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ABSTRACT 51 

 52 

Surgical treatments for ischemic priapism (IP) include shunts or penile implants. Non-ischemic 53 

priapism (NIP) is usually the result of penile/perineal trauma causing an arterial fistula and 54 

embolisation may be required. We conducted a systematic review on behalf of the EAU Sexual 55 

and Reproductive health Guidelines panel to analyse the available evidence on efficacy and 56 

safety of surgical modalities for IP and NIP. Outcomes were priapism resolution, sexual 57 

function and adverse events following surgery. Overall, 63 studies (n=923) met inclusion 58 

criteria up to September 2021. For IP (n=702), surgery comprised distal (n=274), proximal 59 

shunts (n=209) and penile prostheses (n=194). Resolution occurred in 18.7-100% for distal, 60 

5.7-100% for proximal shunts and 100% for penile prostheses. Potency rate was 20-100% for 61 

distal, 11.1-77.2% for proximal shunts, and 26.3-100% for penile prostheses, respectively. 62 

Patient satisfaction was 60-100% following penile prostheses implantation. Complications 63 

were 0-42.5% for shunts and 0-13.6% for IPP. For NIP (n=221), embolisation success was 85.7-64 

100% and potency 80-100%. The majority of studies were retrospective cohort studies. Risk of 65 

bias was high. Overall, surgical shunts have acceptable success rates in IP. Proximal/venous 66 

shunts should be abandoned due to morbidity/ED rates. In IP >48 hours, best outcomes  are 67 

seen with penile prostheses implantation . Embolisation is the mainstay technique for NIP with 68 

high resolution rates and adequate erectile function. 69 

  70 
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Introduction 71 

 72 

Priapism is defined as a prolonged erection lasting over 4 hours in the absence of sexual 73 

stimulation, which persists despite orgasm(1). Priapism is generally divided into three main 74 

groups namely non-ischaemic (high flow), ischaemic (low flow) and stuttering (recurrent)(2). 75 

Based on the arterial inflow parameters two main groups can be identified: ischaemic priapism 76 

(IP) (low-flow or veno-occlusive type), which is the main type representing 95% of all priapic 77 

episodes and non-ischaemic (NIP) or high-flow priapism (arterial type). These have different 78 

pathophysiological mechanisms, presentation, diagnostic work-up, management and prognosis 79 

(3). 80 

Ischaemic priapism is characterized by reduced or diminished intracavernosal arterial inflow. 81 

A number of causes of ischaemic priapism have been identified, including the use of 82 

erectogenic agents and haematological disorders such as sickle cell disease (SCD). Less 83 

common causes include paraneoplastic syndromes, spinal cord injuries, recreational drugs (e.g., 84 

marijuana, cocaine) and second-generation antipsychotics (4). If IP is left untreated for > 4 85 

hours it can cause a form of compartment syndrome, ultimately leading to permanent erectile 86 

dysfunction (ED), due to necrosis and fibrosis of the cavernosal tissues. The longer the duration 87 

of IP, the worse the severity ED and deformity, therefore IP should always be treated as a 88 

urological emergency (5). Histopathological examination of the corpora cavernosa 89 

demonstrates that within 12 hours of IP there are insignificant changes to the tissue 90 

ultrastructure. Between 12 and 24 hours, there are some alterations in the trabecular smooth 91 

muscle cells (SMC), but endothelial damage and fibrin clots are still minimal. However, after 92 

prolonged IP (24-48 hours), there is pronounced endothelial destruction, exposure of the 93 

basement membrane and subsequent thrombocyte adherence. After 48 hours there is advanced 94 

thrombus formation, denuded endothelium, necrotic SMC with transformation into fibroblast-95 
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like cells and dense infiltration by inflammatory cells (6). Therefore, histopathologically, there 96 

appears to be irreversible structural changes to the corpora cavernosa after 48 hours. This was 97 

not apparent in high-flow priapism, suggesting more benign and favorable long-term outcomes. 98 

Non-ischemic priapism is typically related to either perineal or penile trauma and the interval 99 

between trauma and priapic episode can be days or even weeks. A fistula forms between a 100 

cavernosal artery and the lacunar spaces and unregulated arterial inflow induces an erection. 101 

Due to an intact venous system, there is normal venous outflow and as a result, erections are 102 

not rigid (7).  103 

Various diagnostic pathways have been proposed, with penile blood gas analysis representing 104 

the fundamental diagnostic modality to differentiate between ischemic and non-ischemic 105 

priapism (8). Penile imaging of various types is also recommended, including the use of 106 

Doppler Ultrasound and Magnetic Resonance Imaging (MRI). The current EAU Guidelines on 107 

Sexual and Reproductive Health suggest performing a penile MRI to assess tissue damage in 108 

cases of refractory priapism or delayed presentation to predict smooth muscle viability7,9,10.  109 

A stepwise approach of various (non-)surgical options is recommended in clinical practice 110 

guidelines for the management of ischaemic priapism (9). If conservative options fail to lead to 111 

resolution, then an escalation strategy of various surgical options is undertaken. Distal shunts 112 

are the primary treatment of choice, followed by penoscrotal decompression or proximal shunts 113 

in refractory cases. If de-tumescence does not occur with these measures or in the case of priapic 114 

episodes lasting more than 48 hours, insertion of a penile prosthesis (usually malleable) is 115 

recommended(9–11). In the context of rapid tissue degradation, there is significant controversy 116 

at which time point irreversible SMC necrosis and subsequent ED occurs. Therefore, the aim 117 

of this systematic review was to define which treatment is optimal during which time frame of 118 

the IP episode.  119 
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Management of NIP does not represent a urological emergency, as venous outflow is intact and 120 

therefore, there is no risk of compartment syndrome. Conservative management includes 121 

watchful waiting, compression12,13. If these measures fail to address the priapism, selective 122 

arterial embolization can be used to close the fistula (12) . In very rare occasions, open surgical 123 

ligation of the fistula has to be performed, although is technically challenging and associated 124 

with complications (8). 125 

As the proportion of patients requiring surgical management for IP and NIP is small, a variety 126 

of options have been described mainly in case series. In this systematic review, we aimed to 127 

assess the efficacy and safety of proposed surgical modalities in the treatment of IP and NIP. 128 

 129 

 130 

  131 
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Materials and methods 132 

 133 

Search strategy, selection of studies and data extraction 134 

This manuscript was commissioned and undertaken by the EAU Sexual and Reproductive 135 

Health Guideline Panel. The protocol search strategy were depicted in Figure 1. 136 

In short, EMBASE, MEDLINE, Cochrane  and clinicaltrial.gov databases were explored 137 

systematically. Two reviewers performed the abstract, full texts and data extraction 138 

independently (UM and RV). An independent arbiter resolved any conflicts (KD). The search 139 

was restricted to the English language. Study inclusions were all randomized controlled trials 140 

(RCTs), quasi-RCTs, non-randomized comparative studies (NRCS), observational studies 141 

(including cohort studies, case-control/comparative studies, single-arm studies) and case series. 142 

Studies with less than 5 patients for case series or less than 5 patients per group for comparative 143 

studies were excluded. Moreover, commentaries, reviews, abstract-only and editorial 144 

commentaries were also excluded.  145 

 146 

Types of participants 147 

For ischemic priapism 148 

The study population included all males (children/adults) who presented with priapism, 149 

excluding patients with SCD. The diagnostic criteria for IP comprised clinical and corporal 150 

blood gas analysis: persistent and painful erection with rigidity of the corpora cavernosa lasting 151 

for more than 4 hours unrelated to sexual activity or beyond sexual stimulation with evidence 152 

of deoxygenated blood (pO2<30 mmHg, pCO2>60 mmHg, and pH<7.25) on corporal 153 

aspiration (3). 154 



8 
 

For non-ischemic priapism 155 

The study population included males (children/adults) presenting with NIP due to perineal or 156 

penile blunt trauma. Diagnostic criteria for NIP comprised of clinical and corporal blood gas 157 

analysis demonstrating arterial blood. Moreover, a definitive diagnosis was performed using 158 

Doppler ultrasound and super-selective radiological arteriography. 159 

 160 

Types of interventions 161 

For ischemic priapism 162 

The intervention for priapism events were distal corporglandular shunts (e.g., Winter shunts, 163 

Al-Ghorab, Ebbehoj, T-shunts), open proximal shunting (caverno-/corporo-spongiosal, e.g., 164 

Quackels, Greyhack, Barry), venous shunting (caverno-/corporo-saphenous), corporal 165 

disruption (with or without an implantable penile prosthesis (IPP)) tunneling, Burnett corporal 166 

snake (T-shunt with tunneling), corporal excavation ((Hegar) dilators), transglandular T-shunt, 167 

IPP (malleable or inflatable). 168 

For non-ischemic priapism 169 

Interventions included radiological transcatheter arterial embolization (TAE) of arterio-venous 170 

fistula. 171 

 172 

 173 

 174 

Types of outcome measures 175 
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The studies needed to report one or more of the following outcomes: i) resolution of acute 176 

priapism; ii) preservation of sexual function; iii) failure to resolve priapism; and, iv) surgical 177 

adverse events (e.g., penile prosthesis infection, erosion, injury to adjacent organs, prosthesis 178 

malfunction, need for revision surgery, need for removal of prosthesis, penile shortening, 179 

patient dissatisfaction, bleeding, fistula, urethral injury, wound infection). For studies where 180 

outcomes are not reported at the pre-specified time points, a descriptive text is provided. 181 

Primary outcome measures include type of intervention, duration of IP and resolution of priapic 182 

episode. 183 

Secondary outcome measures were adverse surgical events and erectile function. 184 

 185 

  186 
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Results 187 

Quantity of evidence identified 188 

The study selection process is outlined in the Preferred Reporting Items for Systematic Reviews 189 

and Meta-analysis (PRISMA) flow diagram (Figure 1). A total of 2626 abstracts were screened, 190 

of which 117 full texts were retrieved for further screening, with 63 studies meeting the 191 

inclusion criteria. The manuscripts were exclusively single-arm cohort studies and case series. 192 

Thus, the quality of evidence was considered low and risk of bias high. Risk of bias graph and 193 

summary are shown in figures 2 and 3 respectively. 194 

 195 

Efficacy data of single arm studies for surgical shunts in ischemic priapism 196 

In total, 35 single arm cohort studies assessed the efficacy of various surgical shunts in resolving 197 

IP (13–47). Baseline characteristics can be found in Table 1.  198 

Accurate comparison of different (sub)types of shunts was often not possible due to separate 199 

results not being reported in the studies.  200 

 201 

Distal shunts 202 

Various distal shunt techniques (i.e., Winter’s, Ebbehoj, T- and Al-Ghorab shunts with or 203 

without intracoporeal tunneling) were reported as primary IP treatment in 20 studies with 204 

varying results. Shunts  were  described in 8 studies ((13–19,45)) including a total of 119 205 

patients (108 Winter’s shunts, 6 Ebbehoj and 5 Al-Ghorab, respectively). Detumescence rates 206 

varied among studies depending on the time interval between IP onset and shunt surgery. In 5 207 

studies ((14,17–19,45)) where median IP duration was ≤36 hours, success rates ranged between 208 

77.7 and 100%. An overall complication rate of 18%. Sexual function was poorly reported with 209 

ED ranging between 0 and 100%. Among the 3 other studies ((13,15,16)) median time to IP 210 

alleviation ranging from 48 to 105 hours and detumescence rates between 12.5 and 42%. Nixon 211 
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et al. and Pal et al. independently reported reintervention with Al-Ghorab and proximal shunts 212 

in cases of Winter’s shunt failure with success ratios of 66-100%. Due to numerous repeat 213 

procedures complications were difficult to attribute to one or other shunt technique. Overall, 214 

ED rates were 71-90% among a total of 68 patients. 215 

T-shunts were described in 5 studies ((20,23–26)) including 70 patients of which 27 patients 216 

also underwent intracorporal tunneling using Hegar dilators. Median IP time was 48-96 hours 217 

and the overall rate of successful detumescence was 70%. In the study by Zacharakis et al. the 218 

authors reported a detumescence rate of 100% if the IP episode was <24 hours, while only 55% 219 

if 24-48 hours and 0-30% if 48-96 hours, respectively. Moreover, ED severity was associated 220 

with the duration of IP. Overall, 20-80% of patients had ED measured by either IIEF-5 or SHIM 221 

questionnaires in 3 studies. Other than the aforementioned re-interventions and ED, 222 

complications were scant. 223 

Canguven et al. (27) described the transient distal shunt. Here, a sterile closed system blood 224 

collection set with two 21G needles were used. After the filling of the shunt-set, the needle on 225 

the other end was inserted into the glans to utilize the corpus spongiosum. The study included 226 

15 patients with a median IP duration of 7.8 hours and detumescence in 10 out of 15 patients 227 

(66.6%). Sexual function was reported to be unchanged. 228 

Al-Ghorab shunts (with or without Burnett snake maneuver) were performed as the primary 229 

procedure in 5 studies ((28–32)) and 64 patients. Success rates were high, ranging between 80 230 

and 100% after a median IP duration of 36-75 hours. Overall occurrence of ED with this 231 

procedure was high (47-90%). Other complications occurred <10%. 232 

Muneer et al.(33) investigated the non-surgical treatment options for stuttering priapism. 233 

Described were penile prosthesis in 3 patients, orchidectomy in 2 patients (both 100% success), 234 

TAE in 5 (20% success), Winter’s shunt (n=1), Al-Ebbehoj shunt (n=1), cavernosal ligation 235 
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(n=1) and phenylephrine drug delivery system (n=1) (latter four procedures had 0% success 236 

rates).  237 

 238 

Penoscrotal decompression 239 

A novel technique of penoscrotal decompression (PSD), which involves uni- or bilateral 240 

proximal corporal incision, has recently been proposed by Baumgarten et al.(48) . 10 patients 241 

underwent unilateral and 15 bilateral PSD. Resolution rates were 8/10 (80%) and 15/15 (100%), 242 

respectively. Median priapism duration was 71 hours. Out of 15 patients who had adequate 243 

follow-up, 9 (60%) had sufficient erectile function for penetration with or without PDE5-I.  244 

 245 

Proximal shunts 246 

Various proximal shunts have been described in the literature with the two most common 247 

techniques being corpora-spongiosal (Quackle’s) and corpora-saphenous (Grayhack) shunts, 248 

although they were not described separately and thus amalgamated here. These were performed 249 

in 14 studies ((13,34–44,46,47)) accruing 184 patients. Median duration of IP ranged between 250 

5.6 and 168 hours. Detumescence was achieved in 54-100% of patients. Conversely, the study 251 

by Klein et al. described the resolution of IP in only one out of 8 (12.5%) patients with 252 

subsequent 87.5% ED rate. Additionally, Pantaleo-Gandais et al. and Lawani et al. described a 253 

total of 31 patients receiving crural incisions/cavernotomies. Results of the cavernotomies were 254 

not described separately, but 49/53 (92.5%) of patients in the study by Lawani et al. achieved 255 

resolution IP after 24 hours. Overall, potency rates were 22.8-54.3% across studies. 256 

Micoogullari et al. described Barry’s deep dorsal vein shunt technique and reported 100% 257 

resolution rate in 10 patients with no adverse events and 8/10 patients preserved erectile 258 

function. 259 
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Kilinc et al. described the use of a corpora-cephalic vein shunt in 15 patients. Mean duration of 260 

IP was 20.1 hours with a 86,6% achieving detumescence. Three out of 13 (23%) patients at 261 

follow-up reported ED at 12 months. No major complications were reported. 262 

 263 

Penile prosthesis insertion for ischemic priapism 264 

Penile prosthesis insertions after conservative therapy or distal shunts were described in 7 265 

studies ((9,21,22,49–52)). In early penile prosthesis insertion, median time to surgery was 266 

between 35 and 209 hours. In total, 194 patients received penile implants for prolonged IP with 267 

32 patients receiving an inflatable penile prosthesis (IPP) and 162 a malleable penile prosthesis 268 

(MPP). All patients achieved detumescence in each study and had a 90-100% overall 269 

satisfaction, with 84-100% of patients resuming sexual intercourse. One study by Zacharakis et 270 

al. made a distinction between early penile implantation (n=68) (median IP 7 days) and delayed 271 

penile implantation (n=27) (median IP 5 months). In the early implantation group, only 8.8% 272 

(6/68) of patients required revision, and increased to 26% (7/27) with delayed implantation. 273 

Moreover, satisfaction was higher in the early implants (96%) compared to the delayed (60%) 274 

group. Lastly, penile shortening occurred in 2.9% (2/68) of the early patients versus 40% 275 

(11/27) of the delayed prostheses. In all other studies, complications were limited and can be 276 

viewed in detail under Table 1. 277 

 278 

Embolisation (TAE) for non-ischemic, high-flow priapism 279 

Overall, 22 studies (12,53–73) accruing a total of 221 patients have been found dealing with 280 

TAE for NIP. Median duration of NIP before surgery was ranging between 1 and 117 days. The 281 

most frequent complication was the need for re-embolization (re-TAE) and occurred in 80.9% 282 

of studies (17/21) and in 6.3-40% of patients either during short- or long-term follow-up. Sexual 283 
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function was mostly (78-100%) maintained at the level of premorbid states (12,53–73). Other 284 

complications were scarce.  285 

 286 

DISCUSSION 287 

 288 

In the present study, the available literature was reviewed systemically for the surgical treatment 289 

options and outcomes for priapism. Specifically, distal and proximal shunt variations and penile 290 

prosthesis implantation for IP and TAE for NIP were analysed. Of the 63 retrieved articles, all 291 

were retrospective, single arm cohort studies and case series. Therefore, based on the overall 292 

poor quality of available evidence, results should be interpreted with caution. 293 

As IP is a true urological emergency, delaying effective treatment by “self-help” options or oral 294 

pharmacotherapy are ill-advised. In this context, the near absent corporal blood flow would 295 

impede the efficacy of medications such as oral pseudoephedrine (74). Intracavernosal 296 

interventions (aspiration + irrigation with cold saline and/or phenylephrine) should be 297 

commenced as soon as possible. Considering the high success rates, surgical shunting should 298 

not be attempted until aspiration and saline irrigation and alpha-adrenergic agents have been 299 

performed. The decision, however, to end non-surgical treatment and commence surgical 300 

interventions is ultimately based on the clinician’s choice and it depends mainly on the duration 301 

of the priapic episode itself. With increasing priapism duration, the detumescence rates 302 

achieved by intracavernosal irrigation becomes exceedingly small. Anoxia and acidosis of >36-303 

48 hours causes significant tissue damage and an impaired contractile response of the smooth 304 

muscle cells to alpha adrenergic agonists such as phenylephrine (75). 305 

If this fails, a distal corpora-glandular shunt should be performed. The ideal shunt (Winter’s, 306 

Al-Ghorab, Al-Ebbehoj, T-shunt with or without intracorporal tunneling) therefore could not 307 

be defined from the available data. Most studies included small patient populations and relied 308 
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on retrospective data collection; moreover, there have been no studies directly comparing the 309 

various distal shunts or the necessity of intracorporal tunneling. Winter shunts appears to be 310 

effective in IP lasting less than 36 hours, with detumescence rates between 77.7 and 100%. T-311 

shunts appear to be 70% effective in treating IP episodes of 48-96 hours, but ED was reported 312 

to occur in 20-80% of cases. Additionally, Al-Ghorab shunts (with or without tunneling) have 313 

very high success rates (80-100%), but with the added drawback of even higher deleterious 314 

effects on erectile function (47-90%). Complications with distal shunts included (low) rates of 315 

cavernositis, hematoma, urethro-cutaneous fistula, urethral injury and skin necrosis. Moreover, 316 

in the study by Baumgarten et al. penoscrotal decompression was highly effective with 80-317 

100% detumescence rates (48). 318 

The use of proximal shunts should be considered optional and a largely historic procedure. 319 

Several proximal shunts are described including corpora-spongiosal (Quackels), corpora-320 

saphenous (Grayhack) and corpora-cephalic shunts. Across the 13 studies, outcomes were not 321 

reported rigorously and the patient cohorts were highly heterogenous. There was an overall high 322 

detumescence rate of 54-100% along with low potency rates of 23-54%. The low number of 323 

studies and publication years (nearly all studies published between 1972 and 2000) suggests 324 

proximal shunts are a historical procedure, with very few surgeons now utilizing these 325 

procedures. Moreover, due to the paucity of data, the extent of long term sequelae (e.g., ED, 326 

fistulae, infections) may be severely underestimated. 327 

For shunt-refractory IP or untreated IP >48 hours a penile prosthesis implantation can be 328 

considered. This was investigated in 7 studies including 194 patients, with a large proportion 329 

(162/194, 83.5%) undergoing a MPP implantation. The available data suggests penile 330 

prosthesis implantation to be highly effective in achieving detumescence (100%), resuming 331 

ability to have penetrative intercourse (84-100%) and high overall satisfaction (90-100%). If 332 

performed early, revision rates were low (ca. 9%) and penile length was preserved in all but 3% 333 
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of patients. If the decision is made to perform delayed implantation, the patient should be made 334 

aware of increased complication rates (26% revision rates) and penile length loss in 40% of 335 

patients. The difference between malleable and inflatable prostheses is difficult to assess, since 336 

MPP accounted for 83.5% of all implanted devices in refractory priapic episodes. 337 

Considering non-ischemic priapism, conservative management included perineal compression, 338 

which can be performed under US guidance. Regarding surgical approaches, the use of TAE 339 

(either unilaterally or bilaterally) is described in 22 studies. A variety of materials has been 340 

described in the literature including autologous blood clots, microcoils, gelatin sponges, 341 

polyvinyl alcohol (PVA), N-butyl-cyano-acryl (NBCA) and combinations of different 342 

materials. NIP should be treated within 3 months of onset, as  there is some evidence that 343 

corporal fibrosis may occur after this time point. Overall, it was considered a very safe (namely, 344 

rarely reported cases of groin hematoma) and effective procedure (78-100%, with full erectile 345 

function recovery in 78-100%), although with relatively high (6.3-40%) re-embolization rate.  346 

 347 

Limitations 348 

The majority of the included studies were retrospective case series with heterogeneous 349 

methodology and it is therefore difficult to make direct comparisons of interventions between 350 

studies. Similarly, outcomes of treatment in the short and long-term were often lacking as well 351 

as reports of complications from the different interventions. Therefore, the current findings 352 

should be interpreted with caution.  353 

 354 

Future perspective 355 

A prospective multicentre registry capturing both early (e.g., resolution rates) and late (e.g., 356 

erectile function) surgical treatment outcomes would add to the evidence base in this area.  357 

 358 
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CONCLUSION 360 

 361 

Failure of conservative management of ischemic priapism should prompt rapid surgical 362 

treatment using distal shunts. T- or Al-Ghorab shunts with or without intracorporeal tunneling 363 

resulted in high detumescence rates, although lead to a significant risk of erectile dysfunction. 364 

If available, immediate placement of malleable penile prosthesis can be considered in selected 365 

patients with low flow priapism longer than 48 hours. 366 

High-flow priapism can often be successfully managed using transcatheter arterial 367 

embolization, although repeat embolization may be necessary to achieve full detumescence. 368 

 369 

CONFLICT OF INTEREST 370 

The authors have no relevant conflicts of interest to disclose. 371 

 372 

DATA AVAILABILITY STATEMENT 373 

Data sharing not applicable to this article as no datasets were generated or analysed during the 374 

current study. 375 

 376 

AUTHOR CONTRIBUTION STATEMENT 377 

Concept and design: UM, AC, RV, KD, LB, PC, NC, MG, GH, VM, GIR, TT, MIO, CB, JC, 378 

YY, GC, HJ, AK, JIMS, PV, ECS, SM, AS; Acquisition of data: UM, AC, RV, KD; Analysis 379 

and interpretation of data, UM, AC, RV, KD, SM, AS; Drafting of the manuscript: UM, AC, 380 

RV, KD, LB, PC, NC, MG, GH, VM, GIR, TT, MIO, CB, JC, YY, GC, HJ, AK, JIMS, PV, 381 

ECS, SM, AS; Critical revision of the manuscript for important intellectual content: UM, AC, 382 

RV, KD, LB, PC, NC, MG, GH, VM, GIR, TT, MIO, CB, JC, YY, GC, HJ, AK, JIMS, PV, 383 



19 
 

ECS, SM, AS; Statistical analysis: UM; Obtaining funding: NA; Administrative, technical or 384 

material support: YY, ECS, SM, AS; Supervision: MIO, CB, JC, YY, GC, HJ, AK, JIMS, PV, 385 

ECS, SM, AS 386 

  387 



20 
 

REFERENCES 388 

 389 

1.  Salonia A, Bettocchi C, Boeri L, Capogrosso P, Carvalho J, Cilesiz NC, et al. European 390 
Association of Urology Guidelines on Sexual and Reproductive Health-2021 Update: Male 391 
Sexual Dysfunction. Eur Urol [Internet]. 2021 Sep 1 [cited 2022 Feb 21];80(3):333–57. 392 
Available from: https://pubmed.ncbi.nlm.nih.gov/34183196/ 393 

2.  Muneer A, Ralph D. Guideline of guidelines: priapism. BJU International [Internet]. 2017 Feb 1 394 
[cited 2021 May 19];119(2):204–8. Available from: 395 
https://pubmed.ncbi.nlm.nih.gov/27860090/ 396 

3.  Broderick GA, Kadioglu A, Bivalacqua TJ, Ghanem H, Nehra A, Shamloul R. Priapism: 397 
Pathogenesis, epidemiology, and management. Journal of Sexual Medicine [Internet]. 2010 398 
[cited 2021 May 19];7(1 PART 2):476–500. Available from: 399 
https://pubmed.ncbi.nlm.nih.gov/20092449/ 400 

4.  Muneer A, Brown G, Dorkin T, Lucky M, Pearcy R, Shabbir M, et al. BAUS consensus document 401 
for the management of male genital emergencies: priapism. BJU International [Internet]. 2018 402 
Jun 1 [cited 2021 May 19];121(6):835–9. Available from: 403 
https://pubmed.ncbi.nlm.nih.gov/29357203/ 404 

5.  Bullock N, Steggall M, Brown G. Emergency Management of Priapism in the United Kingdom: 405 
A Survey of Current Practice. Journal of Sexual Medicine [Internet]. 2018 Apr 1 [cited 2021 406 
May 19];15(4):476–9. Available from: https://pubmed.ncbi.nlm.nih.gov/29454716/ 407 

6.  Spycher MA, Hauri D. The ultrastucture of the erectile tissue in priapism. Journal of Urology 408 
[Internet]. 1986;135(1):142–7. Available from: http://dx.doi.org/10.1016/S0022-409 
5347(17)45549-2 410 

7.  Ralph DJ, Borley NC, Allen C, Kirkham A, Freeman A, Minhas S, et al. The use of high-resolution 411 
magnetic resonance imaging in the management of patients presenting with priapism. BJU 412 
International [Internet]. 2010 Dec [cited 2021 May 19];106(11):1714–8. Available from: 413 
https://pubmed.ncbi.nlm.nih.gov/20438564/ 414 

8.  Muneer A, Alnajjar HM, Ralph D. Recent advances in the management of priapism [Internet]. 415 
Vol. 7, F1000Research. Faculty of 1000 Ltd; 2018 [cited 2021 May 19]. Available from: 416 
/pmc/articles/PMC5765390/ 417 

9.  Ralph DJ, Garaffa G, Muneer A, Freeman A, Rees R, Christopher AN, et al. The Immediate 418 
Insertion of a Penile Prosthesis for Acute Ischaemic Priapism. European Urology [Internet]. 419 
2009 Dec [cited 2021 May 19];56(6):1033–8. Available from: 420 
https://pubmed.ncbi.nlm.nih.gov/18930579/ 421 

10.  View of Erectile Function and Dysfunction Following Low Flow Priapism: A comparison of 422 
Distal and Proximal Shunts [Internet]. [cited 2021 May 19]. Available from: 423 
https://journals.sbmu.ac.ir/urolj/index.php/uj/article/view/760/499 424 

11.  Salonia A, Bettocchi C, Carvalho J, Corona G, Jones TH, Kadioglu A, et al. EAU Guidelines on 425 
Sexual and Reproductive Health. 2021;  426 



21 
 

12.  Qi T, Ye L, Chen Z, Huang Z sen, Wang B, Li H, et al. Efficacy and Safety of Treatment of High-427 
flow Priapism with Superselective Transcatheter Embolization. Current Medical Science 428 
[Internet]. 2018 Feb 1 [cited 2021 May 19];38(1):101–6. Available from: 429 
https://pubmed.ncbi.nlm.nih.gov/30074158/ 430 

13.  Kumar M, Garg G, Sharma A, Pandey S, Singh M, Sankhwar SN. Comparison of outcomes in 431 
malignant vs. non-malignant ischemic priapism: 12-year experience from a tertiary center. 432 
Turkish Journal of Urology. 2019;45(5):340–4.  433 

14.  Macaluso JN, Sullivan JW. Priapism: Review of 34 cases. Urology. 1985;26(3):233–6.  434 

15.  Nixon RG, O’Connor JL, Milam DF. Efficacy of shunt surgery for refractory low flow priapism: A 435 
report on the incidence of failed detumescence and erectile dysfunction. Journal of Urology. 436 
2003;170(3):883–6.  437 

16.  Pal DK, Biswal D, Ghosh B. Outcome and erectile function following treatment of priapism: An 438 
institutional experience. Urology Annals. 2016;8(1):46–50.  439 

17.  Zheng DC, Yao HJ, Zhang K, Xu MX, Chen Q, Chen YB, et al. Unsatisfactory outcomes of 440 
prolonged ischemic priapism without early surgical shunts: Our clinical experience and a 441 
review of the literature. Asian Journal of Andrology [Internet]. 2013;15(1):75–8. Available 442 
from: http://dx.doi.org/10.1038/aja.2012.63 443 

18.  Vorobets D, Banyra O, Stroy A, Shulyak A. Our experience in the treatment of priapism. 444 
Central European Journal of Urology. 2011;64(2):80–3.  445 

19.  Raveenthiran V. A modification of Winter’s shunt in the treatment of pediatric low-flow 446 
priapism. Journal of Pediatric Surgery [Internet]. 2008;43(11):2082–6. Available from: 447 
http://dx.doi.org/10.1016/j.jpedsurg.2008.02.006 448 

20.  511 chary et al - included Creation of caverno-glandular shunt.pdf.  449 

21.  Zacharakis E, Garaffa G, Raheem AA, Christopher AN, Muneer A, Ralph DJ. Penile prosthesis 450 
insertion in patients with refractory ischaemic priapism: Early vs delayed implantation. BJU 451 
International. 2014;114(4):576–81.  452 

22.  Zacharakis E, de Luca F, Raheem AA, Garaffa G, Christopher N, Muneer A, et al. Early insertion 453 
of a malleable penile prosthesis in ischaemic priapism allows later upsizing of the cylinders. 454 
Scandinavian Journal of Urology [Internet]. 2015;49(6):468–71. Available from: 455 
http://dx.doi.org/10.3109/21681805.2015.1059359 456 

23.  Zacharakis E, Raheem AA, Freeman A, Skolarikos A, Garaffa G, Christopher AN, et al. The 457 
efficacy of the T-shunt procedure and intracavernous tunneling (snake maneuver) for 458 
refractory ischemic priapism. Journal of Urology [Internet]. 2014;191(1):164–8. Available 459 
from: http://dx.doi.org/10.1016/j.juro.2013.07.034 460 

24.  Lund K, Ebbehøj J. Results of glando-cavernous anastomosis in 18 cases of priapism. 461 
Scandinavian Journal of Plastic and Reconstructive Surgery and Hand Surgery. 462 
1980;14(3):269–72.  463 

25.  Ortaç M, Çevik G, Akdere H, Ermeç B, Kadıoğlu A. Anatomic and Functional Outcome 464 
Following Distal Shunt and Tunneling for Treatment İschemic Priapism: A Single-Center 465 
Experience. Journal of Sexual Medicine. 2019;16(8):1290–6.  466 



22 
 

26.  Brant WO, Garcia MM, Bella AJ, Chi T, Lue TF. T-Shaped Shunt and Intracavernous Tunneling 467 
for Prolonged Ischemic Priapism. Journal of Urology [Internet]. 2009;181(4):1699–705. 468 
Available from: http://dx.doi.org/10.1016/j.juro.2008.12.021 469 

27.  Canguven O, Çetinel C, Horuz R, Tarhan F, Hamarat B, Goktas C. Transient distal penile 470 
corporoglanular shunt as an adjunct to aspiration and irrigation procedures in the treatment 471 
of early ischemic priapism. Korean Journal of Urology. 2013;54(6):394–8.  472 

28.  1332 Klufio et al 1991 Priapism - experience with the caverno glandular shunt.pdf.  473 

29.  Lian W, Lv J, Cui W, Jin Z, Liu T, Li W, et al. Al-Ghorab shunt plus intracavernous tunneling for 474 
prolonged ischemic priapism. Journal of Andrology. 2010;31(5):466–71.  475 

30.  Tabibi A, Abdi H, Mahmoudnejad N. Erectile function and dysfunction following low flow 476 
priapism: A comparison of distal and proximal shunts. Urology Journal. 2010;7(3):174–7.  477 

31.  Ugwumba FO, Ekwedigwe HC, Echetabu KN, Okoh AD, Nnabugwu I, Ugwuidu ES. Ischemic 478 
priapism in South-East Nigeria: Presentation, management challenges, and aftermath issues. 479 
Nigerian Journal of Clinical Practice. 2016;19(2):207–11.  480 

32.  Segal RL, Readal N, Pierorazio PM, Burnett AL, Bivalacqua TJ. Corporal burnett “snake” 481 
surgical maneuver for the treatment of ischemic priapism: Long-term followup. Journal of 482 
Urology [Internet]. 2013;189(3):1025–9. Available from: 483 
http://dx.doi.org/10.1016/j.juro.2012.08.245 484 

33.  Muneer A, Garaffa G, Minhas S, Ralph DJ. The management of stuttering priapism within a 485 
specialist unit—A 25-Year experience. Journal of Clinical Urology. 2009;2(1):11–6.  486 

34.  Moloney PJ, Elliott GB, Johnson HW. Experiences with priapism. Journal of Urology [Internet]. 487 
1975;114(1):72–6. Available from: http://dx.doi.org/10.1016/S0022-5347(17)66946-5 488 

35.  Nelson JH, Winter CC. Priapism: evolution of management in 48 patients in a 22 year series. 489 
Journal of Urology [Internet]. 1977;117(4):455–8. Available from: 490 
http://dx.doi.org/10.1016/S0022-5347(17)58497-9 491 

36.  Pantaleo-gandais M, Chalbaud R. PRIAPISM : EVALUATION AND TREATMENT. 1984;XXIV(4).  492 

37.  1411 Lawani et al 1999 included.pdf.  493 

38.  Kihl B, Bratt CG, Knutsson U, Seeman T. Priapism: Evaluation of treatment with special 494 
reference to saphenocavernous shunting in 26 patients. Scandinavian Journal of Urology and 495 
Nephrology. 1980;14(1):1–5.  496 

39.  Kilinc M. Temporary Cavernosal-Cephalic Vein Shunt in Low-Flow Priapism Treatment. 497 
European Urology. 2009;56(3):559–63.  498 

40.  Aghaji AE. Priapism in adult Nigerians. BJU International. 2000;85(4):493–5.  499 

41.  Carter RG, Thomas CE, Tomskey GC. Cavernospongiosum shunts in treatment of priapism. 500 
Urology. 1976;7(3):292–5.  501 

42.  Klein LA, Hall RL, Smith RB. Surgical treatment of priapism: with a note on heparin-induced 502 
priapism. J Urol [Internet]. 1972;108(1):104–6. Available from: 503 
http://dx.doi.org/10.1016/S0022-5347(17)60653-0 504 



23 
 

43.  Larocque MA, Cosgrove MD. Priapism: a review of 46 cases. Journal of Urology [Internet]. 505 
1974;112(6):770–3. Available from: http://dx.doi.org/10.1016/S0022-5347(17)59848-1 506 

44.  Richard F, Fourcade R, le Guillou M, Jardin A, Kuss R. Etiological aspects and interest of early 507 
surgical management of priapism. European Urology. 1979;5(3):179–81.  508 

45.  1981 W et al. Wendel et al., 1995.  509 

46.  Wasmer JM, Carrion HM, Mekras G, Politano VA. Evaluation and treatment of priapism. 510 
Journal of Urology [Internet]. 1981;125(2):204–7. Available from: 511 
http://dx.doi.org/10.1016/S0022-5347(17)54969-1 512 

47.  Srougi M, Borrelli M, Dénes FT, de Gòes GM. Cavernospongiosum shunt in management of 513 
priapism: Is it a reliable method? International Urology and Nephrology. 1978;10(3):229–35.  514 

48.  Baumgarten AS, VanDyke ME, Yi YA, Keith CG, Fuchs JS, Ortiz NM, et al. Favourable multi-515 
institutional experience with penoscrotal decompression for prolonged ischaemic priapism. 516 
BJU International. 2020;126(4):441–6.  517 

49.  Rees RW, Kalsi J, Minhas S, Peters J, Kell P, Ralph DJ. The management of low-flow priapism 518 
with the immediate insertion of a penile prosthesis. BJU International. 2002;90(9):893–7.  519 

50.  Salem EA, el Aasser O. Management of Ischemic Priapism by Penile Prosthesis Insertion: 520 
Prevention of Distal Erosion. Journal of Urology [Internet]. 2010;183(6):2300–3. Available 521 
from: http://dx.doi.org/10.1016/j.juro.2010.02.014 522 

51.  Sedigh O, Rolle L, Negro CLA, Ceruti C, Timpano M, Galletto E, et al. Early insertion of 523 
inflatable prosthesis for intractable ischemic priapism: Our experience and review of the 524 
literature. International Journal of Impotence Research. 2011;23(4):158–64.  525 

52.  Tausch TJ, Zhao LC, Morey AF, Siegel JA, Belsante MJ, Seideman CA, et al. Malleable penile 526 
prosthesis is a cost-effective treatment for refractory ischemic priapism. Journal of Sexual 527 
Medicine. 2015;12(3):824–6.  528 

53.  Baba Y, Hayashi S, Ueno K, Nakajo M. Superselective arterial embolization for patients with 529 
high-flow priapism: Results of follow-up for five or more years. Acta Radiologica. 530 
2007;48(3):351–4.  531 

54.  Bastuba MD, de Tejada IS, Dinlenc CZ, Sarazen A, Krane RJ, Goldstein I. Arterial priapism: 532 
Diagnosis, treatment and long-term followup. Journal of Urology [Internet]. 533 
1994;151(5):1231–7. Available from: http://dx.doi.org/10.1016/S0022-5347(17)35219-9 534 

55.  Bartsch G, Kuefer R, Engel O, Volkmer BG. High-flow priapism: Colour-Doppler ultrasound-535 
guided supraselective embolization therapy. World Journal of Urology. 2004;22(5):368–70.  536 

56.  Liu B xing, Xin Z cheng, Zou Y hua, Tian L, Wu Y guang, Wu X jun, et al. High-Flow Priapism: 537 
Superselective Cavernous Artery Embolization with Microcoils. Urology. 2008;72(3):571–3.  538 

57.  Miller F, Khoury E, Chait G, Connolly L, Steckler E. Priapism with in Children : 1995;  539 

58.  Numan F, Cantasdemir M, Ozbayrak M, Sanli O, Kadioglu A, Hasanefendioglu A, et al. 540 
Posttraumatic nonischemic priapism treated with autologous blood clot embolization. Journal 541 
of Sexual Medicine. 2008;5(1):173–9.  542 



24 
 

59.  Kim KR, Shin JH, Song HY, Ko GY, Yoon HK, Sung KB, et al. Treatment of High-flow Priapism 543 
with Superselective Transcatheter Embolization in 27 Patients: A Multicenter Study. Journal of 544 
Vascular and Interventional Radiology. 2007;18(10):1222–6.  545 

60.  Cantasdemir M, Gulsen F, Solak S, Numan F. Posttraumatic high-flow priapism in children 546 
treated with autologous blood clot embolization: Long-term results and review of the 547 
literature. Pediatric Radiology. 2011;41(5):627–32.  548 

61.  Chick JFB, J. Bundy J, Gemmete JJ, Srinivasa RN, Dauw C, Srinivasa RN. Selective Penile Arterial 549 
Embolization Preserves Long-Term Erectile Function in Patients with Nonischemic Priapism: 550 
An 18-Year Experience. Urology [Internet]. 2018;122:116–20. Available from: 551 
https://doi.org/10.1016/j.urology.2018.07.026 552 

62.  Ciampalini S, Savoca G, Buttazzi L, Gattuccio I, Mucelli FP, Bertolotto M, et al. High-flow 553 
priapism: Treatment and long-term follow-up. Urology. 2002;59(1):110–3.  554 

63.  Görich J, Ermis C, Krämer SC, Fleiter T, Wisianowsky C, Basche S, et al. Interventional 555 
treatment of traumatic priapism. Journal of Endovascular Therapy. 2002;9(5):614–7.  556 

64.  O’Sullivan P, Browne R, McEniff N, Lee MJ. Treatment of “high-flow” priapism with 557 
superselective transcatheter embolization: A useful alternative to surgery. CardioVascular and 558 
Interventional Radiology. 2006;29(2):198–201.  559 

65.  Savoca G, Pietropaolo F, Scieri F, Bertolotto M, Mucelli FP, Belgrano E. Sexual function after 560 
highly selective embolization of cavernous artery in patients with high flow priapism: Long-561 
term followup. Journal of Urology. 2004;172(2):644–7.  562 

66.  2373 Tonseth.pdf.  563 

67.  Wan X, Yao HJ, Zheng DC, Liu C, Fu SB, Guo JH, et al. Posttraumatic Arterial Priapism Treated 564 
with Superselective Embolization: Our Clinical Experience and a Review of the Literature. 565 
Advances in Therapy [Internet]. 2019;36(3):684–90. Available from: 566 
https://doi.org/10.1007/s12325-019-0875-5 567 

68.  Öztürk MH, Gümüş M, Dönmez H, Peynircioǧlu B, Önal B, Dinç H. Materials in embolotherapy 568 
of high-flow priapism: Results and long-term follow-up. Diagnostic and Interventional 569 
Radiology. 2009;15(3):215–20.  570 

69.  Pei R, Yang M, Wang C, Wang J, Tong X, Zou Y. Superselective Transcatheter Artery 571 
Embolization in Patients with Non-ischemic Priapism. CardioVascular and Interventional 572 
Radiology [Internet]. 2018;41(6):867–71. Available from: https://doi.org/10.1007/s00270-573 
018-1895-2 574 

70.  Puppo P, Belgrano E, Germinale F, Bottino P, Giuliani L. Angiographic treatment of high-flow 575 
priapism. European Urology. 1985;11(6):397–400.  576 

71.  Zhao S, Zhou J, Zhang YF, Zhang XL, Long QY. Therapeutic embolization of high-flow priapism 1 577 
year follow up with color Doppler sonography. European Journal of Radiology [Internet]. 578 
2013;82(12):e769–74. Available from: http://dx.doi.org/10.1016/j.ejrad.2013.08.051 579 

72.  Bi Y, Yi M, Yu Z, Han X, Ren J. Superselective embolization for high-flow priapism refractory to 580 
medical and surgical treatments. BMC Urology. 2020;20(1):4–9.  581 



25 
 

73.  de Magistris G, Pane F, Giurazza F, Corvino F, Coppola M, Borzelli A, et al. Embolization of 582 
high-flow priapism: technical aspects and clinical outcome from a single-center experience. 583 
Radiologia Medica [Internet]. 2020;125(3):288–95. Available from: 584 
https://doi.org/10.1007/s11547-019-01113-w 585 

74.  Lowe FC, Jarow JP. Placebo-controlled study of oral terbutaline and pseudoephedrine in 586 
management of prostaglandin E1-induced prolonged erections. Urology [Internet]. 1993 Jul 1 587 
[cited 2021 Jun 7];42(1):51–3. Available from: 588 
http://www.goldjournal.net/article/009042959390338B/fulltext 589 

75.  GA Broderick RH. Pharmacologic erection: time-dependent changes in the corporal 590 
environment - PubMed. Int J Impot Res [Internet]. 1994 Mar [cited 2021 Jun 7];6(1):9–16. 591 
Available from: https://pubmed.ncbi.nlm.nih.gov/8019618/ 592 

76.  Viswanathan M, Patnode CD, Berkman ND, Bass EB, Chang S, Hartling L, et al. 593 
Recommendations for assessing the risk of bias in systematic reviews of health-care 594 
interventions. Journal of Clinical Epidemiology. 2018 May 1;97:26–34.  595 

77.  Dalziel K, Round A, Stein K, Garside R, Castelnuovo E, Payne L. Do the findings of case series 596 
studies vary significantly according to methodological characteristics? [Internet]. Vol. 9, 597 
Health Technology Assessment. National Co-ordinating Centre for HTA; 2005 [cited 2021 Jun 598 
7]. Available from: https://pubmed.ncbi.nlm.nih.gov/15588556/ 599 

  600 

 601 

  602 



26 
 

Supplementary methods 603 

 604 

Search strategy, selection of studies and data extraction 605 

 606 

Assessment of risk of bias 607 

The 'risk of bias' (RoB) of each manuscript was reviewed by two independent authors (UM, 608 

AC). Resolution of disagreements was performed by consulting a third author (KD). RoB in 609 

RCTs was assessed by using the Cochrane Handbook for Systematic Reviews of Intervention. 610 

This included ‘random sequence generation’; ‘allocation concealment’; ‘blinding of 611 

participants and personnel’; ‘blinding of outcome assessment’; ‘incomplete outcome data’; 612 

‘selective reporting’; and others. RoB in non-randomised articles were determined by all of the 613 

above domains, and a surplus item to assess the risk of findings being explained by 614 

confounding. Sequence generation and allocation concealment were retained as domains but 615 

were assessed by default as ‘high risk of bias’ given the non-randomised nature of these studies. 616 

Four of the most important potential confounders for benefit and harm outcomes were 617 

developed a priori with clinical content experts (EAU Sexual and Reproductive Health 618 

Guidelines Panel). The potential confounding factors were: 619 

• Comorbidity including infections, haematological and neurogenic disorder  620 

• Usage of medication such as ant-depressant and alpha blockers. 621 

• Alcohol and drug use 622 

• Use of erectogenic medications (such as intracavernosal injections) 623 

For each study, a pragmatic assessment of the confounding bias risk was performed. We 624 

considered the following queries:  625 
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1. Was there a consideration of the prognostic confounder? (yes/no)? If ‘no’, a high RoB 626 

was attributed to this confounder. If ‘yes’ go to question 2.  627 

2. Was there a balance in the confounder between the interventional/treatment and control 628 

group (yes/no)? If ‘yes’, the study was considered a low RoB. If ‘no’, go to question 3.  629 

3. If the authors controlled for the confounder (e.g. statistical  was controlled for in the 630 

analysis, for example by statistical analysis - multivariable regression models or 631 

propensity score matching). If ‘yes’, the study was considered a low RoB. If ‘no’ risk 632 

of bias was high. 633 

RoB in non-comparative studies cannot be assessed with the above method. Therefore, external 634 

validity of non-comparative studies was addressed (can the results of this study be applied to 635 

different people, places or time?). This was done by assessing: (1) the presence of an a priori 636 

protocol? If ‘no’, RoB was high. (2) Was there an inclusion of the total population or were study 637 

participants selected consecutively? If ‘no’, the study was considered at high RoB. (3) Was 638 

there a complete outcome data collection for all patients and/or missing data sufficiently 639 

clarified or unlikely to be relevant to the outcome? If ‘no’, the study was at ‘high’ RoB. (4) 640 

Were all pre-specified and expected outcomes of interest reported? If ‘no’, the study was at 641 

high RoB. (5) Appropriate measurement of primary benefits and harms? If ‘no’, the study was 642 

at high RoB. If ‘yes’ could be answered to all 5 questions, then the study was at low risk of 643 

bias. The ROBINS-1 tool was a pragmatic approach informed by the methodological 644 

literature(76,77).  645 

 646 


