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Abstract

Context: Majority of literature regarding pathophysiology of sickle cell ischaemic priapism (SCIP) is 
focused on penile veno-occlusion due to hyperhaemolysis-induced vasculopathy with little reference to 
SCD-associated hyperviscosity and hypercoagulability, each of which can also potentially cause penile 
veno-occlusion and SCIP.
Objective: This review has triple objectives to: (1)-reappraise role of hyperhaemolysis in 
aetiopathogenesis of SCIP; (2)-highlight roles of hyperviscosity and hypercoagulability in 
aetiopathogenesis of SCIP; and (3)-underscore aetiologically-determined therapeutic implications in 
managing SCIP due to hyperhaemolysis, hyperviscosity, and hypercoagulability.
Methodology: Online literature search was conducted using terms relevant to SCD and priapism. Only 
articles that reported aetiopathogenesis and/or management of SCD-associated priapism vis-à-vis 
hyperhaemolysis, hyperviscosity, and/or hypercoagulability were selected.
Results: SCIP has three aetiopathogenetic categories: (1)-hyperhaemolysis vis-à-vis penile venous 
vasculopathy; (2)-hyperviscosity vis-à-vis penile venous sludging; and (3)-hypercoagulability vis-à-vis 
corporal cavernosal thrombosis. Irrespective of aetiopathogenesis, short-term management of SCIP is 
prompt decompression to avert erectile dysfunction. However, long-term management differs with 
respect to aetiology. Aetiologically rational long-term management (ARLTM) for hyperhaemolysis-
induced SCIP should be based on up-regulators of nitric oxide and PDE-5 (e.g., hydroxyurea or PDE-5 
inhibitors). However, ARLTM for hyperviscosity-induced SCIP should aim at reducing microvascular 
endothelial-adhesion, sludging, and viscosity by using p-selectin inhibitors (crizanlizumab), while 
ARLTM for hypercoagulability-induced thrombotic SCIP should obviously be anticoagulation. 
Conclusion: Hyperhaemolysis is the prototype and predominant aetiology of SCIP. However, veno-
occlusive SCIP may occur due to any one of SCD-associated pathophysiologic triad of hyperhaemolysis, 
hyperviscosity, and hypercoagulability. While penile decompression remains universal short-term 
management of SCIP, long-term management should be rationally determined by aetiopathogenesis.
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Introduction
The sickle haemoglobin (HbS) is a β-globin chain 
variant that evolved from the normal haemoglobin 
(HbA) as a result of a point mutation, which is 
caused by base transition from GAG (for glutamic 
acid) to GTG (for valine) at codon-6 of the β-globin 

1,2gene on chromosome-11.  In the heterozygous 
state, HbS gene is essentially asymptomatic and 
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3protects against severe malaria.  However, sickle 
cell disease (SCD), which arises from homozygous 
inheritance of HbS gene or double heterozygosity of 
HbS gene with another haemoglobinopathy gene 

1(e.g., HbSC, HbSD, HbSE, HbSO, and HbSβthal)  
is associated with significant morbidity and 

4,5mortality.  The pathophysiology of SCD is 
t r i g g e r e d  b y  d e o x y - H b S  i n s o l u b i l i t y,  

4,5polymerization, and red cell sickling.  Sickled red 
cells cause vaso-occlusion, ischaemia, necrosis 
with reperfusion, and inflammation, resulting in 
painful vaso-occlusive crisis (VOC) and other 

4,5forms of acute multi-organ damage.  Moreover, 
sickled red cells undergo haemolysis, leading to 
nitric oxide deficient vasculopathy and chronic 

4,5multi-organ damage.  In addition, SCD is 
associated with infarctive autosplenectomy and 
impaired complement activation, resulting in 

4,5
immunosuppression and recurrent infections.  The 
pathophysiology of SCD is thus shrouded in tissue 
necrosis, recurrent infections, haemolysis, and 
vasculopathy,  all of which eventually lead to 
chronic anaemia, recurrent VOC, and other forms of 
acute and chronic multi-organ damage and 

6,7
dysfunctions.  One of the most commonly affected 
organs in SCD is the penis, which is frequently 
afflicted and damaged by dysfunctional, non-erotic, 
unduly prolonged, and painful erection referred to 

8,9
as priapism.   
On the basis of the rate of arterial flow to the 
corpora, sickle cell priapism can be categorized as 

8,9low or high flow priapism.  Low flow priapism is 
caused by penile veno-occlusion, resulting in 
corporal compartment syndrome, ischaemia and 
pain, and is thus referred to as ‘sickle cell ischaemic 

8,9
priapism’ (SCIP).  High flow priapism is usually 
caused by penile or perineal trauma leading to 
arterio-sinusoidal fistulas with increased corporal 
blood flow devoid of ischaemia or pain, and is thus 
referred to as ‘sickle cell non-ischaemic priapism’ 

8,9(SCNIP).  SCIP and SCNIP can be diagnosed and 
distinguished on the basis of clinical presentation, 
penile haemodynamic imaging, and gasometric and 
pH analyses of penile blood samples. Clinical 
distinction can be achieved by eliciting the presence 
of penile pain (in SCIP) or absence of penile pain (in 

8,9SCNIP).  In addition, haemodynamic imaging 
studies using color duplex ultrasonography would 
demonstrate decreased or absent cavernosal arterial 

flow in SCIP, whereas SCNIP is characterized by 
normal or high arterial flow velocities in cavernosal 

8,9arteries.  Moreover, gasometric and pH analysis of 
aspirated cavernous blood are important laboratory 
procedures for distinguishing between SCIP and 

8,9
SCNIP.  In SCNIP, the aspirated blood is 
oxygenated and bright red in colour with blood gas 
and pH values showing partial pressure of oxygen 
(pO2)>90 mm Hg, partial pressure of carbon 
dioxide (pCO2)<40 mm Hg, and a pH of 7.40, all of 
which are consistent with normal arterial blood 

8,9
parameters at room air.  Conversely, in SCIP the 
aspirated blood is hypoxic and dark red in colour 
with blood gas and pH values of pO2<40 mm Hg, 

8,9
pCO2>60 mm Hg, and pH<7.25.  
SCIP is the predominant (>95%) type of priapism in 
SCD, although isolated and rare cases of SCNIP had 

10also been reported in only two patients with SCD.  
Paradoxically, the SCNIP in the aforementioned 
two cases of SCD arose apparently spontaneously 

10
without any antecedent trauma,  which is at 
variance with the well known causative association 
between high flow priapism and penile or perineal 

8trauma.  Morphologically, SCIP is predominantly 
bicorporal (affecting the two corpora cavernosa 
only) in both children and adults, but in some cases 
tricorporal (affecting the two corpora cavernosa and 
corpus spongiosum) involvement had been reported 

11
especially in adults.  Tricorporal SCIP tends to be 
more severe in presentation and worse  in prognosis, 
and affects patients that often have pre-existing 

11multi-organ damage and dysfunction.       
The most important demographic risk factor for 
SCIP is age. The onset of SCIP occurs in the pre-
pubertal period and tends to be more recurrent and 
severe with increasing age and pubertal 

12,13transition.  The epidemiological trend shows that 
SCIP occurs less commonly with a prevalence of 
about 3.6% in children who are younger than 18 

12,13
years of age.  However, the prevalence of SCIP 
rises with increasing age, and it is reported to occur 

12,13
in up to 33% of SCD adolescents and adults,  
among whom SCIP tends to be more severe with 

11
higher risk of tricorporal involvement.  This age-
related epidemiological trend is consistent with the 
principal role of androgens in the physiology and 
pathophysiology of both normal and abnormal 

14
penile erections.
Once SCIP becomes established, its clinical 
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characteristics and consequences are determined by 
its duration, spontaneity of detumescence, 
recurrence or persistence. If an established SCIP is 
terminated by spontaneous detumescence in less 
than 4 hours after onset and is characteristically 
recurrent, the priapism is referred to as stuttering 
SCIP and it is less likely to cause ischaemic penile 

8,9
muscle injury.  But if an established SCIP fails to 
resolve spontaneously and persists beyond 4 hours, 
the priapism is referred to as persistent SCIP and is 
more likely to cause penile muscle ischaemic 

8,9
injury.  Consequently, SCIP is causally related to 
erectile dysfunction, which occurs with a 
prevalence rate that ranges from 11% to as high as 

12,1369.2% among various cohorts of SCD patients,
Thus apart from its psychological effects, SCIP has 
a potentially profound impact on the reproductive 
performance of patients with SCD among whom 
SCIP it is the major cause of penile damage and 

15erectile dysfunction.  There is therefore the need to 
understand the aetiopathogenesis of SCIP. The 
overwhelming majority of the literature regarding 
the aetiopathogenesis of SCIP is focused on penile 
veno-occlusion due hyperhaemolysis-induced 

1 6 - 2 2
vasculopathy.  However, a part from 
vasculopathy, the pathophysiology of SCD is 
strongly associated with hyperviscosity and 
hypercoagulabi l i ty,  both of  which can 
independently cause penile veno-occlusion and 
potentially cause SCIP. But the literature is 
relatively silent on the aetiologic roles of 
hyperviscosity and hypercoagulability in the 
pathogenesis of SCIP.  Hence, the aim of this 
overview is to present a comprehensive but concise 
narrative review with a triple objective to: (1) 
reappraise the role of hyperhaemolysis in the 
aetiopathogenesis of SCIP; (2) highlight the roles of 
hyperviscosity and hypercoagulability in the 
aetiopathogenesis of SCIP; and (3) underscore 
aetiologically determined therapeutic implications 
in the management of SCIP due to hyperhaemolysis, 
hyperviscosity, and hypercoagulability.

Methodology
Literature search and selection
Literature search was conducted using 
combinations of search terms relevant to SCD vis-à-
vis aetiology, pathophysiology, treatment, and 
prevention of priapism, viz: ‘sickle cell disease, 

Aetiology of 
Priapism  

Laboratory Profile of 
affected patients as 
reported in case -
control studies   

Pathophysiology of Priapism  Long Term Therapeutic implications 
(after short term needle aspiration 
decompression)  

Hyperhaemolysis  Higher haemolytic 
markers; lower 
haematocrit; lower 
blood viscosity; 
consistent with 
hyperhaemolytic clinical 
phenotype  

Chronic hyperhaemolysis; nitric oxide 
(NO) depletion; penile veno -constriction 
(due to venous vasculopathy); 
detumescence failure (due to low 
phosphodiesterase -5 [PDE -5] causing 
poor arterial vasoconstriction); corpora 
cavernosal compartment syndrome; 
penile erection and ischaemia  

Long term use of PDE -5 inhibitors (to raise 
levels of NO and PDE -5); Long term use 
of hydroxyurea [HU]  (to raise NO level by 
reducing haemolysis and acting as NO 
donor)  

Hyperviscosity  Lower haemolytic 
markers; higher 
haematocrit; higher 
blood viscosity; 
consistent with 
hyperviscosity clinical 
phenotype  

High blood viscosity; veno -obstruction 
(due to sickled cells sludging within 
penile venules); impaired venous return; 
corpora cavernosal compartment 
syndrome; penile erection and 
ischaemia.  

These patients have lower haemolytic rate 
and higher viscosity; so may not respond 
optimally to PDE -5 or HU; but may 
respond better to long term Crizanlizumab 
(which reduces microvascular viscosity by 
preventing p -selectin mediated sickled cell 
adhesion to  endothelium)  

Hypercoagulability  No case -control studies 
in current literature; 
only case reports 
documented; but 
hypercoagulability is a 
general feature of SCD  

Combined effects of erection -associated 
penile blood stasis and  sickle cell -
associated hypercoagulability 
predispose to corpora cavernosal 
thrombosis; impaired venous return; 
corpora cavernosal compartment 
syndrome; penile erection and ischemia.  

Long term anticoagulation until dissolution 
of thrombi  

 

Table 1: Aetiology, pathophysiology, and 
therapeutic implications of ischaemic priapism in 
sickle cell disease.

anaemia, priapism, aetiology, pathogenesis, 
pathophysiology, management, prevention, 
hyperhaemolysis, nitric oxide, vasculopathy, 
hyperviscosity, hypercoagulability, thrombosis, 
corpora cavernosa, corpus spongiosum’ in various 
combinations in PubMed, Medline, Bing, Google 
Scholar, and other online search engines. Literature 
search was unrestricted by year or place of 
publication. However, only articles that examined 
aet iology,  pathogenesis ,  complicat ions ,  
management, and/or prevention of priapism in SCD 
were selected for this narrative review. Articles that 
concentrated on other aspects of SCD were 
excluded. A total of 73 relevant documents that were 
published between 1851 to 2023 were selected, 
which included 50 peer reviewed full articles, 21 
peer reviewed case reports/case series, and 2 interim 
analyses of clinical trials as listed in the reference 
section.

Results 
The literature revealed that the aetiology of SCIP 
falls into three main pathophysiologic categories, 
which include hyperhaemolysis vis-à-vis penile 
venous vasculopathy, hyperviscosity vis-à-vis 
penile venous sludging, and hypercoagulability vis-
à-vis corpora cavernosal thrombosis. The 
aetiopathogenesis of SCIP due to hyperhaemolysis, 
hyperviscosity, and hypercoagulability, and their 
therapeutic implications in patients with SCD are 
outlined in Table 1 and expatiated in the discussion 
section.



Ahmed SG et al Ischaemic priapism in SCD

www.ibommedicaljournal.org 179Ibom Med. J. Vol.17 No.2. May-August, 2024

Discussion
The aetiopathogenesis of SCIP is based on penile 
veno-occlusion, corporal cavernosal over-
distension, compartment syndrome, reduced 
arterial blood flow, and tissue ischaemia, which can 
be caused by veno-occlusive effects of any one of 
SCD-associated pathophysiologic triad of chronic 
hyperhaemolysis, chronic hyperviscosity, and 
chronic hypercoagulability. Nonetheless, the actual 
onset of SCIP may occur spontaneously or be 
triggered by a myriad of factors as described below. 
a. Aetiopathogenesis of SCIP: Roles of 
physiological and non-physiological triggers of 
SCIP
SCIP can arise spontaneously or be triggered by a 
myriad of factors ranging from physiological to 
non-physiological factors. Commonly reported 
physiological triggers of SCIP include full bladder, 
sexual activity, as well as nocturnal or early morning 

8,12,23-29
erections during rapid eye movement sleep.  
Commonly reported non-physiological triggers of 
SCIP include sleep apnoea with nocturnal 
hypoxaemia and acidosis, acute asthmatic attack, 
acute infections, fever, dehydration, exposure to 
cold weather, use of recreational drugs such as 
cocaine and alcohol, or hormonal therapy with 

8,12,23-29testosterone.  In order to counteract some of 
these SCIP triggers, SCIP patients are encouraged to 
practice non-conventional relief measures at home 
before seeking hospital care. These measures 
include hydration (by drinking extra fluids), modest 
exercise, urination, application of warm or cold 
penile compresses, and masturbation with 

8,12,23-29ejaculation.  Coincidentally, most of the 
aforementioned non-physiological triggers of SCIP 

4are also capable of triggering VOC.  The observed 
similarity in the pattern of triggers between SCIP 
and VOC underscores the central role of sickling-
induced acute microvascular occlusion (penile 
venules occlusion in the case of SCIP; and 
widespread tissue capillary occlusion in the case of 
VOC) as a common denominator in triggering the 
two clinically distinct vaso-occlusive disorders. 
b. Aetiopathogenesis of SCIP: role of 
hyperhaemolysis-induced penile venous 
vasculopathy
Undoubtedly the overwhelming majority of studies 
on SCIP had pathophysiologically linked SCIP to 
impaired penile venous drainage due to 

16-22
hyperhaemolysis-induced vasculopathy.  Hence, 
the aetiopathogenesis of SCIP is  associated with the 
‘hyperhaemolytic phenotype’ which is typically 
characterised by higher levels of haemolytic 
markers, greater depletion of nitric oxide, poorer 
endothelial and vascular dilatation functions, lower 
haematocrit, attenuated blood viscosity, and less 

16-22frequent vaso-occlusive crisis (VOC).  Nitric 
oxide is primarily produced by the neurones and 
endothelial cells via the enzymatic action of nitric 
oxide synthase upon arginine and oxygen as 

30
precursor molecules.  SCIP is a major clinical 
manifestation of the hyperhaemolytic phenotype 
wherein freely released haemoglobin molecules 

16-22quench nitric oxide.  Nitric oxide  is an essential 
molecule in the maintenance of endothelial 
function, vascular muscle tone, and vascular 
patency, all of which are important in the initiation, 
regulation, and termination of normal penile 

30-32
erection.  Moreover, nitric oxide activates 
guanylate cyclase thus stimulating cyclic guanosine 
monophosphate (cGMP)  production, which results 

30-32in the activation of protein kinase-G.  Activation 
of protein kinase-G causes penile arterial dilation, 
smooth muscle relaxation, compression of penile 
emissary veins, corpora cavernosal blood pooling, 

30-32and penile erection.  In addition, nitric oxide-
induced cGMP up-regulates the expression of 
phosphodiesterase type-5 (PDE-5), which is a key 
enzyme associated with detumescence through 

30-32
degradation of cGMP.  The process of 
detumescence starts soon after ejaculation or 
cessation of sexual stimulation, and is mediated by 
vasoconstriction of penile arteries (which reduces 
arterial inflow) and subsequent decompression of 
emissary veins (which increases penile venous 
drainage), both of which cause the penis to return to 

31,32its base line flaccid state.  The process of 
detumescence is significantly impaired at low level 
of PDE-5. Low level of PDE-5 occurs as a 
consequence of haemolysis-induced depletion of 
nitric oxide, which is physiologically required for 

31,32
up-regulation of cGMP and expression of PDE-5.
Therefore, chronic nitric oxide depletion has dual 
adverse effects on penile function by causing 

16-22 31-33
vasculopathy  and by reducing PDE-5 levels.  
On the one hand, penile veno-occlusive 
vasculopathy causes veno-endothelial dysfunction, 
veno-constriction, and impaired corporal venous 
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drainage, all of which eventually lead up to full 
16-22blown priapism.  On the other hand, low PDE-5 

level alters the set point for PDE-5 homeostasis, 
leading to detumescence failure due to inability to 
t e rmina t e  no rma l  pen i l e  e r ec t i on  v i a  

31-33vasoconstriction of penile arteries.  Thus chronic 
hyperhaemolysis-induced depletion of nitric oxide 
in SCD can cause priapism via the separate or 
c o m b i n e d  e f f e c t s  o f  ‘ v e n o - o c c l u s i v e  

1 6 - 2 2vasculopathy’  or ‘low PDE-5-induced 
31-33

impairment of detumescence’.  Interestingly, the 
relationship between low PDE-5 and poor 

31-33
detumescence  forms the basis of therapeutically 
‘rational’ but apparently ‘paradoxical’ use of PDE-5 
inhibitors (well known medications for erectile 
dysfunction) in the prophylactic management of 
hyperhaemolysis-induced recurrent SCIP  in 
patients with SCD as described in the next 
paragraph.
c. Therapeutic implications of hyperhaemolysis-
induced SCIP
In the short term, all acute cases of SCIP 
(irrespective of etiology) should be promptly 
decompressed by needle aspiration with or without 
saline or alpha-adrenergic agonist irrigation in order 
to avoid time-dependent risk of corporal ischemic 

23injury and erectile dysfunction.  Aetiologically 
rational long term management of recurrence of 
hyperhaemolysis-induced SCIP is currently based 
on appropriate use of medications that specifically 
target and ameliorate the pathophysiologic roles of 
hyperhaemolysis, nitric oxide quenching, 
vasculopathy, and low level of PDE-5. For example, 
long term treatment of hyperhaemolysis-induced 
SCIP with PDE-5 inhibitors leads to steady rise in 
cGMP, which boosts cGMP-promoter activity, 
induces tissue expressions of PDE-5, and eventually 
normalize and sustain penile detumescence 

31-33
mechanisms.  The aforementioned cascade of 
biochemical events explains the ‘paradoxical’ 
effectiveness of chronic administration of carefully 
‘regimented schedule’ of low doses of short acting 

34,35
PDE-5 inhibitors.  In a longitudinal study, 
patients with recurrent SCIP  were enrolled in a 
regimented therapy with low doses of short-acting 
PDE5 inhibitors using an initial oral daily morning 
doses of 25mg of sildenafil, which was unassociated 
with sexual stimulation or activity, with the possible 
option of dose escalation depending on individual 

35
patient response.  The regimented therapy had dual 
precautionary reasons behind the choice of short 
acting PDE-5 and the morning period as the time of 
administration. First, the reason behind the use of 
low doses was to mitigate potential dose-dependent 

35-risk of PDE-5 inhibitor induced priapism or VOC.
37

 Second, the reason behind morning time 
administration of short acting PDE5 inhibitors was 
based on the rapid pharmacokinetic elimination of 
the drug in order to avert aggravating the risk of 
nocturnal priapism possibly arising from sleep-

35,38related erections or sexual intercourse.  
Moreover, long term use of hydroxyurea, a drug that 
improves vascular endothelial function by 
diminishing haemolytic rate, reducing nitric oxide 
quenching (nitric oxide sparing effect), and acting 
as nitric oxide donor, has been shown to reduce the 
frequency of recurrent episodes in patients with 

39hyperhaemolysis-induced SCIP.  Research is 
ongoing regarding the possibility of using 
haptoglobins to scavenge hyperhaemolysis-derived 
free haemoglobin and prevent it from binding and 
quenching nitric oxide; a therapeutic strategy that 
will go a long way in preventing hyperhaemolysis-
induced vasculopathy and reducing the frequency of 

40
recurrent SCIP.
d. Aetiopathogenesis of SCIP: the role of 
hyperviscosity-induced penile venous sludging
Despi te  the popular i ty  of  the role  of  
h y p e r h a e m o l y t i c  v a s c u l o p a t h y  i n  t h e  

16-22 41-aetiopathogenesis of SCIP,  a few cohort studies
43
 had revealed that certain cases of SCIP might not 

be causally related to hyperhaemolysis for two 
reasons. First, one cohort study had shown that in 
comparison to patients without SCIP, patients with 
SCIP were found to have similar rates of VOC, 

41
levels of haemolytic markers, and haematocrit.  
This study did not find significant pathophysiologic 
correlation between  hyperhaemolysis and SCIP, 
and suggested that non-hyperhaemolytic factors 
may be involved in the causation of priapism in 

41some patients with SCIP.  Second, two other cohort 
studies had shown that patients with SCIP had even 
higher levels of haematocrit and haemoglobin 
concentrations vis-à-vis their counterparts without 

42,43SCIP.  The findings of these two studies 
underscored the pathophysiologic significance of 
hyperviscosity in the causation of SCIP, and 
suggested that some cases of SCIP were associated 
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with the ‘hyperviscosity phenotype’ and were 
caused by hyperviscosity-induced sludging and 
penile veno-obstruction rather than vasculopathy-

42,43induced penile veno-constriction.  It is an 
established fact that SCD pathophysiology is 

44associated with sickling-induced hyperviscosity.  
Hence, we believe that the dual hyperviscosity 
effects of ‘sickled red cells’ and ‘relatively higher 
levels of haematocrit’ were responsible for sludging 
and penile veno-obstruction leading up to the 
development of SCIP in SCD patients with 
haematological features of ‘hyperviscosity 
phenotype’ as reported in the two aforementioned 

42,43studies.  It is therefore very plausible that 
hyperviscosity is an important aetiologic factor for 
SCIP among patients with hyperviscosity 
phenotype. Indeed, the role of hyperviscosity as an 
independent aetiologic factor for sludging and 
veno-obstructive ischaemic priapism had been 
documented in  non-SCD pat ients  with  

45 46,47 48polycythemia,  leucocytosis,  thrombocytosis,  
49

or hyperproteinemia.   
e. Therapeutic implications of hyperviscosity-
induced SCIP
As earlier mentioned, in the short term, all acute 
cases of SCIP (irrespective of etiology) should be 
promptly decompressed by needle aspiration with 
or without saline or alpha-adrenergic agonist 
irrigation in order to avoid time-dependent risk of 

23
corporal ischemic injury and erectile dysfunction.  
However, we believe that hyperviscosity-induced 
SCIP may have two therapeutic implications with 
respect to the use of PDE-5, hydroxyurea, and/or 
transfusion therapy as elucidated in subsequent 
paragraphs.
The first therapeutic implication is based on the fact 
that hyperhaemolysis and nitric oxide quenching are 
not prominent pathophysiologic features of 
hyperviscosity-associated SCIP. Hence, patients 
affected by hyperviscosity-associated SCIP may not 
respond optimally to nitric oxide up-regulating 

34,35effects of PDE-5 inhibitors,  anti-haemolytic 
39

(nitric oxide sparing) effect of hydroxyurea,  and 
39nitric oxide donor effect of hydroxyurea  as 

p r e v i o u s l y  r e p o r t e d  i n  p a t i e n t s  w i t h  
34,35,39hyperhaemolysis-induced SCIP.  We therefore 

believe that aetiologically rational long term 
management of recurrence of hyperviscosity-
induced SCIP should be based on medications that 

would specifically ameliorate the background 
hyperviscosity-related pathophysiology. Suffices to 
note that in addition to haematocrit, SCD 
hyperviscosity is significantly contributed by 
microvascular sludging due to intercellular 
adhesion between platelets, leucocytes, sickled red 

50cells, and the microvascular endothelium.  We thus 
reckon that patients with hyperviscosity-induced 
SCIP would probably show better response to drugs 
that can reduce microvascular viscosity and 
decrease sludging within penile venous circulation. 
To the best of our knowledge, crizanlizumab is 
probably the only ‘SCD drug in current clinical use’ 
that can ‘directly’ improve microvascular viscosity, 
rheology, and blood flow by inhibiting p-selectin 
mediated intercellular adhesion between platelets, 
leucocytes, sickled red cells, and the microvascular 
endothelium as reported in the interim analysis of 

51the SMAART CRIZ clinical trial.  We thus believe 
that crizanlizumab is an aetiologically rational drug 
for managing hyperviscosity-induced SCIP. 
Interestingly, previous studies had already 
demonstrated the safety and efficacy of 
crizanlizumab in reducing the frequency of 

52
recurrent SCIP as reported in one case series  and 

53the interim analysis of the SPARTAN clinical trial.  
The second therapeutic implication is related to the 
fact that in comparison to patients with 
hyperhaemolysis-associated SCIP, patients with 
hyperviscosity-associated SCIP tend to have 
relatively higher levels of haematocrit. Hence, 
patients with hyperviscosity-associated SCIP would 
be at higher risk of transfusion-induced 
hyperviscosity-related neurological complications 

54,55
such as the ASPEN syndrome.  Previously 
reported cases of ASPEN syndrome occurred as a 
result of inadvertent induction of iatrogenic 
hyperviscosity, which can be effectively prevented 
by keeping post-transfusion haematocrit at less than 

56
30%.  This calls for closer observation (to ensure 
that post-transfusion haematocrit does not exceed 
30%) if and when exchange transfusion is warranted 
in the clinical care of patients with hyperviscosity-

56
associated SCIP.  This precautionary measure to 
avoid transfusing patients with SCD to haematocrit 
levels beyond 30% (due to its hyperviscosity 
consequences) should be observed, not only in 
priapism, but in all cases of SCD morbidities 

56requiring transfusion therapy.  There is no doubt 
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that the currently available literature suggests that 
hyperhaemolysis-induced SCIP is the prototype and 

16-22
predominant form of priapism in SCD.  
Nonetheless,  it is important for SCD care givers to 
as far as possible identify (via critical review of 
clinical and laboratory profiles of SCIP patients) the 
relatively few cases of hyperviscosity-induced 

42,43SCIP  in order to preempt the aforementioned 
potential therapeutic implications.
f .  Aetiopathogenesis of SCIP: role of 
hypercoagulability-induced corporal thrombosis
Cases of priapism due to partial or complete 
thrombosis of the corpora cavernosa had been 
reported in the literature. Partial priapism is a rare 
urological condition due to partial segmental 
thrombosis of the proximal part of corpus 
cavernosum (PSTPCC). PSTPCC in non-SCD 
patients is usually seen in haemostatically normal 
young adults among whom it could occur 
idiopathically or be triggered by trauma, cocaine, 
marijuana, alcohol, dehydration, surgery,  
malignancy, or long distance flights, but  it had also 
been strongly associated with hereditary 
thrombophilias such as hyper-homocyteinemia and 

57-59factor-V Leiden associated protein-C resistance.  
The most common symptoms of PSTPCC described 
in the literature are perineal and proximal penile 
pain together with a palpable tender swelling of the 
thrombosed and rigid proximal part of one or both 
corpora cavernosa, which is usually unassociated 

60with obvious penile erection.  However, depending 
on the position of PSTPCC and its effect on the 
venous drainage of the distal part of the corpora 

60
cavernosa, the penis may appear semi-erect.  The 
literature is silent on the occurrence of complete 
thrombotic priapism due to complete thrombosis of 
the corpora cavernosa in non-SCD persons even 
among those with hereditary thrombophilias. 
Nonetheless, both partial and complete thrombotic 
priapism have been reported in patients with SCD, 
the pathophysiology of which is strongly correlated 
with hypercoagulability as elucidated in subsequent 
paragraphs.
Hypercoagulability in patients with SCD is due to 
combined effects of necrosis-induced increased 
expression of tissue factor, sickling-induced 
exposure of red cell membrane-derived negatively 
charged phosphatidylserine, inflammation-induced 
activation of clotting factors, defective fibrinolysis, 

61-64
and decreased levels of natural anticoagulants.  
Moreover, SCD is also associated with chronic 
inflammation-induced vascular endothelial 

65damage.  Consequently, patients with SCD are 
prone to develop thrombotic complications within 

61-64the vasculature of any part of their body.  But, in 
particular, the corpora cavernosa of patients with 
SCD should be at higher risk of thrombosis than any 
part of the SCD patient body. This is because of the 
t r i p l e  c o n c e r t  b e t w e e n  S C D - i n d u c e d  

61-64
hypercoagulability,  SCD-induced endothelial 

65injury,  and erection-induced blood stasis in the 
66

corpora,  all of which undesirably constitute the 
‘complete set’ of Virchow’s thrombotic triad67 
within the erect penis of the SCD patient. It is thus 
presumable that even physiologically normal 
e r ec t i ons  (due  t o  s exua l  i n t e r cou r se ,  
nocturnal/morning tumescence, or full bladder) in 
SCD patients may trigger corporal cavernosal 
thrombosis, obstruct venous outflow, and 
‘metamorphous’ into a full blown SCIP. In view of 
the aforementioned reasons, we expected corpora 
cavernosal thrombosis to be a frequent aetiologic 
factor in the causation of SCIP. Paradoxically, 
despite the high risk of thrombotic morbidities in 

63
SCD in general,  coupled with the potentially 
prothrombotic effect of blood stasis within the erect 
penis66 of SCD patients, the role of corpora 
cavernosal thrombosis in the aetiology of SCIP is 
surprisingly scanty in the literature. We believe this 
apparent scantiness of literature suggests under-
reporting and/or under-diagnosis, since not all SCD 
care centres in the developing world (which bears 

68
the heaviest burden of SCD)  may have the  
necessary scanning and imaging facilities for 

69detecting penile thrombi  in SCD patients with 
SCIP. Nevertheless, at least two cases of partial 
priapism due to PSTPCC had been described in 

70,71
patients with SCD.  Partial priapism due to 
PSTPCC in SCD carries relatively low risk of 
ischemic injury and erectile dysfunction, but the 
risk would escalate if it progresses to complete 
corpora cavernosal thrombosis, which can lead to 
full blown SCIP as previously reported in three 

71-73
patients with SCD,  one of which had severe 
corpora cavernosal necrosis that necessitated 

73
corporectomy.
g. Therapeutic implications of hypercoagulability-
induced thrombotic SCIP
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The occurrence of both partial and complete 
thrombotic priapism in SCD underscores the 
important role of hypercoagulability in the 
pathogenesis of priapism in patients with SCD. But 
the actual incidence of thrombotic priapism in SCD 
can only be known when penile scanning becomes a 
routine procedure for all patients presenting with 
SCIP in low resource countries, which carry the 

68heaviest clinical burden of SCD.  Ideally, every 
SCD patient with SCIP should be promptly 
evaluated by penile scanning and imaging 

69
procedures,  in order to detect any thrombi and 

70-73proffer appropriate management.  Prompt 
decompression by needle aspiration with or without 
saline or alpha-adrenergic agonist irrigation 
remains the most important universal short term 
management against the  risk of corporal ischemic 

23
injury and erectile dysfunction in all cases of SCIP.  
However, the aetiologically rational long term 
management for hypercoagulability-induced partial 
or complete thrombotic priapism in patients with 
SCD is obviously anticoagulation until complete 
dissolution of corpora cavernosal thrombi is 

70-73radiologically confirmed.  Moreover, even after 
complete dissolution of corpora cavernosal 
thrombi, affected patients should be carefully 
assessed for possible risks of recurrence, which may 
require an extended period of prophylactic 
anticoagulation for a duration to be clinically 
determined by the attending health care personnel.
   
Conclusion
Hyperhaemolysis is the prototype and predominant 
aetiology of SCIP. Nevertheless, SCIP may occur 
due to any one of SCD-associated aetiopathogenetic 
triad of hyperhaemolysis, hyperviscosity, and 
hypercoagulabi l i ty.  I r respect ive  of  the  
aetiopathogenesis, the short term management of 
SCIP is universally based on prompt corpora 
cavernosal aspiration and decompression in order to 
avert tissue necrosis, fibrosis and erectile 
dysfunction. However, the long term management 
of recurrence of SCIP differs with respect to 
aetiopathogenesis. On the one hand, aetiologically 
r a t i o n a l  l o n g  t e r m  m a n a g e m e n t  f o r  
hyperhaemolysis-induced SCIP is to minimize 
haemolysis, raise the level of nitric oxide, mitigate 
vasculopathy, and increase the activity of PDE-5 
through the use of hydroxyurea and/or PDE-5 

inhibitors. On the other hand, aetiologically rational 
long term management for hyperviscosity-induced 
SCIP should aim at reducing microvascular 
viscosity by minimizing intercellular and sickled 
cell-endothelial adhesions through the use of p-
selection inhibitors such as crizanlizumab. And 
obviously, the aetiologically rational long term 
management for hypercoagulability-induced 
t h r o m b o t i c  S C I P s h o u l d  b e  a d e q u a t e  
anticoagulation until complete dissolution of the 
corpora cavernosal thrombi is radiologically 
confirmed. We recommend that every case of SCIP 
should be subjected to thorough clinical, 
haematological, and radiological evaluations in 
order to assess the separate or combined 
aetiopathogenetic roles of hyperhaemolysis, 
hyperviscosity, and hypercoagulability. This 
approach will help in determining the most 
appropriate and aetiology-specific therapeutic 
measures for each patient with SCIP.
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