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Evidence of a new pattern of ejaculation in men with
spinal cord injury: ejaculation dyssynergia and implications
for fertility

J-M Soler1,2, JG Previnaire3 and R Mieusset2

Objectives: To describe the presence of sperm in the prostatic urethra as a stand-alone ejaculation entity and to assess its
characteristics.
Methods: Thirty-three patients with anejaculation during sexual stimulation were enroled. Penile vibratory stimulations were carried
out following bladder catherization and instillation of a pink buffering medium (Ferticult). Two-step catheterisation was then performed:
a catheter was inserted through the urethral sphincter into the prostatic urethra to aspirate its content, and then bladder catheterisation
was performed to collect the Ferticult. The procedure was repeated in some patients after at least 1 week. The characteristics of the
semen collected from each organ were analysed and compared.
Results: A total of 42 trials were obtained from 22 patients. Sperms were found in the prostatic urethra in 21 samples (50%) from 12
patients (11 with spinal cord injury, 1 with diabetes). The colour of all 21 prostatic urethra sperm samples differed from the Ferticult.
Sperm motility was greater in 8 samples, sperm count was higher in 10 and pH was different in 10, compared with the bladder
samples. The higher overall quality of the sperm allowed cryopreservation in 10 prostatic urethra samples compared with only 5 bladder
samples. Four of the five patients who underwent repeated trials had a reproducible pattern of prostatic urethra ejaculation.
Conclusion: The presence of sperm in the prostatic urethra most probably results from ‘ejaculation dyssynergia’, a lack of coordination
between bladder neck and external sphincter. Sperm from the prostatic urethra should be systematically sought to improve the outcome
of assisted reproduction.
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INTRODUCTION

Ejaculation constituted of two successive phases, emission and
expulsion, which involves different pelvi-perineal anatomical
structures.1,2 Seminal emission involves the expulsion of accessory
gland products and sperm into the posterior urethra, with closure of
the bladder neck to prevent retrograde ejaculation. During projectile
ejaculation, rhythmic involuntary contractions of the bulbocavernosus
and ischiocavernosus muscles cause expulsion of the ejaculate from
the distal urethra. Seminal emission is controlled by both sympathetic
(seminal tract smooth muscle contraction) and parasympathetic
(seminal fluid secretion) stimulation (with nerve fibres arising from
T10 to L2 and from S2 to S4 spinal segments, respectively), whereas
the projectile phase of ejaculation is controlled by somatic nerve fibres
arising from S2 to S4.3

Ejaculation may be significantly impaired in men with spinal cord
injury (SCI). Only 16% are able to ejaculate through sexual
stimulation, and 52% require penile vibratory stimulation (PVS).
Antegrade ejaculation (AE) occurs in most cases (65%), but a certain
number of patients experience retrograde ejaculation (RE). RE may be
pure (17 to 29%) or combined with AE (16%).4,5 Although some RE
sperm fractions from the bladder can be used for certain assisted
reproductive techniques, the viability of sperm in retrograde samples is

usually lower than in antegrade samples. Cryopreservation is thus not
always possible with RE samples.6

Although the exact mechanism of RE is still unknown, there is some
evidence that it may result from poor coordination between the
external sphincter and the bladder neck during expulsion. This can
prevent AE or may reduce semen volume.3,7,8 The hypothesis
of ejaculatory dyssynergia is further supported by the fact that
dyssynergic voiding also occurs in most patients with SCI.
Coordination between detrusor contractions and relaxation of the
external sphincter and/or or the bladder neck is poor, leading to
absent or incomplete micturition.9–11

The aim of this study was to search for sperm in the prostatic
urethra, using a new technique of prostatic catheterisation, which we
developed, and to evaluate the characteristics of any sperm found. The
presence of sperm in the prostatic urethra following PVS would
demonstrate the existence of ejaculatory dyssynergia.8

MATERIALS AND METHODS

Patients
From November 2011 to December 2012, 104 consecutive patients with
neurological disorders and ejaculatory dysfunction attended the Reproductive

Medicine Centre (Toulouse). Of these, 33 who wished to father a child but had
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anejaculation during sexual intercourse or manual stimulation were enroled in

the study.
All patients gave informed verbal consent for the procedure (that involved

one additional catheterisation after PVS).

Procedure
All patients had undergone voiding cystourethrograms and urodynamic tests in

the preceding months, as part of routine care. For the study, all patients

underwent the usual procedure to investigate ejaculation. This involves

catherization to completely empty all urine from the bladder, followed by the

instillation of a pink buffering medium (40 ml of Ferticult, Fertipro NV,

Belgium) and then PVS.5,12 If they failed to ejaculate, PVS was combined with

oral midodrine, starting with 5 mg and increased in steps of 7.5 mg until the

patient ejaculated, up to 30 mg.
The urethra was then milked manually to ensure that as much semen as

possible was collected. Following this, a two-step catheterization procedure was

carried out (with two separate catheterizations): first, a catheter

(Lofric Wellspect HealthCare, 12ch standard) was inserted through the urethral

sphincter into the prostatic urethra, and a 5 ml syringe was used to aspirate the

content of the prostatic urethra. Then, bladder catheterization was performed

with a new catheter to collect the previously instilled Ferticult.
Several semen retrieval trials could be carried out in the same patient

following an interval of at least 1 week. Cryopreservation was proposed to the

patient if the quality of the sperm was sufficient, that is, when motile

spermatozoa were present.

Biological analyses
Semen (that is, AE) analyses were performed according to the WHO

recommendations.13

Bladder fraction (that is, RE). After measuring the volume and testing the pH,
10 μl were examined between a slide and cover slide. When no sperms were

found, the whole sample of urine was centrifuged at 400g (10 min). The pellet

was then suspended in 1–2 ml of sperm-washing medium and analysed to

confirm or infirm the absence of sperm. When sperms were present in the
10 μl or in the pellet, their characteristics were analysed.

Prostatic urethra ejaculation. Prostatic urethra ejaculation (PUE) is defined as
the presence of sperm in the prostatic fluid aspirated from the prostatic urethra
during the first catheterization. The prostatic urethra fraction was analysed in
the same manner as the bladder fraction.

For each sample (AE, RE and PUE) obtained on a given day, several
characteristics were analysed and recorded: colour, volume and pH of the
liquid, as well as sperm count, progressive motility and viability. Total sperm
count (TSC) in the antegrade fraction (AE) was calculated as sperm
count× volume of antegrade specimen; TSC in the retrograde fraction (RE)
was calculated as sperm count× volume of urine; TSC in the prostatic urethra
fraction (PUE) was calculated as sperm count × volume of liquid.

To allow quantitative comparison of each characteristic of the RE and PUE
fractions, the level of significance was set at 41.5 million for the sperm
count, 44% for the progressive motility and 40.5 for the pH. The values for
sperm count and motility corresponded to 10% of the lower reference limits
recently published by the World Health Organization,13 whereas the value for
pH was arbitrary.

Statistical analysis
The characteristics of the sperm from PUE and RE were compared as follows:
descriptive variables were analysed by comparison of means (Wilcoxon signed
rank test), and qualitative values were compared using χ2-tests. All statistical
analyses were performed at the 5% level of significance using R 3.1.1
Development Core Team Software (R, Vienna, Austria).

RESULTS

Ejaculation (that is, AE, RE or PUE, either pure or combined) was
achieved in 22 out of 33 patients, and a total of 42 samples
was collected. Patient characteristics are described in Table 1. Mean
age was 29.0± 9.1 years; mean time since the onset of the neurological
disorder was 6.6± 6.4 years. Nineteen patients had SCI, 2 had multiple

Table 1 Characteristics of the 22 patients who ejaculated

Pathology Age (years) Time since onset (years) ASIA (Injury level) AIS EDSS Type Voiding Treatment Midodrine (mg)

1 Paraplegia 2.4 7.9 T8 A — UMN IC Anticholinergics 22.5

2a Tetraplegia 25.6 4.4 C6 B — UMN Spontaneous AlphaBlockers None

3 Paraplegia 37.7 19.6 T8 A — UMN Spontaneous None 30.0

4 Tetraplegia 34.1 2.2 C8 A — UMN IC Anticholinergics 30.0

5a Tetraplegia 33.0 1.5 C7 B — UMN IC Anticholinergics 15.0

6a Tetraplegia 26.3 11.3 C6 A — UMN Spontaneous None 15.0

7a Paraplegia 20.4 2.2 T5 A — UMN IC Anticholinergics 30.0

8 Paraplegia 30.7 12.1 T8 A — UMN IC Anticholinergics 15.0

9a Tetraplegia 18.7 1.6 C4 A — UMN Spontaneous None 25.0

10 Paraplegia 29.1 2.0 T5 A — UMN IC Anticholinergics None

11 Paraplegia 19.2 1.2 T12 A — UMN IC None 22.5

12a Tetraplegia 45.4 7.8 C5 C — UMN IC None 15.0

13 Tetraplegia 22.1 1.0 C7 A — UMN IC Anticholinergics None

14 Tetraplegia 39.1 1.8 C7 B — UMN IC Anticholinergics None

15a Paraplegia 30.3 1.5 L2 A — LMN IC None 30.0

16 Paraplegia 31.4 2.0 L5 A — LMN IC None None

17a Paraplegia 35.4 2.1 T5 A — LMN IC None 30.0

18a Paraplegia 40.4 24.4 L3 A — LMN IC None 30.0

19 Paraplegia 24.7 7.4 T5 A — LMN IC None 30.0

20a MS 30.5 8.4 — — 4.0 UMN Spontaneous None 30.0

21a MS 31.8 10.7 — — 5.0 UMN IC Anticholinergics 22.5

22a Diabetes 30.0 12.7 — — — UMN Spontaneous None 15.0

Abbreviations: AIS, ASIA incapacity scale; ASIA, American Spinal Injury Association; EDSS, expanded disability status scale; IC, intermittent catheterisation; LMN, lower motor neuron lesion;
MS, multiple sclerosis; None, no anticholinergic or alpha-blocking drugs; Spontaneous, spontaneous micturition; UMN, upper motor neuron lesion.
aPatients with prostatic urethra ejaculation.
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sclerosis and 1 had diabetes. Eighteen out of the 19 patients with SCI
had a complete motor lesion (ASIA Incapacity Scale A or B), and
1 had an incomplete motor lesion (ASIA Incapacity Scale C).
Nine patients took anticholinergics (trospium and/or oxybutynin)

to treat detrusor overactivity and 17 took oral midodrine combined
with PVS (mean 24.0± 6.6 mg).

Prostatic urethra samples
Sperms were found in 21 prostatic urethra fractions (50%) (Table 2)
from 12 patients (55%). Nine of these patients had upper motor
neuron lesions, and 3 had lower motor neuron lesions; 11 patients
were on midodrine, and 3 were on anticholinergics. There was a non-
significant tendency for more prostatic urethra fractions in patients on
midodrine (P= 0,08) and less in those on anticholinergics (P= 0,10).
There was no effect of the level of the lesion (P= 0,78).

Prostatic urethra vs bladder samples
All 21 PUE fractions were whitish in colour, whereas the bladder
fractions were stained pink by the Ferticult. Compared with the
bladder samples, sperm motility was higher in 8 PUE fractions and
lower in 9 fractions; sperm count was higher in 10 PUE fractions
(and lower in 10), and pH was different in 10 (out of 12 fractions)
(Table 2). In one patient (no. 22), a PUE fraction was found with no
AE or bladder RE fraction.
From a descriptive point of view, aside from the colour,

14 PUE fractions had at least 1 characteristic (sperm count,
progressive motility or pH), which differed from the bladder
fractions.
The quantitative values for bladder and PUE fractions are given in

Table 3. Sperm count, motility, viability and pH values were all higher,
although not significantly, in the PUE than the bladder fractions. TSC
was significantly higher in the bladder.

Table 2 Sperm characteristics of the bladder and prostatic urethra samples in the patients with prostatic urethra ejaculation

Patient Rank of

trial

Type of

ejaculation

Antegrade

fraction
Retrograde fraction Prostatic Urethra fraction

TSC (106) Vol (ml) SC

(106 ml−1)

TSC

(106)

Mot

(%)

Viab

(%)

pH Cryop Vol

(ml)

SC

(106 ml−1)

TSC

(106)

Mot

(%)

Viab

(%)

pH Cryop

2 1 Mixed 64.5 80.00 0.32 25.6 NO NO 6.0 No 2.00 0.40 0.8 NO NO 7.0 No

5 1 Retro 0.0 300.00 1.09 327.0 NO NO 7.0 No 5.00 19.00 95.0 NO NO 8.0 No

6 1 Mixed 336.0 30.00 0.16 4.7 0 0 5.8 No 2.50 0.47 1.2 4 NO NO No

7 1 Retro 0.0 75.00 3.00 225.0 15 21 NO Yes 0.25 0.06 0.0 0 20 NO No

9 3 Retro 0.0 117.00 0.12 13.7 0 0 7.1 No 1.25 0.07 0.1 0 0 NO No

12 1 Mixed 105.0 25.00 0.40 10.0 0 0 5.8 No 6.50 0.35 2.3 0 0 5.8 No

15 1 Mixed 0.0 105.00 0.24 25.2 25 NO 6.1 No 0.02 93.50 1.9 20 NO NO Yes

15 4 Retro 0.0 165.00 0.46 75.9 0 0 5.0 No 14.50 0.60 8.7 15 NO 6.1 Yes

15 5 Mixed 0.3 384.00 0.54 207.4 6 NO 5.8 Yes 5.60 2.00 11.2 10 24 7.9 Yes

15 6 Retro 0.0 87.00 1.28 111.4 0 0 5.8 No 11.20 2.75 30.8 6 NO 7.9 Yes

17 1 Retro 0.0 101.00 2.55 257.6 6 NO 7.7 Yes 1.80 0.20 0.4 15 NO NO Yes

17 3 Mixed 4.3 333.00 0.58 193.1 0 0 6.8 No 2.10 0.50 1.1 0 0 7.9 No

17 4 Retro 0.0 122.00 4.40 536.8 13 NO 7.0 No 17.00 0.96 16.3 10 NO 7.0 Yes

17 5 Retro 0.0 222.00 0.48 106.6 0 0 6.5 No 11.00 0.06 0.7 24 NO 7.2 No

17 7 Retro 0.0 72.00 2.50 180.0 15 NO 7.4 No 5.70 0.48 2.7 10 31 NO Yes

18 2 Retro 0.0 240.00 3.30 792.0 15 NO 5.8 Yes 11.00 0.40 4.4 26 NO 7.0 Yes

18 3 Retro 0.0 83.00 5.80 481.4 10 35 7.0 Yes 2.90 9.40 27.3 15 15 7.9 Yes

20 1 Mixed 168.0 65.00 0.40 26.0 8 NO 8.0 No 1.00 2.00 2.0 NO NO NO No

21 1 Retro 0.0 168.00 0.01 1.7 0 0 7.1 No 0.81 0.03 0.0 0 0 5.0 No

21 2 Mixed 285.0 85.00 0.07 6.0 0 0 7.4 No 0.35 0.03 0.0 0 0 NO No

22 1 Pure PUE 0.0 NO NO NO NO NO NO — 0.40 510.00 204.0 20 26 NO Yes

Abbreviations: Cryop, cryopreservation; Mixed, antegrade+retrograde ejaculation; Mot, motility—percentage of progressive motile sperm; NO, not obtained; Pure PUE, prostatic urethra ejaculation
without antegrade or retrograde ejaculation; Retro, pure retrograde ejaculation; SC, sperm count (ml); TSC, total sperm count (sperm count× volume); Viab, viability—percentage of viable sperm;
Vol, volume.

Table 3 Comparison of sperm characteristics between bladder and prostatic urethra samples

SC (106 ml−1) TSC (106) Motility (%) Viability (%) pH

Prostatic urethra (n=12) 46.87 (146.08)

[0.03–510.00]

28.2 (61.5)

[0.02–204.0]

7.7 (8.7)

[0.0–20.5]

12.6 (11.1)

[0.0–26.0]

6.8 (1.1)

[5.0–8.0]

Bladder (n=11) 1.16 (1.46)

[0.04–4.55]

148.4 (199.6)

[3.8–636.7]

5.6 (5.8)

[0.0–15.0]

7.0 (13.5)

[0.0–35.0]

6.6 (0.8)

[5.7–8.0]

P 0.36 o0.01 0.53 0.58 0.23

Abbreviations: Motility, percentage of progressive motile sperm; n, number of patients; SC, sperm count (ml); TSC, total sperm count (sperm count × volume); Viability, percentage of viable sperm.
Values are means, s.d. () and ranges [].
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PUE reproducibility
Repeat ejaculations were obtained in eight patients, at 3–8-week
intervals. Three of these patients never had PUE. When a patient was
found to have PUE, it was generally quite reproducible (Table 4): three
patients consistently had PUE (100% of samples) and one frequently
had PUE (80% of samples). In contrast, in patients who did not have
PUE, the type of ejaculation was never constant in a given patient
(except for one patient, no. 18).

PUE and type of ejaculation
PUE was associated with RE in 20 fractions: 12 times in pure RE
(no AE) and 8 in mixed AE+RE ejaculation (Table 5). In one case
(patient no. 22), PUE occurred with no concomitant AE or RE
(Table 2). The type of ejaculation had no significant influence on the
sperm characteristics of the PUE fractions (Table 5). For the bladder
fractions, sperm counts and TSCs were significantly higher in the
patients with pure RE.

Sperm cryopreservation
Cryopreservation was possible in 10 PUE fractions compared with
5 bladder fractions (P= 0.11) (Table 2).

DISCUSSION

This study demonstrated, for the first time, that it is possible to
retrieve sperm from the prostatic urethra by direct catheterization.
The presence of sperm in the prostatic urethra was not the result of
urine contamination, as it was not stained by the Ferticult, and the
sperm characteristics were of higher quality than those in the bladder
RE. Equally, the PUE was not the result of sperm remaining in the
urethra, as it could be found with no AE, and thorough urethral

milking was always performed prior to the prostatic catheterization.
Furthermore, sperm obtained by prostatic massage is known to be of
poor quality,14–16 which was not the case of the sperm found in the
prostatic urethra samples. PUE was reproducible in some patients and
could occur without AE or RE.
PUE is thus quite distinct from the so-called RE, which occurs

relatively frequently in men with SCI.4,5 If AE does not occur, RE is
defined as any sperm in the urine sample. If AE does occur, various
definitions of RE have been proposed, based on the presence of sperm
in the postejaculatory urine: sperm count above 5 million, 5–10%
content of sperm or 45–10 sperm per high-power field.17,18

These criteria describe the small quantity of semen that can be
obtained in the urethra by catheterization after AE.5

RE occurs in different conditions in which the bladder neck is
weakened or open. This usually arises when the sympathetic outflow
to the bladder neck is reduced, such as in patients with a lower motor
neuron lesion at the T10-L2 spinal segment (causing flaccidity)4,5,19 or
those on alpha-blocking agents.20 RE has also been described as a
side effect of intradetrusor botulinum toxin injection, possibly due to
the spread of toxin to the bladder neck.21 However, RE also occurs in
patients with upper motor neuron lesions and spasticity, who have a
closed bladder neck, and thus other mechanisms must also be
involved.5

Midodrine, an alpha1-adrenergic agonist, is a safe and efficient
adjunct to PVS for anejaculation in patients with SCI. It stimulates
seminal emission, most probably by a direct effect on the smooth
muscles of the ejaculatory duct. Midodrine also increases bladder neck
tone, which might explain the non-significant tendency to a higher
rate of PUE in patients taking this drug. PUE was also more difficult to
obtain in patients on anticholinergics; however, the influence of
anticholinergics on ejaculation is yet to be studied in this
population.
Recent studies have suggested a lack of coordination between the

external sphincter and the bladder neck during expulsion as a possible
cause of RE in patients with SCI. The simultaneous recording of
external and internal sphincter pressures during PVS has demon-
strated that different sphincteric events occur, depending on whether
patients ejaculate or not.3 In successful PVS, external sphincter
pressure first reaches a peak (average 180 cm H2O) that subsequently
decreases and is followed seconds later by a peak in internal sphincter
pressure (average 178 cm H2O), which exceeds external sphincter
pressure, leading to ejaculation. In non-responders, external sphincter
pressure never increases to more than 105 cm H2O.
Another study used colour Doppler ultrasound recordings of

manually induced ejaculation in a healthy man and showed that the
dilation of the prostatic urethra is immediately followed by a flattening

Table 5 Type of ejaculation and sperm parameters

Bladder fraction Prostatic urethra fraction

SC (106 ml−1) TSC (106) Motility (%) Viability (%) pH SC (106 ml−1) TSC (106) Motility (%) Viability (%) pH

Mixed (n=7) 0.33 (0.17)

[0.07–0.58]

54.5 (72.5)

[4.7–193.1]

3.9 (6.5)

[0.0–15.5]

0.0 (0.0)

[0.0]

6.5 (0.9)

[5.8–8.0]

7.36 (17.82)

[0.03–47.75]

2.0 (2.1)

[0.0–6.5]

3.8 (6.5)

[0.0–15.0]

6.0 (12.0)

[0.0–24.0]

7.2 (1.0)

[5.8–7.9]

Pure retro (n=7) 1.73 (1.68)

[0.01–4.55]

224.0 (221.3)

[1.7–636.7]

6.0 (6.9)

[0.0–15.0]

9.3 (15.1)

[0.0–35.0]

6.7 (0.7)

[5.4–7.2]

3.74 (6.96)

[0.03–19.00]

19.4 (34.3)

[0.0–95.0]

7.6 (8.9)

[0.0–20.5]

13.2 (13.4)

[0.0–31.0]

6.9 (1.1)

[5.0–8.0]

P 0.16 0.16 0.66 0.22 0.72 0.80 0.54 0.69 0.50 1.00

Abbreviations: Mixed, antegrade+retrograde ejaculation; Motility, percentage of progressive sperm motility; n, number of patients; Pure Retro, pure retrograde ejaculation (absence of associated
antegrade ejaculation); SC, sperm count; TSC, total sperm count (sperm count× volume).
Values are means, s.d. () and ranges [].

Table 4 Reproducibility of prostatic urethra ejaculation and pattern of

ejaculation in five patients

Patient Ejaculation Type of ejaculation

n PUE Mixed Retrograde

9 2 1 1 1

15 5 4 3 2

17 5 5 1 4

18 2 2 0 2

21 2 2 1 1

Total 16 14 6 10

Abbreviations: Mixed, antegrade+retrograde ejaculation; n, number of successful ejaculations for
each patient; PUE, prostatic urethra ejaculation.
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of the bladder neck and contraction of the prostate, creating a pressure
chamber that precedes the expulsion of semen by a few seconds. In a
patient with SCI and RE, the prostatic urethra dilated, but activity of
the prostate and bladder neck was less marked. The external sphincter
never relaxed, preventing AE, whereas the bladder neck first con-
tracted then relaxed a few seconds later, allowing the semen remaining
in the prostatic urethra to slowly flow into the bladder.7

To elucidate the mechanisms behind the presence of sperm in the
prostatic urethra, further studies on the dynamics of ejaculation
involving pressure recordings or Doppler ultrasonography, followed
by prostatic catheterization, need to be carried out.
This lack of coordination during ejaculation appears to be very

similar to the sphincter dyssynergia found during bladder contraction
in patients with upper motor neuron lesions following SCI.8

Dyssynergia of the external detrusor sphincter is very commonly
associated with neurogenic detrusor overactivity.9,10 Contraction of
the bladder neck during detrusor contraction is another entity,
characteristic of sympathetic overactivity below the level of the
lesion.11 Although detrusor sphincter dyssynergia is most commonly
found and treated, both types of dyssynergia can cause incomplete
voiding or difficulty with catheterisation.

CONCLUSION

We demonstrated that sperm may be present in the prostatic urethra,
independently from the occurrence of either AE or RE. The systematic
collection of this sperm, which is more often of higher quality than
that found in the bladder, should improve the outcome of assisted
reproduction.
We therefore recommend a change in practice towards a two-step

catheterisation procedure, involving extraction of the prostatic urethra
content first. Further studies should seek to develop and standardise
this technique of prostatic urethra catheterisation. In particular, the
conception of a new type of catheter that could be used to empty both
the lumen and the prostatic ureter in a single procedure
(which was not possible with our catheter) would simplify the
technique.
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