliable methods for assessing sudomotor dysfunction are needed.
Neuropadhas been developed recently" as an accessible tool for determ ining the sudomotor
function (sweating) on the so les (for review see ref. 85) .lt has been shown, that the responses
with Neuropad correlate with different somatic and autonom ictests and nervefiber density.86,87
The method is reliable and simple for use88,89 with excellent reproducibility.?"

Increased sweating can , in some cases, be reduced by glycopyrrolate, trihexyphenidyl,
or propantheline, but the side effects, such as dry mouth, urinary retention, or constipation
are not rare . A new approach is the injection of botulinum toxin in the symptomatic
skin." There are no medications that stimulate sweating and care needs to be taken to
avoid overheating with physical activity or in hot weather. Other aspect of sudomotor
DAN is the heat intolerance. '
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DAN plausibly could cause or contribute to hypoglycemia unawareness, but this
relationship is complex. The counter regulatory response to hypoglycemia is triggered
mainly by specialized glucose-sensing neurons within the brain," localized to the
ventromedial hypothalamus-in particular the ventromedial and arcuate nuclei , and
brainstem.":" Deficient secretion of glucagon and catecholamines is in large part
responsible for the morbidity and mortality associated with iatrogenic hypoglycemia."
The glucagon response to hypoglycemia is attenuated after several years of OM I and
the adrenergic response becomes the critical defense mechanism against insulin induced
hypoglycemia." Several studies support that antecedent hypoglycemia is a primary cause
ofthe impaired adrenergic response to insulin-induced hypoglycemia, butthe mechanisms
whereby th is impairment occurs are not fully elucidated.v-"

Hypoglycemia-induced autonomic failure leads to a vicious cycle ofhypoglycemia
unawareness that induces a further decrease in counter regulatory hormone responses
to hypoglycemia. Thi s vicious cycle occurs commonly in individuals with diabetes who
are in strict glycemic control. The defective counter regulatory hormone responses can
be partially restored by the meticulous avoidance ofhypoglycemia in intensively treated
patients with short duration'P':"? and long duration diabetes.I' <' '" In most individuals
with hypoglycemic unawareness, raising the target may be necessary to prevent repeat
episodes.' Recent large-scale studies, The Action to Control Cardiovascular Risk in
Diabetes (ACCORD)' 06,'07and The Veteran Administration Diabetes Trial (VADT)1 08,I09
confirmed a more cautious and individualized approach when sett ing the targets for
glu cose control. Hypoglycaemic events not only decrease patient's motivation to keep
strict glycaemic control, but may be dangerous in patients with longstanding OM and
established late complications. Thus, emphasizing tight control for individuals with
autonomic dysfunction should also include increased vigilance in glycemic monitoring
(frequent checks, including during the night), usage of insulin analogs and re-education
of the patient with regard to hypoglycemia.

Pupillary Disturbances

These include the pupillomotor function impairment (e.g., decreased diameter of
dark adapted pupil) and the Argyll-Robertson pupil .'

CONCLUSION

Diabetic autonomic neuropathy is very common and affects all organs and systems
in the body. Its diverse clinical presentation resembles symptoms and signs of various
cardiovascular, gastrointestinal and genitourinary diseases. The diagnostic tests for DAN
are more complicated and time consuming, compared with the somatic tools . There is
a need for simple devices and methods for evaluation of autonomic functions in the
everyday clinical practice. Tight glycaemic control is the cornerstone of the prevention
and progression retardation ofDAN . An effective broad-spectrum pathogenetic treatment
of neural deterioration remains to be established. In most cases symptomatic drugs are
the treatment of choice.
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