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Abstract

Priapism is a rare presenting feature of chronic myeloid leukemia (CML) in male

patients. Treatment aims to relieve symptoms and to prevent erectile dysfunction.

Several treatment modalities exist, however no standard treatment is recommended.

We evaluated literature concerning different treatment approaches and evaluate

the value of leukapheresis in treatment of priapism. The literature search resulted

in 57 included articles, consisting of 53 studied patients. Patients had a mean age

of 25.3 years, average time from onset to presentation at the hospital was 2 days,

and mean white blood cell (WBC) count was 344 × 109/L. Most patients (67.9%)

were treated with a combined approach (different modalities were radiological, uro-

logical, and oncological treatment). Twelve patients, with a mean WBC count of

365 × 109/L, received leukapheresis. Only two of them reported erectile dysfunction

after treatment. Priapism is anurological emergency requiring urgentmultidisciplinary

treatment.We highlight the importance of local urological therapy combinedwith sys-

temic therapy for CML. Therapeutic leukapheresis should be applied when available

andwith no other contraindications.
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1 INTRODUCTION

Priapism as presenting feature of chronic myeloid leukemia (CML) is

rare, approximately 1%–2% in all male cases of CML [1]. Priapism is

anurological emergency characterizedby full or partial penile erection,

lastingmore than 4 h and unrelated to sexual stimulation.

Twomain types of priapismcanbedistinguished: ischemic (low flow)

and non-ischemic (high flow) priapism, bothwith their own appropriate

management. Ischemic priapism is a type of compartment syndrome
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with reduced intracavernous blood flow, leading to stasis, acidosis, and

hypoxia [1]. If untreated, it can lead to irreversible damage and fibro-

sis, resulting in erectile dysfunction (ED). Non-ischemic priapism is due

to unregulated cavernous flow, most commonly caused by trauma to

penis or perineum. This results in increased arterial flow that over-

whelms venous outflow, leading to stasis of oxygenated blood. This

makes irreversible damage or fibrosis rare [1].

In ischemic priapism cases, most are idiopathic; however, 20% is

caused by diseases such as sickle cell disease, CML, acute myeloid

leukemia (AML), and polycythemia vera [2].
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Ischemic priapism results from sludging of bloodwithin the corpora,

which results in ischemia and smooth muscle hypoxia leading to pain.

In CML patients, hyperleukocytosis is considered to be the cause of

sludging, especially when the white blood cell (WBC) count exceeds

200 × 109/L [1]. First, high leukocyte levels and aggregation in corpora

cavernosa lead to vascular obstruction of the dorsal penile veins, which

result in vascular stasis and reduced venous outflow. Venous conges-

tion in the corpora is also a result of compressed intra-abdominal veins

due to splenomegaly. Additionally, infiltration of the sacral nerves and

central nerve system with leukemic cells also contribute to priapism in

CML [3].

To our knowledge, there is no standard treatment recommended for

leukemic priapism and evidence for different approaches derived from

case reports and small case series. We describe a case of a young male

presentingwith priapism as a presenting feature of CML. Furthermore,

we have examined the evidence for different treatment modalities

and evaluate the value of leukapheresis in management of leukemic

priapism.

2 CASE DEFINITION

A 27-year-old previously healthy male presented to the emergency

departmentwithpainful priapism lasting6hat timeofpresentation.He

stated that during the past 4months, he had been experiencing numer-

ous involuntary, prolonged painful erections, without sexual stimulus.

There was no history of trauma, medication use, fever, or weight loss.

The patient reported progressive fatigue over the past few months.

Upon presentation, the patient had a fever of 38.6◦C and tachycar-

dia of 130 bpm with normal blood pressure. The physical examination

revealed a palpable spleen over 10 cm below the left costal mar-

gin, while lymphadenopathy or hepatomegaly was not present. The

peniswas erect and tenderwith venous engorgement. Laboratory find-

ings showed hemoglobin (Hb) of 4.1 mmol/L (6.6 g/dl), WBC count of

502 × 109/L, and platelet count of 164 × 109/L. A peripheral blood

smear showed immature leukocytes in various stages of differentiation

(blast cells 7%, promyelocytes 9%, myelocytes 18%, metamyelocytes

3%, and neutrophils 51%), no platelet clumps were seen. Bone mar-

row aspiration showed hyperplasia of the myeloid cells without blast

increase, correlating to chronic phase of CML. The SOKAL-score was

1.26, indicating high risk [4]. Initial management of the priapism done

by cavernosal aspiration achieved full detumescence. At the same

time, the patient startedwith leukapheresis and hydroxycarbamide 3 g

daily. Hyperhydration was started with rasburicase to prevent tumor-

lysis syndrome. Fever was treated with intravenously antibiotics,

second-generation cephalosporins. A total of three leukapheresis ses-

sions were needed. Detection of a breakpoint cluster region-Abelson

(BCR-ABL) major fusion transcript confirmed the diagnosis of CML

presenting with priapism, and treatment with Imatinib was started.

There was no recurrence of priapism. He tolerated treatment well and

without further complications, he was subsequently discharged home

with a WBC count of 79 × 109/L. Patient was a poor responder to

Imatinib and was subsequently switched to Dasatinib. After start of

Dasatinib, patient complained of brain fog and concentration problems

and therefore switched to Bosutinib. At 1-year of follow-up, BCR-

ABL was decreased below 0.1% and Bosutinib was continued. Patient

reported no complaints of sexual dysfunction.

3 METHOD

3.1 Study design

We analyzed literature describing treatment of priapism in CML. The

searchwas restricted to literature including any treatment of leukemic

priapism in patientswithCML.Only articleswritten in English orDutch

with full-text availability were included. In addition, bibliographies of

relevant systematic reviews or overview articles identified during the

search were also reviewed to identify additional relevant studies.

3.2 Information sources and search

The PubMed (Medline Ovid) database was searched, and the latest

comprehensive search was conducted on January 5, 2022.

The search terms used for searching the database were “Chronic

Myeloid Leukemia,” “Chronic myelocytic leukemia,” “BCR ABL posi-

tive,” and “Priapism.” The search strategy andquerieswere assessed by

abiomedical information specialist for thePubMeddatabase (seeTable

S1, for the complete syntaxes).

3.3 Study selection

Two researchers (Marleen van der Velde and Sanne Tiellemans) inde-

pendently screened all identified studies for inclusion based on title

and abstract, by using Rayyan QCRI [5]. Of the selected studies, the

full text was assessed by the same investigators. Any conflicting results

in the selection process were discussed until consensus was reached.

We decided to only include studies performed after January 1, 2000,

because with the advent of the tyrosin kinase inhibitors (TKIs), the

treatment of CML changed drastically. All studies which included any

sort of treatment of priapism in CMLwere included.

3.4 Data collection

From each included article we extracted, if available, the fol-

lowing data: authors, year, and journal of publication. When the

article was a case report, we included the following patient character-

istics: age, time to first presentation, WBC count, time to treatment,

known history of CML, treatment strategy including the use of leuka-

pheresis, resolution, and ED.We analyzed these data using descriptive

statistics of the observed data. Continuous data are presented asmean

and standard deviation (SD) or median and first–third quartile, and

nominal data are presented as number and percentage. All data were
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analyzed using the software Statistical Package for the Social Sciences,

version 25 (IBM Corp., NY, USA). For articles consisting of patients

cohort or systematic reviews, a short summary of the objective and

results was made. Data were extracted by two researchers (Sanne

Tiellemans andMarleen van der Velde).

3.5 Data analysis

The primary objective was to provide an overview of different

approaches in treating priapism caused by hyperviscosity and evalu-

ate the value of leukapheresis as treatmentmodality. Treatments were

categorized based on oncological or urological approach, and whether

there was a stepped-up approach. We also reported if resolution was

reached andwhether EDwas present after treatment.

4 RESULTS

4.1 Different approaches in management of
ischemic priapism

Treatment modalities in low flow priapism due to hyperviscosity

consist of radiological, urological, and oncological management. Radio-

logical management of priapism consists of localized radiation therapy,

most often in fractionated doses to the penis to resolve priapism. Irra-

diation to the spleen to reduce the venous outflow obstruction caused

by splenomegaly is another option in treating priapism caused by CML

[6]. Possible complications of penile irradiation consists of urethra

fibrosis causing lower urinary tract symptoms and ED due to reduced

penile blood flow. Inmanagement of priapism caused byCML, few case

reports mention using irradiation as treatment modality. Hematologi-

cal disorders tend to bemore chemo- and radiation sensitive; however,

there is no in-depth literature available evaluating theoptimal dose and

duration or value of radiation therapy inmalignant priapism [7].

The two main treatment strategies are therefore urological and

oncological treatment. The main goal of treatment is to pursue

detumescence as quickly as possible, to prevent irreversible damage

and fibrosis leading to problems with erectile function or future

episodes of persistent and prolonged priapism (stuttering priapism).

The modalities of urological management consist of aspiration, intra-

cavernous sympathomimetics, shunts, and penile prothesis [1, 8].

Initial urological management may include aspiration (with or without

irrigation) or intracavernous injection of sympathomimetics. Unilateral

aspiration is sufficient as both corpora are interconnected, and it

has a success rate of approximately 30% [1]. Evacuation of blood

by corporal aspiration relieves the compartment syndrome of the

penis [9]. If priapism persists after aspiration, intracavernous injection

with phenylephrine or epinephrine can be performed combined with

irrigation, this has a success rate of 43%–81%. A higher resolution rate

is achieved after injection of a sympathomimetic agent, and this lowers

the risk of post-priapism ED [9]. Only when these two techniques fail,

surgical shunts should be considered. Extended durations of ischemic

priapism are less likely to resolve with solely injection/irrigation ther-

apy alone, in which immediate surgical shunting must be considered.

The goal of these surgical procedures are to create a channel allowing

the deoxygenated blood to drain from the corpora cavernosa. Four

typesof shunts areused indaily practice: percutaneousdistal, opendis-

tal, open proximal, and vein anastomoses shunts. First choice of shunt

procedure is the percutaneous distal shunt (Winter’s/corporoglanular

shunt), wherein a large needle or scalpel is inserted percutaneously

through the glans. The shunts will close with time, but it may lead

to ED.

Oncological management includes cytoreductive therapywith high-

dose hydroxycarbamide and when BCR-ABL positive followed by

the induction of TKIs. Initial management is sometimes combined

with leukapheresis to reduce hyperviscosity, but its popularity has

decreased with the introduction of TKIs [7, 10]. Leukapheresis is a

blood filtrating process that separates and removesWBC from the cir-

culatedblood,which reduces theWBCcountup to60% [11].Due to the

lowering of WBC, this procedure reduces the degree of tissue infiltra-

tion and hyperviscosity caused by hyperleukocytosis and leukostasis,

relieving acute symptoms such as priapism. It should be considered

especially in the initial phases of treatment, where themaximumeffect

of cytoreductive therapies is yet to come [6]. However, leukapheresis

is not available in every setting and costs are high. Most commonly,

these therapies are combined with supportive treatment with hyper-

hydration and allopurinol to prevent tumor-lysis syndrome. Although

only 35% of cases managed with systemic treatment alone resulted in

ED, it is strongly recommended that systemic treatment of theunderly-

ing disorder should not be undertaken as single treatment for low flow

priapism. Ischemic priapism is a compartment syndrome and requires

direct local treatment of the penis [8].

A two-phase algorithm is proposed by Chisick et al. [11] in order to

standardize treatment in cases where priapism as presenting feature

of CML is suspected. A multidisciplinary assessment is recommended

with simultaneous initiation of hyperhydration, allopurinol, and cytore-

ductive management, next to specific ischemic priapism treatment

consisting of prophylactic anticoagulants, sympathomimetic agents,

and leukapheresis.

4.2 Study selection

The initial search provided 63 articles with no duplicates. The screen-

ing of title and abstracts led to the selection of 59 articles concerning

treatment of priapism. Following further screening of these articles, 13

articles were excluded because these were not in English or Dutch, the

article did not concern (low flow) priapism, did not include patients or

the full text was not available for the researchers. After applying the

time filter, 33 articles were included in this review of literature. Of all

63 articles, the researchers analyzed the reference list to identify addi-

tional papers which met the inclusion criteria, 24 additional articles

concerning treatment of malignant priapism were included. We evalu-

ated a total of 57 articles, 48 case reports consisting of 53 patients, five

retrospective studies, two prospective observational studies, and two
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F IGURE 1 Flow diagram for the included articles

reviews (Figure 1). For an overview of included articles, see Tables 1

and 2.

4.3 Overview of evidence concerning different
treatment modalities

4.3.1 Case reports

The 48 case reports showed a total of 53 cases describing priapism in

CML patients (Table 3 and Figure 2). The youngest patient was 9 years

old and the oldest patient was 55 years old (mean age 25.3, SD 12.7).

Most patients had priapism as a first presentation of CML (n = 50,

94.3%). Two patients had a history of CML, one of these patients devel-

oped priapism promptly after discontinuation of CML treatment. The

mean duration of symptoms before presentationwas 2 days, andmean

WBC count was 344 × 109/L (SD 147). In most patients, platelet count

was in normal range (n = 23, 43.4%). Fifteen of the included patients

(28%) showed thrombocytosis, ranging from 470 to 1235 × 109/L.

Treatment modalities included medications, aspiration, and irrigation

to corpora cavernosa, surgical shunts, radiotherapy, and leukapheresis.

Most patients received a combination of treatment modalities (n= 36,

67.9%). Urological management of priapism by penile aspiration (and

irrigation) was used in 41 patients (77.4%), and 14 patients under-

went shunt surgery (26.4%). Three patients received penile radiation

therapy (5.7%). Oncological management by hyperhydration in com-

bination with hydroxycarbamide was started in 43 patients (81.1%)

and chemotherapeutic methods (TKI, chemotherapy) were used in 30

patients (56.6%). In a minority of the patients, leukapheresis was used

(n = 12, 22.6%). A majority of the patients had resolution of priapism

after treatment (n=45, 84.9%). PresenceofEDwasoftennot reported,

resulting in 60%missing data. Eight (15.1%) patients were reported to

experience ED at follow-up.

The case reports were divided by treatment strategy to compare

characteristics and outcomes (Table 4). In seven reports, priapism was

treated with only oncological treatment modalities [12, 13, 66, 15–

18]. This subgroup consisted of 10 patients, with a median age of

18 years, presenting with priapism after a median time of onset of 3.5

days (Q1–Q3 1–10) and a median WBC count of 280 × 109/L. Treat-

ment consisted of hyperhydration and cytoreductive therapy. In five

cases, leukapheresis was used [12, 13, 66, 18]. Penile radiation therapy

was used in one case report [67]. All patients reached detumescence;

however, time to resolution was reported in four cases to cost

5 days–4 weeks. Three patients reported ED, and of the other seven

patients this was not reported.

Urological treatment alone was chosen in seven case reports

[17, 52–57]. Seven patients with median age of 27 years received

penile aspiration and some subsequently received penile injectionwith

epinephrine. One patient needed shunt surgery. Six patients achieved

detumescence, and in the other patient this was not reported. The

presence of ED was only presented for one patient, and he did not

experience any disfunction [57].

In a majority of the case reports, a combined treatment was chosen.

In three reports, treatment was started with oncological manage-

ment, consisting of hyperhydration and allopurinol, with the addition

of hydroxycarbamide in one case, and use of leukapheresis in another

case [20, 21]. In these cases, subsequently urological treatmentmodal-

ities were introduced, consisting of aspiration and irrigation in all three

reports, after which shunt surgery was needed for two patients [21,

19]. Median age was 23 years with a median time to treatment of 3

days. Mean WBC count was 364 × 109/L. Resolution of priapism was

reported in twopatients, and in theother patient thiswas not reported.

One patient reported no ED; however, data of the other two patients

weremissing.

In seven reports, a combined approach was chosen, but the spe-

cific timeframe of induction of these therapies was not specified

in all reports [22–28]. All used penile aspiration, in five patients

subsequently followed by injection with phenylephrine. Four patients

underwent shunt surgery [25, 27, 28, 68, 69]. Oncological manage-

ment consisted of hyperhydration and cytoreductive therapy in all

cases, except one [23]. One case reported the use of leukapheresis, in
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TABLE 2 Overview of case reports withmultiple patients and reviews

First author

Year of

publication

Ali [6] 2021 Systematic review about the characteristics andmanagement options of priapism caused by CML.

Sixty-eight articles, concerning 102 patients with amean age of 27.4 years. Nearly a quarter of the

patients developed permanent ED. Conservative andmedical therapywithout urological intervention is

less likely to be sufficient. Starting treatment of CML to decrease the highWBC countmight accelerate

the resolution of the priapism and sometimes is needed for a complete resolution.

Chowdhury [58] 2020 Retrospective study to evaluate the need of urologic intervention in priapism in CML patients. Among 12

patients, six were diagnosed as priapismwith CML.Mean age was 46.7 years, five patients were newly

diagnosedwith CML. Of the six patients, five weremanagedwithminimal invasive procedure (injection,

aspiration, irrigation), and only one patient needed proximal shunt. After emergencymanagement, all

patients were referred to hematologist for definitivemanagement of CML.

Ekeke [59] 2015 Prospective study to evaluatemanagement of priapism in adult men. Sixteen patients had hematological

disorders, of which two patients were diagnosedwith CML. Precise treatmentmodalities in these CML

patients are not stated.

Jandial [60] 2019 Retrospective study of outcome of priapism in CML patients. Twenty-three patients (1.7%) of a total of

1350 CML patients had priapism at diagnosis. Median age was 24 years (range 13–50 years). Median

duration of priapismwas 8 days (range 2–25 days). Baselinemedian leukocyte count was 285× 109/L.

All patients received cytoreductive therapy (hydroxycarbamide and imatinib), 21 patients underwent

penile aspiration, 13 therapeutic leukapheresis, and eight patients distal shunt surgery. ED could be

assessed in 14 patients on follow-up. The occurrence and severity of EDwas unaffected by

leukapheresis or shunt surgery. Despite favorable response to treatment, long duration of symptoms

and hyperleukocytosis probably contributed to ischemic priapism and severe ED in the study cohort.

Kumar and Garg [61] 2018 Review of outcomes of patients with ischemic priapismmalignant and non-malignant. Twenty-four

patients presentedwith priapism due to CML. Average age at presentation was 27.50 years (SD 6.45),

with amean duration of existing priapism 4.25 days (SD 1.42). No oncological treatment is described. Six

patients underwent therapeutic aspiration and irrigationwith sympathomimetics, 12 received a distal

shunt, and six patients received a proximal shunt. Of these patients, eight had successful detumescence.

Kurosawa [62] 2015 Retrospective cohort concerning 256 children aged less than 20 years, with diagnosis of CML. Four

patients experienced priapism. Three of four patients underwent therapeutic aspiration (with or

without irrigation) and two of these underwent leukapheresis. Two patientsmay have been left with ED,

despite undergoing treatment with imatinib and hydroxycarbamide, as well as leukapheresis and

aspiration or irrigation.

Nabi [63] 2000 Seven patients, aged 8–13 years, time to treatment 2–5 days. Therapy with cavernoso-spongosal shunts,

antileukemic chemotherapy, and radiotherapy. Successful detumescence achieved (mean after 2 days)

in all cases with transglandular corpora spongiosum (Winter) shunts and hydroxycarbamide and

allopurinol, with one case requiring local radiotherapy. None of patients was potent on follow-up.

Pal [64] 2015 Prospective, observational study. Nineteen patients presenting with priapism. In one patient, CMLwas

the inducing cause of priapism. No oncological treatment is described, further details of treatment of

priapism in this patient is not specifically specified.

Tendulkar [65] 2017 Retrospectively leukapheresis carried out over 4 years, in patients with leukocyte count>100× 109 and

with symptoms of leukostasis.With amean age of 34 years. Mean initial leukocyte count 312, which

reduced to 208 at the completion of all leukapheresis sessions. On average 1.6 sessions were needed.

Abbreviations: CML, chronic myeloid leukemia; ED, erectile dysfunction; SD, standard deviation;WBC, white blood cell.

which five sessionswere needed [25]. In these reports, median agewas

27 years with median WBC count of 354 × 109/L. Time to presenta-

tionwas relatively short (median 2 days), with only one case presenting

after 10 days of complaints [28]. Resolution of priapism was reported

in six reports (87.5%), and ED was reported in three cases with two

patients suffering from ED.

Of the combined treatment modalities, primary urological treat-

ment and later introducing oncological treatment is most often

described [3, 29–41, 43, 45–47, 44, 42, 48] [14, 51]. All patients

received penile aspiration except three. Narendra et al. reported that

urological consultationwasperformed, but due to short durationof pri-

apism with mild pain and lack of ischemia conservative management

was advised. In Dogra et al. [34] and Gupta et al. [37], shunt surgery

was directly performed without penile aspiration as first step. In these

cases, time to treatment consisted of, respectively, 2 and 10 days, with

WBC in higher ranges, 320 × 109 and 420 × 109/L. A total of seven

patients received shunt surgery, five after unsuccessful detumescence

after penile aspiration and injection [30, 32, 33, 47, 50]. Two patients

were treated with a third modality and received penile radiation ther-

apy [40, 49]. Oncological management consisted of hyperhydration

and cytoreductive therapy for all patients. Some case reports reported

start of treatment with chemotherapy or TKI when diagnosis of CML
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TABLE 3 Baseline characteristics and outcomes of included
patients, totals

Parameters Value

No. of patients studied 53

Age (year), mean± SD 25.3± 12.7

First presentation, yes 50 (94.3%)

History of CML, yes 2 (3.8%)

Average duration of symptoms (days),

median (Q1–Q3) (missing 11%)

2 (0.58–4.0)

WBC count,×109/L (mean± SD) 344± 147

Platelet count,×109/L, yes (missing 19%)

<150 5 (9.4%)

150–450 23 (43.4%)

>450 15 (28%)

Treatment received

Combined 36 (67.9%)

Unknown timeline/simultaneously 7 (13.2%)

First urological 26 (49.1%)

First oncological 3 (5.7%)

Radiation 3 (5.7%)

Urological

Penile aspiration± (alpha adrenergic

agonist) irrigation

41 (77.4%)

Shunt (distal/proximal) 14 (26.4%)

Oncological

Hyperhydration+ allopurinol,

hydroxycarbamide

43 (81.1%)

Chemotherapeutic methods (chemo,

TKI)

30 (56.6%)

Leukapheresis 12 (22.6%)

Resolution, yes (missing 11%) 45 (84.9%)

Erectile dysfunction, yes (missing 60%) 8 (15.1%)

Note: Numbers (% of total number patients) unless otherwise specified.

Missing data when>10% is mentioned.

Abbreviations: CML, chronic myeloid leukemia; Q1, quartile 1; Q3, quartile

3; SD, standard deviation; TKI, tyrosin kinase inhibitor; WBC, white blood

cells.

was established. Five cases used leukapheresis, the amount of sessions

performed is not reported [3, 32, 40, 46, 49]. In 85% of the patients,

detumescencewas reachedafter treatment, 15.4% (n=4) reportedED.

A total of 11 reports used leukapheresis in treatment of the hyper-

viscosity causing priapism, consisting of 12 patients (Table 5). Eight

case reports used leukapheresis in a combined treatment modality

with urological interventions [25, 30, 32, 40]. Three reports used

only an oncological approach [12, 13, 18]. The mean WBC count was

365 × 109/L (SD ±4.7), and median time to treatment was 3 days

(Q1–Q3 1–5). Ten patients reached detumescence after treatment,

one patient experienced still phallus rigidity and tenderness after

treatment, and for one patient this was not reported [3, 32].

F IGURE 2 Different treatmentmodalities (N: number of patients).
RR: response rate for achieving resolution

4.4 Observational studies and reviews

Additionally, we included five retrospective studies, two prospective

observational studies and two reviews concerning treatment of malig-

nant priapism (Table 2). Two studies evaluated urological management

in malignant priapism. In Chowdhury et al. [58], the need of urologi-

cal interventions for priapism in CML patients was evaluated. Five of

six patients managed full detumescence with solely minimal invasive

urological management (injection, aspiration, irrigation) and just one

patient ultimately needed shunt surgery. In Kumar et al. [61], outcomes

of urological management resulted in a successful detumescence in

eight out of 24 patients (33%, six patients aspiration and irrigation, 18

shunt surgery).

In Kurosawa et al. [62], three of four patients underwent therapeu-

tic aspiration, with two additionally followed by leukapheresis. Despite

combination of urological and oncological management, these patients

were left with ED. The high incidence rates of ED after experienc-

ing priapism are further demonstrated in a retrospective cohort of

Nabi and Dogra [63], consisting of seven patients. Therapy with shunt

surgery, antileukemic therapy, and radiotherapy resulted in successful

detumescence in all patients (mean duration of 2 days); however, all

patients experienced ED at follow-up.

The outcomes of priapism in CML patients were studied in a ret-

rospective cohort by Jandial et al. [60], 23 patients had priapism

at diagnosis. All patients received cytoreductive therapy (hydroxy-

carbamide and Imatinib), additionally 21 patients underwent aspira-

tion, 13 patients therapeutic leukapheresis, and eight patients shunt

surgery. ED could be assessed in 14 patients at follow-up, occurrence

and severity of ED were unaffected by leukapheresis or shunt surgery.

In a study by Tendulkar et al. [65], leukapheresis was found to be ade-

quate in lowering leukocyte count, with an average of 1.6 sessions
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TABLE 5 Baseline characteristics and outcomes of included
patients which received leukapheresis

Oncologic

First author Atas, Avci, Castagnetti (n= 2), Clark,

Mishra, Manuel, Morano, Ponniah,

Shaeer, Swapna, Veljkovic

No. of patients studied 12

Age (years) 17.3 (±4.7)

WBC count,×109/L 365 (±193)

Time to treatment in days 3 (1–5)

Resolution, yes 10 (83.3%)NB: 8.3%missing

Erectile dysfunction, yes 2 (16.7%)NB: 58%missing

Note: Numbers (% of total number patients) unless otherwise specified.

Parameters are presented asmean± standard deviationwhennormally dis-

tributed, or as mean (Quartile 1–Quartile 3) when not normal distributed.

needed. Despite the favorable response in Jandial et al., long dura-

tion of symptoms and high leukocyte counts may have contributed to

ischemic priapism and severe ED.

In a recently published systematic review about characteristics and

management options of priapism caused by CML by Ali et al. [6], 102

patients were evaluated. Nearly, a quarter of these patients devel-

oped permanent ED. They state that conservative andmedical therapy

without urological intervention is less likely to be sufficient; however,

treating CML to decrease the WBC may accelerate resolution and is

therefore advised.

In two prospective observational studies, management of priapism

in CMLwas evaluated [59, 64]. However, specific treatmentmodalities

were not stated in these reports.

5 DISCUSSION

Priapism in CML is an urological emergency and it must be treated

promptly to rapidly restore arterial inflow and venous outflow. Treat-

ment aims to relieve symptoms and to prevent ED. When review-

ing literature concerning treatment modalities of low flow priapism,

three different modalities can be differentiated: radiation therapy, and

oncological and urological managements. In this review, we evaluated

the existing data after introduction of the TKIs concerning treatment

of low flow priapism, and evaluated the value of leukapheresis.

Ischemic priapism is characterized by reduced intracavernous blood

flow, and is a type of compartment syndrome leading to stasis, acido-

sis, and hypoxia. It is predicted if it remains untreated within 24–48 h,

it can result in irreversible damage and fibrosis, leading to ED. In CML

patients, the hyperleukocytosis is considered to be the cause of pri-

apism. Hyperleukocytosis is defined as WBC >100 × 109/L and it

can present clinical symptoms of hyperviscosity such as shortness of

breath, central nervous system disorders, impaired kidney function,

or priapism [70]. There are little data available on the correct man-

agement of priapism, especially leukemic priapism. Due to the rare
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occurrence and small case series, no standard guideline or treatment

is recommended for leukemic priapism [1].

Treatment of CML consists of cytoreductive therapies, such as high

dose hydroxycarbamide and TKIs, sometimes with addition of leuka-

pheresis to reduce hyperviscosity. The introduction of TKIs has made

CML a functionally curable chronic disease and life expectancy for the

vast majority of chronic phase CML patients is “normal.” Patients with

CML receiving TKI could be expected to have a survival and quality of

life comparable to healthy people of their age and sex [71]. The SOKAL-

score of our patient indicated high risk CML. As described by Ciftciler

and Haznedaroglu [71], in patients with higher risk disease second-

generation TKI as first-line therapy has proven to be more beneficial

in terms of early and deeper response rates. In a population-based

cohort by Geelen et al. [72], all response milestones were achieved

faster in patients treated upfront with a second-generation TKI but

patients initially treated with Imatinib also reached similar levels of

response. Imatinib has become a cost-effective initial treatment for

CML and is globally available, and is therefore first choice of treat-

ment of chronic phase CML in our center. Although, treatment with

TKIs is commenced immediately after confirming thediagnosis ofCML,

most often this is a few days after the patient presents acutely. For

immediate lowering of WBC, high dose hydroxycarbamide can be ini-

tiated, and this will reduce theWBC count by up to 60% after 24–48 h

[73, 74]. To further lower WBC, leukapheresis can be initiated. Leuka-

pheresis can reduce the number of blast cells faster but the procedure

alone is associated with rebound of blast cells because the removal

of blast cells is not accompanied by destruction of blast cells in bone

marrow, which can quickly replace the removed blast cells in periph-

eral circulation [75–77]. Leukapheresis can be given in conjunction

with chemotherapy such as hydroxycarbamide to establish lowering of

WBCasquickly as possible toprevent complicationsof leukostasis. The

value of leukapheresis in addition to chemotherapeutic modalities is

yet to be evaluated for CML, hence this paper. Literature concerning

AML patients receiving both chemotherapy and leukapheresis did not

show better early and long-term survival rates [70, 78]. However, the

disease course ofAMLandCMLare not comparable. AML is a fastmov-

ing leukemia where mortality of leukostasis is 40% and occurs usually

within the first few weeks of diagnosis, whether CML is most often a

slowly progressive disease, which can be considered chronic with the

advent of TKIs. Results of leukapheresis in AML may therefore not be

applicable to CML.

An expert panel discussion and review of available data-based

guideline of treating leukemic priapism has been published by the

American Urological Association, resulting in a number of recommen-

dations [8]. The strongest recommendation is that ischemic priapism

requires treatment directed at the penis primarily, by using aspira-

tion (and irrigation) or shunt surgery. In ischemic priapism, “time is

erectile tissue.” After 12 h, trabecular edema is seen, after 24 h,

platelets adhere to the sinusoids, and after 48 h, necrosis and thrombi

are seen. Ninety percent of men with ischemic priapism lasting more

than 24 h develop ED [79]. A step-wise management may be used,

starting with penile aspiration which may be used both as a diagnostic

and therapeutic measure. Aspiration may be combined with irrigation

with normal saline. Aspirationwith orwithout irrigation is successful in

24%–36% of the cases of priapism [6]. If no detumescence is achieved,

intracavernous injection of sympathomimetics should be performed.

When conservative measures fails, priapism can be treated with surgi-

cal methods [2, 6]. However, in malignant priapism, such as in CML, it is

less frequently the only therapy of choice andwas only chosen in seven

case reports. All patients received aspiration and penile injection with

epinephrine, only one patient needed shunt surgery, leading to a suc-

cess rate of 85.7% solely based on these case reports, in contrary to the

30% success rate often reported for aspiration alone [1]. The outcome

of ED is not presented in six of these reports.

Most cases chose a combined approach because urologic treatment

alone does not tackle the underlying cause of the hyperleukocytosis.

The primary mechanism in CML is the aggregation of leukemic cells

in the corpora cavernosa and the dorsal veins of the penis, simultane-

ously venous congestion of corpora cavernosa and infiltration of the

sacral nerves may play a role [38]. The oncological approach consists

of chemotherapy, radiotherapy, or leukapheresis. We found three case

reports using radiation therapy as treatment modality; however, no

in-depth literature concerning this treatment is available.

Theevidenceof treatmentwith chemotherapyalone is supportedby

limited amount of literature. A number of case reports have reported

successful use of oncological agents alone, with all patients reaching

detumescence. However, time to detumescence was reported to cost

5 days–4 weeks. Two points should be considered; detumescence may

beexplainedby themechanismof actionof the chemotherapeuticman-

agements inwhich lowering of leukemic cells concentration takes time,

or achieving detumescence might be the natural course of priapism

rather than a true treatment success [8].

Therapeutic leukapheresis is an oncological treatment modality,

which can accelerate the lowering of leukemic cells. We found 11

case series that have reported the successful use of therapeutic leuka-

pheresis to treat priapism. Eight case reports combined this with

urological interventions; in the other three reports, it was combined

with only oncological management. A meta-analysis by the American

Urological Association found that three of four patients treated by

leukapheresis had resolution of priapism compared to only three of

15 patients treated with chemotherapy alone [8]. Leukapheresis can

rapidly reduce the number of leukocytes compared to chemotherapy

to improve the microcirculation, and is reported to reduce leuko-

cytes count up to 10%– 70% [77]. However, leukapheresis comes

with high costs and requires specialized equipment, trained person-

nel, and need of a central venous catheter, which can cause a delay

in treatment. Another disadvantage is the loss of red blood cell and

platelets, so its suitability in patients with low Hb or platelets lev-

els is limited [80]. However, we state that the disadvantages do not

outweigh the benefits of leukapheresis. Leukapheresis can decrease

leukocyte count rapidly in approximately 1.6 sessions, and minimize

complications caused by hyperviscosity and leukocyte aggregation

in microcirculations [65]. Secondly, leukapheresis could decrease the

occurrence of tumor-lysis syndrome in leukemia patients [81]. In case

of hyperviscosity, we recommend to start therapeutic leukapheresis

alongside systemic therapy to lower leukocytes as quickly as possible.
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F IGURE 3 Proposedworkflow in low flow priapism

In waiting time for the leukapheresis, start of chemotherapy should

not be postponed.

The primary goal of treating priapism in CML is to achieve detumes-

cence as quickly as possible to preserve erectile function. Therefore,

we state in accordance with the American Urological Association

guideline of treating priapism and a recently published review, that

treatment of CML should be a combination of oncological treatment

alongside urological treatment, and neither treatmentmodality should

be used as only treatment [8]. When presenting with malignant pri-

apism, immediate intracavernous treatment is required and should be

administered in a step-wise fashion until detumescence is achieved;

first therapeutic aspiration, followed by injection of sympathomimet-

ics, and after multiple trials of penile injection, shunt surgery should

be considered. Treating the underlying hyperviscosity caused by CML

can decrease WBC and further accelerate resolution. When CML

is suspected, we advise to start therapeutic leukapheresis when no

other contraindications are present. Simultaneously, patients should

be started on cytoreductive therapy and this should not be postponed

whenwaiting to start leukapheresis (Figure 3).

5.1 Limitations

Some limitations of these recommendation should be noted. Due to

the relatively rare condition, literature concerning treatment and out-

comes is scarce. This recommendation is therefore solely basedon case

reports, reviews, and expert opinions. The primary goal of treating pri-

apism, not only in CML patients, is to resolve the erection as soon

as possible to prevent ED. Detumescence, time to detumescence, and

presence of ED at follow-up are the main outcomes to evaluate differ-

ent treatmentmodalities.However, presenceof EDwasnot reported in

60%of the included case reports, which complicates the interpretation

of the results and clinical relevance of these treatments. Furthermore,

weonly included articles published after 2000because of the introduc-

tion of TKIs as a gold standard of CML treatment.With the use of TKIs,

treatment results greatly differ from previously used methods, which

could bias results andmight not reflect the true value of leukapheresis.

6 CONCLUSION

Priapism can be the first manifestation of a previously unknown CML.

Priapism is an urological emergency and when untreated can result in

ED. The treatment of priapism in CML should be multidisciplinary; we

highlight the importance of local urological therapy combinedwith sys-

temic therapy for CML. Therapeutic leukapheresis should be applied

when available and in case of no other contraindications, next to both

other treatment modalities to accelerate the lowering of WBC and

therefore resolution of priapism.
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