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Couples with a spinal cord injured male partner require assisted ejaculation techniques to collect semen that can then be further
used in various assisted reproductive technology methods to achieve a pregnancy. The majority of men sustaining a spinal cord
injury regardless of the cause or the level of injury cannot ejaculate during sexual intercourse. Only a small minority can ejaculate
by masturbation. Penile vibratory stimulation and electroejaculation are the two most common methods used to retrieve sperm.
Other techniques such as prostatic massage and the adjunct application of other medications can be used, but the results are
inconsistent. Surgical sperm retrieval should be considered as a last resort if all other methods fail. Special attention must be paid
to patients with T6 and rostral levels of injury due to the risk of autonomic dysreflexia resulting from stimulation below the level
of injury. Bladder preparation should be performed before stimulation if retrograde ejaculation is anticipated. Erectile dysfunction
is ubiquitous in the spinal cord injured population but is usually easily managed and does not pose a barrier to semen retrieval in
these men. Semen analysis parameters of men with spinal cord injury are unique for this population regardless of the method of
retrieval, generally presenting as normal sperm concentration but abnormally low sperm motility and viability. When sperm retrieval
is desired in this population, emphasis should be placed on initially trying the simple methods of penile vibratory stimulation or

electroejaculation before resorting to more advanced and invasive surgical procedures.
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INTRODUCTION

Each year in the United States approximately 12 500 new spinal cord
injuries occur. Nearly 80% of these injuries occur in males with an
average age of 42 years.! Similar statistics are observed in other parts of
the world.>® Females with spinal cord injury (SCI) typically are capable
of conceiving and delivering children without any complications but
are considered high-risk pregnancies.”* Three common sequelae of SCI
prevent men from fathering their own children via sexual intercourse:
erectile dysfunction, ejaculatory dysfunction, and abnormal semen
analysis parameters.'® This review will discuss the effect of these
complications on male fertility after SCI and the available management
options to treat couples with a male partner with SCI. These discussions
will also include the most recent research efforts to increase ejaculation
success rates and improve semen quality in this population.

SEQUELAE OF SCI THAT AFFECT MALE FERTILITY

The reproductive process from erection through ejaculation is
complex. It requires a basic hormonal milieu and the integrity of
both the sympathetic and parasympathetic branches of the autonomic
nervous system (ANS). Control of the ANS is exerted via excitatory
and inhibitory pathways originating in the brain and traveling through
the spinal cord (Figure 1a). This control is most often affected by SCI,
leaving the processes of erection and ejaculation as unmodulated

reflexes. Sympathetic outflow from the T11-L2 spinal segments is
generally considered responsible for the production of psychogenic
erections, seminal emission, and closure of the bladder neck during
ejaculation. The parasympathetic output from the S2-S4 spinal
segments is responsible for the initiation of reflexogenic erections
and the pulsatile expulsion of the semen during ejaculation, as well as
the integrity of the pudendal nerve and the dorsal nerve of the penis.
In the absence of any other injuries or co-morbidities, the vascular
component of the erectile process, (nitric oxide > cGMP > cavernous
smooth muscle relaxation > increased arterial vascular engorgement of
the cavernous sinuses) is intact (Figure 1b). Likewise, spermatogenesis
seems to be little affected by SCI, judging by the normal numbers of
sperm seen in most ejaculates. In contrast, sperm motility and sperm
viability are abnormally low in most men with SCI. To what extent the
abnormal semen analysis parameters are directly related to the SCI is
a subject of active research.

Erectile dysfunction (ED)

Most spinal cord injuries leave intact the S2-S4 segments of the spinal
cord, thus making it possible for reflex erections to occur. Reflex
erection is preserved in 95% of males with upper motor neuron lesions
and 25% of those with lower motor neuron lesions."! When reflex
erections occur, they are often inconvenient and not long-lasting.
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Because the basic vascular mechanisms are usually intact, most patients
can respond to the administration of the same PDE-5 inhibitors that
are available for treating ED in the general population, i.e., sildenafil
citrate (Viagra®, Pfizer Inc., Mission, KS, USA),"? vardenafil
hydrochloride (Levitra®, Bayer HealthCare, Whippany, NJ, USA)" and
tadalafil (Cialis®, Lilly USA, LLC, Indianapolis, IN, USA)." When an
erection has been achieved through stimulation, these medications
help to maintain the erection during sexual activity. Newer PDE-5
inhibitors such as avanafil (Stendra®, Auxilium Pharmaceuticals, Inc.,
Chesterbrook, PA, USA) have not been tested in men with SCI.

If a patient is unable to obtain a reflexogenic erection, or if
PDE-5 inhibitors fail to induce a sustained erection, more invasive
methods are used. These methods include intracavernous injection of
prostaglandin E1 (alprostadil); a combination of phentolamine and
papaverine (Bimix); or combination of prostaglandin 1, phentolamine
and papaverine (Trimix).">'® The patient should be counseled with
regard to side effects, such as hematoma and priapism that may
occur with the use of intracavernous injections. Variable success
rates and variable patient satisfaction rates have been reported for
two other methods of ED management in men with SCI, which
include intraurethral application of alprostadil (MUSE),"” and vacuum
constriction devices.'s*" The last resort in the treatment of ED in men
with SCI is the surgically implanted penile prosthesis. Satisfactory
results are reported using both the inflatable three-piece device,”! as
well as the semi-rigid penile prosthesis.” Lack of penile sensation can
result in penile erosion if early signs are not observed by the patient and
for this reason, the inflatable devices are favored in the SCI population.

Ejaculatory dysfunction

Anejaculation in men with SCI

As outlined earlier, normal ejaculation requires an intact ejaculatory
reflex. This reflex is controlled by both sympathetic and somatic neural
inputs as well as sensory inputs. The dorsal nerve of the penis relays
sensory input to the S2-S4 spinal segments while the sympathetic
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Figure 1: Innervation of the penis and mechanism for erection. (a) Sympathetic
penile innervation from segments T10-L2 pass via the sympathetic chain,
inferior mesenteric and superior hypogastric plexuses to the pelvic plexus
via the hypogastric nerve. Parasympathetic penile innervation arises from
segments S2-S4 to the pelvic plexus via the pelvic nerve. The pudendal nerve
innervates the external sphincter, bulbospongiosus and ischiocavernosus
muscles and also provides sensory fibers to the dorsal nerve of the penis.
(b) Cyclic GMP (cGMP) is responsible for the vascular changes which occur
in the corpora cavernosa that result in erection. Cyclic GMP is hydrolyzed by
PDE-5 to GMP resulting in loss of penile tumescence. The process is initiated
by endogenous nitric oxide (NO) activation of guanylate cyclase which results
in increased conversion of GTP to cGMP. The inhibition of PDE-5 results in
the maintenance of high levels of cGMP.
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fibers (arising from T10-L2 through the sympathetic chain and
the hypogastric plexus) control bladder neck closure and seminal
emission. Somatic fibers from S2-54 cause rhythmic contraction of the
periurethral muscles followed by projectile ejaculation. The majority
of men with SCI cannot ejaculate with sexual intercourse and will
require medical assistance to induce an ejaculation.”~** Only 10%-15%
of them can achieve ejaculation with masturbation.”® Patients with a
level of injury at or rostral to T10 are more likely to respond to penile
vibratory stimulation (PVS) than patients with a level of injury T11
or caudal. The former group generally will have enough integrity of
sympathetic and parasympathetic components of the ejaculatory
reflex, as well as the integrity of the dorsal nerve of the penis, to be
able to respond to PVS.

Management of anejaculation in men with SCI

Methods of sperm retrieval in men with SCI

In the general population, sperm may be obtained from the ejaculate
or from reproductive tissues, such as the testis or epididymis. In the
noninjured population, the ejaculate is typically the first source of
sperm examined in the male partner of an infertile couple. Similarly,
it is recommended that the ejaculate be the first source of sperm
examined in the male partner with SCI. Owing to the condition of
anejaculation in most men with SCI, medical assistance is typically
required to induce ejaculation. The method of PVS is recommended as
the first line of treatment for obtaining the ejaculate in anejaculatory
men with SCL

Penile vibratory stimulation (PVS)

History and evolution of PVS: The first electromechanical
vibrator was patented in 1880 by an English physician and was
used for the treatment of female sexual dysfunction.” Successful
ejaculation in men with SCI by PVS was later reported.”° Various
over-the-counter (OTC) devices have been used for PVS of men
with SCI (Figure 2a). The first FDA-approved device designed
specifically for inducing ejaculation in men with SCI was introduced
in 1995. An amplitude of 2.5 mm was shown to optimize success
with this method® (Figure 2b). This PVS device has adjustable
frequency and amplitude, and is sold commercially as the FertiCare®

Figure 2: Penile vibratory stimulation (PVS) (a) various over-the-counter
devices, often called wand massagers, have been used for PVS in men with
SCI. The Personal FertiCare® (h) and the Viberect X3® (¢), are devices that
have been specifically engineered for the purpose of PVS in men with SCI.
(d) The correct placement of two FertiCare devices, which is a recommended
method when one device fails to induce ejaculation.
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personal (Multicept A/S, DK, Frederiksberg C, Denmark). Another
FDA-approved device, Viberect X3° (Reflexonic, Frederick, MD,
USA), was recently developed for assisted ejaculation in men
with SCI. This device uses two vibrating pads to stimulate the
penis (Figure 2¢).*

Patient preparation for PVS: The presence of a bulbocavernosus
response and a hip flexor response have been shown to be a good
predictors of ejaculation by PVS in men with SCI.** Testing for
these reflexes is recommended before stimulation. Patients whose
level of injury is T6 or rostral should be pretreated with nifedipine
as described below in the section on autonomic dysreflexia (AD).
We recommend that an automatic vital signs monitor be used
throughout the procedure to record heart rate and blood pressure
every minute. Alarms for systolic BP are set at 140 mm Hg and
diastolic BP at 100 mm Hg.

If retrograde ejaculation is expected, the bladder should be
prepared as described below in the section on retrograde ejaculation.

PVS technique: PVS can be performed with the patient in a
supine, reclining or sitting position either on the exam table or in
the wheelchair if the transfer is an issue. The patient may suggest
a preferred position. To perform PVS, two persons are typically
necessary with one to apply the vibrator, and one to hold a sterile
specimen cup to collect any antegrade ejaculate. The vibrator is placed
on the dorsum, frenulum or both sides of the penis, depending on
the device used, or based on previously successful placements for
that patient. Vibratory stimulation is applied for 2-3 min, and then
stopped if there is no ejaculation. The penile skin is then examined
for early detection of skin abrasions or edema, which if found, should
warrant termination of that stimulation session. Stimulation can be
repeated (stopping every 2-3 min to inspect the penile skin) until an
ejaculate is produced or for a total of 15 min. The typical response
time is 3 min or less.

Some extra-genital somatic responses may be seen in reaction
to PVS. Increased spasticity below the level of injury is commonly
observed in patients who have some spasticity of their extremities.
Due to the strong nature of these spasms, extremities should be gently
guarded to avoid injury. Patients with cervical or upper thoracic levels
of injury may experience some tightening of the abdominal and/or
intercostal muscles, giving the patient a feeling of difficulty in breathing.
As the stimulation progresses, the abdominal contractions become
more rhythmic, more frequent, and more forceful.** This pattern usually
indicates that ejaculation is imminent. A firm erection may precede
ejaculation. However, ejaculation can occur with no erection. After
ejaculation, patients may experience periods of muscular flaccidity
that can last from few minutes to hours.”

If ejaculation does not occur with one FertiCare device, two
FertiCare devices can be tried (Figure 2d). The use of two devices has
been shown to salvage up to 22% of men who failed to respond to one
device.*® Although the Viberect X3 allows for simultaneous stimulation
of the dorsum and frenulum of the penis, patient satisfaction scores
are lower for the Viberect X3 than for the FertiCare.** The procedure
of PVS may be enhanced by adjunct therapies. The following therapies,
administered simultaneously with PVS, have each been shown to
rescue failures to PVS alone: abdominal electrical stimulation;*” PDE-5

inhibitors;***° and midodrine.*-#?

Success rate of PVS: An 18-year single center experience of 500 men
with SCI reported an 86% success rate for PVS when the patient’s
level of injury was T10 or rostral, and a 15% success rate when the
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patient’s level of injury was T11 or caudal.”® Success can most likely
be attributed to an intact dorsal penile nerve (indicating an intact
ejaculatory reflex) when the injury is rostral to T10.* Similar success
rates have been reported in other studies.* Men with SCI who are
unable to respond to PVS are often referred for EEJ as an alternative
method of obtaining semen.

Electroejaculation (EEJ])

History and evolution of EEJ: Induction of ejaculation using the
method of EEJ was initially developed in the 1930s for use in animal
husbandry.* In 1948, Horne et al. reported the first series of EE]J
cases.*® His patients were 18 men in a Veterans Administration
Hospital. Of these men, 15 ejaculated with EEJ. No complications
were reported. In the 1980, Dr. Seager developed the only FDA
approved device for EEJ in humans. This device allowed for the first
time, a safe, reliable, and nearly 100% successful method for obtaining
an ejaculate in men with SCI (Figure 3).*”* This device is currently in
use worldwide (Dalzell USA Medical Systems, The Plains, VA, USA).

Patient preparation for EEJ: To perform EE]J, the patient is transferred
from his wheelchair to an exam table or hospital bed. Patients whose
level of injury is T6 or rostral should be premedicated as described
in the section on AD. The chance of retrograde ejaculation is higher
with EE]J than with PVS. Therefore, bladder preparation is performed
immediately before all EE]J procedures, as described below in the
section on retrograde ejaculation. The patient is then placed in the
lateral decubitus position with knees drawn up, giving the physician
performing the procedure access to the rectum for probe introduction.
An assistant on the other side of the patient collects the ejaculate.

EEJ procedure: A digital rectal exam is followed by a proctoscopic
examination to ensure the integrity of the anus and lower rectum
where the EE]J probe is to be placed. Next, a rectal probe is inserted
with one electrode facing the prostate anteriorly and two electrodes
facing both seminal vesicles. The probes are supplied in different sizes
ranging from 1 inch to 1 5/16 inches (2.5-3.30 cm) depending on the
size of the rectum. Rectal temperature is monitored throughout the
procedure via the built-in sensor (Figure 3).

Figure 3: Electroejaculation machine with an attached rectal probe.



Practitioners typically use one of two methods for delivering
current during the EE]J procedure. The first method is the original
method developed by Dr. Seager whereby electric current is gradually
increased in a continuous manner until antegrade ejaculation is
produced or until the procedure aborted by the physician.*** The
other method involves delivering electric current in an interrupted
fashion, whereby current is delivered for 5 s then turned off. After
arest period of 5 s, current is turned back on, and increased by 2 V
above the previous voltage. This step-wise increase in stimulation
continues until antegrade ejaculation occurs or until the procedure
is stopped by the physician. A study comparing both methods
concluded that the interrupted method resulted in a higher
proportion of sperm in the antegrade fraction than the continuous
method.” This outcome is most likely due to sphincteric (internal
and external) events during EEJ which favor the antegrade flow of
semen during the rest periods.” Regardless of the current delivery
method, the patient’s urine should be examined for evidence of
retrograde ejaculation. A bladder wash/lavage using sperm wash
medium (SWM) may also be performed, especially if the initial
bladder drainage yielded few sperm.

Most patients tolerate EEJ with little or no discomfort, and the
procedure may be performed without anesthesia in the majority
of patients. A minority of men with SCI retain pelvic sensation
after SCI.*® In these men, EE]J can cause significant discomfort or
pain, and hence, conscious sedation or general anesthesia may be
necessary.*

EEJ success rates: EE]J is successful in obtaining semen in nearly 100%
of men with SCI in whom it is performed.” In the largest study of
its kind to date, EE] was performed 953 times in 210 patients. Of
the 210 patients, 193 (91.9%) responded to EE]. Responders were
consistent over consecutive trials, for example, 897 of the 953 EE]
trials (94.1%) resulted in ejaculation. The remaining 17 patients who
did not ejaculate with EE] felt pain during the procedure and did
not elect further trials under anesthesia.”> We have observed that
patients in the acute phase of SCI, i.e., patients still in the period
of spinal shock, and others <1 year postinjury may not respond to
EEJ (unpublished data).

Autonomic dysreflexia (AD)

Before administration of any assisted ejaculation procedure, patients
should be assessed for risk of AD, which is a sympathetic reflex
response of the nervous system that lacks supra-spinal inhibition to an
irritating stimulus below the level of injury. The major manifestation
is hypertension, which occasionally may reach dangerous levels. It is
often accompanied by bradycardia (which results from an aortic arch
baroreceptor response to the elevated blood pressure) but tachycardia
may also be seen. In addition, headache, sweating, and chills are
commonly seen symptoms.

Spinal cord injuries at or rostral to T6 may disrupt the
supra-spinal inhibition of the sympathetic outflow, and men with
such injuries are susceptible to AD during any assisted ejaculation
procedure. Pretreatment with 10-20 mg nifedipine sublingually or
orally will mitigate the elevated blood pressure in most patients.
The sublingual dose can be given 10-15 min before initiating the
procedure; while the oral dose should be 30-45 min. An occasional
patient may have to be titrated up to higher levels. Each dosage
increase should be done on separate visits (i.e., not on the same
day). Vital signs must be continuously monitored throughout the
procedure.”
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Retrograde ejaculation

Lack of antegrade ejaculation after assisted ejaculation trials in men with
SCI does not necessarily mean anejaculation. Owing to the condition
of neurogenic bladder dysfunction present in many men with SCI,
retrograde ejaculation is possible during assisted ejaculation procedures.”
Therefore, it is important to prepare the bladder for retrograde ejaculation
before administering assisted ejaculation procedures. Retrograde
ejaculation is more common during EEJ than with PVS.

The management of retrograde ejaculation aims at increasing the
number of motile and viable sperm in the ejaculate by attempting to
improve the bladder environment to which the sperm are exposed,
i.e., by decreasing urinary acidity. Our protocol is to empty the bladder
by urinary catheterization, and to instill the bladder with 25-50 ml
of sperm washing medium (SWM, such as Modified Human Tubal
Fluid [HTF] with Human Serum Albumin [HSA]) immediately
before the ejaculation attempt.”® We have tried other regimens such
as administration of oral calcium carbonate in an attempt to alkalinize
the urine, sometimes accompanied with oral antibiotics to treat active
bacteria in the urine, however, we have not found these measures to
be as effective as SWM in maintaining sperm motility in retrograde
ejaculates.*

We recommend that bladder preparation for retrograde ejaculation
be performed before the first two PVS or EEJ procedures for any
patient unless the patient cannot be or refuses to be catheterized. If
no retrograde ejaculation occurs during the PVS or EE] procedures,
bladder preparation may be suspended in subsequent procedures.

Patients with a suprapubic catheter in whom a retrograde ejaculate
is expected require extra preparation steps including replacing the
catheter with a new one, lavaging the bladder with normal saline
2-3 times before instilling SWM and clamping the catheter during
the procedure. Following the procedure, the bladder is emptied by
unclamping the suprapubic catheter. The collected urine is centrifuged,
and the pellet examined for the presence of sperm. A postprocedure
lavage with sperm buffer may be performed, if needed, through the
suprapubic tube.

Prostate massage

Prostate massage has been used as an alternative method of semen
retrieval in men with SCI. Indications include patients with no access
to centers performing PVS/EE], or patients failing PVS, who do not
wish to undergo EEJ. Prostate massage is a simple procedure that may
be done in an office setting. Semen is expressed by digital pressure
on the prostate gland and seminal vesicles to push sperm out of their
storage locations.”””® Sperm retrieved using prostate massage can be
utilized in various assisted conception procedures. Pregnancy success
rates vary owing to the typically low yield of sperm obtained by this
method.”**!

Surgical sperm retrieval (SSR)

If the procedures of PVS or EE] yield no sperm in the antegrade or

retrograde ejaculate, sperm may be sought by surgically removing

tissue from reproductive structures, such as the testis or epididymis,
and examining the removed tissue for the presence of sperm. Various
techniques are used to extract sperm surgically including:

1. Open testis biopsy — Performed through a small incision in the
skin then the tunica vaginalis, posterior testicular pressure allows
the expulsion of some seminiferous tubules that are collected with
fine scissors. Collected testicular tissue is placed on a slide and
examined under the microscope for the presence of sperm®

2. Percutaneous testicular biopsy — Through a very small scrotal
skin incision, an automatic biopsy gun is used to collect the core
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of tissue that is further examined for sperm identification and/
or cryopreservation®

3. Testicular sperm aspiration (TESA) — Also known as percutaneous
testicular fine-needle aspiration. In this procedure, a 23-gauge
needle is attached to a 10 ml syringe, inserted into the testis
and suction is then applied to aspirate tissues for a total of
20-30 times®*

4. Percutaneous epididymal sperm aspiration (PESA) - Using a
smaller 21- or 22-gauge needle, tissues are aspirated from the
epididymis and examined using a bench microscope®

5. Microdissection TESE - Originally described by Schlegel and Li
in 1998, this technique employs the use of a surgical microscope
to identify visually seminiferous tubules that contain active
spermatogenesis.*’

To date, there are no reports comparing the success rates of various
SSR procedures in men with SCI. Such studies have been performed in
the general male infertility population. However, extrapolation of these
studies to the SCI population is not entirely appropriate, because most
men with SCI are neither azoospermic nor severely oligozoospermic,
i.e,, the conditions that typically indicate SSR in the general population.
We recommend that SSR be used in men with SCI only after the semen
has been examined and ruled out as a source of sperm for assisted
conception procedures.

Semen retrieval algorithm for men with SCI

Our group at the Miami Project to Cure Paralysis has developed an
algorithm for semen retrieval in men with SCI based on our long
experience in treating this population. Patients unable to ejaculate
by masturbation should be administered a trial of PVS with one
FertiCare device. If this vibrator fails, a trial should be administered
with two FertiCare devices. Patients in whom two vibrators fail may
undergo optional adjunct therapies (described in the section on
PVS technique), or may undergo optional prostatic massage, before
proceeding to EEJ. A review of our database of 500 men with SCI,
and 3152 semen retrieval procedures performed in an IRB approved
study, showed that sperm were obtained nonsurgically from 422 of
435 men with SCI (97%) who completed this algorithm (Figure 4).”
These patients had a mean age of 34.1 + 0.4 years (range, 17-63), and
a mean time after injury of 10.0 + 0.3 years. Their level of injury was
cervical in 203 men, T1-T6 in 123, T7-T12 in 150, L1 and lower in
20, and unknown in 4. The most common cause of injury was motor
vehicle accident followed by gunshot wounds, sports related injuries
and falls. Of the 500 patients in the study, 43 (9%) could ejaculate by
masturbation. These 43 patients performed a total of 134 masturbation
trials. Of the 134 trials, 130 (97%) resulted in ejaculation. PVS was
done 2065 times in 461 patients. Success rates depended on the level of
injury, as described above in the section on PVS success rates. EE] was
performed 953 times in 210 patients. Anesthesia was not administered
during the majority of procedures, and patients experienced little or no
discomfort. Only men with retained pelvic sensation (<5% of patients)
experienced pain during EE]J. Cases of failed EE] were referred to
surgical sperm retrieval.

SEMEN ABNORMALITIES IN MEN WITH SCI

Abnormal semen analysis parameters constitute the third obstacle
in achieving the goal of biological fatherhood in men with SCI.
Most have a unique semen profile characterized by normal
sperm concentration, but abnormally low sperm motility and
viability.?#*>%*-7 Numerous factors have been hypothesized to be
associated with these abnormalities, such as lifestyle changes,
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Figure 4: Recommended algorithm for sperm retrieval from men with spinal
cord injury. Adapted from Brackett et al.>

physiological changes, method of sperm retrieval, accessory gland
dysfunction, seminal plasma biochemical alterations, inflammatory,
and immunological changes.

Lifestyle changes

Many lifestyle changes occur after SCI, one of which is sitting in a
wheelchair for long periods of time. It has been hypothesized that this
condition leads to scrotal hyperthermia which subsequently leads to
abnormal semen analysis parameters. To date, no studies have reported
normalizing semen parameters by cooling the scrotum of men with
SCI. Furthermore, a study by Brackett et al. reported similar scrotal
temperature in men with SCI versus noninjured men.” In this study,
a cohort of ambulatory men with SCI were found to have similar
abnormalities in their semen analysis parameters as did men with SCI
that sat in wheelchairs.

Another lifestyle change after SCI is neurogenic voiding
dysfunction. Various methods of bladder management are necessary
for patients who may be in urinary retention and/or incontinent. It
has been hypothesized that these methods lead to abnormal semen
analysis parameters in men with SCI. Studies have shown that clean
intermittent catheterization and other cleaner bladder management
methods are associated with somewhat higher sperm motility than
management by more invasive methods, such as indwelling catheters,
but no method is associated with normal semen analysis parameters,
not even spontaneous voiding.”>”* Similarly, methods of semen retrieval
have been studied as possible causes of abnormal semen analysis
parameters in men with SCI. In a study comparing these methods,
ejaculates obtained by masturbation had higher sperm motility than
ejaculates obtained by PVS or EE]. However, semen parameters
remained abnormal in all three methods.”



Physiological changes

Cross-sectional studies and longitudinal studies have shown that semen
quality generally remains stable during the chronic phase of SCI, with
no definitive relationship to the duration of injury.**”* Studies to date
have not demonstrated any relationship between the age at injury and
semen quality, except in boys injured before puberty. These boys may
have impaired spermatogenesis as adults.”” Many studies have shown
hormonal changes after SCI; however, these hormonal changes have
not shown clear associations with abnormal semen analysis parameters
in men with SCL."

Accessory gland dysfunction

The accessory glands, i.e., the prostate and seminal vesicles, contribute
the majority of volume to seminal fluid. They share much of the same
innervation as the bladder and penis. It has been hypothesized that
SCI leads to abnormal innervation/function of these glands, and this
condition leads to abnormalities in the seminal plasma, which in turn,
contributes to low sperm motility. To investigate this hypothesis, a
study by Brackett et al. added seminal plasma from men with SCI to
healthy sperm from noninjured men. The result was an immediate and
profound decrease in sperm motility, indicating a role of the seminal
plasma in abnormal sperm motility in men with SCI.”® This role was
further indicated in a study which found higher motility in sperm
aspirated from the vas deferens of men with SCI compared to sperm
in the ejaculates of those same men.”” These studies strongly suggest
that the seminal plasma from men with SCI has a deleterious effect on
sperm. In addition, a number of studies indicate abnormal function of
the prostate and seminal vesicles after SCL.7*#

Inflammation and immunological changes

When examining the seminal plasma of men with SCI, a common
finding is leukocytospermia.®* Most of the leukocytes are activated
T-lymphocytes,” and these cells are known to secrete cytokines. Analysis
of semen in men with SCI showed elevated pro-inflammatory cytokines
including IL-1f, IL-6, and TNF-0.* Neutralization of these cytokines led
to improved sperm motility.*”* To investigate the mechanism leading
to elevated semen cytokines in men with SCI, components of the
inflammasome were examined. Two of these components, caspase-1 and
ASC, were found to be elevated in semen of men with SCI* (Figure 5).
In vitro neutralization of ASC significantly improved sperm motility in
these men.” Therapies to prevent the formation of the inflammasome
offer promise as a treatment for low sperm motility in men with SCL

MANAGEMENT OF COUPLES WITH SCI-RELATED MALE
FACTOR INFERTILITY

Advances in assisted reproductive technologies (ARTs) have made
parenthood a reachable goal for couples with SCI male partners.
Although men with SCI almost always present with male factor infertility,
there may also be a female factor present as in any couple presenting
for infertility. It is important that the female partner be evaluated by an
appropriate specialist, such as a reproductive endocrinologist, before
attempts at assisted conception. If no female factors dictate otherwise,
the choice of ART will be guided primarily by the number of motile
sperm available. The lower the total motile sperm count (TMSC) is,
the more advanced the technology will be recommended. This guiding
principle is used for couples in the general male infertility population,
and should also be used when male infertility is due to SCI.

Intravaginal insemination (“in-home insemination”)
Intravaginal insemination is the least expensive and closest to normal
conception of the currently available ART techniques. This method
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Control
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Caspase-1

Caspase-1

Figure 5: Immunocytochemistry and confocal microscopy images of sperm
cells. (a) Sperm cells from men with SCI showing ASC signals in the equatorial
segment of sperm cells from men with SCI. (b) No signal in the non-SCI
control sperm. (¢) Caspase-1 signal in the midpiece of SCI sperm. (d) No
signal in non-SCI sperm.

involves collecting semen and introducing it into the vagina. If semen
collection involves PVS, the couple should be taught how to perform
PVS, and should demonstrate their ability to safely perform PVS in the
clinic before attempting PVS at home. Before attempting intravaginal
insemination, the female partner should have a standard pre-ART
evaluation. The insemination procedure is timed to the woman’s
ovulatory cycle usually with the aid of an OTC ovulation monitoring
kit. Ghazeeri et al. reported a 50%-100% LH detection range using
five different urinary LH kits compared to values determined by RIA.”
The couple should be cautioned in regards to the limited accuracy of
these ovulation detection kits. Semen is collected in a nonspermicidal
specimen cup. The semen is drawn up into an appropriately-sized
syringe barrel (usually 3 cc or 5 cc), depending on the semen volume.
The syringe barrel (with no needle attached) is then introduced into
the vagina. The plunger of the syringe is gently pushed to deposit the
semen into the vagina.

There are no available guidelines regarding the optimal TMSC
for this method. A study of 140 couples between 1988 and 2008
reported a 43% pregnancy rate using intravaginal insemination.
The male partners’ age ranged from 22 to 44 years and the level of
injury from C2 to T9. All semen samples were collected by PVS and
the median TMSC in this group was 29 x 10 (range, 1-92 x 10°).*
Another study between 1991 and 2010 showed a 37.8% pregnancy
rate by intravaginal insemination in 82 couples in which the male
partner had SCI. Semen samples were collected by PVS in 64%, EE] in
29% and masturbation in 7% of the cases. The mean antegrade TMSC
for couples achieving pregnancy was 90.1 + 30.8 x 10° (range,
2.6-544.5 x 10°).°> Multiple studies reported pregnancies rates ranging
from 25% to 70% using intravaginal insemination in couples with a
male partner with SCI.**%

Intrauterine insemination (IUI)

IUI should be the next option if multiple intravaginal insemination
attempts have failed or if intravaginal insemination is not indicated. IUT
can be successful and cost-effective in couples with SCI male partners.
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Semen is obtained using PVS or EEJ. Semen is processed to remove
the seminal plasma and concentrate the sperm pellet to a volume of
approximately 0.5 ml.”® Sperm are introduced into the uterine cavity
using a fine cannula. IUI procedures can be performed with or without
ovarian stimulation.” Higher pregnancy rates are achieved with ovarian
stimulation and a TMSC of 210 x 10°. In a study by Kathiresan et al.
TUTI was performed in 57 couples with an SCI male partner. Nineteen
pregnancies were achieved in 14 couples with a pregnancy rate of 24.6%
and a cycle fecundity rate of 7.9%.”

In vitro fertilization/intracytoplasmic sperm injection (IVF/ICSI)
There is a lack of consensus regarding the lower limit of TMSC for
considering IUI For example, in a study of 107 centers; 63%, 31%,
and 3% of centers respectively reported that the lowest TMSC they
would consider for ITUT was: 1-4 x 10¢, 5-10 x 10¢, and 11-20 x 10°.'%°
If TMSC is lower than the treating center’s guidelines for IUT, then
IVF/ICSI is the method of choice. The hierarchy of methods of
sperm retrieval including masturbation, PVS, EE], SSR has been
discussed in a previous section and Figure 4. SSR should not be
considered before an examination of the semen is performed. If
it is not possible to obtain semen for examination, then SSR may
be considered early on. Multiple studies have shown pregnancy
success rates with IVF/ICSI for couples with an SCI male partner
to be similar to those reported for couples with other male factor
etiologies.'” "1 For example, a recent study showed a pregnancy rate
0f 58.1% per SCI couple and 57.9% per non-SCI.' These rates were
not significantly different.

Current issues in managing couples

With the advancement in ART techniques, couples with an SCI male
partner are frequently not offered PVS or EEJ. In a survey sent to
practitioners managing couples with an SCI male partner, one in
four centers used SSR as the only method of sperm retrieval for ART
procedures. Lack of training and/or equipment was the main reason
given for not offering PVS or EEJ. In the same study, 34% of the
surveyed centers did not offer IUT regardless of the semen quality.'®
With SSR as the only option for sperm retrieval, IVF/ICSI becomes
essentially the only ART method possible. The low yield of motile
sperm precludes the use of less invasive and less expensive options. As
discussed in this review, ejaculates can be obtained, without surgery,
from 97% of men with SCI. In many cases, there is sufficient TMSC
to warrant consideration of intravaginal insemination or intrauterine
insemination. We advocate treating these couples on a case by case
basis, just as is done for any other couple with a male fertility problem.

CONCLUSIONS

SCI impairs erectile function, ejaculatory function, and semen analysis
parameters. These combined effects reduce the fertility potential of
this patient group, the majority of who are injured at the peak of their
reproductive health. Treatments for ED that are effective in the general
population are also effective in men with SCI. Methods to induce
ejaculation, such as PVS and EEJ, should be used to assess semen quality
before counseling the couple on options for assisted conception. Use of
SSR should be applied only in cases in which PVS and EEJ have failed
or have resulted in insufficient sperm for ART.

Ejaculates retrieved from men with SCI typically are characterized
by normal sperm concentration, but abnormally low sperm motility
and viability. Despite impaired sperm parameters, pregnancy outcomes
from ART using sperm from men with SCI are similar to those using
sperm from non-SCI men. Future studies should focus on improving
methods of assisted ejaculation, exploring causes of abnormal semen
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analysis parameters including immunological factors, and exploring
methods to improve semen quality in men with SCI.
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