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Introduction

Sleep-related painful erection (SRPE) is a rare condition 
which sees patients experiencing frequent erections during 
rapid eye movement (REM) sleep causing deep penile pain 
and interrupted sleep. Nocturnal spontaneous erections can 
be classified into physiological and pathological erections. 
Nocturnal physiological erections are considered to occur 
3–5 times during REM without pain. SRPE is a pathological 
sleep erection that differs from physiological nocturnal 

penile tumescence (NPT), which is characterized by penile 
pain during REM period and relief after urination (1), 
and classified as an REM parasomnia by the International 
Classification of Sleep Disorders by the American Academy 
of Sleep Medicine (2). As this condition harms the patient’s 
sleep state and physical and mental health, it is critical 
to explore SRPE and reduce the burden of disease and 
improve the quality of life of patients. As presently there 
is no systematic guidance for this condition, this article 
reviews the mechanisms, diagnosis, and treatment of SRPE 
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to help gain a better understanding for both physicians and 
patients. We present the following article in accordance 
with the Narrative Review reporting checklist (available at 
https://dx.doi.org/10.21037/tau-21-1045).

Underlying pathological mechanism of sleep 
related painful erection

Twenty-one sleep related painful erection reference were 
taken into this section (Table S1). To better understand 
abnormal penile erection, it is necessary to first consider 
normal physiologic erection. Penile physiologic erection 
is caused by relaxation of the smooth muscles of the penile 
artery and cavernous body activated by the parasympathetic 
nerve pathway and accompanied by inhibition of the spinal 
reflex caused by sympathetic nerve excitement (3,4). Penile 
erection results from interactions of the central nervous 
system and local factors and is regulated by psychological 
and hormonal factors (5). Nitric oxide (a neurotransmitter 

and molecular signal sensor) and other mediators released 
by nerves or endothelium play essential roles (4,6).

Penile erection can be classified as reflex erection caused 
by mechanical stimulation (6), psychogenic erection caused 
by psychological stimulation (7), nocturnal spontaneously 
erection, and persistent abnormal erection. NPT is an 
everyday physiological occurrence which is not caused by 
sexual stimulation and can physiologically spontaneously 
occur during REM sleep (8). Men achieve erections three 
to five times during eight hours of sleep, and each erection 
may last for at least 30 minutes, regardless of age (9). The 
detail classification of penile erection is shown in Figure 1.

We summarized the pathogenesis of SRPEs and 
proposed the pathogenesis concept of “O-PAINT” where 
“O” represents Obstructive Sleep Apnea (OSA) Syndrome, 
“P” represents Psychological and spiritual factors, “A” is 
for Androgen Elevation, “I” is for Compartment Syndrome 
caused by ischemia, “N” is for Neuroendocrine regulation, 
and “T” is for Threshold of pain in the REM phase.
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Figure 1 Classification of penile erections.
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OSA syndrome

Researchers (10-13) have found patients with OSA have 
different levels of SRPE, which has become the core 
concept of SRPE widely accepted by scholars. OSA is 
characterized by frequent episodes of partial or complete 
collapse of the upper airway during sleep, followed by 
hypoxia and activation of sympathetic nerves. The apnea 
event is terminated by awakening, followed by an increase 
in pulse and blood pressure (14). Hypoxia causes an 
increase in blood flow to tissues and organs, especially 
to the cavernous body of the penis, which becomes the 
physiological mechanism for erections. Continuous positive 
airway pressure may treat apnea and reduce symptoms, and 
the mechanism may be mediated by intermittent changes 
of the autonomic system and blood-gas exchange related to 
OSAS, interfering with the autonomic nervous system and 
eventually causing SRPE (10).

Abnormal androgen elevation

Testosterone plays a crucial role in developing and 
maintaining male sexual characteristics and is an essential 
participant in nocturnal physiological erections. Changes 
in testosterone at night are related to sleep, with the level 
of testosterone during sleep being higher than during 
wakefulness (15). Testosterone regulates the release of nitric 
oxide from the nitrergic nerve fibers in the cavernous nerve 

and other non-nitrergic processes in the cavernous body 
and central nervous system (16). In contrast, the erectile 
response to sexual stimulation while awake is independent 
of the testosterone system (17). Buvat et al. showed that 
androgens regulate the expression levels of nitric oxide 
synthase and phosphodiesterase 5 (PDE-5) by regulating 
the NO-cGMP erection signal pathway (18). Therefore, 
high nocturnal serum testosterone levels are needed for 
penile erection and may mediate or encourage SRPE via 
positive regulation of NO.

Nerve and neuroendocrine disorder

In REM sleep, 5-hydroxytryptamine (5-HT) levels are low 
at the central nerve-neural junction. Selective serotonin 
reuptake inhibitors (SSRIs) are used to inhibit the REM 
stage in SRPE patients and improve their symptoms. In 
addition, SSRIs increase the content of 5-HT in peripheral 
hematomas. 5-HT inhibits NO synthase, reduces NO 
synthesis, reduces the content of second messenger 
cGMP, and reduces the activation level of the G protein 
pathway, resulting in contraction of vascular smooth muscle  
(Figure 2A) (19,20). 5-HT also directly acts on the 5-HT2A 
receptors of vascular smooth muscle cells to contract 
vascular smooth muscle (Figure 2B). Therefore, 5-HT 
neurotransmitter disorders play an important role in the 
pathogenesis of SRPE (21).
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Szücs et al. found the posterior cerebral artery of an 
SRPE patient was compressed on the lateral basilar border 
of the hypothalamus corresponding to the anatomical 
position of the preoptic area of the hypothalamus through 
a cranial MRI examination (22). Central neurotransmitters 
and neuropeptides act on multiple brain regions to promote 
the secretion of neurotransmitters to cause or inhibit 
penile erection (23). One study found that REM-initiating 
neurons (cholinergic and gamma-aminobutyric neurons) 
were significantly active during REM, while REM-off 
neurons (adrenergic and serotonin neurons) which were 
active during REM, remained silent. Recent studies found 
that SRPE patients with an abnormal REM stage often 
complain of gastrointestinal symptoms and nerve-ending 
abnormalities (small fiber neuropathy). For these reasons, 
it can be speculated that during REM sleep in patients with 
SRPE, cholinergic neurons produce more acetylcholine 
and cause a penile erection. Therefore, neuroendocrine 
regulation disorder is also a pathogenesis of SRPE.

Psychological and spiritual abnormalities

A study found that the function and anatomy of the penis 
have no apparent effect on SRPE, and in the reported cases, 
neurological and neurophysiological examinations were 
found to be normal (12). Some researchers speculate that 
SRPE is psychogenic in nature, as repeated awakening and 
insomnia are related to lack of sleep and anxiety (24). Others 
speculate that almost all extragonadal endocrine diseases 
may affect sexual function. Endocrine diseases may be 
caused by mental and physical involvement, and hormones 
directly or indirectly regulate the process of erection (25). 
Meanwhile, mental disorders such as nighttime awakening, 
anxiety, and irritability often coexist with SRPE, with a high 
incidence. Psychological is a symptom or manifestation 
of SRPE, and may also be a trigger or aggravating factor, 
resulting in a vicious cycle. Therefore, since mental health 
has significant adverse effects on SRPE patients, special 
attention must be paid to patients' mental and psychological 
changes in SRPE diagnosis and treatment, so the 
improvement of psychological and spiritual status should 
also become a target of our treatment (13).

Reduced pain threshold in the REM phase

During sleep in healthy adults, non-rapid eye movement 
(NREM) and REM sleep switch at 90–110-minute intervals. 
In the first third of the night, light sleep alternates with 

slow-wave sleep but as sleep progresses, slow-wave sleep 
decreases, and REM sleep increases. In the final third of 
the night, light sleep almost entirely alternates with REM 
sleep (26). During autonomic nerve function and penile 
erection, rhythmic changes can be observed in the over-
frequency range of 1 to 2 hours (27). During REM sleep 
and wakefulness, there are many neuronal networks in the 
ventricular septum, and these neurons coordinate with 
erection-related activities (28). The relationship between 
pain and sleep is mutual, as pain may interrupt or disrupt 
sleep, while poor sleep quality increases pain perception, 
and the reduction in sleep time and the specific loss of REM 
sleep can produce hyperalgesia the following morning. 
Medications and conditions that reduce sleep and REM 
sleep time may also increase pain (29). Dai et al. observed 
that postoperative pain after male circumcision is very 
common, especially in the SRE stage (30), and interrupted 
REM sleep relieved SRE-related incision pain. A study 
of migraines during sleep found that the decrease in pain 
threshold was related to increased sleep pressure, and lack 
of adequate rest may be a factor inducing hyperalgesia (31).

Compartment syndrome caused by ischemia

When the urinary bladder is overfilled at night, the erectile 
center is stimulated, causing a continuous erection. The 
inflammation caused by overfilling of the bladder hinders 
deep venous return, causing continuous erection and pain. 
Prostatitis, urethritis, and thrombophlebitis can also cause 
such consequences, and the obstruction of deep venous 
return leads to penile compartment syndrome, characterized 
by constant high pressure in a fixed space which impedes 
microvascular circulation. The pathophysiological 
feature of penile compartment syndrome is continuous 
cavernous smooth muscle relaxation and contraction failure 
accompanied by increased hypoxia in the cavernous body, 
increased pCO2, and acidosis (32). Symptoms include 
evident stiffness of the cavernous body, disordered venous 
blood outflow, and persistent painful erection, which may 
cause the trabeculae of the cavernous body of the penis to 
be exposed to ischemic blood when persistent.

Diagnosis of SRPE

Clinical characteristics

Patients with SRPE often have the clinical characteristics of 
repeated waking during REM sleep accompanied by painful 
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erections. Due to the lack of literature support, the effective 
duration of treatment for the disease is usually 1–3 months, 
and long-term observation is rare; erections monitored 
during waking, during intercourse, and during NREM are 
painless; it is generally believed that the sexual refractory 
period after ejaculation can make re-erections difficult, and 
daytime intercourse and ejaculation can inhibit nocturnal 
erections, but this rule is not followed in SRPE. According 
to current reports, there is no obvious relationship between 
the occurrence of SRPE and sexual intercourse, and only 
one report found the even presence of SRPE after sexual 
intercourse (1); each episode of pain lasts from minutes to 
hours; after being awake or urinating, the symptoms may 
partially abate; the frequency of episodes ranges from one 
per hour to several times per night; there is no history of 
sleep disorders or abnormalities; physical examination and 
auxiliary examinations of the urinary system and nervous 
system are unremarkable; no evidence of urinary tract 
infection; serum prostate-specific antigen and testosterone 
are within the normal range; the disease occurs at all 
ages, with an average age of onset of 40 years; there are 
psychological symptoms such as anxiety, nervousness, 
irritability, and daytime fatigue; color Doppler ultrasound of 
the penis, prostate, and kidneys show no abnormalities; the 
International Erectile Function Score and Nocturnal Penile 
Erectile Measurements indicates varying degrees of erectile 

dysfunction; and the intensity of penile erection during pain 
is grade III–IV (33).

Differential diagnosis of SRPE

SRPE needs to be differentiated from priapism, which is 
a persistent, often painful penile erection that lasts more 
than 4 hours and has nothing to do with sexual stimulation. 
Priapism is classified as ischemic penile priapism, non-
ischemic penile priapism, and recurrent penile priapism (34).

In ischemic penile priapism, the cavernous body is 
stiff, the glans and cavernous body are relaxed, and there 
is interstitial pressure and damage to the microvessels 
leading to penile fascial compartment syndrome. Color 
Doppler ultrasound reveals no blood flow in the cavernous 
arteries, while body fluid blood gas analysis reveals  
pO2<30 mmHg, pCO2 >60 mmHg, and pH <7.25 (34). 
Compared with patients with SRPE, stuttering priapism 
episodes of ischemia are for the most transient and self-
remitting but this priapism is considering harboring of 
major ischemic priapism. Nearly 30% of patients suffering 
of stuttering priapism evolve to major episodes of ischemic 
priapism (34).

Non-ischemic penile priapism is most often caused 
by penile, perineal, or pelvic trauma, with laceration of 
cavernous arterioles leading to the formation of arteriole-
sinus fistulas, and is often delayed by a few days.

Recurrent priapism is characterized by long-term 
periodic erection episodes that are sometimes painful, 
usually occurring during sleep or sexual stimulation, and 
may subside spontaneously. It is a common complication 
of sickle cell disease, caused by microvascular occlusion 
secondary to hemolysis and stasis (35-37).

Treatment

Although SPRE is a rare disease or symptom, the harm 
it causes merits attention. As understanding of the 
pathogenesis of SRPE is not systematically complete, there 
is currently no comprehensive treatment plan or guidance. 
While treatment principles generally correspond to the 
pathophysiological mechanism related to SRPE, due to the 
complexity and diversity of the pathogenesis, the objective 
is to deal with the cause and the symptoms. Current 
treatment strategies for SRPE are summarized in Figure 3, 
and can be seen to focus on both etiological treatment and 
symptom control. However, as the present understanding of 
the underlying mechanism and comprehension of SRPE is 

Muscle relaxant Baclofen

Treatment of SRPE

Benzodiazepine

Clomipramine
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Slective serotonin
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Figure 3 Treatment strategy of SRPE. SRPE, Sleep-related 
painful erection; REM, rapid eye movement.
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unclear, the purpose and principles of treatment are mainly 
to control symptoms and improve patients’ quality of life.

Treatment protocol to control symptoms of SRPE

General therapy
Muscle relaxants
Muscle relaxants are the first choice for SRPE treatment, 
with medications such as baclofen, and pregabalin often 
used. Baclofen is a γ-aminobutyric acid receptor agonist 
that alleviates the sleep process, and for erections in 
children, has an analgesic effect. Szücs et al. conducted 
a 10-year follow-up of 14 SRPE patients treated with 
baclofen at 10–75 mg, and found 41.6% of patients had 
complete resolution of their pain, while 58.4% experienced 
symptoms after withdrawal (22). These researchers suggest 
that baclofen and other muscle relaxants can serve as short-
acting first-line treatments.
REM inhibitors
Benzodiazepines such as diazepam as clonazepam have also 
been employed in the treatment of SPRE (38-40). Kuhadiya 
et al. (41) describe a 77-year-old patient treated with  
1 mg clonazepam once per night for 1 year who achieved 
good clinical results. Commonly used antidepressants 
including clomipramine, paroxetine, fluvoxamine, 
clozapine, amitriptyline, and sertraline are also used, having 
anticholinergic, antihistamine, and other antidepressant 
effects, as well as inhibiting REM sleep (38,40).
Anti-androgen therapy
Anti-androgen therapy is only applicable when there is no 
longer a desire to pursue sexual activity on behalf of the 
patient or when the previously mentioned medications 
are ineffective. Commonly used medications such as 
estradiol, finasteride, bicalutamide tablets, and goserelin 
acetate sustained-release implants are associated with 
primary adverse reactions including low libido and erectile 
dysfunction, as the level of antiandrogenic therapy required 
often suppresses testosterone levels below the castration 
level (1.6 nmol/L). Vreugdenhil et al. found vicalutamide 
and progesterone were not effective and caused both low 
libido and erectile dysfunction (13). 
Anti-depressive therapy
Studies have shown that antidepressants, in addition to 
inhibiting REM in patients with SRPE, also improve 
anxiety and stress (42). van Driel et al. and Rourke et al. 
found that monoamine oxidase inhibitors, benzodiazepines, 
tricyclic antidepressants, and SSRIs all inhibited REM and 
were effective for SRPE (40,43).

Combination therapy
Currently, the strategy of combined therapy is used in the 
treatment of SRPE. While baclofen is commonly used to 
relief the pain symptoms of SRPE patients, in those with 
primary disease it is not ideal (13). Clinical studies by 
Van Driel and Moreira et al. (40,44) found that the use of 
monoamine oxidase inhibitors, benzodiazepines, tricyclic 
antidepressants, and selective serotonin reuptake inhibition 
alleviated symptoms of SRPE to varying degrees. Other 
researchers also believe that combination therapy should 
be the primary treatment strategy for SRPE (10). Zhang 
et al. reported a patient with OSA syndrome who received 
significant relief after combined treatment for one week. 
They found that improvement of ventilation alone is not 
enough, and the combined suppression of REM period and 
use of antidepressant could further improve the clinical 
symptoms of patients at different stages, further suggesting 
the need for combination therapy for SRPE (42). 

Etiological treatment

Improve symptoms of respiratory obstruction
When there are symptoms of airway obstruction, the first 
treatment principle is to improve ventilation. Continuous 
positive airway pressure to treat respiratory symptoms 
can improve SRPE symptoms in a short period. Zhang 
et al.  found that CPAP combined with tamsulosin  
(0.2 mg per night),  alprazolam (0.8 mg/day),  and 
e sc i t a lopram (20  mg/day )  for  one  month  had  a 
significant effect on SRPE patients with OSA (42). 
The principle may be that positive pressure ventilation 
therapy improves sympathetic and parasympathetic 
neuro t ransmi t t e r  d i so rder s  c aused  by  hypox i a . 
When the patient cannot tolerate positive pressure 
ventilation, an oral appliance was effective in improving  
ventilation (45). The principle of the oral appliance is to 
indirectly change the positions of the tongue, soft palate, 
and airway by moving the mandible forward and downward. 
Uvulopalatopharyngoplasty can also treat primary  
disease (46).

Locally improve inflammation and urine retention in 
the bladder
When patients have cystitis, prostatitis, and urethritis, 
the primary disease can be treated with antibiotics first, 
and anticoagulant medications can relieve the local 
obstruction of deep vein reflux to relieve the symptoms 
of SRPE (47).
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Conclusions

Current understanding of the pathogenesis of SRPE 
can be summarized as abnormal androgen elevation, 
neuroendocrine disorders, psychological and mental 
abnormalities, lower pain threshold in REM-stage, and 
obstructive sleep breathing syndrome. According to 
literature reports, multiple drugs are applied to provide 
relief for SRPE patients including baclofen and clonazepam 
However, the long-term use of baclofen is not advisable, 
and a combination of multiple drug treatments is the main 
strategy for these patients.

For these reasons, prospective cohort observation studies 
of currently proposed treatment methods and further 
investigation of the regulation of central and peripheral 
nerve signal pathways and pathological regulation 
mechanisms of SRPE are urgently required.
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