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SUMMARY
Spinal cord injury (SCI) occurs most often in young men at the peak of their reproductive health. The majority of men with SCI

cannot father children naturally. Three major complications contribute to infertility in men with SCI: erectile dysfunction, ejacula-

tory dysfunction, and abnormal semen quality. Erectile dysfunction can be managed by regimens available to the general population,

including oral administration of phosphodiesterase-5 (PDE-5) inhibitors, intracavernosal injections, vacuum devices, and penile

prostheses. Semen may be obtained from anejaculatory men with SCI via the medically assisted ejaculation methods of penile vibra-

tory stimulation (PVS) or electroejaculation (EEJ). Sperm retrieval is also possible via prostate massage or surgical sperm retrieval.

Most men with SCI have abnormal semen quality characterized by normal sperm concentrations but abnormally low sperm motility

and viability. Accessory gland dysfunction has been proposed as the cause of these abnormalities. Leukocytospermia is evident in

most SCI patients. Additionally, elevated concentrations of pro-inflammatory cytokines and elevated concentrations of inflamma-

some components are found in their semen. Neutralization of these constituents has resulted in improved sperm motility. There is a

recent and alarming trend in the management of infertility in couples with SCI male partners. Although many men with SCI have suf-

ficient motile sperm in their ejaculates for attempting intrauterine insemination (IUI) or even intravaginal insemination, surgical

sperm retrieval is often introduced as the first and only sperm retrieval method for these couples. Surgical sperm retrieval commits

the couple to the most advanced, expensive, and invasive method of assisted conception: in vitro fertilization with intracytoplasmic

sperm injection (IVF/ICSI). Couples should be informed of all options, including semen retrieval by PVS or EEJ. Intravaginal insemi-

nation or IUI should be considered when indicated.

INTRODUCTION
The yearly incidence of SCI in the United States is approxi-

mately 40 cases per million population excluding armed forces

personnel and those who die at the scene of an accident. Each

year there are approximately 12, 500 new cases, with 240, 000 to

337,000 persons in the US currently living with SCI. The average

age at injury is 42 years, and the majority (79%) of spinal cord

injuries occur to men. At the time of their injury, more than half

of all patients are single or have never been married. Life expec-

tancy for those injured at age 40 and surviving at least one-year

post-injury varies from 12.4 to 34.2%, depending on the level

and severity of injury. The leading causes of injury fluctuate

depending on the region, urbanization, country and geography,

with motor vehicle accidents as the leading cause of injury in the

U.S. (38%), followed by falls (30%), violent acts (14% - mainly

gunshot wound injuries), sports (9%), and other causes (9%)

Almost half of all injuries (45%) result in incomplete tetraplegia,

followed by incomplete and complete paraplegia (21 and 20%,

respectively). The least common is complete tetraplegia, which

accounts for 14% of all outcomes (NSCISC, 2014).

Advances in medicine, in particular, advances in the field of

rehabilitation and physical therapy, have led to more societal

integration and increased desire and willingness of individuals

with SCI to start a new family and become active members of

the communities in which they live. Following SCI, the over-

whelming majority of men cannot father biologic children with-

out medical intervention. Contributing factors are erectile

dysfunction, ejaculatory dysfunction, and semen abnormalities.
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In contrast, most women with SCI retain their fertility, although

they may experience amenorrhea for 6–12 months immediately

after injury. Despite normal fertility, women with SCI should be

monitored closely during pregnancy, owing to their possible

reduced sensation which may hamper their ability to detect

problems with the pregnancy. During delivery, increased risk for

autonomic dysreflexia and higher rates of spontaneous preterm

delivery are the most commonly encountered complications

(ACOG, 2002; Ghidini et al., 2008; Camune, 2013). A recent

cross-sectional study of reproductive-aged women in the United

States reported that pregnancy rates among women with SCI

were similar to pregnancy rates of women in the general popula-

tion, including those with or without chronic mobility impair-

ment (Iezzoni et al., 2015).

NEUROPHYSIOLOGY OF NORMAL PENILE ERECTION
(BRIEF SUMMARY)
Penile innervation is derived from the autonomic nervous sys-

tem (sympathetic and parasympathetic) as well as somatic

innervation supplying sensory and motor inputs (Fig. 1A). The

sympathetic preganglionic neurons originate from the thora-

columbar segments T11 to L2 (Giuliano, 2011). The parasympa-

thetic preganglionic neurons are located in S2 to S4, while the

somatic innervation originates from Onuf’s nucleus in the lum-

bosacral region (Giuliano & Clement, 2005). The dorsal nerve of

the penis, a sensory branch of the pudendal nerve, is responsible

for reflexogenic erection which is initiated by direct stimulation

of the genital region. Reflexogenic erection requires an intact

sacral reflex arc (S2–S4 nerve roots) and is generally preserved in

injuries rostral to L2. Psychogenic erection is initiated by

thoughts and erotic stimuli, independent of direct genital stimu-

lation. It requires intact thoracolumbar nerve roots and is often

lost with injuries to the thoracic and cervical spinal cord (Dean

& Lue, 2005). Psychogenic erection is suggested to be responsi-

ble for maintaining the erection during sexual intercourse.

The ability to initiate and maintain penile erection relies on

the fine-tuning between relaxing and contracting factors that

control the smooth muscle tension of the corpora cavernosa.

The nitric oxide guanylatecyclase-cyclic guanosine monophos-

phate (NO-guanylatecyclase-cGMP) pathway is the relaxing

factor, allowing rapid engorgement of the corpus cavernosal

venous sinuses. Inhibition of erection is related to the activity of

phosphodiesterase-5 (PDE-5). Hydrolysis of cGMP by PDE-5

inhibits the engorgement of the cavernosal sinuses and results in

penile detumescence (Fig 1B). PDE-5 inhibition in turn results

in persistent cyclic nucleotide signaling and penile erection, pro-

vided that a minimal stimulation of soluble guanylate cyclase in

the corpus cavernosum by the nNOS-derived NO, and some for-

mation of cGMP had occurred (Bivalacqua et al., 2000).

TREATMENTS FOR ERECTILE DYSFUNCTION IN MEN
WITH SCI
Vascular and anatomic functions mediating erection are gen-

erally intact in men with SCI, however, reflexogenic erections,

psychogenic erections, or both types of erections may be

impaired. Although some men with SCI experience good reflexo-

genic erections, these erections may not be sustained because of

the loss of psychogenic erection (Everaert et al., 2010). Treat-

ments to improve erectile dysfunction (ED) in the general popu-

lation may be used to improve ED in men with SCI. Studies

comparing ED treatments in men with SCI rate PDE-5 inhibitors

as the best treatment in terms of cost-effectiveness and patient

satisfaction.

Medical therapies

PDE-5 inhibitors

Drugs, such as sildenafil (Viagra�, Pfizer Inc, Mission, KS,

USA), tadalafil (Cialis�, Lilly USA, LLC, Indianapolis, IN, USA),

vardenafil (Levitra�, Bayer HealthCare, Whippany, NJ, USA) and

avanafil (Stendra�, Auxilium Pharmaceuticals, Inc., Chester-

brook, PA, USA) which are cGMP analogs, do not compete for

the PDE-5 catalytic site and enhance the NO-cGMP signal and

hence have beneficial effects on erection. In the US, a generic

alternative is currently available for sildenafil. Next-generation

PDE-5 inhibitors such as the short-acting lodenafil and mirode-

nafil or the long-acting udenafil are currently in the trial phases.

Most clinicians recommend that men with SCI, regardless of

their level of injury, be offered a trial of PDE-5 inhibitors (Rizio

et al., 2012).

Intracavernosal injections

Patients who fail to respond should move on to other treat-

ments. Intracavernosal injection is a treatment that has an

advantage of not relying on inhibition of the NO-PDE-5 system

to maintain high intracavernous levels of cyclic GMP. Instead, it

stimulates higher levels of cyclic AMP, another potent vasodila-

tor within the corpora cavernosa (Lebib et al., 2001). Several

medications are currently available for use as intracavernosal

injection therapies, including alprostadil (prostaglandin E1

[PGE1]), Bimix (a combination of papaverine and phento-

lamine), and Trimix (a combination of papaverine, phento-

lamine and PGE1). Self-administration is an issue for the subset

of SCI patients with poor hand function. Possible side-effects,

such as priapism and hematoma, must be discussed during

patient counseling.

Urethral suppository

The medicated urethral system for erection (MUSE) uses

intraurethral administration of alprostadil for treating ED.

Absorption of alprostadil from the urethral lumen can be vari-

able, especially in SCI patients who manage their bladders with

intermittent catheterization, which reduces the effectiveness of

MUSE (Bodner et al., 1999). Intraurethral application, however,

is less invasive than intracavernosal injection.

Vacuum erection devices

Vacuum erection devices usually produce an erection-like

state that is suitable for vaginal penetration, but men with SCI

report lower satisfaction rates with vacuum erection devices

compared to other treatments for ED, mostly because of the loss

of rigidity during intercourse, or complications with the restric-

tion bands used in conjunction with the devices (Denil et al.,

1996).

Surgical therapies

In men with SCI, surgically implanted penile prostheses pro-

duced satisfactory results in 60–80% of cases for ED, and in over

90% of cases for urinary (external urinary collecting device)

management with 0% perforation rate using an inflatable
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3-piece device (Zermann et al., 2006). In a study by Kim et al.,

semi-rigid penile prosthesis was considered as an attractive

option because of its low price, less complications, better urinary

management, and high satisfaction rate (Kim et al., 2010). Edu-

cating men with SCI about early signs of penile prosthesis ero-

sion is required because of a lack of penile sensation in the

majority of these men. Other surgical treatments, including

sacral anterior root stimulators, sacral dorsal rhizotomy and

sacral neuromodulation have also been reported with varying

degrees of success (Lombardi et al., 2015).

Cost considerations

The choice of ED treatment modality is based on the patient’s

preference and the effectiveness of each particular method. The

cost of these treatment modalities ranges from $10 for 10 tablets

of the generic sildenafil, to $400 for 10 tablets of Viagra, CiaIis or

Levitra. Two cartridges of alprostadil costs $150 compared to

$140 for two suppositories of MUSE. Vacuum erection devices

range from $100–600, while the average cost of a state-of-the-art

three-piece inflatable penile prosthesis is about $20, 000.

EJACULATORY DYSFUNCTION IN MEN WITH SCI

Overview

Most men with SCI cannot produce an antegrade or a retro-

grade ejaculate during intercourse, and require medical assis-

tance to retrieve sperm (DeForge et al., 2005; Brown et al., 2006;

Brackett et al., 2010b). In simple terms, normal ejaculation

requires some degree of integration in the activity of spinal cord

segments T10-L3 and S2-S4, as well as the supraspinal input

(stimulatory and inhibitory) to those segments. Emission of

sperm and seminal fluid into the urethra, as well as closure of

the bladder neck, requires sympathetic nervous innervation

from segments T10 to L3. Sacral segments S2–S4 are required for

the motor innervation of the penis; activity of the bulbocaver-

nosus and pelvic floor muscles involved in the propulsion of the

semen; and sensory input into the reflex arc via the dorsal nerve

of the penis. An injury at or rostral to the neurological level T10

spares the reflex arcs necessary for ejaculation. Lesions below

T10 vary in their effect on ejaculatory function, depending on

their extent and exact location (Goldstein & Schlegel, 2013).

The most common methods of semen retrieval for men with

SCI are penile vibratory stimulation (PVS), electroejaculation

(EEJ), surgical sperm retrieval, and prostate massage. Only about

9% of men with SCI can achieve antegrade ejaculation via mas-

turbation (Kathiresan et al., 2012). Penile vibratory stimulation

is successful in obtaining antegrade ejaculation in 86% of men

whose level of injury is T10 or rostral, and up to 17% of men

whose level of injury is caudal to T10. Virtually all men with SCI

will ejaculate with EEJ, however retrograde ejaculation is more

common with EEJ than with PVS. A small minority of men (4–

5%) will require anesthesia during EEJ, owing to their retained

pelvic sensation (Brackett et al., 2010a).

There may be rare instances in which the clinician may have

to consider whether no ejaculation has occurred in response to

stimulation. Indications of ejaculation include abdominal con-

tractions in combination with contractions of the bulbocaver-

nosus muscles. If these contractions occur without appearance

of antegrade semen, then the bladder contents should be cen-

trifuged and the pellet carefully inspected for retrograde

(A) (B)

Figure 1 Adapted from Brackett et al. (2010b). (A) Sympathetic penile innervation from segments T10-L2, pass via the sympathetic chain, inferior mesen-

teric 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 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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ejaculation. If no sperm are evident in the pellet, look for indica-

tions of seminal plasma, including a pellet volume ≥1 cc, and

appearance of white blood cells which are commonly found in

the seminal plasma of SCI patients. Although there are no proof-

positive methods of determining anejaculation in a patient with

no antegrade ejaculate, it may be informative to repeat the PVS

or EEJ procedure on another day. In these cases, drain the blad-

der by urinary catheterization immediately before the PVS or EEJ

procedure, and centrifuge the bladder contents (pellet #1). Per-

form the PVS or EEJ procedure. If there is still no antegrade

semen, drain the bladder again by urinary catheterization (pel-

let #2). Compare pellet #1 (urine only) to pellet #2 (urine + pos-

sible seminal plasma). If there are indications of seminal plasma

in pellet #2, but no sperm, the patient is likely azoospermic. If

there are no sperm and no indications of seminal plasma in pel-

let #2, then the patient is likely anejaculatory. Experience in

examining seminal plasma of these men will ultimately be the

most informative method of determining anejaculation.

Autonomic dysreflexia

Each sperm retrieval method can stimulate the condition of

autonomic dysreflexia (AD) in men with SCI. Autonomic dysre-

flexia is caused by uninhibited sympathetic discharge triggered

by noxious stimuli originating below the level of injury. It is

more prevalent when the level of injury is at or rostral to T6 (the

upper level of sympathetic outflow). An increase in systolic

blood pressure >20–30 mm Hg accompanied by bradycardia is

an accepted definition of AD (tachycardia can sometimes

replace bradycardia). Autonomic dysreflexia often presents as

chills or shivering, pounding headaches, flushing, diaphoresis

and piloerection. Nasal congestion, anxiety, malaise, and nausea

are also common presentations (Krassioukov et al., 2009). Auto-

nomic dysreflexia can develop suddenly, and become an emer-

gency situation possibly leading to stroke or death.

Autonomic dysreflexia can be managed with the prophylactic

administration of a calcium channel blocker such as nifedipine

in a dose ranging from 10–60 mg sublingually at least 15 min

before beginning the procedure (Elliott & Krassioukov, 2006).

Note that PDE-5 inhibitors should not be used in cases in which

the use of any potent blood pressure-lowering medicine is antic-

ipated. Minor symptoms of AD may be tolerable to the patient,

but if not, or if the patient’s blood pressure rises alarmingly, the

procedure should be stopped immediately, the patient’s head

elevated, and/or an attempt made to place the patient in a sit-

ting position.

Penile vibratory stimulation

The procedure of penile vibratory stimulation has been well-

described in the literature (Brackett et al., 2010a, 2013). There

are two FDA-approved devices for the induction of ejaculation

in men with SCI: the personal FertiCare� (Mulicept A/S, DK, Fre-

driksberg C) and the Viberect X3� (Reflexonic, MD, Frederick)

(Fig. 2A,B). To perform PVS, the patient should be transferred

from his wheelchair to an examination table or hospital bed. If

transfer is problematic, PVS may be performed with the patient

in his wheelchair. The patient must be in a safe position should

he experience severe spasticity or AD during PVS. To manage

AD, patients whose level of injury is at or rostral to T6 should be

given nifedipine or other suitable medication prior to

stimulation.

The bladder is then prepared in those men who are likely to

have retrograde ejaculation. Bladder preparation includes drain-

ing by urinary catheterization and instilling 25–50 mL of sperm

washing buffer into the bladder no more than 10 min before PVS

onset. Most patients who respond to PVS will have little or no

retrograde ejaculate and in many cases, the step of bladder

preparation can be omitted, however, it should be carried out at

the first encounter with a patient to establish his individual sta-

tus with regard to retrograde ejaculation. Blood pressure should

be monitored before, during, and after PVS. If the patient’s blood

pressure is elevated, PVS should not be performed.

Penile vibratory stimulation is performed by placing a vibrator

on the dorsum or frenulum of the glans penis until antegrade

ejaculation occurs. If no ejaculation occurs after 2 min of stimu-

lation, the stimulation is stopped for 1–2 min, and then

resumed. These steps are repeated for up to 10 min of stimula-

tion. During the interstimulation rest periods, the penile skin is

inspected for edema or abrasion. If these problems are observed,

PVS is stopped. Penile vibratory stimulation should also be

stopped if vital signs are unstable, if the patient requests, or if

there is no ejaculation after 10 min.

Adjunct PVS therapies

Research by Sonksen et al., established that the PVS param-

eter of amplitude was a key variable for ejaculatory success in

men with SCI. Amplitudes of 2.5 mm or higher were more

effective than lower amplitudes for inducing ejaculation

(Sonksen et al., 1994). As such, it is recommended that

devices (such as the FertiCare or Viberect) capable of deliver-

ing these “high” amplitudes be used for PVS in men with SCI

(Brackett et al., 2010a). In patients who do not respond to

PVS, using one high-amplitude device, adjunct methods may

be applied to attempt ejaculation. For example, application of

two FertiCare devices, with one device placed on the dorsum

and one placed on the frenulum of the glans penis, salvaged

22% of cases that did not respond to one vibrator (Brackett

et al., 2007b) (Fig. 2C). The Viberect X3 is a device which can

simultaneously stimulate the dorsum and frenulum of the

glans penis. The use of this device resulted in ejaculation of

23 of 30 subjects with SCI whose level of injury was at or ros-

tral to T10 (Castle et al., 2014). This success rate (77%) was

somewhat lower than that reported (86%) in a retrospective

study, using the FertiCare device which resulted in ejaculation

of 233 of 271 men with SCI whose level of injury was at or

rostral to T10 (Brackett et al., 2010a). Comparisons of these

devices in a prospective randomized controlled study have not

yet been reported.

Various medications have been investigated as aids to ejacula-

tion in men with SCI. Several studies have tested the efficacy of

PDE-5 inhibitors on sexual function. A meta-analysis of these

articles yielded data on 660 patients who used sildenafil, 305

patients who used vardenafil, and 224 patients who used tadala-

fil. The analysis concluded that all oral PDE-5 inhibitors are safe

and effective for erectile dysfunction in men with SCI and sug-

gested that further research is needed to understand the impact

of PDE-5 inhibitors on ejaculation and orgasm function in these

patients (Lombardi et al., 2009).

In a 12-week, multicenter, double blinded, placebo-controlled

study; 418 men with SCI were randomized to vardenafil

(n = 207) or placebo (n = 211) and ejaculation success was
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assessed using the International Index of Erectile Function

(IIEF). The results of this study showed a significantly greater

ejaculation success rate with vardenafil when compared to pla-

cebo (19% vs. 10%) (Giuliano et al., 2008). The authors hypothe-

sized that the better ejaculation rate was because of the more

rigid erections produced by vardenafil that could facilitate the

ejaculation reflex. However, other reports conclude that erection

is not a prerequisite for the occurrence of ejaculation (Giuliano,

2011).

Midodrine, an alpha1-adrenergic agonist used in the treat-

ment of neurological orthostatic hypotension, is another medi-

cation that has been studied as an aid to ejaculation by PVS in

men with SCI. Laboratory-based studies have been performed

by two groups of investigators with 81 SCI patients in one

study, and 185 in the other. In these studies, oral midodrine

was administered 30 min prior to PVS. The dose was titrated

from 5 to 30 mg. Results were similar in both studies. Mido-

drine plus PVS salvaged approximately 66% of cases that did

not respond to PVS alone. The drug was well-tolerated (Soler

et al., 2007; Courtois et al., 2008). In contrast, a recent double-

blind, randomized, placebo-controlled study found no

improvement in ejaculation success rates by PVS combined

with midodrine vs. a placebo (Leduc et al., 2015). These find-

ings indicate that midodrine in combination with PVS may be

considered prior to attempting EEJ, but further investigation is

needed before midodrine is recommended in all cases of PVS

failure.

Another adjunct therapy to consider is the use of an over-the-

counter abdominal muscle stimulator administered simultane-

ously with PVS. In a report of two cases, this method rescued

failures to PVS alone (Kafetsoulis et al., 2006b) (Fig. 2D).

Electroejaculation

History of EEJ

The procedure of EEJ was developed in the 1930s to obtain

semen from farm animals (Gunn, 1936). In the 1980s, EEJ was

modified for use in humans (Brindley, 1980; Halstead et al.,

1987). This step revolutionized the treatment of infertility in

men with SCI. Prior to EEJ, few treatments were available for

reliably obtaining an ejaculate from men with SCI. Although

vibrators were available, success rates with PVS were low

because most vibrators at the time could not deliver the

amplitudes necessary for success in men with SCI. Electroe-

jaculation made it possible to obtain semen from almost any

man with SCI. Electroejaculation soon received a procedure

code, which made it possible for physicians to bill for this

procedure. This led to an interesting chain of events. Coding

led to an increased use of EEJ to obtain semen for fertility

diagnosis or insemination. Increased semen retrieval led to

increased data on semen quality, which in turn led to

increased attention to methods of achieving biologic father-

hood in these patients. The reality of having a very reasonable

chance of achieving biologic fatherhood had a positive impact

on couples’ relationships, and resulted in an improved quality

of life.

Procedure of EEJ

Like PVS, EEJ is performed with the patient transferred from

his wheelchair to an examination table or hospital bed. EEJ can-

not be performed with the patient seated in his wheelchair

because EEJ requires simultaneous access to the patient’s rec-

tum and penis, which is infeasible with the patient in his

(A) (B)

(C) (D)

Figure 2 Methods and devices for penile vibratory stimulation in men with spinal cord injury (SCI). (A) Personal FertiCare, can be placed on the dorsum or

the frenulum of the penis. (B) The Viberect X3, a new penile vibratory stimulation device recently introduced to induce ejaculation in men with SCI. (C)

Application of two vibrators if a single vibrator fails to induce ejaculation (sandwich method). (D) Simultaneous use of abdominal electrical stimulation and

vibratory stimulation has been successful in some cases.
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wheelchair. The patient is assessed for risk of autonomic dysre-

flexia (as described earlier) and pretreated with nifedipine if nec-

essary. Electroejaculation must be performed by a physician

who is trained in this procedure. The bladder is prepped in the

same manner as described for PVS.

The patient is placed in the lateral decubitus position, and a

probe containing electrodes is positioned within the rectum.

The electrodes should be oriented toward the prostate gland and

seminal vesicles. DC current is delivered in a prescribed manner

until antegrade ejaculation occurs (Fig. 3). If no antegrade ejacu-

lation occurs, the physician determines when to stop the proce-

dure. This decision is based on the patient’s response and on the

number of stimulations that have been delivered. Retrograde

ejaculation of some degree usually occurs with EEJ and occa-

sionally may be the only source of ejaculate. In any case, the

bladder should be catheterized, and if no ejaculate is noted in

the pellet of the centrifuged specimen, the bladder may be

lavaged with additional sperm washing buffer.

Intermittent vs. continuous delivery of EEJ current

The success of EEJ can be enhanced by applying the current

intermittently. This technique was developed following a study

in which the external and internal bladder sphincter pressures

were simultaneously recorded during PVS or EEJ of men with

SCI. This study found that forceful contraction of the external

sphincter followed by contraction of the bladder neck always

preceded ejaculation. If this pattern did not occur, ejaculation

did not occur (Sonksen et al., 2001). With the current turned

down quickly to zero, the external sphincter relaxes before the

bladder neck, which provides an increased chance for antegrade

flow of the seminal fluid.

In 2002, this hypothesis was confirmed in a study comparing

two methods of delivering EEJ, that is, the continuous method,

in which electric current was continuously increased until

antegrade ejaculation occurred, vs. the intermittent method, in

which electric current was turned on for 5 sec, then off for 5 sec.

Each time the current was turned back on, the voltage was

increased by 2 volts. The results of this study showed that the

intermittent method resulted in a higher proportion of sperm in

the antegrade fraction, while the continuous method resulted in

a higher proportion of sperm in the retrograde fraction (Brackett

et al., 2002). Based on these two studies, it is recommended that

intermittent current delivery be used as the technique of choice

when performing EEJ to obtain sperm for fertilization.

Prostate massage

Prostate massage is an additional method of obtaining sperm

from anejaculatory men with SCI; however, it is difficult to know

where to place this method in the algorithm of treatments. Stud-

ies have obtained sperm by prostate massage of men with SCI,

and pregnancies have resulted, using IUI or IVF/ICSI (Marina

et al., 1999; Engin-Uml et al., 2006). Results are inconsistent,

however, with one report obtaining sperm from only 22 of 69

men with SCI (32%) (Arafa et al., 2007). Prostate massage may

be a reasonable step prior to surgical sperm retrieval in cases

when PVS fails and EEJ is either unavailable or requires anesthe-

sia because of the added cost of performing anesthesia (general

or conscious sedation). Use of anesthesia is indicated in only a

small minority of SCI patients (4–5%) who retain pelvic sensa-

tion, and who may therefore experience pain during EEJ.

Surgical sperm retrieval

If PVS, EEJ, and prostate massage fail or are contraindicated,

surgical sperm retrieval may be performed as a last resort.

Numerous surgical techniques for sperm retrieval have been

described such as: testicular fine needle aspiration (TESA); per-

cutaneous testicular biopsy; open testicular biopsy; testicular

sperm extraction (TESE); and microdissection testicular sperm

Figure 3 Electroejaculation procedure. Patient in lateral decubitus position. Electricity is delivered through a rectal probe until ejaculation occurs. An assis-

tant is positioned facing the patient to assist in retrieving semen from the urethra.
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extraction (Micro-TESE). Microsurgical epididymal sperm aspi-

ration (MESA) and percutaneous epididymal sperm aspiration

(PESA) are the optimal techniques for obstructive azoospermia

(Goldstein & Schlegel, 2013). It is not clear if any one technique

has a distinct advantage over another in the case sperm retrieval

in the patients with SCI. Surgical sperm retrieval is recom-

mended as a last resort because sperm yields are very low with

these methods, which consequently commit the couple to IVF/

ICSI – the most invasive and expensive of the assisted reproduc-

tive technologies.

Algorithm for sperm retrieval

Based on an 18-year, single-center study of 3152 semen retrie-

val procedures in 500 men with SCI, the following algorithm is

recommended for sperm retrieval in men with SCI (Brackett

et al., 2010a; Fig. 4). Penile vibratory stimulation should be the

first method attempted, owing to its safety, reliability, cost-effec-

tiveness, preference by patients, and high yield of motile sperm

relative to other methods. Penile vibratory stimulation also may

be performed by couples who are attempting home insemina-

tion. Such couples should be first provided with instruction on

the safe and proper use of PVS for home use (Brackett et al.,

1997; Ohl & Sonksen, 1997; Yeoman et al., 1998; Kathiresan

et al., 2011). Patients who fail to respond to PVS and its enhance-

ments (such as application of two vibrators, administration of

medications, or adjunct abdominal electrical stimulation),

should proceed to EEJ. If EEJ fails or is contraindicated, prostate

massage or surgical sperm retrieval may be performed.

SEMEN QUALITY IN MENWITH SCI
Numerous studies have reported on semen quality in men with

SCI. The majority of these studies show abnormal semen quality

(DeForge et al., 2005; Utida et al., 2005; Brown et al., 2006; Rest-

elli et al., 2009). The macroscopic appearance is often abnormal,

with 27% of men showing brown-colored semen (Wieder et al.,

1999) (Fig. 5). Microscopically, several abnormalities have been

noted, such as numerous white blood cells, as well as other deb-

ris. Most men with SCI produce normal numbers of sperm; how-

ever, sperm motility and sperm viability are typically below

normal (Patki et al., 2008). The characteristic semen profile of

men with SCI (i.e., normal sperm concentration, but abnormally

low spermmotility) is uncommon in the general population. Usu-

ally, low sperm motility occurs concomitantly with low sperm

concentration. The semen profile of men with SCI led to specula-

tions that the problem may be related to factors associated with

the lifestyle of these men, such as their methods of bladder man-

agement, scrotal hyperthermia, infrequency of ejaculation,

method of ejaculation, or the years post-injury.

Lifestyle factors

Bladder management

In a study of bladder management in 48 patients with SCI,

patients who used intermittent catheterization had the highest

sperm motility (27%), whereas those with an indwelling catheter

had the lowest sperm motility (5%). No group had normal sperm

motility, not even those who voided spontaneously (15% sperm

motility), indicating that bladder management is not the sole

factor contributing to low sperm motility in men with SCI (Ohl

et al., 1992).

Scrotal hyperthermia

Studies have investigated whether scrotal temperature is

related to low sperm motility in men with SCI. It has been

hypothesized that sitting in a wheelchair for prolonged periods

of time leads to elevated scrotal temperature, which subse-

quently leads to low sperm motility. Some studies have shown

elevated scrotal temperature in men with SCI vs. non-injured

control subjects. However, other studies have not shown this

effect, such as a study by Brackett et al., in which scrotal temper-

ature was similar in SCI subjects vs. control subjects. In this

study, it was further noted that 10 men with SCI who walked

with crutches and did not sit in a wheelchair had semen quality

with similar impairments as those who were confined to a

wheelchair (Brackett et al., 1994b). Further, no study has

demonstrated normalization of semen quality by cooling the

scrotum. Taken together, these studies indicate that scrotal tem-

perature is not the sole contributor to low sperm motility in men

with SCI.

Infrequency of ejaculation

Most men with SCI cannot ejaculate during masturbation or

sexual intercourse. It has been hypothesized that anejaculation

may lead to semen stasis, which may consequently lead to low

sperm motility. Studies have investigated whether a schedule of

frequent ejaculation by PVS or EEJ would improve sperm motil-

ity in men with SCI. One study found improved sperm motility

after 3 months of weekly PVS performed by patients at home

(Beretta et al., 1989). The majority of studies, however, found no

statistically significant improvement in sperm motility after reg-

ular ejaculation by PVS or EEJ (Siosteen et al., 1990; Sonksen

et al., 1999; Das et al., 2006; Hamid et al., 2006). Further, no

study has found normalization of sperm motility in men with

SCI by increasing the frequency of ejaculation. These studies

indicate that frequency of ejaculation is not the sole factor caus-

ing low sperm motility in men with SCI.

Method of ejaculation

Kathiresan et al. investigated the method of ejaculation in

men with SCI. The quality of semen collected by masturbation

was compared to that collected by PVS or EEJ. Non-injured men

served as control subjects. The results confirmed the data that

sperm motility was higher when obtained by PVS vs. EEJ. The

results further showed that sperm motility was higher in ejacu-

lates obtained by masturbation vs. PVS in men with SCI. How-

ever, the sperm motility of all groups of SCI subjects was lower

than sperm motility of control subjects. Further, in men with

SCI, sperm concentration was significantly lower in antegrade

ejaculates obtained by EEJ than in antegrade ejaculates obtained

by PVS or masturbation. Of final note, the study showed that

antegrade semen volume was lower in SCI subjects compared to

control subjects (Kathiresan et al., 2012).

Years post-injury

No progressive change in semen quality was observed with the

ensuing years post-injury. A cross-sectional study examined 638

semen specimens obtained from 125 men with SCI. No decline in

semen parameters was found between 0 and 26 years post-injury

(Brackett et al., 1998). These findings were later confirmed in a

longitudinal study that examined semen quality over time within

the same group of 87 men with SCI (Iremashvili et al., 2010).
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Endocrinopathy

Numerous studies have examined endocrinopathy as the

cause of abnormal semen quality in men with SCI. Interestingly,

a variety of endocrine profiles have been reported in these men;

however, none of the studies has associated a specific endocrine

profile to the specific semen profile of men with SCI (Table 1).

Seminal plasma of men with SCI

A study by Brackett et al., found that seminal plasma from

men with SCI caused a rapid and profound drop in the motility

of sperm from control subjects (i.e., healthy, non-injured men).

In contrast, seminal plasma from control subjects improved

sperm motility of subjects with SCI (Brackett et al., 1996). A sub-

sequent study examined the origin of low sperm motility (pre-

ejaculatory vs. post-ejaculatory) in men with SCI (Brackett et al.,

2000), and found that sperm obtained from the vas deferens of

men with SCI had much higher motility than sperm obtained

from their ejaculates. In contrast, sperm motility of non-injured

men was similar in both sites (the vas deferens and ejaculate).

Taken together, these studies indicated that the seminal plasma

was a primary contributor to the low sperm motility seen in men

with SCI. Similar findings were observed for sperm viability.

Cytokines are present in the seminal plasma

A number of studies have reported abnormal concentrations

of biochemical substances in the semen of men with SCI com-

pared with age-matched, healthy, non-injured men (Table 2).

Leukocytospermia is prevalent in men with SCI (Trabulsi et al.,

2002). When white blood cells from semen of men with SCI were

immuno-phenotyped, the majority was lymphocytes and most

of the lymphocytes were activated T-cells (Basu et al., 2002).

Activated T-cells secrete a variety of cytokines that can be toxic

to sperm cells (Parham, 2005). A study was conducted by Basu

Figure 4 Adapted from Brackett et al. (2010a). Recommended algorithm for sperm retrieval from men with spinal cord injury.
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et al. to determine if cytokines were elevated in semen of men

with SCI compared to control subjects (Basu et al., 2004). Con-

centrations of ten cytokines were evaluated. It was found that

the inflammatory cytokines, interleukin-1b (IL1b), tumor necro-

sis factor a (TNFa), and IL6 were highly elevated in semen of

men with SCI vs. controls. Further study showed that neutraliza-

tion of these cytokines improved sperm motility in men with SCI

(Cohen et al., 2004). Sperm motility improved whether IL1b,
TNFa, or IL6 were neutralized one, two or three at a time. Statis-

tically significant improvement in sperm motility, however,

occurred only when all three cytokines were neutralized. Similar

findings were observed if the cytokines were neutralized by

interference with their receptors (Brackett et al., 2007a).

Prostate gland dysfunction

The prostate gland was examined as a source of inflammation;

however, when compared, prostate biopsies of SCI subjects

(n = 7) and healthy, age-matched, control subjects (n = 4)

showed no evidence of inflammation (Randall et al., 2003).

There is evidence that the prostate gland of men with SCI has

secretory dysfunction. This evidence comes from a study show-

ing that prostate-specific antigen (PSA) concentrations are

higher in the serum and lower in the seminal plasma of men

with SCI compared to control subjects (Lynne et al., 1999).

Multiple studies showed a smaller prostate in men with SCI.

Pannek et al., studied the prostate volume of 94 men with com-

plete SCI and showed it to be significantly smaller than that of

548 able-bodied men. The prostate volume of 58 men with

incomplete SCI was not significantly different from able-bodied

men (Pannek et al., 2003). Bartoletti et al., examined 113 men

with SCI (mean age 61.3 years) and 109 age-matched controls.

An inverse relationship between age at injury and prostate size

was observed, with smaller prostate sizes found in patients who

were younger at the time of injury (Bartoletti et al., 2008). Frisbie

et al. found smaller prostate size in severely paralyzed (n = 9)

compared to less severely paralyzed (n = 12) men with SCI (Fris-

bie et al., 2006). “More severe” was defined as T10 or rostral with

ASIA grade A, B, or C. “Less severe” was defined as either: (1) T11

or caudal with any ASIA grade or (2) ASIA D with any level of

injury. A study of 31 men with SCI of more than 5 years and 31

age-matched controls showed mean prostate size was 20.4 cc in

Figure 5 Adapted from Wieder et al. (1999). Brown-colored semen

observed in some men with spinal cord injury. Left tube shows prostatic

fluid expressed prior to penile vibratory stimulation. Right tube shows the

brown-colored semen.

Table 1 Studies examining endocrine profiles in men with spinal cord injury have found variable results

No difference from control Lower than control Higher than control

Luteinizing Hormone (LH) Huang et al. (1995)

Tsitouras et al. (1995)

Huang et al. (1998)

Naftchi et al. (1980)

Brackett et al. (1994a)

Tsitouras et al. (1995)

Safarinejad (2001)

Naderi & Safarinejad (2003)

Kostovski et al. (2008)

Follicle Stimulating Hormone (FSH) Naftchi et al. (1980)

Tsitouras et al. (1995)

Huang et al. (1998)

Brackett et al. (1994a)

Safarinejad (2001)

Naderi & Safarinejad (2003)

Kostovski et al. (2008)

Huang et al. (1995)

Testosterone Naftchi et al. (1980)

Brackett et al. (1994a)

Huang et al. (1995)

Huang et al. (1998)

Tsitouras et al. (1995)

Naderi & Safarinejad (2003)

Kostovski et al. (2008)

Gaspar et al. (2014)

Ibrahim et al. (2015)

Meeker et al. (2007); Safarinejad (2001)

Clark et al. (2008);

Bauman et al. (2015)

Rosety-Rodriguez et al. (2014)

Prolactin Brackett et al. (1994a)

Huang et al. (1995, 1998)

Campagnolo et al. (1994)

Naderi & Safarinejad (2003)
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SCI group and 25.7 in control group (p = 0.002) (Hvarness et al.,

2007).

Seminal vesicle dysfunction

Seminal vesicle dysfunction is suggested in an experiment per-

formed on a man with SCI who consistently ejaculated brown

semen during PVS trials (n = 21 trials) (Wieder et al., 1999).

When the prostate gland of this subject was expressed prior to

PVS, the resulting fluid was normally colored. When PVS was

performed one minute later, the resulting ejaculate was brown

colored (Fig. 5). Presumably this ejaculate was comprised pre-

dominantly of fluid from the seminal vesicles, indicating that the

brown color may have resulted from abnormalities there.

Ohl et al. (1999), performed seminal vesicle aspiration of men

with SCI and found abnormally high numbers of sperm in the

aspirates, indicating abnormal storage of sperm in the seminal

vesicles of men with SCI. Dashtdar et al., performed T9 transec-

tion in 10 rats and after 5 days removed the seminal vesicles

(Dashtdar & Valojerdi, 2008). He found acute inflammation in

seminal vesicles, including migration of leukocytes to epithelium,

also indicating seminal vesicle dysfunction in acute phase of SCI.

This study did not examine seminal vesicles after chronic SCI.

Proteomics

Proteomics and bioinformatics have been applied to the study

of the seminal plasma in men with SCI (da Silva et al., 2013).

The authors concluded that men with SCI have seminal plasma

abnormalities that are deleterious to sperm cells, further con-

firming previous studies showing that the seminal plasma is

involved in lowering sperm motility in men with SCI (Fig. 6).

The Inflammasome

Research has indicated that the inflammasome, sometimes

called the master switch of inflammation (Martinon & Tschopp,

2007), may be a mechanism contributing to low sperm motility

in men with SCI. The inflammasome is a platform of proteins

that when triggered, assembles and initiates a cytokine cascade

that is seen in the innate immune process. Two key components

of the inflammasome, ASC, and caspase-1, were found to be sig-

nificantly elevated in semen of men with SCI compared to con-

trols (Fig. 7). Further, caspase-1 was localized to the midpiece,

and ASC was localized to the acrosome, equatorial segment and

midpiece of sperm cells in men with SCI (Zhang et al., 2013).

When a polyclonal antibody against ASC was added in vitro to

semen of men with SCI, sperm motility improved significantly

(Ibrahim et al., 2014).

ASSISTED REPRODUCTION

Current issues encountered by couples

Despite impairments to semen quality in men with SCI,

assisted conception is possible in these couples. The same infer-

tility treatments that are available to the general infertile popula-

tion are available to couples in which the male partner has SCI.

These couples, however, are not always offered the same options

Table 2 Semen of men with spinal cord injury shows different concentra-

tions of biochemical substances when compared to controls

Decreased Increased

Hirsch

et al. (1991)

Fructose, albumin, glutamic

oxaloacetic transaminase,

alkaline phosphatase

Chloride

Odum

et al. (1995)

Somatostatin in patients

with lesions at or rostral to T6

Padron

et al. (1997)

de Lamirande

et al. (1995)

Reactive oxygen

species

Zhu

et al. (2006)

Seminal

platelet-activating

factor acetylhydrolase

Salsabili

et al. (2009)

Zinc and copper

(A)

(B) (C)

Figure 6 Adapted from da Silva (2013). This fig-

ure highlights clusters found in the interaction

network of differentially secreted proteins from

(A) healthy non-injured men, (B) men with SCI

whose semen was collected by penile vibratory

stimulation and (C) men with SCI whose semen

was collected by EEJ. Red circles represent

unique proteins within each group, blue circles

represent proteins common to two groups, and

green circles represent proteins common to all

groups.
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for management of their infertility as the general population.

Increasingly, the ejaculates of men with SCI are not being exam-

ined, and instead these couples are preempted to surgical sperm

retrieval and IVF/ICSI. A survey revealed that the main reasons

practitioners did not offer PVS or EEJ (i.e., the methods to obtain

the ejaculate in men with SCI) were a lack of equipment and lack

of training (Kafetsoulis et al., 2006a).

The downside to surgical sperm retrieval as a first option is

that it commits the couple to IVF/ICSI, which is the most inva-

sive and expensive of the assisted conception treatments. In

contrast, the ejaculate of men with SCI often has a sufficient

number of motile sperm to consider the options of IUI or even

intravaginal insemination, sometimes called home insemination

(Kafetsoulis et al., 2006a). Most practitioners when surveyed

indicated that one to ten million total motile sperm was the min-

imum they would consider for IUI (Wainer et al., 2004; Dinelli

et al., 2014). A recent study examining the results of 1153 cycles

of IUI in 645 females, recommended performing IUI if the num-

ber of total motile sperm was more than 2 million (Cao et al.,

2014). In a study of 1739 ejaculation-positive PVS or EEJ trials,

the total motile sperm count exceeded five million in the major-

ity of trials (Kafetsoulis et al., 2006a). If a practitioner did not

offer EEJ, or did not wish the technical involvement of collecting

retrograde specimens, the majority of antegrade specimens

resulting from PVS trials still contained sufficient total motile

sperm to consider IUI.

Pregnancy rates

Numerous studies have reported reasonable pregnancy suc-

cess rates, using intravaginal insemination or IUI in couples in

whom the male partners had SCI (Table 3). Leduc et al. reported

pregnancy outcomes of 31 couples with SCI male partners; ten

couples were treated with intravaginal insemination resulting in

nine pregnancies among seven couples but no pregnancies

resulted from the treatment of two couples with IUI (Leduc,

2012). In the same study, 18 couples were treated with IVF/ICSI

with reported 12 pregnancies in 10 couples. In a study by

Kathiresan et al., the pregnancy rate in couples with SCI male

partners was 37.8% using home insemination and 24.6% for IUI

(Kathiresan et al., 2011). A retrospective cohort analysis exam-

ined the pregnancy outcomes of cryopreserved semen samples

from 19 men with SCI retrieved by sexual intercourse (n = 1),

PVS (n = 9) or surgical sperm retrieval (n = 9). This study

reported pregnancy rates of 50% for IVF/ICSI, using thawed

antegrade ejaculates and 75% in the surgically retrieved group

(Bechoua et al., 2013).

Raviv et al., reported the results of 106 TESA procedures on 32

men with SCI followed by IVF/ICSI. In this study, surgical sperm

retrieval was only performed if the sperm retrieved by PVS or EEJ

was unsuitable for IUI (i.e., <5 million total motile sperm). Preg-

nancy rate was 59.3% per couple and the live birth rate per cou-

ple was 62.5% (Raviv et al., 2013). It is advised that the

procedures of intravaginal insemination or IUI be considered

before proceeding to assisted reproductive technologies such as

IVF/ICSI.

CONCLUSIONS
Men with SCI present a unique infertility population. Their

semen quality is impaired, and toxic seminal plasma contributes

to the problem. Technologies are available to overcome abnor-

mal semen quality and assist conception. The choice of technol-

ogy is currently controversial, with some practitioners bypassing

examination of the ejaculate and proceeding directly to surgical

sperm retrieval and IVF/ICSI. It is recommended that the ejacu-

late be obtained by PVS or EEJ in anejaculatory men with SCI. If

the total motile sperm count is sufficient, intravaginal insemina-

tion or IUI should be considered.
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