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Abstract

Background Sickle cell disease (SCD) is a prevalent genetic blood disorder with a high global incidence rate. Individ-
uals with SCD experience lifelong complications; one such recurrent complication is priapism. Given the unfavorable
prognosis and the limited knowledge of patients regarding priapism, healthcare professionals need to identify factors
that can aid in diagnosing priapism in SCD patients.

Main body of the abstract A comprehensive literature search was conducted using four databases, namely MED-
LINE, The Cochrane Library, ScienceDirect, and Google Scholar, following the PRISMA guidelines. The quality and risk

out of which six studies met the eligibility criteria.

Keywords Priapism, Sickle cell disease, Predictors

of bias assessment were performed using the ROBINS-I tool (Risk Of Bias in Non-Randomized Studies of Interven-
tions) according to guidelines by the Cochrane Collaboration. The literature search yielded a total of 4434 studies,

Short conclusions The findings from the selected studies revealed that advancing age and a higher frequency
of priapism episodes were significant predictors of priapism occurrence in SCD patients. These findings underscore
the importance of early recognition and management of priapism in this patient population.

1 Background
Sickle cell disease (SCD) is an inherited genetic disor-
der of red blood cells that causes abnormal hemoglobin
formation, called hemoglobin S (HbS) [1]. Although the
actual SCD cases are underreported, SCD is the genetic
blood disease with the highest number of cases globally.
The high incidence of SCD is worrying because it has
been associated with high complication rates in many
countries [2, 3].

The main characteristics of SCD are the presence of
lifelong chronic hemolytic anemia and intermittent
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vaso-occlusion which can lead to complications such as
tissue ischemia [4]. For male SCD patients, one of the
most potential complications is priapism [5].

Priapism is defined as a prolonged erection that is pain-
ful, persistent, and unwanted [6]. There are two classifica-
tions of priapism: ischemic or low flow and non-ischemic
or high flow. Ischemic priapism is the predominant form
found in SCD patients. Persistent pain or burning is the
clinical manifestation of Priapism. In terms of dura-
tion, priapism is divided into two types. The first type is
major priapism, where erection lasts >4 h. Another type
is minor priapism, where resolution occurs<4 h [7, 8].
Scholars found a strong association between priapism
and decreased mental health in SCD patients [9, 10].

Prevention of priapism is key to avoid prolonged com-
plications. However, patient’s knowledge and awareness
of priapism incidence are still limited. For example, a
survey of SCD patients showed that only 7% of the study
subjects were aware of priapism and its potential to arise
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[6]. Therefore, the current research conducted a system-
atic review to search and evaluate the incidence of pria-
pism in SCD patients, hoping that various predictors of
priapism can be identified to become the guidelines for
preventing the incidence and recurrence of priapism in
SCD patients.

2 Main text

2.1 Study design

This systematic review was prepared using PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines. These guidelines helped the authors
to analyze factors that can be predictors of priapism inci-
dence in SCD patients.

2.2 Search strategy

The authors conducted literature research that was pub-
lished in widely used electronic databases, including
MEDLINE, the Cochrane Library, Science Direct, and
Google Scholar. Studies included in this literature review
were those written in Indonesian or English languages.
The selection of journals that emerged from the literature
research was made independently by the authors. Any
differences of opinion were resolved by brainstorming
and discussion between the authors.

To guide the authors, several keywords were used, such
as priapism, anemia, predictors of priapism and anemia,
anemia and predictors, priapism and anemia, and pre-
dictors. These keywords were searched in appropriate
combinations. They were also used in series and through
truncation.

2.3 Selection criteria

2.3.1 Inclusion and exclusion criteria

In this study, the authors used three inclusion criteria: (1)
observational and interventional studies, (2) having SCD
patients who experienced priapism, and (3) assessed pre-
dictors of priapism as study outcomes. Meanwhile, the
exclusion criteria included: (1) inaccessible studies and
(2) non-research articles.

2.4 Extraction and data analysis

The authors independently reviewed the content of each
literature and extracted data from the following vari-
ables: (1) author names, (2) year of publication, (3) study
characteristics including study design, sampling method,
and study location, (4) characteristics of study subjects
including sample size and participant characteristics, and
(5) study results including a description of priapism such
frequency, duration, and type, laboratory parameters
analyzed, frequency and duration of priapism, and age of
participants.
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After extracting the data, separate analyses of labora-
tory findings with similar effect sizes were conducted
to evaluate their combined effect. The effect size analy-
sis for categorical variables was performed using Odds
Ratio (OR), while Standardized Mean Difference (SMD)
was used for numerical or continuous variables. Utiliz-
ing Cohen’s (d) value, SMD was designed to differentiate
between two groups on a continuous dependent variable
and could be calculated from means, standard deviations,
¢ tests, and one-way ANOVA.

To assess heterogeneity among studies, this research
used . The fixed-effect model was employed when
2 <50%, while the random-effect model was used when
P>50%. A coefficient estimate (8) was used as the effect
size for meta-analysis (ES). Results were considered sta-
tistically significant when p <0.05 (2-tailed). A forest plot
was utilized to report the analysis results, and publication
bias was assessed using a Funnel plot. All data were ana-
lyzed using JASP and STATA version 15 software for Mac
Os.

2.5 Quality assessments and risk of bias

The quality assessments and risk of bias of each piece
of literature were conducted using the risk of bias tool
according to guidelines by the Cochrane Collaboration.
These guidelines evaluate the accuracy of the literature
using seven domains: bias due to confounding, bias in the
selection of participants, bias in the classification of inter-
ventions, bias due to deviations from intended interven-
tions, bias due to missing data, bias in the measurement
of outcomes, and bias in the selection of the reported
result. The scoring of each domain is separated accord-
ing to the risk of bias and its application. The risk of each
study was assessed and categorized as "low," "moderate,"
"serious," "critical,” and "no information." The risk of bias
assessment was evaluated by the authors collaboratively
through discussion.

2.6 Study results

The initial literature research obtained 4434 studies in
four databases. The research then reviewed the title and
abstract and yielded 68 relevant studies. After exclud-
ing seven studies due to access barriers and eight dupli-
cate studies, 53 studies were included in the whole-text
screening process. A total of 47 studies were eventually
excluded for the following reasons. Eight studies were
excluded because they had different target participants,
and 28 studies were ineligible because of outcome dif-
ferences. The other 11 studies were omitted because
the study design did not match our systematic literature
review leaving the final six studies to proceed to the data
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Fig. 1 Literature research chart based on PRISMA 2020

analysis stage. The process of the literature research is
summarized in Fig. 1.

2.7 Bias risk assessment

The quality of each study was comprehensively evalu-
ated using the ROBINS-I tool (Risk Of Bias in Non-Ran-
domized Studies—of Interventions). This tool was used
according to guidelines by the Cochrane Collaboration.
Most studies had sufficient information and met the cri-
teria to be classified as "Low risk”” (Figs. 2 and 3)
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Fig. 2 Risk of bias summary: review author’s assessment of each risk
of bias for each included study
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Fig. 3 Risk of bias chart: review author’s assessment of each risk
of bias item, presented as a percentage of all included studies

2.8 Population

The six studies included in this literature review were
conducted in Nigeria, Brazil, France, and the USA. The
studies involved a total of 3321 subjects experiencing
SCD, including 781 who had a history of priapism. The
age range of the participants was 0-77 years, with the
majority of the study subjects belonging to adulthood.

2.9 Intervention

The 196 participants of this study received treatment
interventions during the study period. The treatment
intervention was divided into daily medication and sur-
gical intervention. The medications included stilbesterol,
analgesics, hydroxyurea, hydroxycarbamide, finasteride,
intrapenile etilefrine injection, transfusion, penile aspira-
tion, and surgical shunt.

2.10 Comparison

A qualitative and quantitative comparison of risk fac-
tors was performed in SCD patients with and without
priapism. Age and several laboratory indicators, includ-
ing hemoglobin, reticulocyte count, leukocyte count, and
platelet count, were quantitatively analyzed across stud-
ies. On the other hand, the analysis of priapism episodes
was conducted qualitatively due to variations in categori-
cal definitions between studies.

2.11 Research results age

A pooled analysis was conducted on three out of six stud-
ies with sufficient data to compare the age of patients
with priapism and non-priapism. The literature has dis-
cussed how older age increases the risk of priapism in
SCD patients. This risk is usually associated with unfa-
vorable vascular changes and increased morbidity, such
as hypertension and diabetes mellitus. However, several
studies still yielded varied results.

The effect size of age in this meta-analysis was calcu-
lated using standardized mean difference (SMD). Using
a random-effect model (12=58%), the forest plot dis-
played three studies evaluating the effect of age on pria-
pism occurrence in SCD patients (Fig. 4). The results
showed a significant association between increasing age
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and priapism occurrence in SCD patients (standardized
mean difference [SMD]: 0.29; 95% Confidence Interval
[CI]: 0.21-0.38, p<0.001). Further, the included funnel
plot indicated a potential significant publication bias with
Kendall’s t value of 0.056. (Fig. 5)

3 Laboratory indicators

Various laboratory parameters were analyzed and com-
pared between patients with and without priapism, includ-
ing the degree of difference from the normal range. One
study revealed a significant association between hemo-
globin levels and the incidence of priapism. Additionally,
two other studies demonstrated significant differences in
reticulocyte, LDH, and leukocyte levels between patients
with priapism and those without. However, only a few lab-
oratory indicators had sufficient data for pooled analysis in
this study. These included hemoglobin (3 studies), reticulo-
cyte count, leukocyte count, and platelet count (4 studies).
The effect size analysis for these four laboratory indicators
was conducted using SMD due to the continuous nature of
the data. The forest plot, utilizing a random-effect model
(P=99%), displayed the results of each pooled analysis for
the four different indicators (Fig. 6). The results revealed
no significant association between the laboratory indica-
tors and the occurrence of priapism in patients with sickle
cell disease (p>0.05). Furthermore, the included funnel
plot indicated a potential significant publication bias with
Kendall's 7 values of 5.01 (Hb), 5.45 (reticulocyte), 0.85
(leucocyte), and 0.59 (platelet). (Fig. 7).
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Fig. 7 Funnel plot of several laboratory indicators in predicting priapism

4 Frequency of priapism

The frequency of priapism cannot be assessed through
pooled analysis due to the varying categories used in each
study. However, the majority of studies (4/6) reported
that the frequency of priapism was a predictor of future
priapism recurrence.

4.1 Predictors of priapism incidence and recurrence
in sickle cell disease patients

Advances in medical research and studies have improved
the survival rate of SCD patients. As a result, the wide
spectrum of morbidity from SCD has become apparent,
leading to a shift in the focus of studies from reducing
mortality from SCD to reducing morbidity and complica-
tions of SCD such as priapism. In other words, improve-
ment of the life quality of these patients is the goal of the
majority of current studies [9, 11, 12].

Priapism is common in patients with SCD. The risk
of developing priapism increases with age in men with
SCD. Several studies have reported the incidence of pri-
apism to be around 30% to 40% in men with SCD, and
the cumulative incidence reaches 60% by age 40 [9, 13,
14]. Specifically, this study found that increased age was
associated with a higher risk of developing priapism. This
association may be attributed to age-related changes in
vascular function and an increased prevalence of comor-
bidities such as hypertension and diabetes mellitus.
Moreover, the recurrent nature of priapism significantly
impacts the quality of life for individuals with SCD.
Despite the burden of priapism, many patients do not
seek treatment. One study found that 50% of priapism
patients in their study did not take any action to address
their condition [14, 15]. Similarly, in this study, only 5.9%
of priapism patients received treatment. Several factors
contribute to this trend, including limited awareness and
understanding of priapism, embarrassment experienced
by patients, and the intermittent nature of the condition.
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These factors often make patients hesitate to seek medi-
cal assistance [8, 16].

While there is no pooled analysis evidence, most stud-
ies showed that men who experience at least three epi-
sodes of priapism are at a higher risk of recurrence [9,
10, 15, 17]. Therefore, this study recommends these indi-
viduals seek medical consultation every three months
to monitor their condition closely. Each episode of pria-
pism within these three months significantly amplifies
the risk of developing severe priapism. Managing pria-
pism involves using subjective approaches, including
vaso-reactive agents, antidepressants, and o-blockers.
However, careful consideration should be given to dis-
continuing these therapies [9].

In terms of laboratory indicators, apart from those
reported in the pooled analysis, it is difficult to draw
definitive conclusions because each study examines vari-
ables of interest with various biases and confounding
considerations. With the limited literature in this study,
conclusions about differences in laboratory risk indica-
tors are difficult to express unequivocally.

4.2 Education challenges and strategies

One of the notable yet unrecognized difficulties often
faced by SCD patients with priapism is mental health
challenges. The high rate of depression, anxiety, and sui-
cidality have been associated with poor medical compli-
ance and low quality of life. Patients tend to disregard
their symptoms and dismiss medical help because of
embarrassment. Unfortunately, some patients who pre-
sented with depression or suicidal ideation were pre-
scribed treatment with medication that could worsen
priapism symptoms. Hence, pharmacists should also
discuss the risk of priapism with patients receiving drugs
about the possible side effects. Such cases indicate the
importance of a multidisciplinary approach in priapism
management [18, 19].
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Collaborative efforts must be pursued when patients
come and seek treatment. The authors recommend that
all SCD patients with the first episode of priapism should
consult a psychiatrist, as this condition can lead to anxi-
ety or depression.

As priapism is related to permanent dysfunction, pre-
ventive efforts, especially education from interprofes-
sional team members to patients, are crucial. When
patients are discharged from the hospital, the in-charged
medical staff should educate the patients regarding the
importance of seeking medical help as soon as priapism
symptoms develop. The characteristics of priapism must
be well documented by clinicians, and follow-up by a
urologist must be encouraged. Comprehensive strate-
gies are recommended to encompass urologists, hema-
tologists, and psychiatrists in patients with mental health
complaints.

5 Conclusions

Priapism is a common complication observed in men
with SCD. It is a recurring condition that can intermit-
tently manifest throughout the lifelong course of SCD.
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Given the significant impact and poor prognosis associ-
ated with priapism, it is crucial to identify factors that can
predict its incidence and recurrence. This study indicates
that advancing age and a higher frequency of priapism
episodes predict priapism occurrence in SCD patients.
Unfortunately, there is a lack of awareness among the
public, particularly individuals with SCD, regarding the
signs and symptoms of priapism. As a result, this condi-
tion is underrecognized among healthcare professionals.
The authors recommend the development of educational
programs within the interprofessional medical team so
that SCD patients can identify or predict the signs of
priapism and seek medical help before complications
develop. In addition, collaborative cooperation must be
pursued between urologists, hematologists, and psychia-
trists to provide comprehensive treatment for priapism
in SCD patients. Through the implementation of these
efforts, we believe the number of priapism relapses and
the consequent complications in SCD patients can be
reduced significantly.

Appendix 1

No  Author, year Location of study Number of Characteristics of Research Intervention
study Design Participants participants objectives
1 Idris et al., Nigeria Prospective 71 subjects Men with SCD aged Proving the hypoth-  Stilbesterol (24%),
2022 [10] with SCD between 18-40 years who had  esis that estima- Analgesic (24%),
experience >3 episode of pria-  tion of incidence Hydroxyurea (12%),
pism in the past 12 months of priapism Penile aspiration
Seven (9.6%) of the subjects through clinical (2.7%), Surgical
were married history of priapism  Shunt (1.4%)
is lower than pain
diaries of priapism,
as well as evaluat-
ing predictors
of major priapism
2 [dris et al,, Nigeria Cross- 500 SCD patients, Men with an age range Evaluate 84 subjects under-
2020 [9] sectional with 163 patients of 18-40 years old. A total of 43 the character- going treatment

(32.6%) experienc-
ing priapism

(8.6%) subjects with SCD were
married

istics and types

of Priapism to prove
the hypothesis

that sexual dys-
function is more
common in SCD
patients
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No  Author, year Location of study Number of Characteristics of Research Intervention
study Design Participants participants objectives
3 Ozahata Brazil Case—con-  1.314 subjects Patients with sickle cell anemia  Character- Transfusion
etal, 2019 trol with 188 subjects between 0 and 77 years old ize the clinical (28.5%) Cavernous
[15] having Priapism and genetic factors  aspiration (17.5%)
associated with Pri-  Finasteride (13%)
apism in sickle cell  Analgesic (13%)
anemia patients Hidroxyurea (1.5%)
4 Citaetal, France Prospective 58 subjects Patient with a history of Pria- Investigate Hydroxycarbamide
2016 [17] with SCD, 28 sub- pism the asso- in 22 patients
jects with priapism ciation of Priapism  Surgery in 3
and 30 subjects in SCD patients patients Intrapenis
without priapism with hemolytic ethylephrine injec-
and bleeding tion in 4 patients
parameters Transfusion in 2
patients
5 Nolanetal, United States  Case-con-  1.252 subjects 273 patients with a history Analyzed the clini-  N/A
2005 [12] of America trol with SCD, 273 sub-  of Priapism cal and hematolog-
jects with priapism ical characteristics
and 979 subjects of SCD patients
without priapism with Priapism
6 Madu etal,  Nigeria Retrospec- 126 subjects 126 subjects with an age range  Evaluate the asso- ~ N/A
2014 (18] tive with SCD, 28 sub-  of 13-55 years who have expe-  ciation of Priapism
jects with priapism  rienced Priapism incidence with clin-
and 95 subjects ical and labora-
without priapism tory parameters
in homozygous
SCD
Appendix 2
No.  Author, Study design Predictors
Year of priapism
incidence
Age Lab Parameters Frequency of  Duration of Type of Priapism
Priapism Priapism
1 Idrisetal,  Prospective Cohort ~ Median age Median total Hemoglobin  80% of men Average Major Priapism
2022 [10] over 12 months 240 years (IQR 8 g/dL (6.9-9.6) LDH 540 experience 120 min (n=18) Minor Pria-
21.5-285) U/L (379-729) Thrombo-  atleast 1 with IQR 25.-  pism (n=264)
cytes 297.000/microliter instance of Pria- 180 min
Leukocytes 13.3x 10%/L pism
(9.6-17.6)Bilirubin 79.0 mg/
dL(46.5-125.5) AST 46 IU/L
(34.5-59)
2 Idrisetal,  Cross-sectional Mean age N/A Every day N/A Major Priapism in 43
20201[9] 23.6 years (n=13) Every subjects (26.4%)
other day Stuttering in 120
(n=14) Every subjects (73.6%)
week (n=31)
Every month
(51) Rarely
(n=54)
3 Ozahata Case—control 0-9yearsold=6%  Average from Priapism 1 episode 1 hfor10 Recurrent Priapism
etal, 2019 Patients (n=21) people (16%) (n=38)
[15]
10-17 years Hemoglobin 9.04 g/dL 2 episodes 2 hfor6 peo- Major Priapism
old=8% (4.86-15.7) (n=11) ple (9.5%) (n=8)
18-29 years Reticulocytes10.36% 3 episodes 3hfor11 Minor
old=24% (0.8-26.2) (n=3) people Priapism(n=27)
(17.5%)
30-41 years Thrombocytes 396.000 5 episodes 4 hfor2
old=27% per microliter (n=11) people (3%)
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No. Author,
Year

Study design

Predictors
of priapism
incidence

Age

Lab Parameters

Duration of
Priapism

Frequency of
Priapism

Type of Priapism

4 Citaetal,

2016 [17] 10 months

5 Nolan etal, Case—control

2005 [12]

42 +yearsold=17%

Prospective for 1 year Median age

39 years (IQR
26-46)

Mean age
262+£12.28 SD

Bilirubin 1.75 mg/dL

Leukocytes 10.6x 10%/L

Average from Non-Pria-
pism Patients

Hemoglobin 8.82 g/dL
Reticulocytes 10.15%

Thrombocytes 397.000
per microliter

Bilirubin 1.76 mg/dL
Leukocyte 11.2x10%/L

Median from Priapism
Patients

Hemoglobin 8.6 g/dL
(7.6-94)

Reticulocytes 8.2%
(6.2-10.5)%

LDH 442 1U/L (381-618)*

Hemolytic Index 0.52+1.7*

Leukocytes 9x 10%/L
(6.5-9.6)

AST 34 1U/L (31-42)

Thrombocytes 331.000
per microliter

Median from Non-Priapism
Patients

Hemoglobin 8.5 g/dL
(7.5-9.6)

Reticulocytes 6.2%
(4.2-9.0)*

LDH 348 1U/L (292-493)*

Hemolytic Index
-050+1.2%

Leukocytes 7.9 10%/L
(5.1-9.1)

AST 28 1U/L (23-34)

Thrombocytes 277.000
per microliter

Average from Priapism
Patients

Hemoglobin 8.64+0.13 g/
dL*

Bilirubin 3.52+0.13 mg/
dL*

LDH 526.19+13.08 g/dL*
Reticulocytes 11.67 +£0.35%

Thrombocytes
425.660+7.61 per micro-
liter *

6 episodes
(n=11)

6 h for 6 peo-
ple (9.5%)

Multiple epi- N/A

sodes (n=23)

Major Priapism
(n=3)

<1 episode
per year (n=10)
1 episode

per year: (n=3)
1 episode

per month
(n=5)

1 episode

per week (n=4)

Every day (n=1)

N/A N/A N/A
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No. Author,
Year

Predictors
of priapism
incidence

Study design

Age

Duration of
Priapism

Lab Parameters Frequency of

Priapism

Type of Priapism

6 Madu et al.,
2014 18]

Retrospective Mean age
26.8+154 5D

with a median of 26

Leukocytes
11.62+0.20x 10%/L*

AST 50.34 % 1.44 units/L*
MCV 89.82 +0.48 um>*

Average from Non-Pria-
pism Patients

Hemoglobin 9.51+0.07 g/
dox

Bilirubin 2.92+0.07 mg/
oy

LDH 459.23+6.92 g/dL*
Reticulocytes 9.37+0.18*

Thrombocytes
358.160+4.04 per micro-
liter *

Leukocytes
10.18+0.10x 10%/L*

AST 45.78 +0.76 units/L*
MCV 87.18+0.25 um>*

Average from Priapism
Patients

N/A N/A N/A

Hemoglobin 7.9 g/dL

Thrombocytes 323.000
per microliter

Leukocytes 10.5x 10%/L*

Average from Non-Pria-
pism Patients

Hemoglobin 7.6 g/dL

Thrombocytes 354.000
per microliter

Leukocytes 13.9x 10%/L*

*Indicates laboratory parameters that have a p value < 0.05 between SCD patients with Priapism and the control group.
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