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Abstract

Introduction—Risk factors associated with erectile dysfunction (ED) that results from recurrent
ischemic priapism (RIP) in sickle cell disease (SCD) are incompletely defined.

Aim—To determine and compare ED risk factors associated with SCD and non-SCD-related
“minor” RIP, defined as having =2 episodes of ischemic priapism within the past 6 months, with
the majority (>75%) of episodes lasting <5 hrs.

Methods—We performed a retrospective study of RIP in SCD and non-SCD patients presenting
from June 2004 to March 2014 using the IIEF, IIEF-5, and priapism-specific questionnaires.

Main Outcome Measures—Prevalence rates and risk factor correlations for ED associated
with RIP.

Results—The study was comprised of 59 patients {40 SCD (mean age 28.2 + 8.9 yrs) and 19
non-SCD (15 idiopathic and 4 drug-related etiologies) (mean age 32.6 + 11.7 yrs)}. Nineteen of 40
(47.5%) SCD patients vs 4 of 19 (21.1%) non-SCD patients (39% overall) had ED (IIEF<26 or
IIEF-5<22) (p=0.052). SCD patients had a longer mean time-length with RIP than non-SCD
patients (p=0.004). Thirty of 40 (75%) SCD patients vs 10 of 19 (52.6%) non-SCD patients
(p=0.14) had “very minor” RIP (episodes regularly lasting <2 hrs). Twenty-eight of 40 (70%)
SCD patients vs 14 of 19 (73.7%) non-SCD patients had weekly or more frequent episodes (p=1).
Of all patients with very minor RIP, ED was found among 14 of 30 (46.7%) SCD patients vs none
of 10 (0%) non-SCD patients (p=0.008). Using logistic regression analysis, the odds ratio for
developing ED was 4.7 for SCD patients, when controlling for RIP variables (95% CI: 1.1-21.0).

Conclusions—ED is associated with RIP, occurring in nearly 40% of affected individuals
overall. SCD patients are more likely to experience ED in the setting of “very minor” RIP
episodes and are 5 times more likely to develop ED compared to non-SCD patients.
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Introduction

Priapism is a pathologic condition involving prolonged erection unassociated with sexual
interest [1, 2]. It is estimated to affect approximately 40% of patients with sickle cell disease
(SCD) [3]. Ischemic priapism (distinct from non-ischemic priapism) comprises the vast
majority of priapism presentations [2]. Major ischemic priapism episodes are characterized
as typically lasting ~6 hours or longer because of irreversible, time-dependent, histological
changes to erectile tissue ultrastructure after this duration of time [4-7]. Beyond 24 hours,
these episodes often render the devastating sequelae of erectile tissue necrosis and
subsequent fibrosis as demonstrated by fibroblast proliferation [1, 2, 4]. ED is predictable
once irreversible erectile tissue damage has occurred, with documented rates as high as 90%
for priapism lasting longer than 24 hours [5]. However, reports of ED have also been related
to minor ischemic priapism episodes, commonly referred to as “stuttering” or RIP, in which
durations of priapism are observed to be a few hours or less [3, 8].

Major ischemic priapism episodes are commonly associated with ED [3] because this form
displays sufficiently prolonged duration of episodes, which conceivably exert profound
ischemic effects on the erectile tissue [9]. The basis of ED in RIP with briefer priapism
durations is unexplained. Because ED occurs after RIP, prolonged duration of ischemic
episodes alone insufficiently accounts for this outcome. Prior studies documenting the
occurrence of ED among patients with RIP did not specify how these evaluations were made
or employ standard contemporary ED assessment tools such as the International Index of
Erectile Function (11EF) [3, 8]. Although RIP was not clearly defined, Adeyoju et al.
cautiously suggested that ED rates in patients with RIP were not significantly different
compared to rates in patients with major episodes in a small sample of patients [8]. In a
previous retrospective evaluation of clinical outcomes associated with the use of
phosphodiesterase type 5 (PDE5) inhibitors in a very small number of RIP patients, the
baseline prevalence of ED was observed to be ostensibly higher among patients with an
SCD vs idiopathic etiology [10].

Further investigations into risk factors are needed to characterize ED in the setting of RIP.
We particularly focused on “minor” RIP, differentiating this from RIP episodes of prolonged
durations because of this clear association with irreversible erectile tissue damage. We
conjectured that ED outcomes after RIP are different in SCD patients and thus elected to do
a comparative analysis between patients with and without SCD.

Materials and Methods

Patient Selection

A retrospective analysis was performed using a prospectively managed database of patients
with a history of priapism presenting to the urology and hematology clinics at this institution
between June 2004 and March 2014. Ethical approval was granted by the Institutional
Review Board at this institution. We defined RIP as having >2 episodes of priapism within
the past 6 months, with the majority (>75%) of episodes lasting <5 hours. We termed
episodes lasting 2-5 hours as “minor” RIP and those lasting <2 hours as “very minor” RIP.
The presence of major episodes during this period was noted and defined as any episode
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lasting >5 hours. Intracavernosal aspiration, irrigation, and/or sympathomimetics were not
exclusions; however, patients receiving surgical shunts, penile prostheses, or androgen
ablative therapy were excluded on the basis that these interventions were considered to be
likely ED risk confounding factors.

Patient demographic information, medical history, physical examination, and priapism
history were obtained. The presence of ED was established based on a score of <26 on the
IIEF EF Domain or <22 on the shorter form 11EF-5 [11, 12]. We also applied a secondary
definition of ED that excluded those with mild ED [13-15]. Therefore the presence of ED in
this alternative method was established based on a score of <22 on the IIEF EF Domain or
<17 on the IIEF-5 [11, 12]. In the case of patient sexual inactivity over the 4 week or 6
month period specified by the 1IEF or 1IEF-5, respectively, a clinical evaluation based on
patient report was used to assess for the presence of ED. Selected risk factors were race,
marital status, etiology, age of priapism onset, associated circumstances, episode duration,
episode frequency, disease duration, and perceived penile deformity.

Statistical Analysis

Results

Priapism characteristics of SCD and non-SCD groups were evaluated. Means + standard
deviations were determined. Categorical data were compared using Chi Square or Fisher's
Exact test where appropriate. Continuous data were compared using the Mann-Whitney U
nonparametric test. Odds ratios were determined using logistic regression analysis and
presented with corresponding 95% confidence intervals (Cl). Data were analyzed using
Stata 11 (StataCorp, College Station, Texas, USA) and GraphPad Prism 5 (GraphPad
Software, Inc, La Jolla, CA, USA). A P value < 0.05 was considered statistically significant.

Patient and Priapism Characteristics

Of 124 patients reviewed, only 59 were enrolled, as a considerable number did not meet the
eligibility criteria (Figure 1). Enrolled patients were comprised of 40 SCD (mean age 28.2 £
8.9 years) and 19 non-SCD patients (mean age 32.6 + 11.7 years), of whom 15 and 4 had
idiopathic and drug-related etiologies, respectively. Additional demographic information is
described in Table 1. On average, SCD patients were found to develop RIP in the late
teenage years while non-SCD patients were found to develop RIP nearly a decade later.
Consequently, SCD patients had a longer mean time-length with RIP than non-SCD patients
(p =0.0042). Three in 4 SCD patients reported episodes lasting <2 hours duration whereas
only about half of non-SCD patients reported such a duration. Over two-thirds of patients in
either group reported weekly or more frequent episodes. There was no significant difference
in the overall occurrence of major episodes between groups (Table 2).

Erectile Dysfunction

Overall, 23 of the 59 (39.0%) patients were identified as having ED; however patients with
SCD had a 2-fold higher rate of ED than those without SCD (Table 2). SCD patients were
also more likely to have ED than non-SCD patients among all patients with episodes lasting
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<2 hour or those occurring weekly or more frequently (p = 0.008 and 0.040, respectively)
(Table 3).

When controlling for RIP duration, presence of major episodes, episode duration, and
episode frequency using logistic regression analysis, patients with SCD were found to be 4.7
times as likely to develop ED compared to those without SCD (95% ClI: 1.06-20.96, p =
0.041). When using our alternative definition of ED, the odds ratio was 3.6; however, this
relationship was no longer statistically significant (95% CI: 0.69-18.35, p = 0.131).

Discussion

ED is associated with major priapism, but little is known regarding its relationship to RIP,
specifically in the setting of SCD. In this study, we confirmed RIP to be a risk factor for ED
with a higher prevalence rate of ED among SCD compared to non-SCD patients.
Additionally, we showed that a number of risk factors are associated with this condition
including duration of RIP (longer), episode duration (<2 hours), and episode frequency
(=weekly).

The prevalence of ED found here (47.5%) among SCD patients was slightly greater than in
previous reports (29-36%); however, these studies did not clearly define how ED was
assessed and did not utilize the IIEF [3, 8]. In this study, we also employed an alternative
definition of ED excluding mild ED and found a closer agreement between the rate found
using this approach (32.5%) and previous studies. Teloken et al. demonstrated that nearly
70% of patients classified with mild ED on the 11EF indicated that they were capable of
having sexual intercourse whenever they wished [14]. As such, cutoffs representing normal
function may overestimate functional erection loss and mild ED may represent a
functionally acceptable threshold [13].

As expected, patients with SCD had a younger mean age of RIP onset and thus a longer
mean time-length with RIP. Therefore, it is no surprise that the prevalence of ED was found
to be higher among SCD patients compared to non-SCD patients. Interestingly, when
adjusting for the duration of RIP and presence of major episodes in logistic regression
analysis, this relationship was maintained. This may indicate a risk of ED that is inherent to
SCD unlike other etiologies. In evaluating differentiating factors among patient subgroups,
having SCD was found to be an associated risk factor amongst patients with very minor or
frequent (=weekly) RIP episodes in the development of ED. When adjusting for several of
these factors, having SCD was shown to be predictive of ED. In our secondary analysis
excluding mild ED (as it likely represents sufficient erectile functionality), the association
between ED and very minor episode duration, but not frequency, continued to be statistically
significant. Additionally, the prevalence rate of this modified definition of ED was not
significantly different between the two groups; however the increasing trend among these
features in SCD patients persisted.

The occurrence of major priapism episodes is a well-established determinant of ED
consequent to irreversible cavernosal damage [16]. We found that 36.8% and 50% of non-
SCD patients and SCD patients with ED, respectively, reported a major episode within our
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evaluation period, similar to previous findings [8]. When controlling for the presence of
major episodes within this evaluation period, SCD patients continued to demonstrate a
higher likelihood of ED than non-SCD patients.

Recent discoveries have uncovered critical components of the pathophysiologic mechanism
of SCD-associated, ischemic priapism relating primarily to aberrations in nitric oxide (NO)
regulatory signaling, as well as adenosine and RhoA/ROCK pathways [17-20]. It is believed
that derangements in these regulatory mechanisms lower the set point of smooth muscle tone
control, allowing for recurrent episodes [21]. Patients with SCD may have an increased
susceptibility to the reversible ischemic tissue injury associated with RIP episodes, or
perhaps over time, these episodes have a cumulative effect in producing cavernosal damage
independent of major episodes. Chronically decreased NO bioavailability, an environment
influenced from multiple sources in SCD [22, 23], may offer an explanation for the differing
ED development rates between SCD and non-SCD populations. Additionally, several
studies have demonstrated oxidative stress as a contributing factor to ED development [24]
with greater oxidative/nitrosative stress found in cavernosal tissues of priapism associated
with SCD compared to non-SCD [25, 26]. This increased oxidative stress found in SCD
patients may be a result of a compounding effect of both the cavernosal tissue reperfusion
injury that follows episodic resolution of ischemia [27] and the elevated oxidative/
nitrosative stress resulting from reactive species generated chronically in SCD [28]. This in
turn, may also contribute to the difference in ED occurrence rates as reactive oxygen species
have been shown to inactivate NO and are attributed to the subsequent impairment of
endothelium-dependent vasodilation [28]. This impairment along with changes in
hematocyte properties associated with oxidative stress [28] may be the basis for the
histologic changes involving occasional endothelial defects and lymphocytic infiltration
previously described in a population of patients with priapism suggestive of RIP [9].
Identification of these pathophysiologic mechanisms may suggest potential new strategies to
treat SCD-associated ED [10, 19, 26, 29-31].

We acknowledge potential limitations of this study. The accuracy of the associations
regarding analyzed risk factors may be decreased due to the study's small sample size and
therefore underpowered. This likely contributes to the decreased statistical significance of
the difference in ED rates and risk factors between groups using our secondary ED
definition. The differences in ED rates attributed to RIP as shown may be greater because
the significantly greater history of tobacco use, a cardiovascular risk factor for ED, among
non-SCD patients may have contributed to their ED rates. Although the small sample size is
owed in part to the rarity of this condition, this study represents one of the larger
retrospectively identified cohorts of SCD-associated priapism patients studied in a
comparable time period [16, 32]. While our extensive eligibility criteria resulted in less than
a 50% enrollment rate, it advantaged us to establish a rather homogenous subset of the
population from which likely valid conclusions were drawn. Rather, if too inclusive in our
selection, the assignment and qualification of the variables identified in our analysis would
be weakened. We attempted to control for the comparable prevalence of major episodes
between groups during the evaluation period in the development of ED; however, we
concede that we were unable to fully account for the number and severity of major episodes
that may have occurred before or even during our evaluation period due to limitations

J Sex Med. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Anele and Burnett

Page 6

associated with medical record review. Additionally, pre-existing baseline ED may have
also confounded our measures of erectile function. We also acknowledge the potential for

patient recall bias regarding responses to priapism-history questionnaire items. Finally, we
recognize that we were unable to account for SCD management status as a potential risk

factor in our assessment of ED outcomes.

Conclusion

ED is associated with RIP, occurring in nearly 40% of affected individuals overall.
Frequency and very minor episode durations (<2 hours) appear to be related to the
development of ED in SCD-associated RIP. SCD patients with RIP are nearly 5 times more
likely to develop ED compared with those having RIP associated with non-SCD etiologies.
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Table 1

Patient demographics and medical comorbidities

Characteristic SCD Patients (n=40) Non-SCD Patients (n=19) P-Value
Mean Age, yrs (SD) 28.2 (8.9) 32.6 (11.7) 0.0943
Race, n (%)

Caucasian 0(0) 10 (52.6) 0.0001

African American 40 (100) 7(36.8) 0.0001

Other 0 (0) 2(10.5) 0.0999
Married, n (%) 6 (15) 7(36.8) 0.0916
Hypertension, n (%) 8 (20) 5 (26.3) 0.7381
Dyslipidemia, n (%) 1(2.5) 1(5.3) 0.5441
Diabetes, n (%) 0(0) 1(5.3) 0.3220
Stroke, n (%) 4(10) 0 (0) 0.2945
Kidney Disease, n (%) 4 (10) 0 (0) 0.2945
Tobacco Use, n (%) 6 (15) 8(42.1) 0.0460

SCD =sickle cell disease, n = number, yrs = years, SD = standard deviation
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Table 2
Clinical characteristics
Characteristic SCD Patients (n=40) Non-SCD Patients (n=19) P-Value
Mean Age of RIP Onset, yrs (SD) 19.5(8.2) 29.1(13.8) 0.0024
Mean Time-Length with RIP, yrs (SD) 9.2 (6.9) 4.6 (5.0) 0.0042
Episode Onset, n (%)

Sleep 37 (92.5) 15 (78.9) 0.1030
<2 Episode Duration, n (%) 30 (75) 10 (52.6) 0.1351
= Weekly Episode Frequency, n (%) 28 (70) 14 (73.7) 1.0000
Major Episodes, n (%) 14 (35) 11 (57.9) 0.0963
Erectile Dysfunction (includes mild ED), n (%) 19 (47.5) 4(21.1) 0.0516
Erectile Dysfunction (excludes mild ED), n (%) 13 (32.5) 3(15.8) 0.1773
Perceived Penile Deformity or Scarring, n (%) n=36 n==8 1.0000

7 (19.4) 1(12.5)

SCD =sickle cell disease, n = number, yrs = years, SD = standard deviation, RIP = recurrent ischemic priapism
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Table 3
ED prevalence and association among RIP subgroups

Subgroups SCD Patients  Non-SCD Patients  P-Value
Including Mild ED n=19 n=4
Mean Age of RIP among ED patients, yrs (SD) 18.5 (6.3) 22.8 (5.0) 0.0944
Mean Time-Length with RIP among ED patients, yrs (SD) 9.5 (6.7) 38(4.2) 0.0807
n=230 n=10
<2 hours Duration, n (%) 14 (46.7) 0 (0) 0.0075
n=10 n=9
2-5 hours Duration, n (%) 5 (50) 4 (44.4) 1.0000
n=28 n=14
>Weekly Frequency, n (%) 13 (46.4) 2(14.3) 0.0404
n=12 n=5
<Monthly Frequency, n (%) 6 (50) 2 (40) 1.0000
n=19 n=4
Major Episodes among ED patients, n (%) 7 (36.8) 2 (50) 1.0000
Excluding Mild ED n=13 n=3
Mean Age of RIP among ED patients, yrs (SD) 16.1(2.5) 25.0 (2.6) 0.0120
Mean Time-Length with RIP among ED patients, yrs (SD) 11.1(7.1) 2.1(3.0) 0.0221
n=230 n=10
<2 hours Duration, n (%) 10 (33.3) 0(0) 0.0428
n=10 n=9
2-5 hours Duration, n (%) 3(30) 3(33.3) 1.0000
n=28 n=14
>Weekly Frequency, n (%) 9(32.1) 1(7.1) 0.1249
n=12 n=>5
<Monthly Frequency, n (%) 4(33.3) 2 (40) 1.0000
n=13 n=3
Major Episodes among ED patients, n (%) 5(38.5) 2 (66.7) 0.5500

SCD = sickle cell disease, n = number, yrs = years, SD = standard deviation RIP = recurrent ischemic priapism, ED = erectile dysfunction
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