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INTRODUCTION 

This report was created to assist the Food and Drug Administration (FDA) in its evaluation of the use of 

papaverine hydrochloride (papaverine HCl; papaverine hydrochloride UNII code: 23473EC6BQ, 

papaverine UNII code: DAA13NKG2Q), which was nominated for use as a bulk drug substance in 

compounding by outsourcing facilities under section 503B of the Federal Food, Drug, and Cosmetic Act. 

The aim of this report was to describe how papaverine HCl is used in clinical research and practice to 

diagnose, prevent, or treat disease. Due to the broad, exploratory nature of this aim, scoping review 

methodology was used. Following the scoping review framework, a systematic literature review was 

conducted and health care practitioners were consulted to identify how papaverine HCl has been used 

historically and currently.1-3 Assessments of study quality and risk of bias were not performed because the 

aim of this report was not to make specific recommendations on the use of this substance in clinical 

practice.1,4,5 Rather, the aim was to summarize the available evidence on the use of papaverine HCl and 

thereby assist the FDA to determine whether there is a need for the inclusion of this substance on the 

503B Bulks List. 

REVIEW OF NOMINATIONS 

Papaverine was nominated for inclusion on the 503B Bulks List by the Outsourcing Facilities Association 

(OFA), Olympia Compounding Pharmacy, and Triangle Compounding Pharmacy. Papaverine was 

nominated for use in combination with additional Active Pharmaceutical Ingredients (API) (refer to Table 

8). 

Papaverine was nominated for prevention or treatment of acute myocardial infarction, angina, arterial 

thromboembolism, peripheral vascular disease with vasospasm, smooth muscle spasm, intravascular 

catheter occlusion prophylaxis, and erectile dysfunction (ED) via a 30-mg/mL injectable (intra-arterial, 

intracoronary, intravenous (IV), intramuscular (IM), intracavernous and intrathecal) solution. Papaverine 

was also nominated for treatment of muscle spasms of the gastrointestinal tract, gall bladder, or urinary 

system, peripheral ischemia and ED via oral capsules or a topical cream, gel, or solution. 

Nominators provided references from published peer-reviewed literature to describe the pharmacology 

and support the clinical use of papaverine.6-16 

Reasons provided for nomination to the 503B Bulks List included: 

• Compounded products may be the only product to effectively treat the indication for which it is 

intended. 

• Patient need for dosage form or strength that is not available commercially. 

• Prescribers turn to compounded options when FDA-approved drug products are found to be 

ineffective. 

• Papaverine is used in combination to treat difficult to treat erectile dysfunction. 

• There are no FDA-approved products that include papaverine for injection. 

• Patient sensitivities to dyes, fillers, preservatives, or other excipients in manufactured products. 

• Manufacturer drug shortages. 

• Bulk drug substances must be used to compound the proposed strengths because dilution occurs 

when mixed in combination making it impossible to achieve the necessary therapeutic 

concentrations. 
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METHODOLOGY 

Background information 

The national medicine registers of 13 countries and regions were searched to establish the availability of 

papaverine HCl products in the United States (US) and around the world. The World Health 

Organization, the European Medicines Agency (EMA), and globalEDGE were used to identify regulatory 

agencies in non-US countries. The medicine registers of non-US regulatory agencies were included if 

they met the following criteria: freely accessible; able to search and retrieve results in the English 

language; and desired information, specifically, product trade name, active ingredient, strength, form, 

route of administration (ROA), and approval status, provided in a useable format. Based on these criteria, 

the medicine registers of 13 countries/regions were searched: US, Canada, European Union (EU), United 

Kingdom (UK), Ireland, Belgium, Latvia, Australia, New Zealand, Saudi Arabia, Abu Dhabi, Hong 

Kong, and Namibia. Both the EMA and the national registers of select EU countries (Ireland, UK, 

Belgium, and Latvia) were searched because some medicines were authorized for use in the EU and not 

available in a member country and vice versa.  

Each medicine register was searched for papaverine HCl; name variations of papaverine HCl were 

entered if the initial search retrieved no results. The following information from the search results of each 

register was recorded in a spreadsheet: product trade name; active ingredient; strength; form; ROA; status 

and/or schedule; approval date. Information was recorded only for products with strengths, forms, and/or 

ROA similar to those requested in the nominations.  

In addition to the aforementioned medicine registers, the DrugBank database (version 5.1.5) and the 

Natural Medicines database were searched for availability of over-the-counter (OTC) products containing 

papaverine HCl. The availability of OTC products (yes/no) in the US and the ROA of these products were 

recorded in a spreadsheet. Individual product information was not recorded. 

Systematic literature review 

Search strategy 

A medical librarian constructed two comprehensive search strategies for both Ovid MEDLINE and 

Embase. The first search strategies used a combination of controlled vocabulary terms and keywords 

to describe three concepts: papaverine; injectable, oral or topical administration or form; and 

therapeutic or diagnostic use for muscle spasms of the gastrointestinal tract, gallbladder or urinary 

tract, peripheral ischemia or erectile dysfunction (refer to Appendix 1 for full search strategies). The 

second search strategies used a combination of controlled vocabulary terms and keywords to describe 

three concepts: papaverine; injectable administration; and substances nominated for use in 

combination with, alprostadil and phentolamine. Results were limited to human studies published in 

the English language. The first search strategy was conducted on January 15, 2021; the second search 

strategy was conducted on June 3, 2021. In addition, the ECRI Guidelines Trust® repository was 

searched on January 15, 2021 and June 3, 2021 for clinical practice guidelines that recommended the 

use of papaverine and provided sufficient information on dosing and administration. 

Results were exported to EndNote for Windows version X9.3.3 (Clarivate), and duplicates were 

removed. The deduplicated results were uploaded to Covidence (Veritas Health Innovation) for 

screening. The results from the first search strategies were deduplicated, screened and reviewed 

separately from those of the second search strategies. 
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Study selection 

Studies in which papaverine HCl was used in the nominated dosage form, ROA and/or combination 

product to diagnose, prevent, or treat the nominated disease or condition, or other conditions not 

specified in the nomination, were included. Studies were excluded if they were written in a language 

other than English; reviews or meta-analyses; surveys or questionnaires (cross-sectional design); 

designed to evaluate cost-effectiveness, mechanism of action, preclinical use, safety, or toxicity; or 

any study design other than a randomized controlled trial conducted in a non-US country. Studies 

were also excluded if papaverine HCl was used as an unspecified dosage form or ROA, a dosage 

form or ROA that was not nominated, or mentioned briefly as a rescue treatment or part of a 

diagnostic test in a study not designed to evaluate the effect of papaverine. Studies in which 

papaverine HCl was used to diagnose, prevent, or treat autism were excluded due to a separate project 

examining the use of compounded substances in individuals with autism. Studies that did not meet the 

inclusion criteria but provided valuable information about the pharmacological or current or historical 

use of the substance were noted and put in a separate group in the EndNote library. Two reviewers 

independently screened titles and abstracts, and reviewed full-text articles. A third reviewer 

reconciled all disagreements. 

Data extraction 

The following information was recorded in a standard data extraction form: author names; article 

title; journal; year of publication; country; study type; historical use of papaverine HCl; setting; total 

number of patients; number of patients who received papaverine HCl; patient population; indication 

for use of papaverine HCl; dosage form and strength; dose; ROA; frequency and duration of therapy; 

use of papaverine HCl in a combination product; use and formulation of papaverine HCl in a 

compounded product; use of papaverine HCl compared to FDA-approved drugs or other treatments; 

outcome measures; authors’ conclusions. One reviewer extracted data from the included studies; a 

second reviewer checked the data extraction.  

Interviews  

Semistructured interviews with subject matter experts (SMEs) were conducted to understand how and in 

what circumstances papaverine HCl was used in a clinical setting. The systematic literature review and 

indications from the nominations were reviewed to identify medical specialties that would potentially use 

papaverine HCl. Potential SMEs were identified through recommendations and referrals from 

professional associations, colleagues’ professional networks, and authors of relevant literature. Select 

outsourcing facilities were contacted for interviews and referrals to additional SMEs. SMEs provided 

verbal-informed consent to be interviewed and audio recorded. Interviews lasting up to 60 minutes were 

conducted via telephone, audio recorded, and professionally transcribed. The transcriptions and notes 

were synthesized for qualitative data analysis. 

In addition to interviews with individual SMEs, a roundtable discussion with pharmacists was held. 

Participants were identified through outreach to professional associations that would potentially purchase 

compounded products from outsourcing facilities. A prequestionnaire was distributed to those who agreed 

to participate and collect information about the types of facilities at which participants worked and the 

products they purchased from outsourcing facilities (refer to Appendix 3 for complete survey and Results 

of survey section for results of prequestionnaire). The roundtable lasted 60 minutes and was conducted via 

Zoom, audio recorded, and professionally transcribed. The transcriptions and notes were synthesized for 

qualitative data analysis. 
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Survey   

A survey was distributed to the members of professional medical associations to determine the use of 

papaverine HCl in clinical practice. The online survey was created using Qualtrics® software (refer to 

Appendix 3 for complete survey). A Google™ search was conducted to identify the professional 

associations in the US for the relevant medical specialties. An association’s website was searched to 

identify the email of the executive director, regulatory director, media director, association president, 

board members, or other key leaders within the organization to discuss survey participation. If no contact 

information was available, the “contact us” tab on the association website was used. An email describing 

the project and requesting distribution of the survey to the association’s members was sent to the 

identified person(s). Associations that declined, did not respond, or did not provide significant data in 

project Years 1 and 2 were not contacted in Year 3.  

The survey was posted on the project website, and the survey link was distributed to the associations that 

agreed to participate (refer to Appendix 4 for associations that participated and those that did not). 

Participation was anonymous and voluntary. The estimated time for completion was 15 minutes with a 

target of 50 responses per survey. 

The University of Maryland, Baltimore Institutional Review Board (IRB) and the US FDA IRB reviewed 

the interview and survey methods and found both to be exempt. The Office of Management and Budget 

approved this project. 
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CURRENT AND HISTORIC USE 

Results of background information 

• Papaverine HCl is not available as an FDA-approved product in the nominated dosage form and ROA. Papaverine HCl is available as an 

unapproved drug as a 30-mg/mL solution for intravenous and intramuscular injection. 

• Papaverine HCl is not available as an OTC product in the US. 

• There is a current United States Pharmacopeia (USP) monograph for papaverine HCl. 

• Papaverine HCl is available in the nominated dosage form and ROA in Abu Dhabi, Australia, Belgium, Canada, Hong Kong, Latvia, 

Namibia, and New Zealand. 

 

Table 1. Currently approved products – US 

No approved products in the US 

 

Table 2. Currently approved products – select non-US countries and regionsa 

Active Ingredient Concentration Dosage Form Route of Administration 

Approved for Use 

Country Status Approval Dateb 

Papaverine HCl 12 mg/mL Solution 

Intracavernosal Australia Prescription-only medicine 7/24/2015 

Injection 

Hong Kong Prescription-only medicine 5/4/1989 

New Zealand Prescription 3/8/1984 

Papaverine HCl 20 mg/mL Solution 

Injection Abu Dhabi Active – 

Intravenous, Intramuscular, 

Subcutaneous 
Belgium Medical prescription 10/18/2012 
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Intravenous, Intramuscular Latvia Prescription 12/19/2005 

Papaverine HCl 30 mg/mL Solution 

Injection 

Abu Dhabi Active – 

Namibia – 8/18/2004 

Intracavernosal Australia Prescription-only medicine 7/24/2015 

Papaverine HCl 32.5 mg/mL Liquid 
Intravenous, Intramuscular, 

Subcutaneous 
Canada Ethical 12/31/1951 

Papaverine HCl 33.3 mg/mL Solution 
Intravenous, Intramuscular, 

Subcutaneous 
Belgium Medical prescription 10/18/2012 

Papaverine HCl / 

Chlorphenamine 

maleate / Codeine 

– Tablet Oral Hong Kong Prescription-only medicine 7/13/2001 

Papaverine HCl / 

Codeine / 

Guaifenesin 

– Tablet Oral Hong Kong Prescription-only medicine 7/10/2009 

Papaverine HCl / 

Chlorphenamine 

maleate / Codeine / 

Guaifenesin 

– Syrup Oral Hong Kong Pharmacy-only medicinec 5/25/1979 

Papaverine HCl / 

Bromhexine HCl / 

Brompheniramine 

maleate / Codeine / 

Ephedrine 

– Elixir Oral Hong Kong Pharmacy-only medicinec 8/25/1983 

Papaverine HCl / 

Bromhexine HCl / 

Caffeine / 

Carbinoxamine 

maleate / 

– Tablet Oral Hong Kong Pharmacy-only medicinec 10/25/1986 
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Dextromethorphan 

hydrobromide 

Papaverine HCl / 

Bromhexine HCl / 

Codeine / 

Diphenhydramine / 

Ephedrine 

– Cough mixture Oral Hong Kong Pharmacy-only medicinec 12/28/1984 

Papaverine HCl / 

Bromhexine HCl / 

Diphenhydramine 

HCl / Ephedrine / 

Noscapine 

– Syrup Oral Hong Kong Pharmacy-only medicinec 12/1/1995 

Papaverine HCl / 

Caffeine / 

Chlorphenamine 

maleate / Codeine / 

Terpin hydrate 

– Tablet Oral Hong Kong Prescription-only medicine 4/7/2000 

Papaverine HCl / 

Bromhexine HCl / 

Caffeine / 

Carbinoxamine 

maleate / 

Dextromethorphan 

hydrobromide / 

Ephedrine 

– Tablet Oral Hong Kong Pharmacy-only medicinec 9/20/1988 

Papaverine HCl / 

Cocillana liquid 

extract / Codeine / 

Ephedrine / 

Promethazine / 

Senega liquid 

extract / Squill 

liquid extract 

– Syrup Oral Hong Kong Pharmacy-only medicinec 2/13/1989 
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Papaverine HCl / 

Chlorphenamine 

maleate / Cocillana 

liquid extract / 

Ephedrine / 

Noscapine / Senega 

liquid extract / 

Squill liquid 

extract 

– Syrup Oral Hong Kong Pharmacy-only medicinec 2/8/1996 

Abbreviations: –, not provided. 
aMedicine registers of national regulatory agencies were searched if they met the following criteria: freely accessible; able to search and retrieve results in 

English language; and desired information (product trade name, active ingredient, strength, form, ROA, and approval status) provided in a useable format. 

Information was recorded only for products with strengths, forms, and/or ROA similar to those requested in the nominations. See Methodology for full 

explanation. 
bIf multiple approval dates and/or multiple strengths, then earliest date provided. 
cPharmacy-only medications may only be sold in a pharmacy, and a pharmacist must make or supervise the sale. 
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Results of literature review 

Study selection 

The first database searches yielded 3019 references; 9 additional references were identified from 

searching ECRI Guidelines Trust® and the references of relevant systematic reviews. After duplicates 

were removed, 2320 titles and abstracts were screened. After screening, the full text of 1009 articles 

was reviewed. Finally, 251 studies were included; after multiple reports of the same study were 

merged, there were 237 included studies. Seven hundred fifty-eight studies were excluded for the 

following reasons: wrong study design (672 studies); papaverine only mentioned briefly as a rescue 

treatment or part of a diagnostic in a study not designed to evaluate the effect of papaverine (51); 

duplicate study (7); papaverine not used clinically (7); language other than English (6); unable to 

obtain full text (6); wrong drug (5); papaverine used in an unspecified formulation (4).  Refer to 

Figure 1 for the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

flow diagram for the first database searches. 

The second database searches yielded 1132 references; 0 additional references were identified from 

searching ECRI Guidelines Trust® and the references of relevant systematic reviews. After duplicates 

were removed, 785 titles and abstracts were screened. After screening, the full text of 399 articles was 

reviewed. Finally, 68 studies were included; after multiple reports of the same study were merged, 

there were 64 included studies. Three hundred thirty-one studies were excluded for the following 

reasons: wrong study design (277 studies); duplicate study (26); papaverine only mentioned briefly as 

a rescue treatment or part of a diagnostic in a study not designed to evaluate the effect of papaverine 

(12); papaverine used in a formulation that was not nominated (6); wrong drug (5); unable to obtain 

full text (3); not in English (1); papaverine used in an unspecified formulation (1).  Refer to Figure 2 

for the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow 

diagram for the second databases searches. 

In total, 301 studies were included. 

Characteristics of included studies 

The 301 included studies were published between 1939 and 2020. There were 123 experimental 

studies, 57 observational studies, 123 descriptive study, and 0 clinical practice guidelines. The 301 

studies were conducted in the following countries: Argentina, Australia, Austria, Brazil, Canada, 

China, Egypt, India, Israel, Japan, Norway, Saudi Arabia, South Africa, South Korea, Sweden, The 

Netherlands, the United Arab Emirates, the UK, and the US. 

A total of 26,053 patients participated in the 301 included studies. The number of patients in each 

study ranged from 6 to 1412. Five patients in Firlik et al, 1999 were also described in Firlik et al, 

1997.17,18  These studies were not merged because the remaining patients differed between the two 

studies; however, the 5 patients were taken into account when providing total numbers and only 

counted once. 

Outcome measures differed among the included studies and included hemodynamic measures; 

incidence of postoperative myocardial infarction; evidence of vasospasm on angiogram; change in 

neurological signs and neurological outcome; onset, duration and quality of erection; patient 

questionnaires for evaluation of erectile function; development of areas of necrotic bowel; patient-

reported pain; and relief of pruritus. 
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Refer to Table 5 for summary of study country, design, patient population, intervention and 

comparator, and outcome measures. 

Use of papaverine 

In the 301 included studies, 1359 patients received papaverine for prevention or treatment of 

vasospasm, and/or to induce vasodilation, administered intra-arterially as a 0.8- to 60-mg bolus, 1- to 

1.5-mg/kg dose, or 60 to 600 mg per vascular territory or vessel. Duration of treatment ranged from 

once to 48 hours. One patient received papaverine for treatment of vasospasm, administered as an 

intracoronary injection at a dose of 10 mg, repeated until resolution of spasm. One patient received 

papaverine for treatment of vasospasm associated with testicular trauma, administered once as a 60-

mg injection in each testicle. One patient received papaverine for treatment of vasospasm associated 

with bacterial meningitis, administered once a day for 5 days as an intrathecal infusion at an 

unspecified dose. One hundred eighty-nine patients received papaverine for prevention or treatment 

of vasospasm, administered intravenously as a 15- to 600-mg bolus, 1-mg/kg dose, or 500- to 900-mg 

infusion. Duration of treatment ranged from once to 10 days. Thirty patients undergoing elective 

cardiac surgery received subcutaneous papaverine, administered once at a dose of 30 mg. One 

hundred forty-five patients received papaverine for prevention or treatment of vasospasm, 

administered once as a local perivascular injection in doses of 10 to 50 mg or 1 mg/kg. Eight patients 

received papaverine for prevention or treatment of vasospasm, and/or to induce vasodilation, 

administered hypodermically as a 65-mg dose; duration of treatment was not provided. Three hundred 

thirty patients received papaverine for prevention or treatment of vasospasm, or to induce 

vasodilation, administered orally in doses of 100 to 300 mg 2 to 4 times a day, or 225 to 450 mg a 

day. Duration of treatment ranged from once to 27 months. One thousand eighty-three patients 

received papaverine for prevention or treatment of vasospasm, applied topically once in doses of 2 to 

80 mg. An unspecified number of patients received papaverine for prevention of thrombosis, applied 

topically at an unspecified dose. 

In the 301 included studies, 7668 patients received papaverine for treatment of erectile dysfunction, 

administered intracavernously in doses ranging from 0.75 to 60 mg. Duration of treatment ranged 

from once to 7 years. An unspecified number of patients received papaverine for treatment of erectile 

dysfunction, administered intra-arterially in doses ranging from 30 to 60 mg for one dose. Forty-two 

patients received papaverine for treatment of erectile dysfunction, administered orally in a dose of 

150 mg. Duration of treatment was not mentioned. Two hundred and eight patients received 

papaverine for treatment of erectile dysfunction, administered intraurethrally in doses ranging from 

7.5 to 30 mcg for 2 doses. Twenty patients received papaverine for treatment of erectile dysfunction, 

administered topically in doses ranging from 133 to 500 mg for 2 doses. Sixty-one patients 

undergoing vasovasostomy received papaverine, administered topically once at a dose of 30 to 90 mg. 

Five thousand five hundred thirty-one patients received intracavernous papaverine to induce an 

erection as part of a diagnostic test, administered in 1 to 3 doses of 1 to 60 mg. Five hundred thirty-

two patients received intra-arterial papaverine to induce dilation as part of a diagnostic test, 

administered in 1 to 3 doses of 10 to 100 mg or 1 or 7 mg/minute. One hundred fifty-seven patients 

received intracoronary papaverine to induce dilation as part of a diagnostic test, administered in doses 

of 4 to 16 mg once or sequentially until maximal vasodilation. 

Thirty patients received papaveretum for the treatment of pain, administered intramuscularly as a 20 

mg dose. Duration of treatment was not provided. Twenty-two patients received papaverine for the 

management of postoperative pain, administered once as an intrauterine injection at a dose of 30 mg. 

Sixty-nine patients received papaverine for the management of postoperative pain, administered as a 
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subcutaneous injection at a dose of 50 or 100 mg. Duration of treatment was not provided. One 

hundred seventeen patients received papaverine as part of a combination product for treatment of 

dysmenorrhea, administered orally at a dose of 150 mg. Duration of treatment was not provided. 

One hundred seventy patients receive papaveretum as a premedication, administered intramuscularly 

once at a dose of 10 to 20 mg or 0.3 mg/kg. 

Four hundred fifty-six patients received papaverine as part of a cardioplegic solution, administered 

intra-arterially at doses of 1 to 219 mg once or for the duration of the procedure. 

Thirty-five patients received papaverine for the management of gastrointestinal ischemia, 

administered intra-arterially as a 5- to 60-mg bolus and maintenance dose of 6- to 60-mg/hour. 

Duration of treatment was up to 48 hours. One patient received papaverine for the management of 

mesenteric ischemia, administered subcutaneously at an initial dose of 65 mg and maintenance dose 

of 32 mg every 5 hours for at least 3 days. One patient received papaverine for the treatment of 

gastrointestinal ischemia, administered topically once at a dose of 60 mg. 

Forty-five patients received papaverine for the management of cholecystitis, administered once as an 

intravenous injection at a dose of 40 or 50 mg. 

Three patients received papaverine as an anticonvulsant, administered orally at a dose of 389 mg once 

a day. Duration of treatment was not provided. Three patients received papaverine as an 

anticonvulsant, administered intravenously once at a dose of 65 mg. 

Seven patients received papaverine for the prevention of complicated migraine, administered orally at 

a dose of 300 mg twice a day for 12 weeks. 

Thirty-five patients received papaverine as part of a chemotherapy protocol for the treatment of 

neuroblastoma, administered intravenously at a dose of 45 mg/kg for 4 weeks to 10 months. 

Fifty patients received papaverine for the management of tardive dyskinesia, administered orally at 

dose of 150 or 300 mg twice a day for 2 to 6 weeks. 

Four hundred fifty-nine patients received papaverine for the management of renal colic, administered 

intravenously once at doses of 20 to 120 mg or 1.5 mg/kg. Thirty-two patients received papaverine as 

part of a combination injection for the management of renal colic, administered intramuscularly once 

at a dose of 20 mg. 

Ninety-nine patients received papaverine for management of pruritus, administered orally at doses of 

60 to 300 mg. Duration of treatment ranged from once to 4 weeks. Twenty-nine patients received 

papaverine for management of pruritus, administered intravenously once at a dose of 65 mg. 

One hundred fourteen patients received papaverine for management of psoriasis, administered 

topically at an unspecified dose for 4 weeks. 

Refer to Tables 6 and 7 for summaries of dosage by indication. 

Papaverine was used as a compounded product, and in combination products (refer to Tables 8 and 

9). 

In 125 studies, the authors’ concluding statement recommended the use of papaverine for the 

following: diagnosis and treatment of ED; prevention or treatment of vasospasm; to induce 

vasodilation in diagnostic cardiovascular studies; in cardioplegic solutions; as an anticonvulsant; 

during vasovasostomy procedures; and the management of pain, gastrointestinal ischemia, 

neuroblastoma, renal colic and pruritus.6,18-149  In 18 studies, the authors’ concluded that the use of 
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papaverine was not recommended for the diagnosis and treatment of ED, prevention or treatment of 

vasospasm, to induce vasodilation in diagnostic cardiovascular studies, in cardioplegic solutions, or 

the management of pain, acute cholecystitis, renal colic or pruritus.137,150-166  In 14 studies, the 

findings were inconclusive on the use of papaverine for the diagnosis and treatment of ED and 

prevention or treatment of vasospasm.17,167-179  In 46 studies, the authors concluded that further studies 

were necessary on the use of papaverine for the diagnosis or treatment of ED, prevention or treatment 

of vasospasm, to induce vasodilation in diagnostic cardiovascular studies, to prevent complicated 

migraine and in the management of pain, gastrointestinal ischemia, tardive dyskinesia, pruritus or 

psoriasis.180-228  In 98 studies, the findings did not address the use of papaverine.229-332 

Refer to Table 5 for summary of authors’ conclusions. 

Pharmacology and historical use 

In addition to the included studies, several studies were identified that did not meet the inclusion 

criteria but provided valuable information about the pharmacology and historical use of papaverine. 

Papaverine is an opium alkaloid derived from benzylisoquinolone.333-335  It is a potent cardiac and 

smooth muscle relaxant, acting directly on the cardiovascular, bronchial, gastrointestinal, biliary and 

urinary musculature; this effect is more prominent in the presence of spasm.334  The mechanism of 

action of papaverine is not completely understood; it is known to inhibit both cyclic adenosine 

monophosphate (cAMP) and cyclic guanosine monophosphate (cGMP) phosphodiesterases (PDE) in 

smooth muscle, thereby increasing levels of cAMP and cGMP.335  Papaverine may also block calcium 

channels in the cell membrane, inhibiting release of calcium from the intracellular space.335,336  

Papaverine does not have significant analgesic activity because it is structurally unrelated to other 

opioids and has minimal effects on the central nervous system.334,337  Papaveretum is a mixture of 

hydrochloride salts of opium containing morphine hydrochloride, papaverine hydrochloride and 

codeine chloride that provides sedation and analgesia. 

Papaverine is “effective by all routes of administration” and published studies report its use via intra-

arterial, intramuscular, intravenous, subcutaneous, intracavernous, oral and topical routes.334  

Although papaverine is frequently administered via the intra-arterial route, the pharmacokinetics for 

this ROA are not optimal. When administered intra-arterially, papaverine has an elimination half-life 

of approximately 0.5 to 2 hours, with interindividual variation.333,337  Papaverine is highly bound to 

plasma proteins.334  A portion of papaverine is deposited in fat and the liver, while the remainder is 

distributed throughout the body.334  Papaverine is rapidly metabolized by the liver, primarily by 

demethylation, and is excreted via the kidneys.333,334  In a study published in 1958, Axelrod et al 

described the metabolism of papaverine in 3 human participants after intravenous and oral 

administration.338  These authors reported that the absorption of papaverine from the gastrointestinal 

tract “is relatively rapid and essentially complete.”338  Studies published since that time have 

demonstrated that the oral bioavailability of papaverine is low, approximately 30%, with variation 

among individuals.339-341  After oral administration, papaverine undergoes significant first-pass 

metabolism.339,340,342  When papaverine does reach its target site, it is rapidly removed, with a half-life 

of 1 to 2 hours, similar to that of intra-arterial administration.339,341,343  According to the prescribing 

information for injectable papaverine, “reasonably constant plasma levels can be maintained with oral 

administration at 6 hour intervals.”334  Due to the short half-life of papaverine, the use of oral 

sustained-release papaverine products was explored in the 1970s. Investigators found that the 

bioavailability of these products to be lower than oral papaverine capsules, elixir, and compressed 

tablets.340,342,343  In 1979, Kanto et al concluded that “the results of different studies demonstrate that 
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papaverine is a drug whose systemic availability seems to be markedly affected by product 

formulation.”342 

Papaverine was discovered in 1848 by George Merck.344  It was mentioned in a brief note in The 

Israelite in 1863: “Professor T. Anderson, of Glasgow, enumerates nine well determined substances 

from opium: morphine, codeine, papaverine, narcotine, thebane [sic], narceine, meconine [sic], 

meconic acid, and theobolactic acid…Prof. Anderson commenced the study of this subject in 

1850.”345  A study describing the use of papaverine in the US, in three patients with ureteral calculi, 

was published in 1917.346  More studies on the use of papaverine in the US began appearing in the 

1940s. These articles described the use of papaverine for a variety of conditions including vascular 

occlusions, gangrene, epilepsy, renal colic, and pruritus.52,93,123,142,331,344,347-350   

In 1976, the FDA requested information on the safety, effectiveness and legal status of papaverine, 

ethaverine, or similar or related drugs, because these drugs had never been evaluated under the 

provisions of the Federal Food, Drug, and Cosmetic Act.351  The FDA reviewed all information 

submitted in response to this request and their findings were published in a notice in the Federal 

Register in April 1979, along with an announcement of a hearing before the Peripheral and Central 

Nervous System Drugs Advisory Committee.351  The review considered all studies that contained 

elements of a controlled trial along with results of bioavailability testing of 9 controlled-release 

papaverine formulations (conducted at the University of Tennessee) and evidence of past and present 

formulas, labeling and marketing submitted as support for exemption of the drugs under the 

grandfather clause. The review noted that all symptoms of the conditions that papaverine was 

intended to treat, namely cerebral, peripheral, and myocardial ischemia, were “subject to substantial 

day-to-day variation and placebo effect.”351  The review acknowledged that “there is little dispute that 

papaverine is a pharmacologically active agent that can dilate normal blood vessels in animals and 

humans” while proposing that the question was “whether such vessel dilation is useful in the 

treatment of any human disease.”351  After reviewing all the available evidence, the agency found that 

“no information submitted supports either a contention that a product is generally recognized as safe 

and effective or that a product is entitled to an exemption from the new drug requirements of the act 

pursuant to one of the so-called ‘grandfather’ exemptions.”351  In a November 1979 FDA Drug 

Bulletin notice, the Peripheral and Central Nervous System Drugs Advisory Committee was quoted as 

concluding that “there is no body of evidence that will support the effectiveness of papaverine and 

ethaverine for any of their claimed indications.”339 

Currently, there are no FDA-approved formulations of papaverine. A preservative-free papaverine 

hydrochloride 30-mg/mL solution for IV and IM administration is available from American 

RegentTM.334  A recent search (July 23, 2021) of the FDA Drug Shortages Database returned no 

results for papaverine.352  A search of the American Society of Health-System Pharmacists (ASHP) 

list of current drug shortages returned a resolved shortage for papaverine injection from October 2, 

2017.353  American RegentTM did not provide a reason for the shortage. On February 6, 1992, 

papaverine topical gel received an orphan designation for treatment of spinal cord injury patients; this 

formulation was not FDA-approved for this designation and has been withdrawn.354  On August 3, 

2017, papaverine received an orphan designation for treatment of mesenteric ischemia; the drug is not 

FDA-approved for this designation.  

Papaverine has been applied topically, intraluminally and locally to arterial and venous grafts to 

prevent or treat perioperative vasospasm. In 1967, Kolossev first described the use of the internal 

mammary artery as a graft to bypass obstructed coronary arteries.355  A few years later in 1971, Green 

mentioned administering papaverine prior to measuring flow in internal mammary artery segments 
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from patients undergoing coronary artery bypass graft (CABG) surgery.355  In 1989, Mills and 

Bringaze compared free flow in internal mammary artery grafts from patients undergoing CABG 

procedures before pharmacological intervention, after applying papaverine-soaked sponges and after 

administering intraluminal papaverine.100  The authors noted that they had used intraluminal 

papaverine to prepare internal mammary artery grafts since 1972. Based on the results of their study, 

they concluded that intraluminal papaverine: 

(1) Is the method of choice to determine the true mammary flow capacity and to offer the best 

possible mammary flow to the myocardium, (2) improves mammary graft size and thereby makes 

technical anastomotic errors less likely, (3) is useful to distinguish mammary low flow caused by 

technical error caused by vasospasm, and (4) allows identification of unclipped or uncauterized 

internal mammary artery side branches that otherwise might necessitate re-exploration for 

bleeding.100 

The authors acknowledged possible adverse effects with the use of papaverine, including decrease in 

systemic blood pressure, inducing a dissection with manual dilatation of the graft segment, and 

accidental instillation of papaverine into the arterial wall. The authors observed that the latter possible 

error may damage the artery, due to the acidity of undiluted papaverine. As part of their study, Mills 

and Bringaze had 2 laboratories test the pH of papaverine hydrochloride alone and diluted in normal 

saline, electrolyte solution (Plasma-Lyte), and blood. The pH of papaverine hydrochloride alone was 

3.21 and 3.58 in the 2 laboratories. The pH of papaverine hydrochloride 60 mg diluted in 20 mL and 

40 mL of normal saline ranged from 4.17 to 4.83. The pH of papaverine hydrochloride 60 mg diluted 

in electrolyte solution (volume not provided) ranged from 5.22 to 5.83. The pH of papaverine 

hydrochloride 60 mg in 20 mL of blood was 7.12 and 7.19 in the 2 laboratory tests. These findings 

demonstrated that dilution of 60 mg of papaverine (one 2-mL ampule) with saline did not 

significantly alter the pH of the solution. Mills and Bringaze reviewed postoperative angiograms of 

patients receiving internal mammary artery grafts prepared with papaverine since 1974 and found no 

instances in which “papaverine could possibly be implicated as causing IMA [internal mammary 

artery] injury.”100  The authors did observe that papaverine forms a white precipitate when added to 

heparinized crystalloid solutions. 

A 2006 study by Formica et al from Italy investigated the use of topical and intraluminal application 

of glyceryl trinitrate/verapamil and papaverine to the internal thoracic artery in patients undergoing 

CABG surgery.154  The authors of this study suggested, “…there is not a perfect vasodilator drug, 

because arterial spasm is often a multifactor phenomenon modulated by different mechanism[sic], 

such as mechanical stimuli, drugs, temperature, and endogenous catecholamine.”154  These authors 

started using a glyceryl nitrate/verapamil solution for prevention of vasospasm during CABG surgery 

in 2000 due to concerns about the acidity of papaverine causing damage to the endothelium. They 

cited the work of Gao et al, which showed that papaverine, at clinically used concentrations, induced 

changes in porcine endothelial cells and rat aortic smooth muscle cells that might lead to 

apoptosis.154,356  Gao et al advised that papaverine should be used with caution on vascular tissue, 

especially at concentrations greater than 10-4 M.356  Formica et al also cited the work of Mäyränpää et 

al from 2004, which found that a papaverine/saline solution damaged the endothelium of arterial 

segments from patients undergoing CABG surgery regardless of the pH of the solution.357  These 

authors observed that endothelial damage occurred almost immediately after papaverine was applied 

to the arterial segments, which suggested a direct cytotoxic effect of papaverine or a combination of a 

direct effects and the low pH of the solution. Mäyränpää et al concluded: 
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Minor endothelial damage during the actual CABG procedure may be of little clinical relevance, 

whereas large denuding endothelial injuries, such as may be caused by administration of 

intraluminal papaverine–NaCl solution, could have some clinical relevance. Accordingly, use of 

alternative vasodilating drugs, such as combinations of calcium antagonists and nitrates…might 

be better tolerated.357 

Formica et al noted that the glyceryl trinitrate/verapamil solution used in their study had a higher pH than 

papaverine (7.4 versus 4.4 to 4.8), was appropriate for all arterial grafts and had a more rapid onset and 

longer duration of action than papaverine.154  In 2020, Unal et al evaluated the apoptotic effects of topical 

papaverine, diltiazem, and nitroprusside on internal thoracic artery segments obtained from patients 

undergoing CABG surgery.358  The segments to which diltiazem was applied had the most apoptotic cells, 

followed by papaverine, then nitroprusside. The authors stated that the benefits of 

vasodilator/antispasmodic drugs in CABG procedures must outweigh the potential harms but made no 

recommendations for or against the use of specific drugs.  

Papaverine is also used to prevent vasospasm in reconstructive microsurgery. However, as in 

cardiovascular surgery, the potential for papaverine to damage the endothelium has led some plastic 

surgeons to question its use. According to Vargas et al, “Intraoperative microvascular vasospasm occurs 

in response to numerous stimuli, including direct vascular manipulation, metabolic homeostasis, and 

intrinsic propensity.”336  In 2011, Yu et al published the results of a survey on topical vasodilator use in 

microvascular surgery.359  This survey of plastic surgeons practicing in the UK had 84 respondents, 79 of 

whom (94%) stated that they used vasodilators, with 45 (58%) always using them. The majority of the 

respondents who used vasodilators in microsurgery applied them topically (99%); 19% also used 

vasodilators to irrigate the lumen of vessels. Papaverine and verapamil were the most commonly used 

substances with 52% and 47% of respondents, respectively, using these substances. The majority of 

respondents used a particular vasodilator empirically (42%) while others selected a vasodilator based on 

habit (21%) or because “it works” (16%). A significant number of respondents did not know either the 

concentration or amount of drug that they used. The authors of this study concluded, “Our survey 

demonstrates that although there is widespread use of topical vasodilators, there appears to be little 

scientific basis for this practice, the choice of agent, technique or frequency of application.”359  In 2018, 

Turin et al shared the results of a survey of current practices in the management of postoperative arterial 

vasospasm in microsurgery, distributed to the American Society for Reconstructive Microsurgery and 

World Society for Reconstructive Microsurgery members list.360  Among the 116 respondents, topical 

vasodilators (91% of respondents), adventitial stripping (82%), dilation of the recipient and donor vessels 

(76%) and low-dose systemic anticoagulation (70%) were the methods most commonly employed to 

manage postoperative vasospasm. Respondents considered adventitial stripping, topical vasodilators and 

segmental resection of vessels the most effective methods. Ninety-five percent of the respondents who 

used topical vasodilators thought they were effective or “sometimes” effective. Fifty-three percent of 

respondents preferred papaverine for pharmacological management of vasospasm, followed by topical 

lidocaine (32%) and calcium channel blockers (8%). 

In a 2015 systematic review of topical vasodilators for the treatment of intraoperative vasospasm in 

reconstructive microsurgery, the authors included 20 studies that used 14 drugs.336  The studies that used 

papaverine showed that it “is an effective spasmolytic and antispasmodic topical agent with quick onset 

and a reasonable duration of effect.”336  However, the authors of the review noted that the acidity of 

papaverine may damage the vascular endothelium and smooth muscle cells and “For this reason, systemic 

administration is contraindicated, and use of papaverine as an intraluminal irrigant has been 

questioned.”336  A 2017 systematic review on evidence for the use of topical vasodilators in microsurgery 

included 15 studies.14  A papaverine shortage in 2013 prompted the authors to undertake this systematic 
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review. The authors pointed out that while papaverine is considered the gold standard for the prophylactic 

treatment of intraoperative vasospasm, studies exploring “the efficacy of intraluminal, topical, and 

perivascular methods for drug delivery have yielded contradictory results and therefore there is currently 

no proven ideal method of administration.”14  These authors identified several disadvantages to the use of 

papaverine, including that it does not bind directly to receptors and therefore, can easily be washed away; 

its potential to damage endothelial function and initiate endothelial and smooth muscle cell apoptosis; 

short duration of action; and instability in nonacidic solutions. The authors concluded that calcium 

channel blockers are more “efficacious and versatile compared with papaverine and lidocaine with 

regards to sustained vasodilation and side effect profile.”14   

In addition to its use in cardiovascular and reconstructive surgery, papaverine has been used to prevent or 

treat vasospasm associated with peripheral arterial catheters, and thereby reduce catheter failure, 

particularly in pediatric patients.74,79,361  Bell provided a protocol for adding papaverine to peripheral 

arterial line solutions: papaverine 30 mg/mL is combined with 250 mL of a standard peripheral solution, 

such as 0.9% or 0.45% saline, and sodium heparin 1 unit/mL and infused at a rate of 1 mL per hour.361  

Bell noted that preservative-free papaverine products should be used, as preservatives may have harmful 

effects. Bell cautioned that papaverine may increase cerebral blood flow and decrease cerebral vascular 

resistance in premature infants, thereby increasing the risk of intraventricular hemorrhage.361 

Papaverine is also used for diagnostic purposes via intra-arterial, intravenous, and intradermal injection. 

Intra-arterial and intravenous papaverine are administered to aid in evaluating blood vessel dynamics 

during angiography or ultrasonography studies.362-375  In 1989, Bousquet et al mentioned the use of 

intradermal papaverine as a screening test of vascular tone in patients receiving hemodialysis.376 

Papaverine has been used to manage vasospasm associated with subarachnoid hemorrhage (SAH). 

Cerebral vasospasm occurs after the initial hemorrhage and sequelae have been managed with surgical or 

endovascular intervention.377,378  Vasospasm can lead to cerebral hypoperfusion, impaired cerebrospinal 

fluid circulation, and ultimately, signs of delayed cerebral ischemia.377,378  Symptomatic vasospasm 

develops in approximately 20% to 40% of patients with SAH and contributes to further morbidity and 

mortality in this population.377  The goals of treatment with cerebral vasospasm after SAH are to reduce 

intracranial pressure, improve cerebral blood flow and prevent or relieve signs of delayed cerebral 

ischemia.377  Oral nimodipine, a calcium channel blocker, is usually administered to all patients with SAH 

to prevent symptomatic cerebral vasospasm.377,378  Hypertension, hypervolemia and hemodilution (HHH) 

therapy has also been used to prevent or manage cerebral vasospasm in patients with SAH. HHH therapy 

is no longer considered the standard of care in patients with SAH, although components of the strategy 

are still practiced.377,378  Patients with symptomatic cerebral vasospasm refractory to initial preventative 

strategies require further intervention, typically endovascular balloon angioplasty to manage vasospasm 

of larger arteries and intra-arterial vasodilators to manage vasospasm of smaller arteries.377,378  Intra-

arterial papaverine improves cerebral blood flow by dilating the cerebral arteries and enhancing mean 

circulation time and cerebral oxygenation.335   

The use of intra-arterial papaverine to treat cerebral vasospasm after SAH was first described by Kassell 

et al in 1992 who administered 100 to 300 mg to 12 patients as an intra-arterial infusion.196  Eight patients 

showed signs of improvement of vasospasm on an angiogram after the infusion; 3 patients showed signs 

of improvement in neurological signs. The authors concluded that while intra-arterial papaverine is “a 

theoretically attractive modality for treating severe vasospasm,” it should not be widely adopted “until the 

safety and efficacy of this approach have been conclusively demonstrated.”196  Subsequent studies in 

patients with SAH and cerebral vasospasm described the use of intra-arterial papaverine as a dilute 1- to 

8-mg/mL solution (typically 3 mg/mL) in doses ranging from 150 to 600 mg administered into the 
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affected vascular territory as either a bolus or slow infusion over 30 to 60 

minutes.17,18,29,88,89,91,95,104,109,110,168,178,186-188,203,204,209,210,216,225,293,310,313,337,379,380     

In a 2005 review of endovascular treatment of cerebral vasospasm, intra-arterial papaverine was used in 

346 patients, with 148 of these patients (43%) experiencing clinical improvement.381  Sixty complications 

(9.9%) were reported from 609 treatment sessions. The authors of this review noted that one of the 

drawbacks of intra-arterial papaverine in patients with SAH is its short duration of action and need for 

repeat administration. There may be a limited period of time after SAH during which vessels are 

responsive to papaverine; after this period of time, vessels may become resistant to papaverine.381  This 

phenomenon has been demonstrated in animal models. In another review from 2005 on the use of intra-

arterial papaverine for cerebral vasospasm, the authors remarked that “Although intra-arterial papaverine 

improves angiographical vasospasm and CBF [cerebral blood flow], its efficacy in improving 

neurological outcome remains inconclusive.”335  The authors went on to stress that the studies available at 

the time their review was written were all retrospective or anecdotal reports that failed to establish a 

statistically significant relationship between angiographic response to papaverine and clinical outcome. 

Weant et al, in a 2010 review on intra-arterial therapy for cerebral vasospasm after SAH, came to a 

similar conclusion, writing that while the angiographic effects of papaverine are consistent, the 

“beneficial clinical effects are sporadic, and the durability of response is questionable.”337 

In a 2018 meta-analysis on the use of intra-arterial vasodilators for vasospasm following SAH, 55 studies 

were included, 17 of which used papaverine alone and 1 that used papaverine and nicardipine together.382  

Subgroup analysis by vasodilator showed that mean weighted probability for angiographic response for 

papaverine was 87%, while for fasudil, nicardipine and verapamil it was 99%, 96%, and 96%, 

respectively. Use of nicardipine was associated with the greatest neurological response (mean weighted 

probability of 74%) and use of papaverine (46%) and verapamil (38%) were associated with the lowest 

neurological response. Neurological response was defined as improvement or resolution of vasospasm-

related neurological deficits within 24 hours of intra-arterial therapy. The mean weighted probabilities for 

good clinical outcome, which was defined as the Modified Rankin Scale of 0 to 2 or Glasgow Outcome 

Scale of 4 to 5, were similar for fasudil, nicardipine, nimodipine and papaverine (65% to 67%). The mean 

weighted probabilities for new ischemic change on imaging were lowest for nimodipine (23%) and 

highest for papaverine (52%), although this data was only available for 5 studies that used nimodipine and 

3 studies that used papaverine. The authors of this meta-analysis noted that questions about papaverine’s 

ability to effect lasting clinical improvement and potential side effects have led to “a tendency to abandon 

it in favour of other agents,” a temporal trend that was reflected in the list of included studies.382 

The 2012 guidelines on the management of aneurysmal SAH from the American Heart Association and 

the American Stroke Association, which were endorsed by the American Association of Neurological 

Surgeons, the Congress of Neurological Surgeons, and the Society of NeuroInterventional Surgery, stated 

that “Cerebral angioplasty and/or selective intra-arterial vasodilator therapy is reasonable in patients with 

symptomatic cerebral vasospasm, particularly those who are not rapidly responding to hypertensive 

therapy” (level of evidence B: limited populations evaluated; data derived from a single randomized trial 

or nonrandomized studies).383  The authors of these guidelines noted that papaverine is used less 

frequently than other vasodilators because of its potential to cause neurotoxicity.  

The administration of intra-arterial papaverine to patients with cerebral vasospasm is associated with 

significant adverse effects, including monocular blindness, seizures, transient neurological deficits during 

infusion, brain stem dysfunction, respiratory arrest and hypotension.335,379-381,384,385  The causes of these 

adverse effects have not been fully elucidated. Some patients experience an increase in intracranial 

pressure during intra-arterial papaverine infusion, possibly due to nonselective vasodilation and 
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subsequent increase in cerebral blood volume.335,337,381,386 Sustained increase in intracranial pressure may 

result in poor outcome.386  Papaverine may also have a direct neurotoxic effect.335,337,379,380  In a 2004 case 

series from the US, Smith et al described the magnetic resonance imaging (MRI) findings from 5 patients 

receiving intra-arterial papaverine preserved with chlorobutanol for the treatment of cerebral 

vasospasm.387  All patients experienced marked neurological decline immediately after receiving 

papaverine; this decline persisted through hospital discharge in 1 patient. MRI scans obtained 1 to 13 days 

after papaverine administration showed changes in the gray matter in the vascular territories treated with 

papaverine. The authors theorized that these changes indicated a selective gray matter toxicity rather than 

vasospasm-induced ischemia. Histopathology of brain tissue at autopsy of 1 patient also showed selective 

grey matter injury more consistent with toxicity or laminar necrosis than ischemic infarction. Papaverine 

blocks mitochondrial respiration and therefore, may cause neurotoxicity similar to that seen on the 

histopathology for this patient. The authors suggested that absorption of papaverine by cerebral tissues 

may be enhanced in the presence of cerebral vasospasm due to increased cerebral transit time. Although 

intrathecal chlorobutanol has been reported to cause neurotoxicity in rabbits, the authors were not aware 

of any reports of neurotoxicity in humans or animals after intra-arterial administration of this drug. They 

concluded that papaverine may damage brain tissue when infused into cerebral arteries, likely by direct 

neurotoxic effect, and recommended that alternative drugs be used in the management of cerebral 

vasospasm.387  Other factors may play a role in the adverse effects associated with intra-arterial 

papaverine, including disruption of the blood-brain barrier, leading to extravasation of blood and contrast 

agent, damage to luminal endothelial and smooth muscle cells, and formation of precipitates that can 

embolize distal arteries.335,381,386,388,389  Liu and Couldwell suggested that papaverine should not be 

administered in concentrations greater than 3 mg/mL because of the risk of formation of papaverine 

microcrystals when mixed with blood.335  Papaverine may also precipitate when administered with 

heparin or contrast agents.386  Weant et al observed that higher concentrations of papaverine (8 to 20 

mg/mL) are “associated with a higher risk of temporary deterioration, making the pharmaceutical 

preparation of this product of the utmost concern.”337  Due to the need for repeat dosing, potential for 

serious adverse effects and the availability of other vasodilators, intra-arterial papaverine is no longer 

routinely recommended for the management of cerebral vasospasm.378-380 

In addition to cerebral vasospasm, papaverine has also been used in the management of other neurological 

conditions including tardive dyskinesia, dementia, migraine and for the prevention or treatment of 

seizures.124,190,191,226,331,349 The use of papaverine for these conditions may be primarily of historical 

interest since the studies reporting its use for these conditions were published between 1947 and 1983. A 

2019 case report from Italy described the use of intracisternal papaverine to prevent hearing loss due to 

spasm of the internal auditory artery during microvascular decompression for typical trigeminal nerve 

neuralgia.390 

Papaverine was also nominated for use in patients with gastrointestinal conditions, such as mesenteric 

ischemia. In 1940, Madsen mentioned the use of papaverine in a patient with an embolus in the superior 

mesenteric artery.93  Madsen cited the work of other clinicians who used papaverine in patients with 

arterial occlusions in the 1930s and stated that, based on their experience, the drug “is harmless if 

correctly used.”93,391-393 Madsen advised that in patients with mesenteric embolus or thrombosis, 

papaverine 60 mg should be administered via slow IV injection.93 Other clinicians have described the use 

of papaverine in patients with acute mesenteric ischemia (AMI) and cholelithiasis; however, no controlled 

clinical trials have been done comparing papaverine to the standard of care for these conditions. AMI is 

the “sudden reduction of intestinal perfusion, which can be due to occlusive or nonocclusive obstruction 

of arterial or venous blood flow.”394 This obstruction of blood flow leads to bowel ischemia, necrosis and, 

possibly, sepsis and death.394-396 Occlusive AMI is due to embolism or thrombosis of the mesenteric 
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vasculature. Nonocclusive AMI, which occurs in approximately 20% of patients with AMI, is the result of 

low splanchnic blood flow and diffuse mesenteric vasoconstriction due to low cardiac output, 

hypotension, hypovolemia, and/or vasopressor use.394,395 Nonocclusive AMI typically occurs in patients 

with significant comorbidities, such as sepsis, major trauma or surgery; nonocclusive AMI may also 

occur in patients receiving enteral nutrition.394,395,397 Management of AMI is directed at treating the 

underlying cause, if possible, fluid resuscitation, supporting cardiac output, discontinuation of 

vasopressors and, if necessary, systemic anticoagulation and surgical removal of infarcted bowel.394,395 

In 1973, Boley et al recommended the use of papaverine to diagnose and treat AMI.398  For diagnosis, the 

author advised that a test dose of papaverine be used to distinguish vessel narrowing due to 

atherosclerotic plaques from narrowing due to vasospasm on angiogram. An initial intra-arterial infusion 

of papaverine at 3 mg/minute for 15 to 20 minutes was followed by a 30-mg bolus, then repeat 

angiogram. If the previously observed narrowing had partially resolved and the intestinal arcades were 

more visible, then the findings on the initial angiogram were likely due to vasoconstriction rather than 

atherosclerotic plaques. Boley et al suggested that papaverine could be used in the treatment of both 

occlusive and nonocclusive AMI, infused as a dilute solution of 1 mg/mL at a rate of 30 to 60 mg/hour 

via an angiography catheter in the superior mesenteric artery.398  Duration of the therapeutic infusion 

depended on the underlying cause of AMI and the patient’s response to treatment.  In patients with 

occlusive AMI due to an embolus, both a pre- and a postoperative infusion were recommended. When 

used in patients who had undergone embolectomy or arterial reconstruction, papaverine infusion was 

usually continued for 16 to 24 hours, at which time a repeat angiogram was performed. If the angiogram 

showed no need for ongoing papaverine therapy, then the infusion was discontinued. In patients with 

nonocclusive AMI, continuation of papaverine infusion beyond 24 hours was based on clinical response 

and findings on repeat angiogram. In 1977, Boley et al published results on the use of this approach in 50 

patients with AMI.41  Papaverine infusions were administered for more than 5 days in some patients 

without any significant systemic effects.41  The authors concluded that “The aggressive approach to acute 

mesenteric ischemia offers promise of a markedly improved prognosis for patients with these vascular 

catastrophies.”41 

In a 1986, Bulkley et al published their findings on the use of intra-arterial isoproterenol and papaverine 

in a canine model of occlusive bowel ischemia.399  They found that intra-arterial vasodilator 

administration resulted in preferential dilation of vessels supplying the nonischemic segment, which led 

to decreased perfusion pressure to both the ischemic and nonischemic segments of the bowel and 

subsequent increased blood flow to the nonischemic segment and decreased collateral blood flow to the 

ischemic segment.399,400  Bulkley and his colleagues from Johns Hopkins University explored this 

hemodynamic phenomenon again in a study published in 2001. In this study, a continuous intra-arterial 

papaverine infusion (30-40 mcg/kg/minute) was administered to rats with normal vascular perfusion of 

the gastrointestinal tract and rats with a devascularized (via ligation) segment of ileum.400  In an effort to 

determine whether the hemodynamic changes observed in the canine model persisted with prolonged 

vasodilator administration and if vasodilator administration could reverse the splanchnic vasospasm that 

may occur after the onset of occlusion, the rats with the devascularized segment received the intra-arterial 

papaverine infusion for 48 hours. Papaverine increased total mesenteric blood flow in rats with normal 

vascularization. In rats with a devascularized segment, the length of segment remaining viable after 48 

hours was significantly reduced.400  The authors concluded that their findings in rats indicated that 

“prolonged intra-arterial infusion of vasodilators not only failed to increase bowel viability in segmental 

occlusive mesenteric ischemia but, in the case of papaverine, actually reduced it significantly.”400  In their 

discussion, the authors of this study questioned the earlier recommendations of Boley et al, commenting 

that their clinical reports were anecdotal, did not include concurrent control patients, did not explore 
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whether vasodilators are beneficial specifically in patients with occlusive AMI, and did not account for 

the possibility that the observed improvement with vasodilator therapy might be attributed to early 

diagnosis and aggressive management.  

In a 2008 review on AMI, Berland and Oldenburg suggested that vasodilators could be administered to 

patients with AMI to dilate the mesenteric arterial bed and reverse reactive vasospasm associated with 

AMI.394  The recommended dose for papaverine, 30 to 60 mg/hour via selective angiography catheter, 

was identical to that recommended by Boley et al in their work from the 1970s.41,394,398  Berland and 

Oldenburg advised that papaverine should be used with caution in patients with atrioventricular block, 

angina, glaucoma, or recent myocardial infarction or stroke. Recent (2017) guidelines from the World 

Society of Emergency Surgery recommended that management of nonocclusive AMI should focus on 

correcting the underlying cause, improving mesenteric perfusion and promptly resecting infarcted bowel 

segments (strong recommendation, moderate quality evidence).395  This guideline suggested that 

additional therapy for nonocclusive AMI may include vasodilatory and antispasmodic agents, such as 

papaverine, but made no specific recommendations for their use. Vasodilators and antispasmodics were 

not mentioned in the recommendations on the management of occlusive AMI. The 2016 guidelines from 

the European Society for Trauma and Emergency Surgery (ESTES) on AMI did mention intra-arterial 

papaverine as a possible therapy for occlusive AMI due to arterial thrombosis; however, this drug was not 

recommended as a first-line therapy.397  Endovascular treatment with percutaneous transluminal 

angioplasty, with or without stenting, was the recommended treatment for occlusive AMI due to arterial 

thrombosis. The ESTES guidelines recommended direct infusion of vasodilators into the superior 

mesenteric artery as the first-line therapy for nonocclusive AMI. Prostaglandin E1 (PGE1, also known as 

alprostadil) was the vasodilator of choice, with papaverine suggested as a possible alternative. The 2016 

clinical practice guidelines on the management of diseases of the mesenteric arteries and veins from the 

European Society of Vascular Surgery (ESVS) also identified intra-arterial vasodilators, including 

papaverine, as a possible therapy for nonocclusive AMI.401  However, the authors of these guidelines 

observed, “There are no contemporary or comparative studies evaluating different vasodilators, dosages 

or regimens, making it impossible to issue precise recommendations in this respect.”401 

A 2020 meta-analysis on local vasodilator therapy in patients with nonocclusive AMI included 12 studies 

with a total of 335 patients, 245 of whom received vasodilators.402  The authors of this meta-analysis only 

included studies in which vasodilators were administered locally (via the superior mesenteric artery in all 

included studies) because intravenous vasodilator administration in the presence of low cardiac output 

and/or hypotension (shock) would exacerbate low perfusion pressures and therefore, mesenteric ischemia. 

Papaverine was used in 4 of the included studies, all of which were retrospective, noncomparative studies. 

Papaverine was administered to a total of 64 patients as a continuous intra-arterial infusion in doses 

ranging from 30 to 60 mg/hour, with an initial bolus dose administered in 2 studies.41,245,402-404  The 

authors found that while local vasodilator administration in patients with nonocclusive AMI appeared to 

be a safe, minimally invasive therapy with the potential to improve mesenteric vasoconstriction detected 

on angiography, there was little evidence that this therapy improved important clinical endpoints and 

there were no prospective, controlled studies comparing local vasodilator therapy to the standard of care. 

The authors concluded, “the overall quality of published studies has to be considered low and therefore it 

is not possible to draw generalizable conclusions from the present data. The value of LVT [local 

vasodilatory therapy] in medical intensive care patients is especially uncertain because of a general 

shortage of data for this.”402 

Papaverine has also been investigated for its effects on the gallbladder and use in patients with 

cholelithiasis. In 1966, Robinson described the use of papaverine as an antispasmodic in 2 patients with 

stones in the common bile duct after cholecystectomy.405  Papaverine 100 mg was administered orally 1 
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hour prior to injection of an ether/ethyl alcohol solution via a choledochal catheter. The stones eventually 

cleared in both patients. In the late 1970s and early 1980s, a group of investigators from Finland explored 

the effect of IV papaverine 40 mg on gallbladder contraction in patients undergoing routine oral 

cholecystography.158,406,407  Papaverine had a slight relaxing effect on the smooth muscle of the 

gallbladder and inhibited contraction caused by consumption of a fatty meal. However, significant 

dilation of the gallbladder did not occur, which led the investigators to conclude that while IV papaverine 

may be of use in mild disorders of the biliary tracts, its utility in acute cholelithiasis was questionable.158 

Papaverine has been used to manage a variety of urological conditions. In 1948, Fischmann described the 

use of papaverine as an antispasmodic in urology, proclaiming “it is indicated wherever a spastic 

condition exists.”344  Fischmann referenced the work of several investigators from the 1910s, 1920s, and 

1930s who showed that directly applying papaverine to the ureter resulted in  dilating the ureter and 

gradual cessation of peristalsis while applying papaverine to the trigone resulted in relaxing the bladder in 

this area. Fischmann stated that papaverine was readily absorbed by the rectal mucosa and can be 

administered as a suppository in “fairly large doses without causing any untoward effects.”344  When used 

to treat spastic urological conditions, Fischmann recommended that papaverine be administered initially 

as an IV or IM injection and continued as a rectal suppository (125 mg every 2 hours, up to 5 

suppositories). In addition to using papaverine in the management of renal colic, Fischmann also 

suggested that papaverine could be used to relieve bladder spasms associated with cystitis or urethritis, as 

well as priapism and painful erections after operations of the penis. 

Renal colic is acute pain in the area of the kidneys, typically due to obstruction of the ureter during 

passage of calculi.26  Prostaglandin release associated with increased intraluminal pressure leads to 

vasodilation and diuresis, as well as edema around the stone and reduced smooth muscle 

activity.26,147,223,408  Antispasmodic drugs may reduce the pain associated with ureteral 

contractions.26,147,223,408  In 1995, Stief et al conducted an in vitro experiment to elucidate the PDE 

isoenzymes present in human ureteral smooth muscle and their response to PDE inhibitors, including 

papaverine.408  The authors identified 3 PDE isoenzymes, PDE1, PDE2 and PDE4, in ureteral smooth 

muscle and showed that papaverine exerted nonselective inhibitory effects on all three isoenzymes. Six 

studies included from the literature review described the use of papaverine in the management of renal 

colic. Three of these studies were from Sweden and published in 1982, 1985, and 1987.160,165,264  The 

other three were from in Iran, Israel, and Turkey and published in 2008, 2011, and 2012.25-27,147,223  One of 

these studies found that IV papaverine and rectal diclofenac were more effective than diclofenac alone in 

managing pain in patients with suspected renal colic.25-27  Another study found that IV papaverine could 

be used in patients with renal colic unresponsive to hyoscine-N-butylbromide and diclofenac.147  One 

study demonstrated comparable pain relief with IV papaverine/oxyconchloride and IV indomethacin.264  

In 2 studies, a nonsteroidal anti-inflammatory drug (NSAID) was more effective in alleviating pain 

associated with renal colic than a papaverine/opioid combination.160,165  Finally, the results of one study 

suggested that papaverine was as effective as diclofenac in the management of acute renal colic but had a 

shorter duration of action and required further investigation.223 

Recent guidelines on the management of urolithiasis from the American Urological Association 

(AUA)/Endourological Society, the European Association of Urology (EAU) and the National Institute 

for Health Care Excellence (NICE) do not mention papaverine.409-412  The EAU and NICE guidelines 

recommend NSAIDs for the treatment of acute pain in patients with renal or ureteral urolithiasis; the 

evidence reviews for both guidelines found no data that opioids provided better pain control in these 

patients.409,412  In the NICE guideline from 2019, the committee explicitly stated, “Do not offer 

antispasmodics to adults, children and young people with suspected renal colic.”409  The committee 

observed that in studies antispasmodics were often administered intravenously while in clinical practice 
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they were typically administered orally. The committee opined that the increased risk of adverse events 

and need for intensive monitoring with IV antispasmodics made this ROA undesirable in practice. A 

similar statement was made in the 2021 EAU guideline, in which the authors observed that “The addition 

of antispasmodics to NSAIDs does not result in better pain control.”412  The use of antispasmodics was 

not mentioned in the AUA/Endourological Society guideline on surgical management of urolithiasis.410,411  

All 3 guidelines recommended medical expulsive therapy and alpha-blockers in patients with distal 

ureteral stones less than 10 mm in size.409-412 

Finally, papaverine has been used for almost 40 years for the diagnosis and management of ED. ED is 

defined as “the inability to achieve or maintain an erection sufficient for satisfactory sexual 

performance.”413  An estimated 20% to 30% of adult men will experience at least one episode of ED 

during their lifetime.413  Prevalence of ED increases with age. Risk factors for ED include smoking, 

obesity, diabetes, coronary artery disease, peripheral vascular disease and depression. ED may also occur 

after pelvic or penile surgery, or with the use of certain medications. The use of papaverine in men with 

ED was first described by Virag, a French clinician, in a 1982 letter to the editor in The Lancet.414  Virag 

initially administered an intracavernous injection (ICI) of papaverine 80 mg to 15 impotent men to aid in 

evaluating their ED. Intracavernous pressure, related to an increase in arterial flow, was detected 

immediately after injection. On the basis of this finding, Virag used intracavernous papaverine for 

therapeutic purposes in 30 impotent men. Papaverine was injected in an office setting and followed by an 

infusion of 1% heparin in normal saline to help achieve and maintain an erection. This therapy was 

repeated every 3 months or as needed. Virag and his colleagues went on to publish several studies on the 

use of intracavernous papaverine, alone and in combination with other drugs, for the diagnosis and 

treatment of ED.415,416  In a 2005 editorial in The J Sex Med, Virag commented that self-administration of 

papaverine by patients was the first truly effective pharmacologic therapy for ED and “the ability to 

restore erections of men with erectile dysfunction dramatically changed the field of sexual medicine.”417  

Virag went on to remark that “Intracavernous injection of papaverine hydrochloride opened the door to 

further developments including local and oral medications for the treatment of erectile dysfunction.”417 

Another clinician who made significant contributions to the use of ICI in patients with ED was Giles 

Brindley, a British neurophysiologist.418  In a memorable presentation at the 1983 AUA conference, 

Professor Brindley demonstrated the erectogenic effects of ICI by injecting himself prior to the 

presentation and displaying the outcome to the audience at the conclusion of his lecture.418,419  Brindley 

later published several articles describing his experiments with ICI of papaverine and other drugs.420,421   

As mentioned previously, papaverine is a nonselective PDE inhibitor. However, the drug has a complex 

mechanism of action, and it is “difficult to establish which of its several possible mechanisms of action 

predominates at the high concentrations that can be expected when the drug is injected 

intracavernosally.”422  Due to concerns about a higher incidence of prolonged erection (priapism), pain on 

injection and penile curvature with ICI of papaverine, as well as the possibility of hepatotoxicity, this 

drug is rarely used today as a monotherapy for ED.422-424  In an effort to complement different 

mechanisms of action, optimize the arterial dilation and smooth muscle relaxation necessary for an 

erection and minimize side effects, different combinations of drugs have been investigated for use as an 

ICI. Papaverine is often mixed with phentolamine in a combination known as Bimix 

(papaverine/phentolamine), with phentolamine and alprostadil (also known as prostaglandin E1, PGE1) in 

a combination known as trimix (papaverine/phentolamine/alprostadil), and occasionally with 

phentolamine, alprostadil and atropine in a combination known as Quadmix 

(papaverine/phentolamine/alprostadil/atropine).423,424  Phentolamine is an alpha-adrenergic blocker that 

decreases arterial resistance, thereby working with papaverine to promote dilation, and counteracts the 

adrenoreceptor-mediated contraction of the cavernosum.424,425  Papaverine/phentolamine is available for 
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ICI in some European countries as Androskat® (papaverine 15 mg/mL/phentolamine 0.5 mg/mL in 2 mL 

ampule). Alprostadil is a synthetic PGE1 that increases cAMP via modulation of adenylate cyclase, which 

leads to arterial dilation and smooth muscle relaxation.426  Alprostadil is used either alone or in 

combination with other drugs to manage ED. Single-agent alprostadil is available as an FDA-approved 

injectable solution to treat ED.426,427  When used as a single-agent for ICI, alprostadil may be associated 

with a higher incidence of penile pain. The lower doses of alprostadil used in combination solutions 

reduce the incidence of pain. According to Hatzimouratidis et al, there is no commercially available 

preparation of papaverine/phentolamine/alprostadil due to stability constraints with this combination of 

drugs.424  Therefore, this combination must be prepared by a compounding pharmacy and dispensed with 

storage instructions for shelf-life protection.424  Atropine is an anticholinergic drug that blocks the effects 

of acetylcholine. Although it might play a role in promoting an erection, including atropine in 

combinations used for ICI has been questioned.424  Quadmix is typically composed of papaverine 12.1 

mg/mL, phentolamine 1 mg/mL, alprostadil 10 mcg/mL and atropine 0.15 mg/mL.424 

Intracavernous papaverine, either alone or combined with other APIs such as phentolamine, is often used 

as part of the diagnostic evaluation of ED.280,428-442  ICI can help differentiate vascular ED from 

psychogenic ED and may boost confidence in men with psychogenic ED.424,443  ICI may also be used to 

induce an erection for semen collection as part of the evaluation or treatment for infertility.424  The use of 

ICI therapy for ED declined with the introduction of PDE5 inhibitors, such as sildenafil.424  However, ICI 

therapy remains an option for patients who fail to respond to or cannot tolerate PDE5 inhibitors.423,424  ICI 

may be useful in particular patient populations, such as patients who have undergone radical 

prostatectomy or patients with spinal cord injury. ICI with vasoactive drugs is usually able to induce an 

erection regardless of nerve supply to the penis and therefore, can be used after non–nerve-sparing radical 

prostatectomy.413  ICI therapy may help patients recover spontaneous erections after prostatectomy.424   

In a 2016 meta-analysis, Chochina et al investigated the efficacy of ICI in spinal cord injured men.444  The 

review included 23 studies with 713 men, 274 of whom received papaverine alone, 119 who received 

alprostadil alone and 100 who received papaverine in combination with phentolamine. The maximum 

injected dose of papaverine was 90 mg. The overall response rate was 88% and the overall complication 

rate was 13%. Patients who received papaverine/phentolamine experienced the highest complication rate 

at 30%, and those who received papaverine alone had the second highest complication rate at 13%. The 

authors concluded that ICI “undoubtedly represents an effective treatment for ED” in patients with spinal 

cord injury and alprostadil alone appears to be better tolerated than either papaverine/phentolamine or 

papaverine alone.444 

The 2010 guidelines from the EAU on male sexual dysfunction recommended that ICI be offered as a 

second-line therapy to men who do not respond to lifestyle changes, such as weight loss, education and 

counseling, and/or PDE5 inhibitors.445  The 2020 EAU Guidelines on Sexual and Reproductive Health 

again recommended ICI as a treatment option for patients with ED.446  Based on the systematic literature 

review conducted for the most recent EAU guidelines, trimix (papaverine/phentolamine/alprostadil) and 

Bimix (papaverine/phentolamine) had the highest efficacy when used for ICI in patients with ED at 92% 

and 90%, respectively.446  The 2018 AUA guidelines on ED stated that men should be informed of ICI as 

a treatment option (moderate recommendation) and an in-office injection test should be performed for 

those patients who consider ICI therapy (clinical principle).7   

Patients are typically introduced to ICI therapy with an in-office test dose, to determine response to the 

chosen drugs and initial dose, and an extensive training session to show the patient (and his partner) how 

to draw up and administer the injection. Doses for ICI are titrated to obtain and maintain a rigid erection 

while minimizing side effects. Doses often need to be adjusted based on the patient’s response to ICI at 
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home versus in an office setting. According to the AUA guidelines, “identifying the appropriate dose of 

medication and instructing the man in dose titration is critical to minimize the risk of priapism.”7 

Despite its efficacy, ICI therapy is associated with high dropout rates. There are a variety of reasons for 

this, including fear of needles; pain of the drugs used in the injection or the injection itself; dissatisfaction 

with erectile response; loss of spontaneity; occurrence of side effects such as penile fibrosis or plaques; 

and cost of drugs and supplies, which may not be covered by health insurance.7,413,424  Comorbidities may 

develop, such as poor vision or dexterity or morbid obesity, and may limit a patient’s ability to perform 

self-injection.424  

There are few studies describing the use of papaverine as a topical gel or cream.198,224,322  In one review on 

topical pharmacotherapy for ED, the author mentioned that papaverine had been formulated as a gel for 

application to the penis, but development of such formulations did not progress because the relatively 

large molecular size of papaverine precluded its absorption across the dermal barrier.447  Recently, 

Agarwal et al explored the use of papaverine eye drops in a porcine eye model, noting that papaverine has 

been shown to reduce retinal inflammation and therefore “may have therapeutic application in the 

management of Leber’s hereditary optic neuropathy.”448 

In a 2019 abstract, Sahay et al described the use of papaverine in patients with testicular torsion.449  

Papaverine was infiltrated into the distal spermatic cord after surgical exploration and detorsion. The 

authors concluded that papaverine “has a promising protective effect in restoring the vascularity in torsion 

testis cases” after resolution of the torsion.449 
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Figure 1. PRISMA flow diagram showing literature screening and selection for first search strategies. 
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Figure 2. PRISMA flow diagram showing literature screening and selection for second search strategies. 
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Table 3. Types of studies 

Types of Studies Number of Studies 

Descriptive17-21,24,29,34,36,38,39,41,42,44-46,48,52-56,58,59,64,70,71,73,76,81,86,87,91,93,95,96,100,102,104-

108,112,114,117,118,123-126,128,131,132,136,139,140,146,148,149,162,169,170,172,174,176-179,185-

187,189,193,196,197,201,205,207,211,213,215,218,219,225-227,235,237-239,242,245,250,252,253,258,260,262,265-

267,269,272,278,280,282,286,287,289,291-294,297,299-301,306,317,320,327-329,331,332 

123 

Observational6,23,28,31,33,40,72,75,88,89,92,97,98,103,121,122,133,137,138,159,168,173,175,181,188,194,195,202-

204,209,210,212,216,217,229-234,243,244,247,249,254,255,268,270,271,276,277,279,281,290,295,307,310,313,320,324,325,450 
56 

Experimental 22,25-27,30,32,35,37,47,49-51,57,60-63,65-69,74,77-80,82-85,90,94,99,101,109-

111,113,116,119,120,127,129,130,134,135,141-145,147,150-158,160-167,171,175,180-184,190-192,198-200,206,208,220-

224,228,236,240,241,246,248,251,257,259,261,263,264,273-275,283-285,288,296,298,302-305,308,309,311,312,314-316,318,321-

323,326,329,451 

123 

Clinical practice guideline 0 

aStudy 175 counted in both the observational and experimental total. 

 

Table 4. Number of studies by country 

Country Number of Studies 

Argentina32 1 

Australia82,83,152 3 

Austria62,323 2 

Brazil259,309 2 

Canada135 1 

China65,143-145,184 5 

Egypt129,143-145,161,302 3 

Finland158 1 

France50 1 

India49,94,115,116,119,120,241,321 7 

Iran25-27,67 2 

Israel130,223,288 3 

Italy154,274 2 

Japan263,284,285,326 3 
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Norway57,167 2 

Saudi Arabia298 1 

South Africa246,283 2 

South Korea113 1 

Sweden157,160,165,264 4 

Switzerland153 1 

The Netherlands99,318 2 

Turkey30,37,85,112,147,151,314,315 8 

United Arab Emirates101 1 

United Kingdom84,150,163,248,251,257,275 7 

United States (US)6,17-24,28,29,31,33-36,38-48,51-56,58-61,63,64,66,68-81,86-93,95-98,100,102-111,114,117,118,121-

128,131,133,134,136,137,139-142,146,148,149,155,159,162,164,166,168-183,185-198,200-222,224-240,242-

245,247,249,250,252,253,255,256,258,260-262,265-273,276-282,286,287,289-297,299-301,303-308,310-313,316,319,320,322,327-

332,450,451 

232 

Multiple Countries 

• China, US324,325 

• Egypt, US254 

• Mexico, US199 

• Taiwan, US156 

 

1 

1 

1 

1 

Total USa: 236   

Total Non-US Countriesa: 69   

aStudies 156, 199, 254, 324 and 325 counted in both US and non-US total. 
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Table 5. Summary of included studies 

Refer to Appendix 2 

 

Table 6. Dosage by indication – US 

Indication Dose Concentration Dosage Form 
Route of 

Administration 

Duration of 

Treatment 

Vasospasm, induce 

vasodilation17,18,23,24,29,36,45,46,52,58,59,63,66,68,69,71,72,74,76,79-

81,88,89,95,98,100,102,104,109-111,114,118,121-

123,125,127,128,133,134,136,146,149,162,164,166,168,169,174-176,178-

180,182,183,186,187,196,197,200,202-205,208-

210,216,218,225,227,232,236,239,240,242,249,250,261,269,272,273,289,293,301,

303,304,310-313,329,332,451 

10-30-mg bolus 1-30 mg/mL 

Solution 

Intra-arterial 

1-2 doses 

6-60-mg bolus 

– 

1-1.5 mg/kg 

Once 0.07-7 mg/minute 0.07-7 mg/mL 

30 mg/hour 30 mg/mL 

18-60 mg/hour 

– 

6-48 hours 

30-60-mg infusion Once 

60-600-mg/vessel 

or vascular territory 
1-6 mg/mL 1-11 infusions 

90-800 mg/vessel 

or vascular territory 
– 1-4 infusions 

10-mg bolus 

– 

Intracoronary 
Until resolution of 

spasm 

60 mg Intratesticular 

Once 30 mg 10 mg/mL Intrathecal 

15-600-mg bolus 30 mg/mL Intravenous 
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1 mg/kg 

– 

500-900-mg 

infusion 
Once – 10 days 

50 mg 

Perivascular Once 

1 mg/kg 

100-300 mg, twice 

day to 4 times a day 
50-150 mg 

Capsule, sustained-

release capsule 
Oral 

Once – 27 months 

225-450 mg/day 75 mg Capsule 6 months 

15-60 mg – 

Solution Topical Once 

– 3-30 mg/mL 

Erectile dysfunction6,20-22,31,33,34,38,39,42,43,47,48,51,54-

56,64,70,73,75,86,90,92,97,106,131,137-139,148,170,171,173,181,189,192-

194,198,199,207,211-213,215,217,228-

231,238,243,244,247,252,255,258,262,270,277,278,286,294-297,308,450 

30-60 mg – – Intra-arterial Once 

0.75-60 mg  9-60 mg/mL 

Solution 
Intracavernous, 

intracorporeal 

Once – 7 years 

– 4.4-30 mg/mL 3 days – 4.75 years 

– – 1-4 years 

150 mg 150 mg Tablet Oral – 

7.5-30 mcg 30 mcg/mL 

Gel 

Intraurethral 2 doses 

133-500 mg 5.5% w/w Topical 2 months 

Diagnostic19,35,60,61,78,87,103,105,126,132,133,140,141,156,159,177,195,

201,214,219,221,222,233-235,237,253,254,256,260,265-268,271,276,279-

282,287,290-292,299,300,306,307,316,317,319,320,324,325,327,330 

10-30 mg 1-3 mg/mL 

Solution Intra-arterial 1-3 doses 1 or 7 mg/minute 

– 

10-100 mg 
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4-16 mg 2 mg/mL 

Intracoronary 

Sequential boluses 

until maximal 

vasodilation 

7.5-10 mg – Once 

1-60 mg 4-50 mg/mL 
Intracavernous, 

intracorporeal 
1-3 doses 

9-60 mg – 

Analgesia77,206 

50-100 mg 50-100 mg/mL Solution Subcutaneous 

– 

– 15 mg Capsule Oral 

Anticonvulsant124,331 

65 mg 

– – 

Intravenous Once 

389 mg, once a day Oral – 

Cardioplegia28,155,305 1-219 mg 0.06-30 mg/mL Solution Intra-arterial 
Once – duration of 

procedure 

Gastrointestinal ischemia40,41,44,53,93,172,185,245,328 

60 mg 1 mg/mL 

Solution Intra-arterial 

“Variable” 

5-30 mg – Once 

30-60 mg/hour 1 mg/mL “Variable” 

6 mg/hour 

– 

42 hours 

30-60 mg/hour – 

32-65 mg 

– 

Subcutaneous At least 3 days 

60 mg 15 mg/mL Topical Once 

Migraine226 300 mg, twice a day 150 mg Capsule Oral 12 weeks 

Neuroblastoma107,108,117 45 mg/kg – Solution Intravenous 1-10 months 
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Pruritus142,220 

65 mg 

– – 

Intravenous 

Once 

97 mg 

Oral 
150-300 mg, 3 

times a day 
150 mg Tablet 2 weeks 

Psoriasis224,322 – 1% Cream Topical 4 weeks 

Tardive dyskinesia190,191 
150-300 mg, twice 

a day 
150 mg 

Sustained-release 

capsule 
Oral 2-6 weeks 

Vasovasostomy96 30-90 mg 30 mg/mL Solution Topical Once 

Abbreviations: –, not provided. 

 

Table 7. Dosage by indication – non-US countries  

Indication Dose Concentration Dosage Form 
Route of 

Administration Duration of Treatment 

Vasospasm, induce 

vasodilation30,37,49,50,57,85,94,112,119,143,151,153,154,167,241,248,288,314,315,326 

0.8-30 mg 0.4-40 mg/mL 

Solution 

Intra-arterial 1-8 doses 

900 mg 0.9 mg/mL Intravenous – 

10 mg 0.5-1 mg/mL Perivascular 

Once 30 mg 30 mg/mL Subcutaneous 

2-80 mg 1-30 mg/mL 

Topical 

– 0.6-1.5 mg/mL 5-18 minutes 

Erectile dysfunction32,62,65,82-

84,101,120,129,130,135,152,161,184,274,298,302,318,323 

5-60 mg 4-40 mg/mL 

Solution 
Intracavernous, 

intracorporeal 

Once-1 week  

8-18 mg – Once 
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– – 

Mean 4.1 months 

Gel Intraurethral Once 

Diagnostic67,99,113,115,116,144,145,259,263,284,285,309,321 

8-14 mg – – Intracoronary Once 

2.9-50 mg 20-50 mg/mL 

Solution 
Intracavernous, 

intracorporeal 
1-2 doses 

15-70 mg – 

Analgesia163,257,283 

20 mg – 

Solution 

Intramuscular – 

30 mg 1 mg/mL Intrauterine Once 

Cholecystitis157,158 

40 mg 40 mg/mL 

Solution Intravenous Once 

50 mg – 

Premedication246,251,275 

10-20 mg 

– 

– 

Intramuscular Once 

0.3 mg/kg Solution 

Pruritus150 
60-100 mg, 4 

times a day 
– – Oral 4 weeks 

Renal colic25-27,147,160,165,223,264 

20 mg 20 mg/mL 

Solution 

Intramuscular 

Once 

50 mg 5 mg/mL 

Intravenous 

20-120 mg 

– 
1.5 mg/kg, up to 

120 mg 

50 mg – 

Abbreviations: –, not provided. 
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Table 8. Number of studies by combination 

 Combination Formula Number of Studiesa 

Nominated 

Papaverine 6-40 mg/mL / Phentolamine 0.1-5 mg/mLb – injectable solution6,20-22,31,33,38,39,42,43,54,64,65,70,75,83,84,86,87,92,99,101,103,105,106,129-

131,133,135,137,139,171,173,189,192-194,213,215,221,222,228-231,238,247,252,255,262,270,278,279,282,302,307,318-320,323,327,450 63 

Papaverine 9-40 mg/mL / Phentolamine 0.25-4 mg/mL / Prostaglandin E1 5-60 mcg/mLc – injectable 

solution6,22,31,32,34,48,62,73,75,90,97,113,130,138,170,171,212,229,233,234,238,243,244,247,253,254,256,260,266,267,277,280,286,290,291,294,295,297,298,302,308,324,325  
41 

Others found 

in the 

literature 

Papaveretum 20 mg / Hyoscine 0.4 mg – not provided246,251 2 

Papaverine 29.25-30 mg/mL / Chlorpromazine 0.62-2.5 mg/mL – injectable solution115,116,302 2 

Papaverine 5 mg/mL / Oxycone 0.5 mg/mL – injectable solution157,165,264 3 

Papaverine 30 mg/mL / Prostaglandin E1 5-10 mcg/mL – injectable solution22,75,148 3 

Papaverine 0.12 mg/mL / Sodium heparin 1.0 U/mL – injectable solution74,79 2 

Papaverine 150 mg / Apomorphine 6 mg / Phentolamine 40 mg – oral tablet199 1 

Papaverine 30 mg/mL / Chlorpromazine 2.5 mg/mL / Prostaglandin E1 10 mcg/mL – injectable solution302 1 

Papaverine 30 mcg / Phentolamine 4 mcg / Prostaglandin E1 – intraurethral gel207 1 

Papaverine 15 mg / Acetylsalicylic acid 200 mg / Atropine 0.2 mg / Camphor bromate 30 mg / Phenacetin 200 mg – oral capsule77 1 

Papaverine / Atropine / Lidocaine / Phentolamine / Prostaglandin E1 concentrations not provided – intraurethral gel101 1 

Papaverine 20 mg/mL / Codeine 0.4 mg/mL / Methylscopolamine 0.15 mg/mL / Morphine 6.6 mg/mL / Noscapine 3 mg/mL – injectable 

solution160 
1 

Papaverine 60 mg/L / Dextrose 50% 45 ml/L / Mannitol 12.5 g/L / Methylprednisone 500 mg/L / Potassium chloride 26 mEq/L / Sodium 

bicarbonate 3 mEq/L – cardioplegic solution28 
1 

aSome studies used papaverine in more than one combination. 
bNominated as papaverine 30 mg/mL / phentolamine 1-2 mg/mL. 
cNominated as papaverine 30 mg/mL / phentolamine 1 mg/mL / prostaglandin E1 10-20 mcg/mL. 
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Table 9. Compounded products – US  

Indication 
Publication 

Year 
Compounding Method Dosage Form 

Final 

Strength 

Erectile dysfunction86,106, 
148,198,215 

1988 

“If each vial of phentolamine is diluted with 1 ml of papaverine solution and readded to the 

original 10 ml of papaverine, mixture containing 30 mg of papaverine and 1 mg of phentolamine 

in each milliliter is formulated.” 

Solution 30 mg/mL 

1989 “I mixed papaverine (30 mg) with phentolamine (1 mg) in the office.” Solution 30 mg/mL 

1991 
Solution was mixed to provide 3 mg of papaverine and 0.1 mg of phentolamine in each 0.1 mL of 

solution 
Solution 30 mg/mL 

1999 

“Papavarine [sic] and PGE1 were mixed by the Pharmacy Department in the following fashion: 

papaverine 1500 mg/50 ml is combined with PGE1 1000 mcg/2 ml. Normal saline (48 cc) is 

added to this mixture, which is then subdivided into 10 vials with 10 ml of vasoactive 

substances/vial.” 

Solution 30 mg/mL 

1995 

Papaverine hydrochloride or papaverine in gel composed of water 20% / hydroxypropyl-beta-

cyclodextran 4% (skin permeation enhancing) / polyethylene glycol 400, 1450 or 3350 

(depending on percentage of papaverine) / methylparaben 0.1% / butylparaben 0.1% / butylated 

hydroxytoluene 0.2% 

Gel 5.5% w/w 

Vasodilation/vasospasm134 1990 
Specially prepared preservative-free papaverine hydrochloride in 10% dextrose water solution, pH 

adjusted with 1N sodium hydroxide 
Solution 10 mg/mL 

Analgesia77 1960 
Papaverine 15 mg / Acetylsalicylic acid 200 mg / Atropine 0.2 mg / Camphor bromate 30 mg / 

Phenacetin 200 mg 
Capsule 15 mg 

Psoriasis224 1975 

“The cream contained: cetyl alcohol, stearyl alcohol, sodium lauryl sulfate, white petrolatum, 

propylene glycol, and distilled water. The pH of papaverine HCl cream was 6.1 whereas the pH of 

the cream base alone was 6.0.” 

Cream 1% 
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Table 10. Compounded products – non-US countries 

No compounded products from included studies 

 

Results of interviews 

One hundred ninety-nine SMEs were contacted for interviews; 63 agreed to be interviewed, and 136 

declined or failed to respond to the interview request. One SME discussed papaverine HCl. In addition, 4 

SMEs were interviewed in year 2 for a total of 5 SMEs who discussed papaverine HCl. The 5 SMEs were 

medical doctors who specialized and/or were board-certified in cardiology and urology, working in 

academic medical centers, outpatient clinics, and private practice. The SMEs had been practicing for 8 to 

33 years. Additional information was collected as part of the Expanded Information Initiative project, 

referred to as Phase 3, in which outreach was conducted to the nominators of the bulk drug substances to 

remedy information gaps in the initial nomination. 

For the treatment of ED, the patient is usually first given a PDE5I such as Cialis® (tadalafil), Levitra® 

(vardenafil), Stendra® (avanafil), or Viagra® (sildenafil citrate) unless they are unable to take PDE5Is due 

to contraindications or unable to tolerate side effects. If a PDE5I fails, then most patients will go on 

Trimix (alprostadil/papaverine/phentolamine) ICI therapy. Although Trimix is typically the go-to 

treatment, there are also other variations, such as Bimix and Quadmix. One SME added that PDE5Is 

usually do not work in patient populations who have more severe ED due to a severe corpus venous leak, 

such as severe diabetics with a very high hemoglobin A1c; patients who are 3 to 6 months postvasectomy; 

postradical cystectomy; or a history of any pelvic surgery with neurogenic ED as the underlying cause. 

However, a trial of PDE5Is should still be given. If the injections do not work, then a penile implant 

would be the next option. One SME also provided some background about the ED drugs, stating that 

Trimix has been used since the early 1990s, before PDE5Is. Sildenafil citrate and tadalafil were approved 

in 1998. 

All the SMEs who specialized in urology used Trimix. Trimix is a “staple of treatment for severe ED,” 

and is named in the AUA guidelines for ED. Caverject® and Edex®, both alprostadil products for 

injection, are FDA-approved drugs that use a higher volume for injection, but they do not work as well as 

Trimix. Several SMEs commented that injecting alprostadil alone can cause pain and/or burning, 

especially when used at higher doses. The Trimix combination works synergistically and the side effects, 

such as pain and burning are lessened because of the lower alprostadil dose. One SME stated the only 

time they used the commercially available alprostadil injection is when they have a patient who travels a 

lot, and they are unable to keep Trimix refrigerated. The SME preferred to start with Trimix, and scale 

back with dose adjustments or other mixes as needed because patients who have failed on oral PDE5Is 

usually have severe ED. For patients for whom a PDE5I is efficacious but is intolerable due to side 

effects, Bimix can be considered. If the patient is started on a single agent ICI with an associated side 

effect and fails that, “[the patient’s] confidence [for] using any other injection [therapy] goes down 

dramatically.” There was one SME who expressed that most people do not want to use an injection, 

especially in a sensitive area. One SME added that 65% to 70% of patients will respond to the injections, 

which is the same response rate as PDE5Is. The reason patients do not respond to PDE5Is is usually 

because their disease is severe. 

A few SMEs also commented about the cost of these ED drugs. One stated that until 2 years ago when 

sildenafil citrate and tadalafil became generic, compounded ICIs were less expensive than PDE5Is so 

there were some patients who used compounded ICI for financial reasons. An SME also commented that 

they think the commercially available injection products are expensive. 
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All the SMEs use compounded ICIs; some SMEs specified that they obtain them from a 503A 

compounding pharmacy. There was also a 503B who stated that they have compounded Trimix. One 

SME mentioned that they do stock Trimix in their office to use when conducting penile Dopplers to 

evaluate blood flow. For patient-specific prescriptions, one SME stated that the injection is ordered, 

compounded, and then shipped to that patient’s house. The patient then brings the compounded product to 

their office to teach the patient how to use the injection and to monitor the patient’s response. The patient 

is also given specific instructions on the dose to use at home and how to increase the dose. The potential 

concerns with a patient using the injection incorrectly include priapism, nerve damage, bleeding, and 

hematomas; however, this SME has not encountered these issues because they have shown the patients 

the proper administration technique. 

One SME who specialized in cardiology had never used papaverine. The SME stated that “a lot of the 

vasospasm cases are usually suspected to be an ischemic event, so they end up going to the cath [cardiac 

catheterization] lab” and any spasm-related medications would be administered by the interventional 

team. 

As part of Phase 3, 1 nominator provided additional information regarding the multi-ingredient products 

contained within the papaverine HCl nomination. 

Papaverine HCl 30 mg/mL / alprostadil 20 mcg/mL / phentolamine mesylate 1 mg/mL will be 

compounded as a solution for intracavernous injection to treat erectile dysfunction administered as a one-

time dose. This product is used by practitioners as a non–patient-specific compounded product. This 

product is needed because ICI combination therapy was developed to improve efficacy as a result of the 

synergistic effects of the drugs and to reduce side effects as a result of using lower dosages of each agent. 

Concentrations of each component vary widely in the literature, but ratios of 12 to 30 mg papaverine, 10 

to 20 mcg alprostadil, and 1 mg phentolamine are common with a standard dose regimen including a 

mixture of 30 mg papaverine, 10 mcg alprostadil, and 1 mg phentolamine per 1 mL with a starting dose of 

0.1 to 0.5 mL. 

A roundtable discussion with representatives from a variety of practice settings was held to discuss the 

use of outsourcing facilities to obtain compounded products. Forty-three participants attended the event; 

refer to Table 15 for characteristics of the facilities that the participants represented. A prequestionnaire 

was also distributed to participants; refer to Tables 15-18 for results of the prequestionnaire. 

While a majority of the participants purchased some compounded products from an outsourcing facility, 

the percentage of products obtained varied from less than 1% to the majority of compounded products 

used at one participant’s facility. A participant stated, “we have this method that we use where if we can 

buy it commercially ready to administer, we do that. If we can’t buy it in that format, then we buy it in a 

vial, for example, that can be snapped into a Mini-Bag Plus because we’re a Baxter House, as a second 

preference. If we can’t buy it in either of those two formats and we can get it from a 503B, then we do 

that. And our last resort is compounding internally.”  Two participants commented that they will not 

outsource a product unless 2 outsourcing facilities that they contract with are able to compound the 

product. This redundancy will allow for a quick flip to the other outsourcing facility if there is an issue 

with a product compounded from one outsourcing facility, minimizing the impact to the participant’s 

facility. 

Participants were asked to discuss the decision-making process used at their facility to determine what 

products to obtain from an outsourcing facility. One major theme that emerged from this discussion was 

that many of the products purchased from outsourcing facilities are used in critical care areas, like 

emergency departments and operating rooms. Participants commented that outsourcing facilities are able 
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to provide ready-to-use products that have longer beyond-use dates compared to products compounded 

in-house, allowing these products to be stocked in automated dispensing cabinets in these units. One 

participant commented that “we’re always going to outsource a PCA [patient-controlled analgesia] 

syringe because we can store it in a Pyxis machine versus us making it and storing it in a fridge.”  

Another participant commented on the benefits of storing medications in an automated dispensing 

cabinet, stating that “operationally, if you have a stat medication or something that needs to be delivered 

within 10 to 15 minutes, if you’re looking at us doing it, you’re looking at a 5-minute gown and glove. If 

we don’t have somebody in the IV [intravenous] room, if you’re doing 797 right, it's five minutes. It’s 

four minutes to tube it. It’s three minutes to make it, and then you have a dosage system or a camera 

system, a few minutes more. We are not able to meet that need, or they’re just contaminating the IV room 

if they are trying to do it.”   

Having ready-to-use products available also minimizes the need for compounding and product 

manipulations to occur on the floor. This can be especially beneficial in children’s hospitals as they face a 

unique need in that they are already having to perform a lot of manipulations to products due to a lack of 

concentrations or sizes available. One participant commented that “at baseline, already, we manipulate 

about 80% of what we dispense to patients” and another stated that “there's a number of drugs that require 

additional manipulation to get them to a concentration that's appropriate for kids.”  One participant stated 

that “we’re trying to minimize compounding, expedite actual therapies to patients in that setting 

[operating room], minimize manipulations as much as possible.”  Similarly, in the emergency department, 

one participant stated they prefer ready-to-use products for some floor-stock items, like vasopressor 

infusions, to prevent compounding from occurring on the floor and another commented that “we 

absolutely buy as many pressor drips as we can.”  One participant remarked that they have received 

requests from anesthesiologists for products that are commercially available in vials that require 

manipulation prior to administration to be purchased as syringes from outsourcing facilities, stating that 

“they would prefer to have a syringe form.”   

Another theme regarding deciding what products to purchase from an outsourcing facility was focused on 

the use and volume of a product that is needed and the overall impact this would have on the pharmacy 

workload. Critical care areas, like the emergency department and operating room, typically have a high 

product use and overall turnover, leading to several participants obtaining products intended for use in 

these areas from outsourcing facilities. Participants stated that they evaluate the volume of product needed 

and the frequency in which that volume is needed compared to the time it would take pharmacy staff to 

prepare this volume. One participant commented that “we look at the impact that it'll have on staff. If our 

staff are needing to batch, or if we need to mass produce these in particular to meet the patient demand, 

then those are the items that we're going to look to potentially move out.”  Another participant stated that, 

while they do not obtain a lot of products from outsourcing facilities, “when we do purchase from 503Bs, 

typically it would be if we just don't have the capacity to keep up with what the demand is.”  One 

participant also commented that they will obtain labor-intensive and more complicated products, like 

epidurals and cardioplegia solutions, from outsourcing facilities to reduce the workload on pharmacy 

staff. The coronavirus disease 2019 pandemic has also impacted the operations of hospitals, as noted by 1 

participant who stated that “it’s just really high volume, and the bigger the hospital, the higher the 

volume, especially when you have one disease state in half of your hospital” and another who expressed 

that “without 503B, we would’ve been in significant trouble.”  One participant commented that “even 

though the number might be small [percent of products obtained from outsourcing facilities], some of the 

reasoning is quite critical, and the amount of time that it saves is very significant for beyond what we’re 

able to do and when.”  Additionally, challenges with recruiting and retaining pharmacy technicians 

impact decision-making, with 1 participant stating “it is not feasible for us to meet the high volume for 
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some common medications to repackage or compound from commercial presentations to a convenient, 

ready-to-use dosage form or package. The outsourcing facilities thus become a force multiplier, if you 

will, to offset some of the shortages in staffing.” 

In addition to evaluating the workload on pharmacy staff, the type and capabilities of the facility also 

impacted the decision-making process. One participant commented that they do not have an established 

cleanroom and therefore perform sterile compounding in a segregated compounding area. United States 

Pharmacopeia (USP) <797> standards limit the beyond-use-date that can be assigned to these products 

and, as the participant stated, “We obviously need to provide product with much extensive beyond-use 

dating than we can provide.”  Several participants also commented that they do not perform high-risk 

compounding in-house, and therefore, all of these products are outsourced. There are challenges with 

midsize hospitals being able “to operationalize testing compounds we make for extended stability.”  One 

participant stated, “we might make our own syringes if we could get extended dating, but I believe my 

operations’ colleagues don’t always know how to do this and adhere to the letter of the law.” 

One participant also commented on the impact that The Joint Commission has had on pushing pharmacies 

to obtain products from outsourcing facilities. The 2018 medication management standard MM.05.01.07 

was intended to move IV admixture preparation out of the nursing unit. This forced pharmacies to 

consider strategies to make IV admixtures available for use on the floor. Additionally, NPSG.03.04.01 

states that all medications and solutions should be adequately labeled, including in the operating room and 

other settings in which procedures are performed. USP <795> and <797> are applicable in operating 

room settings, stating that products should be labeled and used within 1 hour, which may be problematic 

if syringes are drawn up at the beginning of the day and cases are canceled or delayed. The participant 

also commented on the cost related to purchasing premade products from manufacturers, stating that 

“predatory pricing on premixes is present in the market.” 

Standardization of products, including concentration, volume, and labeling, was also a driver for 

obtaining products from an outsourcing facility. However, such standardization may not always be 

possible. One participant stated that when evaluating similar facilities, you would expect them to have 

similar needs regarding the concentrations and volumes of products used. However, the products used in a 

facility are often developed in-house over decades based on physician and nurse requests and, more 

recently, appropriateness for an automated dispensing cabinet. As a result, one participant observed, 

“these practices had evolved somewhat disparately, even if we had clinical practice guidelines, nobody 

was putting concentrations into those guidelines and volumes into those guidelines.”  This has led to 

challenges with obtaining certain products from outsourcing facilities. As another participant said, “I 

think we made nine different epidural concentrations, all driven by anesthesia, and they want what they 

want, and 503Bs may not offer that. No one else in the country is buying that same concentration; a 503B 

isn’t going to go through the expense of adding that to their product list.”  The participant also noted that 

“similar with the ADCs [automated dispensing cabinets], we’ve run into situations where dextrose 50% 

goes on shortage and the 503Bs would be selling it in a syringe. For safety reasons and for crash cart 

reasons, without having to retrain thousands of nurses on where things are placed, they said, ‘No, we 

can’t have it, and that’s too big it! It won't fit,’ We want it in this format, and then we’re stuck again 

because there’s no 503B offering a format during that shortage that fits where it needs to go. Then we’re 

stuck in sourcing.”  Additionally, while a commercially available product may be available, the volume 

may not be appropriate. One participant stated that “3% saline for instance, is sold in a 500-mL bag, but 

the clinical guideline is a 150-mL bolus. We're either going to draw that out or we're sending it to the ER 

with stickers all over it saying only give 150 [mL].”  The participant also noted that “it would be great if 

the FDA could look at the size of the container that they’re approving and whether that’s a realistic dose; 

is it a unit dose or isn’t it?” 
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Participants had differing opinions on the use of outsourcing facilities to obtain drugs during a shortage. 

Several participants stated that they will typically first restrict use of a drug on shortage, in order to 

conserve supply, before turning to an outsourcing facility. One participant mentioned that “most of the 

time, I will probably pursue restricting, conserving, and looking at all available options prior to going to 

an outsourcer on my end,” and another stated, “I can only think of one time in recent history where we 

went to an outsourcer.”  One participant commented that “503Bs can’t accept the additional volume if it’s 

a true shortage. If you’re not with them preshortage, you’re not going to get products when you need it 

during the shortage,” The participant added that “typically in a shortage, you learn to live without them. 

You have to.”  Additionally, if the shortage is due to a scarce API, outsourcing facilities are likely to be 

equally affected and unable to provide assistance. However, one participant stated that they first began 

working with outsourcing facilities because of shortages. This participant pointed out that “what the 

503Bs are starting to do, some of the large ones, is that they are also conducting validation studies on 

APIs. If sterile becomes short, they quickly switch to producing through APIs, which ASHP [American 

Society of Health-System Pharmacists] and the FDA allows.”  This “adds a lot of flexibility so they can 

bounce back and forth and really try to insulate us from shortages.” 

A few participants commented on the use of APIs by outsourcing facilities. One reported that as long as 

they are conducting end-product sterility and stability testing and the product meets quality standards, 

they are not concerned with the starting ingredients. As long as buyers are familiar with regulations and 

know what to look for, another participant noted that there should not be any issues with purchasing 

products compounded starting from APIs. Another participant stated that as more outsourcing facilities 

began using APIs, they became more comfortable with them doing so. However, one participant observed 

that most outsourcing facilities are switching to sterile-to-sterile and only using APIs if there is a 

shortage, stating, “I think the FDA has really looked closely at APIs, and they’re slowly pushing the 503B 

outsourcers to a sterile-to-sterile.”  Only 1 participant commented that they prefer sterile-to-sterile. 

Another participant stated that the companies they use are all sterile-to-sterile.   

A few participants commented on the need for preservative-free products, particularly in pediatric 

patients. The example of methadone was provided as it is used for patients with neonatal abstinence 

syndrome but is only available as a preservative-containing product. So, there is a need for this product to 

be compounded from APIs as a preservative-free product. One participant stated that “if there’s not a 

preservative-free containing option, it really should be something that should be able to be compounded 

from bulk ... especially for the pediatric patient population.”  However, another participant from a 

children’s hospital said that they have never needed to use an outsourcing facility for preservative-free 

products. Preservative-free is also an issue for ophthalmic products; however, 1 participant observed this 

is more on the 503A side. One participant stated that obtaining ophthalmic products from outsourcing 

facilities has been a challenge and that there are products they would like to obtain from outsourcing 

facilities but are not able to, forcing them to compound them in-house. This participant also said that there 

are 2 outsourcing facilities that compound ophthalmic products, but when they reviewed the facilities, 

they did not pass their internal quality standards; 1 facility had been banned from distributing products in 

California by the Board of Pharmacy. There is an additional challenge with obtaining cephalosporins and 

beta-lactams due to the potential cross-reactivity in patients with allergies. One participant stated that 

there are some cephalosporins they would like to obtain from an outsourcing facility but cannot because 

“they would have to build a separate cleanroom with a dedicated HVAC [heating, ventilation, and air 

conditioning], so you’re talking millions of dollars in investment for actually very low volume. Right 

now, the ROI [return on investment] isn’t there.”  Another participant stated that the concentrations 

required for ophthalmic antibiotics are not available, but the labor and risk of compounding these 

products in-house is not worth it.  
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A few participants commented on purchasing nonsterile products from outsourcing facilities. LET 

(lidocaine-epinephrine-tetracaine) gel, for use as a topical anesthetic, was the most commonly obtained 

product along with buffered lidocaine to put in J-Tips. Another participant stated that they obtain 

diclofenac suppositories from an outsourcing facility due to the high cost of indomethacin suppositories. 

One participant observed that most of the products they outsource are nonsterile products, generally for 

oral or topical administration due to a lack of commercially available products being available. The 

participant stated that they purchase low-dose naltrexone for oral use in patients with refractory 

fibromyalgia and ketamine troches for patients with chronic pain. Yet, the participant also pointed out that 

the evidence does not support many of the ingredients used in topical pain products, also mentioning, 

“However, there are select patients. It’s very rare that taking that cream away from them actually causes 

more harm than good.”  A few participants commented that there is a gap in the market for nonsterile 

products with one stating, “I think that there is a large opportunity for more nonsterile products to be 

produced by 503Bs.”  Another stated that as their facility grows and acquires more outpatient clinics, they 

receive a lot of questions regarding obtaining products for office use. The participant noted that they often 

have to refer these clinics to outsourcing facilities but stated “There’s not many 503Bs [that] are doing the 

nonsterile for clinic use.”  As a result, the inpatient pharmacy is often asked to take on this role but “you 

don’t have the space or the staff to do that.”   

Based on the responses to the prequestionnaire (refer to Results of survey), participants were asked 

questions regarding specific products obtained from outsourcing facilities. Several participants reported 

using alum (aluminum potassium) as a bladder irrigation for hemorrhagic cystitis refractory to other 

treatment options. Participants commented that this is high-risk compounding; they purchase alum from 

an outsourcing facility because they do not perform high-risk compounding in their facility. One 

participant commented that their policy states that high-risk compounding is not allowed except for alum. 

This participant wanted to move away from compounding alum in-house and stated that the addition of 

aluminum potassium to the bulks list might allow this to happen. Another participant had compounded 

alum in-house from nonsterile ingredients; however, there had been challenges with crystallization after 

storage.  A few participants reported that there is a sterile alum powder available, which they purchase to 

compound in-house. One participant had concerns regarding this powder, stating that “I’ve talked to that 

company, but I’ve had some concerns for them because they don’t sell it as a drug. The owner was selling 

you a chemical; we’re selling you a bulk API. It’s just sterile. They were fuzzy and I never followed up, 

but when I asked about their process for verifying the sterility, as you would with a sterile product—we 

do USP [United States Pharmacopeia] <71> Sterility Testing—they couldn’t really give me an answer. 

They just say they tested for sterility.”  The participants commented that alum is only needed a few times 

a year.  However, as one participant observed, “when you need it, it’s an emergency” and another noting 

that it “is a challenge for anybody who has the cyclophosphamide-induced hemorrhagic cystitis.”  As a 

result, one participant maintains a small inventory of alum product that is purchased from an outsourcing 

facility but “more times than not, they go unused and expire.”  Another stated that they do not keep it in 

stock because there is a minimum purchase, and there are only a few cases a year for whom they need to 

use alum. The participant had it stat-shipped when needed. Another participant stated that “we had a 

meeting with the head of urology who was baffled, why they’re even ordering it. He was like, ‘this is an 

old, really old. I don’t even know why we’re using it’ and basically approved for us to not even make it 

anymore for now.”   

Two participants commented on the use of glycerin at their facility. One stated that they purchase it from 

a 503A because they were not able to find an outsourcing facility that provides this product. The 

participant noted that glycerin is used in 3 different concentrations at their facility: 1 for ophthalmic use, 1 

for neurologic use in trigeminal neuralgia, and 1 for instilling into “a very specific kind of pump that's 
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used to deliver a very specific kind of chemotherapy.”  When there are breaks in the chemotherapy 

regimen, the pump has to be filled with something, and by using glycerin “it can go 3 months or 

something like that, so it’s a huge patient satisfier to have that concentration available.”  The participant 

also commented that since they have been unable to find an outsourcing facility that compounds the 

concentration needed for trigeminal neuralgia, they have patients who have been waiting years for 

treatment. The other participant stated that they compound it in-house but said that it is not done very 

frequently. The participant commented that it is very difficult to sterilize due to the thickness of the 

product. 

Four participants stated that they obtain sodium citrate as ready-to-use syringes for use as a locking 

solution in patients undergoing dialysis with one commenting that “our nephrologists like it in place of 

heparin for some patients to keep the ports patent or so they don't have to go to alteplase or some of the 

other drugs.”  There is a commercially available product; however, it is only available as a 500-mL bag, 

and the dose needed is typically less than 30 mL. If the syringes are prepared in-house, then the beyond-

use date is limited to 12 to 24 hours depending on storage, which results in waste.  

One participant stated that they obtain papaverine from outsourcing facilities for use in urology as Bimix 

(papaverine/phentolamine) and Trimix (papaverine/phentolamine/alprostadil). 

While none of the participants obtained sodium phosphate or aspartic acid from outsourcing facilities for 

use in cardioplegic solutions, a few stated that they do obtain cardioplegic solutions from outsourcing 

facilities. The del Nido formulation was the product most commonly obtained. One participant 

commented that they compound this formulation in-house because the outsourcing facilities did not offer 

the volume needed at their institution. Another participant said that while they do obtain the del Nido 

formulation from an outsourcing facility, they also compound a proprietary formulation in-house. This 

participant observed that “it is complicated to do in-house. We do it on a Baxa 1200 or 2400, either one, 

compounder. Then we send it up [sic] for pH and potassium testing. Obviously, then we're confined to 

797 beyond-use dates versus longer beyond-use dates that we get from the 503B.”  Another participant 

commented that cardioplegic solutions are managed by the perfusion department, not pharmacy, and they 

use a del Nido solution as well as 3 other formulations. 

The participants also discussed challenges with using outsourcing facilities. One participant stated that 

their facility does not use outsourcing facilities because “it just hasn’t been financially, not just the money 

worth it, but just the lead time for how much time you have to give them and how much you have to ... It 

just isn’t worth the dating that they gave us or can give us.”  Another shared that they obtain very little 

product from outsourcing facilities due to “the amount of work for vetting and continually validating 

quality of these 503B outsourcing facilities.”  The participant stated that they have a robust validation 

process that takes several months and includes a site visit prior to purchasing from an outsourcing facility, 

followed by continuous reviewing of FDA quality reports and warning letters. Another challenge has 

been the reliability of the outsourcing facility. One participant commented that “Traditionally, we’ve 

found 503Bs to be fairly unreliable, when we have partnered with certain ones, to be able to keep up with 

the volume. Everybody knows PharMEDium just closed, but we’ve had some other smaller 503Bs where 

we’ve had agreements for certain products to take it off our plate, and then lo and behold, they’re shut 

down, or closed, or whatever it may be.”  Minimum purchase amounts were also reported as a concern 

with one participant stating that “what we see consistently is the 503Bs, they want us to commit to giving 

them a certain volume, but then will not give us a reciprocal commitment or at least will not fulfill that 

reciprocal commitment. That’s a huge problem for us making that type of commitment, when we do 

ultimately have to split our volume in order to make sure that we consistently are able to take care of our 

patients.”  Another challenge was related to outsourcing facilities using APIs to compound narcotics. One 
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participant commented that this often worsens drug shortages due to the quotas that the Drug 

Enforcement Administration (DEA) places on the quantity that can be produced. The participant stated 

that “they [outsourcing facilities] want to buy the product that we’re trying to buy to take care of our 

patients today, to sell us tomorrow. We really need the FDA to say that, especially for controlled 

substances, that 503Bs can consistently prepare those products so that we don’t end up with a shortage 

year after year, after year and then chasing our tail. Also, we may actually want to tell 503Bs [that] they 

can’t buy those products or that they’re limited in the amount of their ability to buy those products to 

make what are essentially copies of commercially available products, because it actually induces the 

shortage in many ways.”  

Results of survey 

Zero people responded to the survey distributed via professional medical associations and available on the 

project website; refer to Table 11 for respondent characteristics. 

A prequestionnaire was distributed to participants of the roundtable discussion (refer to Appendix 3.2 for 

survey instrument). 

Forty-three people responded to the prequestionnaire; refer to Table 15 for respondent characteristics. 

Among respondents, 35 (81% of 43 total respondents) used outsourcing facilities to obtain drug products, 

4 (9%) did not utilize outsourcing facilities, and 4 (9%) did not respond to this question.  

Twenty-seven respondents (19% of 143 responses, where respondents were allowed to select multiple 

reasons) obtained drug products from outsourcing facilities due to a need for ready-to-use products and 20 

respondents (14%) obtained drug products from outsourcing facilities due to drug shortages (also referred 

to as back orders in Table 16). 

Fourteen respondents (31% of 45 total responses, where respondents were allowed to select multiple 

types) obtained nonsterile products from outsourcing facilities and 31 (69%) obtained sterile products 

from outsourcing facilities. Refer to Table 17 for the categories of products obtained from outsourcing 

facilities. 

Papaverine HCl was not included on the prequestionnaire (refer to Table 18).  

 

Table 11. Characteristics of survey respondents 

No respondents to survey distributed via professional medical associations 

 

Table 12. Conditions for which papaverine HCl prescribed or administered 

No respondents to survey distributed via professional medical associations 

 

Table 13. Reasons for using compounded papaverine HCl 

No respondents to survey distributed via professional medical associations 

 

Table 14. Use of non–patient-specific compounded papaverine HCl 

No respondents to survey distributed via professional medical associations 
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Table 15. Demographics of prequestionnaire respondents’ facilities  

Type of Facility Responses, n (N = 102)a 

Academic medical center 15 

Acute care hospital 16 

Children’s hospital 8 

Community hospital 11 

Critical access hospital 2 

Dialysis center 2 

Federal government hospital 4 

Health system 15 

Inpatient rehabilitation center 4 

Long-term acute care hospital 3 

Outpatient surgery center 6 

Rural hospital 2 

Skilled nursing facility 0 

Specialty hospitalb 4 

Trauma center 5 

Urban hospital 5 

Number of Beds Responses, n (N = 39) 

< 50 4 

50-99 3 

100-199 1 

200-299 4 

300-399 5 

400-599 3 

> 600 19 

aRespondents were allowed to select more than one type of facility. 
bSpecialties provided include cardiology, pulmonary, vascular, home infusion, neurology, psychiatry, oncology. 
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Table 16. Reasons for obtaining products from outsourcing facilities 

Categories Responses, n (N = 143)a 

Back orders 20 

Convenience 19 

Cost 10 

Need for concentrations not commercially available 19 

Need for multi-ingredient products not commercially 

available 
10 

Need for preservative-free products 3 

Need for ready-to-use products 27 

No FDA-approved product available 7 

No on-site compounding facility 1 

On-site compounding facility not equipped to 

compound all necessary products 
19 

Otherb 8 

aRespondents were allowed to select multiple categories. 
bRespondents reported staffing shortages, need for extended dating, volume of product used, standardization projects 

as additional reasons for using outsourcing facilities. 

 

Table 17. Categories of products obtained from outsourcing facilities 

Categories Responses, n (N = 142)a 

Cardioplegic solutions 14 

Dermatologic preparations 6 

Dialysate solutions 0 

Fluids 8 

Ophthalmic preparations 10 

Patient-controlled analgesia 20 

Ready-to-use anesthesia syringes 25 

Ready-to-use antibiotic syringes and/or bags 14 
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Ready-to-use electrolyte solutions 5 

Ready-to-use vasopressor solutions 18 

Total parenteral nutrition solutions 16 

Otherb 6 

aRespondents were allowed to select multiple categories. 
bRespondents reported obtaining alum for bladder irrigation, oxytocin, anticoagulant sodium citrate solution, 

narcotic drips, high-cost antiseizure medications, antiviral medications, topical pain, and oral tablets/capsules. 

 

Table 18. Products obtained from an outsourcing facility 

Product Responses, n (N = 108)a 

Acetylcysteine 1 

Adenosine 2 

Aluminum potassium sulfate 2 

Aspartic acid 0 

Atenolol 0 

Atropine 9 

Baclofen  4 

Betamethasone 0 

Biotin 0 

Bupivacaine 8 

Calcium chloride 1 

Caffeine sodium benzoate 0 

Cholecalciferol 1 

Chromium chloride 0 

Clonidine 0 

Dexamethasone sodium phosphate 0 

Diclofenac 0 

Gentamicin 0 
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Glycerin 1 

Hydroxyzine 0 

Ketamine 14 

Levocarnitine 0 

Lidocaine 8 

Lorazepam 2 

Magnesium sulfate 4 

Manganese chloride 0 

Methylprednisolone 0 

Midazolam 15 

Mupirocin 1 

Norepinephrine 15 

Ondansetron 0 

Phytonadione 0 

Potassium chloride 0 

Potassium phosphate 0 

Prilocaine 0 

Proline 0 

Propranolol 1 

Ropivacaine 6 

Sodium chloride 0 

Sodium citrate 3 

Sodium phosphate 0 

Tetracaine 2 

Triamcinolone acetonide 0 

Tropicamide 0 
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None of the above  8 

aRespondents were allowed to select multiple products. 
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CONCLUSION 

Papaverine was nominated for prevention or treatment of acute myocardial infarction, angina, arterial 

thromboembolism, peripheral vascular disease with vasospasm, smooth muscle spasm, intravascular 

catheter occlusion prophylaxis, and ED via 30 mg/mL-injectable (intra-arterial, intracoronary, IV, IM, 

intracavernous and intrathecal) solution. Papaverine was also nominated for muscle spasms of the 

gastrointestinal tract, gall bladder, or urinary system, peripheral ischemia and ED via oral capsules or 

topical cream, gel or solution. Papaverine is not available as an FDA-approved product. Papaverine is 

available in the nominated dosage form and ROA in Abu Dhabi, Australia, Belgium, Canada, Hong 

Kong, Latvia, Namibia and New Zealand. 

From the literature review, papaverine was used as an injectable, oral, or topical product to diagnosis, 

prevent and/or treat a variety of conditions, including vasospasm of artery or vein segment used for 

grafting, cerebral vasospasm associated with SAH, cardiac hemodynamic studies, ED, pain, mesenteric 

ischemia, renal colic, and pruritus. The findings on using papaverine for these conditions were mixed, 

with some studies recommending the use of papaverine (125 studies), some not recommending the use of 

papaverine (18 studies) and others either recommending further investigation (46 studies) or inconclusive 

(14 studies). The conclusions of 98 studies did not address the use of papaverine. Papaverine has a long 

history of use in the US. In 1976, the FDA requested information on the safety, effectiveness, and legal 

status of papaverine, ethaverine, or similar or related drugs, because these drugs had never been evaluated 

under the provisions of the Federal Food, Drug, and Cosmetic Act. In a November 1979 FDA Drug 

Bulletin notice, the Peripheral and Central Nervous System Drugs Advisory Committee was quoted as 

concluding that “there is no body of evidence that will support the effectiveness of papaverine and 

ethaverine for any of their claimed indications.”339  Although papaverine has been used in the preparation 

of artery or vein segments for cardiac graft procedures as well as in reconstructive microsurgery, some 

studies have shown that it may cause endothelial damage, which has led clinicians to use other 

vasodilator/antispasmodic drugs. Papaverine has also been administered to patients with post-SAH 

cerebral vasospasm, but it is used less frequently than other vasodilators because of its potential to cause 

neurotoxicity. Papaverine has been used in a variety of urological conditions. Recent guidelines on the 

management of urolithiasis from the AUA/Endourological Society, the EAU and the NICE do not 

mention papaverine.409-412  In the NICE guideline from 2019, the committee explicitly stated, “Do not 

offer antispasmodics to adults, children and young people with suspected renal colic.”409  Intracavernous 

papaverine has been used, either alone in combination with other drugs, for almost 40 years in diagnosing 

and managing ED. The 2018 AUA guidelines on ED and 2020 EAU guidelines on sexual and 

reproductive health recommended ICI as a treatment option for patients with ED.7,446  Based on the 

systematic literature review conducted for the most recent EAU guidelines, Trimix 

(papaverine/phentolamine/alprostadil) and Bimix (papaverine/phentolamine) had the highest efficacy 

when used for ICI in patients with ED at 92% and 90%, respectively.446 

From the interviews, 4 SMEs who specialized in urology all used papaverine as Trimix or Bimix for 

patients with erectile dysfunction, and the SME who specialized in cardiology had never used papaverine. 

Zero people responded to the survey distributed via professional medical associations and available on the 

project website. Papaverine HCl was not included on the prequestionnaire.  
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APPENDICES 

Appendix 1. Search strategies for bibliographic databases 

MEDLINE search strategy 1 

• Platform: Ovid 

• Years searched: Ovid MEDLINE and epub ahead of print, in-process, and other nonindexed 

citations and daily 1946 to January 14, 2021 

• Date last searched: January 15, 2021 

• Limits: Humans (search hedge); English language 

• Number of results: 1063 

1 papaverine/ 5880 

2 papaverin$.tw. 5222 

3 or/1-2 7880 

4 exp administration, intravenous/ 144,284 

5 administration, oral/ 144,832 

6 administration, topical/ 38,811 

7 administration, cutaneous/ 22,398 

8 infusions, parenteral/ 26,315 

9 infusions, intra-arterial/ 9761 

10 infusions, subcutaneous/ 1107 

11 injections/ 43,057 

12 injections, intra-arterial/ 9204 

13 injections, intramuscular/ 31,220 

14 injections, subcutaneous/ 32,987 

15 microinjections/ 16,280 

16 skin absorption/ 11,829 

17 oral$.tw. 690,183 

18 topical$.tw. 108,254 

19 transcutaneous$.tw. 14,817 

20 ((cutanous$ or dermal$ or skin) adj2 (absorb$ or absorpt$ or appl$)).tw. 6029 
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21 (parenteral$ adj2 (administ$ or deliver$ or infus$ or inject$)).tw. 8826 

22 subcutaneous$.tw. 170,132 

23 intravenous$.tw. 347,111 

24 intra venous$.tw. 586 

25 intravascular$.tw. 48,756 

26 intra vascular$.tw. 309 

27 intraarterial$.tw. 6196 

28 intra arterial$.tw. 16,433 

29 intramuscular$.tw. 53,456 

30 intra muscular$.tw. 731 

31 intracavernous$.tw. 2566 

32 intra cavernous$.tw. 77 

33 intratestic$.tw. 2155 

34 intra testic$.tw. 192 

35 capsules/ 12,964 

36 emulsions/ 18,406 

37 exp gels/ 53,394 

38 liniments/ 123 

39 ointments/ 12,855 

40 skin cream/ 1089 

41 capsule?.tw. 80,195 

42 microcapsule?.tw. 5375 

43 liquid?.tw. 412,853 

44 solution?.tw. 720,085 

45 emulsion?.tw. 34,210 

46 gel?.tw. 311,879 
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47 liniment?.tw. 148 

48 ointment?.tw. 12,128 

49 salve?.tw. 344 

50 paste?.tw. 12,871 

51 unguent$.tw. 114 

52 lotion?.tw. 2376 

53 cream?.tw. 19,451 

54 or/4-53 2,967,695 

55 drug therapy/ 30,707 

56 spasm/ 7032 

57 exp peripheral vascular disease/ 54,059 

58 exp ischemia/ 273,871 

59 exp erectile dysfunction/ 19,279 

60 ad.fs. 1,436,182 

61 de.fs. 3,029,557 

62 di.fs. 2,613,291 

63 dt.fs. 2,269,131 

64 pc.fs. 1,314,441 

65 tu.fs. 2,259,256 

66 therap$.tw. 2,891,165 

67 treat$.tw. 5,691,542 

68 diagnos$.tw. 2,555,517 

69 prevent$.tw. 1,471,214 

70 prophyla$.tw. 169,779 

71 spasm$.tw. 27,884 

72 (peripheral$ adj2 (angiopath$ or arteriopath$ or infarct$ or isch?em$)).tw. 2410 
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73 
(peripheral$ adj2 (vascul$ or vessel$) adj2 (disease$ or disorder$ or obstruct$ or 

occlu$)).tw. 
10,845 

74 (erect$ adj2 (dysfunct$ or fail$ or insufficien$)).tw. 16,394 

75 impoten$.tw. 6795 

76 or/55-75 13,819,037 

77 and/3,54,76 2052 

78 exp animals/ not humans/ 4,777,377 

79 77 not 78 1362 

80 limit 79 to english language 1063 
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MEDLINE search strategy 2 

• Platform: Ovid 

• Years searched: Ovid MEDLINE and epub ahead of print, in-process, and other nonindexed 

citations and daily 1946 to June 2, 2021 

• Date last searched: June 3, 2021 

• Limits: Humans (search hedge); English language 

• Number of results: 396 

1 papaverine/ 5899 

2 papaverin$.tw. 5242 

3 or/1-2 7903 

4 exp administration, intravenous/ 145,451 

5 infusions, parenteral/ 26,379 

6 infusions, intra-arterial/ 9810 

7 infusions, subcutaneous/ 1125 

8 injections/ 43,438 

9 injections, intra-arterial/ 9227 

10 injections, intramuscular/ 31,464 

11 exp injections, subcutaneous/ 41,108 

12 microinjections/ 16,366 

13 inject$.tw. 767,303 

14 infusion$.tw. 250,664 

15 (parenteral$ adj2 (administ$ or therap$ or treat$ or deliver$)).tw. 12,561 

16 intravenous$.tw. 351,472 

17 intra venous$.tw. 603 

18 intravascular$.tw. 49,437 

19 intra vascular$.tw. 315 

20 intramuscular$.tw. 54,218 

21 intra muscular$.tw. 740 

22 intraarterial$.tw. 6218 
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23 intra arterial$.tw. 16,552 

24 intracavernous$.tw. 2586 

25 intra cavernous$.tw. 78 

26 intracoronar$.tw. 11,016 

27 intra coronar$.tw. 261 

28 intrathecal$.tw. 24,577 

29 intra thecal$.tw. 77 

30 intratestic$.tw. 2179 

31 intra testic$.tw. 197 

32 intraspong$.tw. 45 

33 intra spong$.tw. 3 

34 subcutaneous$.tw. 172,755 

35 intradermal$.tw. 17,538 

36 intra dermal$.tw. 258 

37 or/4-36 1,520,538 

38 alprostadil/ 6964 

39 al?prostadil$.tw. 708 

40 pge 1.tw. 650 

41 pge1.tw. 5543 

42 pge1alpha.tw. 1 

43 prostaglandin$ e 1.tw. 792 

44 prostaglandin$ e1.tw. 7227 

45 prostaglandin$ e1alpha.tw. 5 

46 phentolamine/ 9029 

47 fentolamin$.tw. 16 

48 pentholamin$.tw. 2 
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49 pentolamin$.tw. 6 

50 phentolamin$.tw. 9445 

51 trimix.tw. 134 

52 tri mix.tw. 5 

53 (triple adj2 (therap$ or treat$)).tw. 10,186 

54 bimix.tw. 15 

55 bi mix.tw. 2 

56 or/38-55 37,130 

57 and/3,37,56 576 

58 exp animals/ not humans/ 4,836,748 

59 57 not 58 504 

60 limit 59 to english language 396 
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Embase search strategy 1 

• Platform: Elsevier 

• Years searched: 1947 to present 

• Date last searched: January 15, 2021 

• Limits: Humans (search hedge); English language 

• Number of results: 2046 

1 ‘papaverine'/de 14,557 

2 ‘papaverin*':ti,ab,tn 7428 

3 #1 OR #2 15,607 

4 ‘oral drug administration'/de 408,037 

5 ‘intramuscular drug administration'/de 71,910 

6 ‘intravascular drug administration'/exp 420,162 

7 ‘subcutaneous drug administration'/de 100,888 

8 ‘topical drug administration'/de 84,061 

9 ‘cutaneous drug administration'/de 726 

10 ‘topical treatment'/de 13,652 

11 ‘skin absorption'/de 8148 

12 ‘injection'/exp 248,653 

13 ‘intracavernous drug administration'/de 750 

14 ‘oral*':ti,ab 994,427 

15 ‘topical*':ti,ab 153,342 

16 ‘transcutaneous*':ti,ab 19,942 

17 ((cutaneous* OR dermal* OR skin) NEAR/2 (absorb* OR absorpt* OR appl*)):ti,ab 9453 

18 (parenteral* NEAR/2 (administ* OR deliver* OR infus* OR inject*)):ti,ab 13,374 

19 ‘subcutaneous*':ti,ab 256,898 

20 ‘intravenous*':ti,ab 500,973 

21 ‘intra venous*':ti,ab 1491 

22 ‘intravascular*':ti,ab 70,094 
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23 ‘intra vascular*':ti,ab 709 

24 ‘intramuscular*':ti,ab 76,959 

25 ‘intra muscular*':ti,ab 1305 

26 ‘intraarterial*':ti,ab 30,539 

27 ‘intra arterial*':ti,ab 23,192 

28 ‘intracavernous*':ti,ab 3521 

29 ‘intra cavernous*':ti,ab 127 

30 ‘intratesticul*':ti,ab 2940 

31 ‘intra testicul*':ti,ab 269 

32 ‘cream'/de 9750 

33 ‘drug capsule'/de 8812 

34 ‘gel'/exp 80,296 

35 ‘liniment'/de 254 

36 ‘lotion'/de 2952 

37 ‘microcapsule'/de 12,025 

38 ‘ointment'/exp 18,939 

39 ‘paste'/de 2540 

40 ‘salve'/de 170 

41 ‘cream$':ti,ab 30,412 

42 ‘capsule$':ti,ab 117,020 

43 ‘solution$':ti,ab 890,696 

44 ‘emulsion$':ti,ab 46,318 

45 ‘gel$':ti,ab 367,222 

46 ‘liniment$':ti,ab 240 

47 ‘lotion$':ti,ab 4102 

48 ‘microcapsule$':ti,ab 6616 
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49 ‘ointment$':ti,ab 21,925 

50 ‘paste$':ti,ab 15,372 

51 ‘salve$':ti,ab 485 

52 ‘unguent*':ti,ab 242 

53 

#4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 

OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR 

#26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR #34 OR #35 OR #36 

OR #37 OR #38 OR #39 OR #40 OR #41 OR #42 OR #43 OR #44 OR #45 OR #46 OR 

#47 OR #48 OR #49 OR #50 OR #51 OR #52 

4,065,661 

54 ‘drug therapy'/de 783,646 

55 ‘muscle spasm'/exp 92,803 

56 ‘peripheral vascular disease'/exp 2,076,069 

57 ‘impotence'/exp 45,946 

58 ‘drug dose':lnk 629,016 

59 ‘drug administration':lnk 1,789,284 

60 ‘drug therapy':lnk 4,002,161 

61 ‘diagnosis':lnk 3,327,907 

62 ‘prevention':lnk 1,195,319 

63 ‘therap*':ti,ab 4,332,820 

64 ‘treat*':ti,ab 8,221,449 

65 ‘diagnos*':ti,ab 3,896,622 

66 ‘prevent*':ti,ab 1,993,224 

67 ‘prophyla*':ti,ab 270,329 

68 ‘spasm*':ti,ab 48,037 

69 (peripheral* NEAR/2 (angiopath* OR arteriopath* OR infarct* OR isch$em*)):ti,ab 3817 

70 
(peripheral* NEAR/2 (vascul* OR vessel*) NEAR/2 (disease* OR disorder* OR obstruct* 

OR occlu*)):ti,ab 
17,268 

71 (erect* NEAR/2 (dysfunct* OR fail* OR insufficien*)):ti,ab 26,391 

72 ‘impoten*':ti,ab 9657 
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73 
#54 OR #55 OR #56 OR #57 OR #58 OR #59 OR #60 OR #61 OR #62 OR #63 OR #64 

OR #65 OR #66 OR #67 OR #68 OR #69 OR #70 OR #71 OR #72 
17,541,154 

74 #3 AND #53 AND #73 3563 

75 [animals]/lim NOT [humans]/lim 615,2897 

76 #74 NOT #75 2761 

77 #74 NOT #75 AND [english]/lim 2046 
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Embase search strategy 2 

• Platform: Elsevier 

• Years searched: 1947 to present 

• Date last searched: June 3, 2021 

• Limits: Humans (search hedge); English language 

• Number of results: 736 

1 ‘papaverine'/de 14,642 

2 ‘papaverin*':ti,ab,tn 7456 

3 #1 OR #2 15,692 

4 ‘parenteral drug administration'/de 2352 

5 ‘intracardiac drug administration'/exp 6778 

6 ‘intradermal drug administration'/de 13,485 

7 ‘intramuscular drug administration'/de 72,126 

8 ‘intravascular drug administration'/exp 421,412 

9 ‘subcutaneous drug administration'/de 100,938 

10 ‘intracavernous drug administration'/de 757 

11 ‘intratesticular drug administration'/de 64 

12 ‘injection'/exp 249,531 

13 ‘intrathecal drug administration'/de 20,999 

14 ‘injection'/exp 249,531 

15 ‘inject*':ti,ab 1,139,890 

16 ‘infusion*':ti,ab 369,911 

17 (parenteral* NEAR/2 (administ* OR deliver* OR therap* OR treat*)):ti,ab 18,951 

18 ‘intravenous*':ti,ab 509,086 

19 ‘intra venous*':ti,ab 1530 

20 ‘intravascular*':ti,ab 70,839 

21 ‘intra vascular*':ti,ab 718 

22 ‘intramuscular*':ti,ab 77,285 
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23 ‘intra muscular*':ti,ab 1337 

24 ‘intraarterial*':ti,ab 9784 

25 ‘intra arterial*':ti,ab 23,415 

26 ‘intracavernous*':ti,ab 3462 

27 ‘intra cavernous*':ti,ab 128 

28 ‘intracoronar*':ti,ab 15,253 

29 ‘intra coronar*':ti,ab 607 

30 ‘intrathecal*':ti,ab 36,520 

31 ‘intra thecal*':ti,ab 250 

32 ‘intratestic*':ti,ab 2740 

33 ‘intra testic*':ti,ab 274 

34 ‘intraspong*':ti,ab 86 

35 ‘intra spong*':ti,ab 4 

36 ‘subcutaneous*':ti,ab 261,275 

37 ‘intradermal*':ti,ab 28,544 

38 ‘intra dermal*':ti,ab 536 

39 

#4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 

OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR 

#26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR #34 OR #35 OR #36 

OR #37 OR #38 

2,428,732 

40 ‘prostaglandin e1'/de 19,996 

41 ‘al$prostadil*':ti,ab,tn 1433 

42 ‘pge 1':ti,ab,tn 195 

43 ‘pge1':ti,ab,tn 2048 

44 ‘pge 1alpha':ti,ab,tn 1 

45 ‘prostaglandin* e 1':ti,ab,tn 233 

46 ‘prostaglandin* e1':ti,ab,tn 2943 

47 ‘prostaglandin* e1alpha':ti,ab,tn 0 
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48 ‘phentolamine'/de 25,286 

49 ‘fentolamin*':ti,ab,tn 18 

50 ‘pentholamin*':ti,ab,tn 2 

51 ‘pentolamin*':ti,ab,tn 17 

52 ‘phentolamin*':ti,ab,tn 11,426 

53 ‘trimix':ti,ab 225 

54 ‘tri mix':ti,ab 15 

55 (triple NEAR/2 (therap* OR treat*)):ti,ab 17,844 

56 ‘bimix':ti,ab 29 

57 ‘bi mix':ti,ab 3 

58 
#40 OR #41 OR #42 OR #43 OR #44 OR #45 OR #46 OR #47 OR #48 OR #49 OR #50 

OR #51 OR #52 OR #53 OR #54 OR #55 OR #56 OR #57 
65,138 

59 #3 AND #39 AND #58 1109 

60 [animals]/lim NOT [humans]/lim 6,220,086 

61 #59 NOT #60 931 

62 #59 NOT #60 AND [english]/lim 736 
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Appendix 2. Table 5. Summary of included studies 

 

Author, 

Year, 

Country 

Study Typea Patient Population  

(% male, age) 

Intervention/Comparator  

(No. of patients) 
Primary Outcome Measure Authors’ Conclusions 

Indication 1: Vasospasm, induce vasodilation 

Andaluz et al, 

2002, US23 
– 

50 patients with refractory 

vasospasm after aneurysmal 

subarachnoid hemorrhage 

(SAH) (sex not mentioned, 

mean 51.3 y, range 20-73 y) 

• Intra-arterial papaverine (50) 

• Transluminal balloon 

angioplasty (17) 

Clinical improvement; intracranial 

pressure-related deaths; Glasgow 

Outcome Scale 

“After analysis of our results, the only 

indication for IAP [intra-arterial papaverine] 

may be as an early single-dose infusion in 

distal monoterritorial vasospasm, if 

angioplasty is impossible or unsafe. The use 

of IAP in patients with bilateral diffuse 

vasospasm is discouraged because of their 

likelihood of developing elevated ICP 

[intracranial pressure]. Multiple injections of 

papaverine seem to have no significant 

positive impact on patient outcome. ” 

Aranki et al, 

1995, US232 

Prospective 

study 

155 patients undergoing 

coronary artery bypass graft 

(CABG) 

• Group I (77%, mean 65 y 

± 10) 

• Group II (72%, mean 63 y 

± 10) 

• Group III (55%, mean 64 

y ± 7) 

All artery segments were sprayed 

and wrapped with dilute 

papaverine-soaked sponge, then 

received intraluminal papaverine; 

patients categorized according to 

diabetic status: 

• Group I: nondiabetic (117) 

• Group II: noninsulin-

dependent diabetes mellitus 

(18) 

• Group III: insulin-dependent 

diabetes mellitus (20) 

Internal thoracic artery flow and 

flow reserve 

“The ITA [internal thoracic artery] is in a 

variable degree of spasm, which can be 

abolished by intraluminal papaverine. The 

flow reserve and maximal flow capacity is 

similar in diabetic and nondiabetic patients 

and does not seem to be influenced by the 

severity of diabetes.” 

Arquilla et al, 

2000, US24 
Case report 

20-year-old male limb 

ischemia due to accidental 

intra-arterial injection of 

chlordiazepoxide 

• Intra-arterial papaverine (1) 
Return of perfusion, as measured 

by pulse, appearance of arm 

“If inadvertent intra-arterial injection does 

occur, leading to limb ischemia, based on 

our case report, intra-arterial injection of 

papaverin [sic] will be therapeutic.” 
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Author, 

Year, 

Country 

Study Typea Patient Population  

(% male, age) 

Intervention/Comparator  

(No. of patients) 
Primary Outcome Measure Authors’ Conclusions 

Barner et al, 

1974, US236 
– 

22 patients with 28 saphenous 

vein coronary bypass grafts 

operated on for chronic angina 

pectoris (sex, age not 

mentioned) 

• Intra-arterial nitroglycerin 

(not mentioned) 

• Intravenous nitroglycerin 

(not mentioned) 

• Sublingual nitroglycerin (2) 

• Intra-arterial papaverine (not 

mentioned) 

• Intravenous papaverine (not 

mentioned) 

• Intra-arterial saline (3) 

Mean blood flow 

“Although nitroglycerin produces a small but 

significant rise in coronary flow it is 

doubtful whether this increase occurs with 

oral administration in the presence of 

coronary disease. Thus, the therapeutic effect 

of nitroglycerin lies in its systemic effects 

rather than in its coronary effect.” 

Barr et al, 

1994, US29 
Case report 

63-year-old female arterial 

vasospasm and right lower 

extremity paresis secondary to 

SAH from anterior 

communicating artery 

aneurysm 

• Intra-arterial papaverine (1) 
Arterial vasospasm as shown on 

arteriogram; neurologic status 

“Intra-arterial papaverine infusion, 

particularly in the posterior circulation, 

should be performed with caution and 

careful patient monitoring. Placement of the 

infusion catheter beyond the posterior 

inferior cerebellar artery origin may be 

beneficial.” 

Battaloglu et 

al, 2007, 

Turkey30 

Randomized, 

double-blind 

prospective 

clinical trial 

100 patients undergoing 

CABG  

• Saline (80%, mean 56.5 y 

± 10.3) 

• Nitroglycerin (75%, mean 

63.5 y ± 10.8) 

• Diltiazem (80%, mean 

59.5 y ± 10.8) 

• Papaverine (70%, mean 

60 y ± 11.3) 

• Adenosine (85%, mean 60 

y ± 10.4) 

Patients randomly assigned 

different topical treatment for 

pedicles: 

• Saline (20) 

• Nitroglycerin (20) 

• Diltiazem (20) 

• Papaverine (20) 

• Adenosine (20) 

Arterial flow rate 

“Of the 4 vasodilator agents we assessed in 

this study, papaverine had the most 

pronounced vasodilatory effect on harvested 

IMAs [internal mammary artery]. Topical 

nitroglycerin and diltiazem also had 

satisfactory effects on IMA free flow. 

Immersion in adenosine solution had a less 

pronounced vasodilatory effect than 

papaverine, nitroglycerin, or diltiazem.” 
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Author, 

Year, 

Country 

Study Typea Patient Population  

(% male, age) 

Intervention/Comparator  

(No. of patients) 
Primary Outcome Measure Authors’ Conclusions 

Batterman et 

al, 1970, 

US180 

Randomized 

blind clinical 

trial 

Phase 1: 39 patients with 

rheumatoid arthritis (12.8%, 

range 21-76 y) 

• 13 patients with 

osteoarthritis (38.5%, 

range 43-73 y) 

• 7 patients without arthritis 

(43%, range 33-56 y) 

Phase 2: 13 patients with 

rheumatoid arthritis (sex, age 

not mentioned) 

Phase 1: pulse, skin temperature, 

volume pulse wave and 

respiration before and after oral 

papaverine  

• Patients with rheumatoid 

arthritis (39) 

• Patients with osteoarthritis 

(13)  

• Nonarthritic (7) 

Phase 2: long-term administration 

of oral papaverine 

• Papaverine 150 mg 3 times 

daily (6) 

• Papaverine 300 mg twice 

daily (8) 

Digital basal vascular level; 

vasomotor disturbances 

“Chronic administration orally of papaverine 

in selected patients with rheumatoid arthritis 

resulted in a significant increase in the 

digital circulation of 9 of the 13 subjects. 

Therapeutic benefits were noted but the 

subjective improvement requires further 

evaluation by 'blind' controlled studies.” 

Bejjani et al, 

1999, US239 
Case series 

9 patients with evidence of 

cerebral vasospasm 

postcranial base tumor 

resection (77.8%, mean 48.5 

y, range 33-65 y) 

• Hypertensive, hypervolemic, 

hemodilutional (HHH) 

therapy (2) 

• HHH plus angioplasty (2) 

• HHH plus intra-aortic 

balloon pump plus 

angioplasty (1) 

• Angioplasty (1) 

• Angioplasty plus intra-

arterial papaverine (1) 

• HHH plus intra-arterial 

papaverine (1) 

• No treatment (1) 

Arterial vasospasm as shown on 

angiogram; neurologic status 

“Aggressive treatment with hypertensive, 

hypervolemic, hemodilutional therapy and 

early use of intraluminal angioplasty are 

recommended.” 
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Author, 

Year, 

Country 

Study Typea Patient Population  

(% male, age) 

Intervention/Comparator  

(No. of patients) 
Primary Outcome Measure Authors’ Conclusions 

Bernhard et 

al, 1968, 

US36 

– 

39 patients subjected to bypass 

surgery for end stage ischemia 

(sex, age not mentioned) 

• All patients underwent 

bypass surgery, ultimate flow 

potential following surgery 

measured after local intra-

arterial injection of 

papaverine (7) 

Postoperative arterial flow rate 

“The flows measured were adequate to 

ensure graft patency and provide sufficient 

arterial perfusion to maintain a functional 

and pain-free extremity. The response to 

intra-arterial administration of papaverine 

may provide a good operative estimate of 

ultimate flow capacity.” 

Besogul, 

2009, 

Turkey151 

– 

84 patients who underwent 

harvesting of internal 

mammary artery (IMA) in 

preparation for CABG 

• No treatment (66.7%, 

mean 58.3 y ± 7.6) 

• Papaverine (71.4%, 58.1 y 

± 10.1) 

• Air (71.4%, 61.1 y ± 7.0) 

• Air + papaverine (90.5%, 

59 y ± 10.2) 

• No treatment (21) 

• Perivascular papaverine (21) 

• Air (21) 

• Air + perivascular papaverine 

(21) 

Arterial flow measurements and 

harvest time 

“In conclusion, in our experience, room air 

injection into endothoracic fascia without 

vasodilator agents makes dissection easier 

and faster, and avoids any risk of intimal 

injury or arterial spasm. It is a quick and 

simple method, but we do not mean that it 

has absolutely a vasodilator effect on IMA 

flow.” 

Bilgen et al, 

1996, 

Turkey37 

– 

60 patients whose left internal 

thoracic artery was mobilized 

and who were undergoing 

elective coronary artery 

bypass operation 

• Normal saline at 20°C 

(70%, 54.6 y ± 8.2) 

• Papaverine at 20°C (85%, 

55.5 y ± 7.9) 

• Papaverine at 37°C (80%, 

54.3 y ± 9.4) 

All substances applied topically: 

• Normal saline at 20°C (20) 

• Papaverine at 20°C (20) 

• Papaverine at 37°C (20) 

Arterial flow measurements 

“In conclusion, papaverine is frequently used 

as a topical vasodilator for treatment of ITA 

[internal thoracic artery] spasm 

intraoperatively at ambient temperature (20° 

to 22°C) …Our findings show that 

papaverine at 37°C is a more effective 

topical vasodilator for ITA free flow than is 

papaverine at 20°C.” 
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Author, 

Year, 

Country 

Study Typea Patient Population  

(% male, age) 

Intervention/Comparator  

(No. of patients) 
Primary Outcome Measure Authors’ Conclusions 

Boodhwani et 

al, 2006, 

US240 

Prospective, 

randomized, 

double-blind, 

within-patient 

study 

48 patients undergoing 

internal thoracic artery harvest 

(90%, 57.9 y ± 1.3) 

All internal thoracic arteries 

treated with topical papaverine 

(48); patients received 1 

skeletonized and 1 

nonskeletonized internal thoracic 

artery 

Internal thoracic artery flow 

“Skeletonization results in reduced 

postoperative pain and dysesthesia and 

increased sternal perfusion at follow-up but 

does not produce increased conduit flow. 

ITA [internal thoracic artery] skeletonization 

may be a strategy for reducing morbidity 

after CABG.” 

Boris et al, 

1998, US182 

Randomized, 

prospective, 

double-blind, 

placebo-

controlled 

study 

56 children 5 years old or less 

undergoing antegrade and 

retrograde heart 

catheterization (35%, median 

19.5 months, range 3-69 

months) 

• Papaverine (20%, median 

21 months, range 3-69 

months) 

• Placebo (15%, median 19 

months, range 3-61 

months) 

• Intra-arterial papaverine (28) 

• Placebo (28) 
Femoral artery pulse 

“In summary, our study showed that intra-

arterial papaverine did not reduce the 

incidence of loss of femoral artery pulse 

after cardiac catheterization in our series. 

However, pulsatility index was shown to 

correlate well with loss of pulse.” 

Brackmann et 

al, 1994, 

US45 

– 

24 patients operated on for 

acoustic tumor removal (mean 

47 y, range 12-59 y) 
• Topical papaverine (24) Hearing preservation 

“The employment of additional wide 

exposure medially in the petrous apex, tumor 

dissection from medial to lateral under x25 

or x40 magnification, and topical application 

of the vasodilator papaverine are beneficial 

in achieving these results.” 
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Author, 

Year, 

Country 

Study Typea Patient Population  

(% male, age) 

Intervention/Comparator  

(No. of patients) 
Primary Outcome Measure Authors’ Conclusions 

Branconnier 

and Cole, 

1977, US183 

Double-blind 

study 

50 patients with senile organic 

brain syndrome 

• Papaverine (44%, mean 

71 y, range 60-85 y) 

• Placebo (20%, mean 70 y, 

range 60-80 y) 

• Oral papaverine (25) 

• Placebo (25) 
Neuropsychologic status 

“At present it is not possible to ascertain 

which of the two mechanisms of action, 

dopamine blockage or vasodilation, is 

paramount. This issue might be resolved by 

a direct comparison of papaverine with a 

drug like cyclandelate (which has a potent 

vasodilating action but does not possess the 

structural activity requirements to block 

dopamine receptors) or with a low dose of 

primary dopamine blocker like haloperidol.” 

Burner et al, 

1968, US46 
– 

15 patients with arterial 

lesions undergoing operation 

(age, sex not mentioned) 

• Exercise-induced 

claudication 

• Simulation of exercise by 

injection of papaverine 

Arterial blood pressure and blood 

flow 

“Papaverine injection reproduces 

hemodynamic reactions by which peripheral 

pulses, palpable at rest, may disappear 

during claudication induced by exercise. 

This phenomenon is related to vasodilatation 

rather than vasoconstriction.” 

Chandran et 

al, 2020, 

India241 

Prospective 

randomized 

controlled 

study 

100 patients undergoing 

CABG under cardiopulmonary 

bypass 

• Left stellate ganglion 

blockade (82%, mean 

60.42 y ± 8.09) 

• Control (84%, mean 56.7 

y ± 8.57) 

Topical papaverine applied to left 

internal thoracic artery during 

dissection in all patients; after 

induction of anesthesia, patients 

received: 

• Left stellate ganglion block 

(50) 

• No block (control, 50) 

Left internal thoracic artery blood 

flow 

“We found that combining the LSGB [left 

stellate ganglion block] with papaverine does 

not increase LITA [left internal thoracic 

artery] blood flow compared to when the 

papaverine is used alone. However, LSGB 

reduces the incidence of radial‐femoral 

arterial pressure difference. Before coronary 

revascularization, LSGB can be given 

successfully under ultrasound guidance 

without any complications.” 
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Author, 

Year, 

Country 

Study Typea Patient Population  

(% male, age) 

Intervention/Comparator  

(No. of patients) 
Primary Outcome Measure Authors’ Conclusions 

Chang et al, 

1999, US242 
Case report 

45-year-old male with 

vasospasm after resection of a 

suprasellar pilocytic 

astrocytoma 

• Intra-arterial papaverine (1) Vascular diameter and symptoms 

“Although the occurrence of vasospasm in 

the setting of tumor resection is a curious 

phenomenon, it nevertheless may shed some 

light on the mechanism by which all 

vasospasm is produced. In the case being 

presented, it is interesting to speculate that 

causes other than subarachnoid blood were 

critical in causing the severe vasospasm 

suffered by this patient.” 

Chavadi et al, 

2020, India49 

Randomized 

comparative 

study 

60 patients undergoing 

elective cardiac surgery (sex, 

age not mentioned) 

• Subcutaneous periradial 

lidocaine and papaverine (30) 

• Subcutaneous periradial 

lidocaine and saline (30) 

Radial artery diameter on 

ultrasound 

“The use of subcutaneous papaverine 

increases the radial artery diameter 

significantly as compared to lignocaine alone 

with minimal effects on the hemodynamic 

parameters.” 

Chavanon et 

al, 1999, 

France50 

Double-blind 

clinical study 

50 patients undergoing 

coronary artery bypass 

operation using gastroepiploic 

artery graft 

• Papaverine (100%, 

median 60 y, range 50-75 

y) 

• Nicardipine (90%, median 

61 y, range 58-77 y) 

• Glyceril trinitrate (100%, 

median 61 y, range 46-76 

y) 

• Linisomide (80%, median 

64.5 y, range 47-79 y) 

• Normal saline (100%, 

median 63 y, range 48-73 

y) 

Topically applied: 

• Papaverine (10) 

• Nicardipine (10) 

• Glyceril trinitrate (10) 

• Linisomide (10) 

• Normal saline (10) 

Artery free flow 

“In conclusion, our study shows that in order 

to prevent or reverse the intraoperative 

spasm of the GEA [gastroepiploic artery 

graft] graft in myocardial revascularization, 

our preference goes to glyceryl trinitrate or 

papaverine topical vasodilators.” 



101 

 

Author, 

Year, 

Country 

Study Typea Patient Population  

(% male, age) 

Intervention/Comparator  

(No. of patients) 
Primary Outcome Measure Authors’ Conclusions 

Clouston et 

al, 1995, 

US186 

– 

14 patients with SAH caused 

by intracranial aneurysm 

rupture (14%, mean 52.8 y ± 

14.1) 

• Intra-arterial papaverine (14) 
Angiographic spasm and clinical 

neurologic status 

“Intra-arterial papaverine infusion was 

effective in dilating spastic arteries in most 

patients with symptomatic vasospasm after 

subarachnoid hemorrhage. This small series 

showed encouraging clinical results with no 

recurrence of neurologic deterioration in 

those patients who responded well to 

papaverine.” 

Coenen et al, 

1998, US187 
– 

69 patients treated for clinical 

vasospasm after aneurysmal 

SAH by means of 

endovascular modalities after 

medical treatment had failed 

(sex not mentioned, 51.97 y ± 

10.24) 

• Intra-arterial papaverine 

(sex not mentioned, 56.71 

y ± 7.66) 

• Transluminal balloon 

angioplasty (sex not 

mentioned, 48.11 y ± 

10.53) 

• Intra-arterial papaverine (55) 

• Transluminal balloon 

angioplasty (38) 

Neurological status and 

cerebrovascular flow velocity 

measured with transcranial 

Doppler 

“Although TBA [transluminal balloon 

angioplasty] and IAP [intra-arterial 

papaverine] tended to result in improved 

TCD [transcranial Doppler] ultrasound 

values, neither therapy consistently or 

reliably produced neurological improvement. 

Although this may represent a lack of 

treatment efficacy or a low point on the 

learning curve at the various centers, it does 

suggest that more prospective data on these 

treatments should be obtained.” 

Collins, 1939, 

US52 
– 

36 patients with postoperative 

pulmonary emboli (sex, age 

not mentioned) 

15 patients with emboli of the 

general circulation (sex, age 

not mentioned) 

• Intravenous papaverine (36) 

• Intra-arterial papaverine, 

proximal to site of embolus 

(15) 

Mortality 

“The necessity for the inclusion of papaverin 

hydrochlorid [sic] solutions in one's 

emergency medical bag, and as part of the 

emergency tray on every surgical floor of a 

hospital, is obvious and needs no further 

elaboration.” 
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Cooper et al, 

1992, UK248 
– 

50 patients whose left IMA   

was mobilized and who were 

undergoing elective coronary 

artery bypass operations 

• Normal saline (90%, 

mean 56 y, range 41-68 y) 

• Papaverine (80%, mean 

62 y, range 52-69 y) 

• Nifedipine (100%, mean 

60 y, range 38-68 y) 

• Glyceryl trinitrate (80%, 

mean 56 y, range 44-70 y) 

• Sodium nitroprusside 

(90%, mean 59 y, range 

52-66 y) 

Topically applied:  

• Normal saline (10) 

• Papaverine (10 

• Nifedipine (10) 

• Glyceryl trinitrate (10) 

• Sodium nitroprusside (10) 

Arterial flow rate 

“In conclusion, in our experience careful 

dissection and minimal direct handling of the 

IMA, followed by topical use of sodium 

nitroprusside, yield a graft with an adequate 

flow.” 

Cross et al, 

1998, US249 

Retrospective 

analysis 

28 patients with SAH and 

vasospasm (sex, age not 

mentioned) 

• Intra-arterial papaverine 

infusion (28) 

Intracranial pressure; Hunt and 

Hess scores; Fisher grades; 

Glasgow Coma Scale scores 

“ICP [intracranial pressure] monitoring 

during intra-arterial papaverine infusions for 

cerebral vasospasm is recommended for all 

patients and is particularly important for 

patients with elevated baseline ICP.” 

D'Amore et 

al, 1999, 

US250 

Case reports 

43-year-old woman with lower 

limb ischemia and history of 

Raynaud disease 

55-year-old woman with lower 

limb ischemia, history of 

migraine headaches and 

Cafergot use 

• Patient 1: intra-arterial 

tolazoline once, intra-arterial 

papaverine infusion (1) 

• Patient 2: oral nifedipine, 

intra-arterial tolazoline, 

urokinase infusion (1) 

Improvement in angiography and 

clinical signs 

“The patient’s condition may spur 

intervention. We propose a test dose of 

tolazoline intra-arterially. If a successful 

response is demonstrated, tolazoline may be 

infused overnight and gradually tapered. If 

the patient demonstrates no response to 

tolazoline and there is no contraindication to 

thrombolysis, we consider overnight 

infusion with urokinase.” 
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Dregelid et 

al, 1993, 

Norway57 

Randomized 

51 patients undergoing 

coronary bypass surgery 

(78.4%, median 60.5 y, range 

44.7-73.7 y) 

• Group 1: IMA pedicle 

covered with sponge 

containing papaverine and 

left intact distally (17) 

• Group 2: IMAs divided 

distally, pedicle covered with 

sponge containing papaverine 

(17) 

• Group 3: IMAs divided 

distally, pedicle placed in 

papaverine-filled glove (17) 

Free flow; morphometric 

measurements 

“In conclusion, submersion of the pedicle in 

papaverine solution proved to be better than 

storage in papaverine-soaked sponges, as far 

as dilation of the IMA was concerned.” 

Dregelid et 

al, 1995, 

Norway167 

Randomized 

78 patients who underwent 

CABG procedure (87%, 

median 62.8 y, range 37.7-

75.7 y) 

• Group 1: IMAs placed inside 

plastic bag with papaverine 

(26) 

• Group 2: IMAs treated like 

those in group 1 and injected 

intraluminally with single 

dose of papaverine in 

heparinized blood (26) 

• Group 3: IMAs treated like 

those in group 1 and received 

2 doses of papaverine in 

heparinized blood (26) 

Free flow; morphometric 

measurements on resected distal 

portion of dilated internal 

mammary arteries 

“Intraluminal papaverine solution injected 

once or twice in addition to external 

papaverine exposure therefore provides a 

better blood flow rate and distal dilation than 

mere submersion in papaverine solution, but 

at a considerable risk of mechanical wall 

injury.” 
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Eckard et al, 

1992, US58 
Case report 

37-year-old woman with 

severe vasospasm during 

embolization of an 

arteriovenous malformation 

• Intra-arterial papaverine (1) 
Dilatation on arteriogram, 

resolution of clinical signs 

“In this report, infusion of papaverine 

provided rapid cerebral vasodilation 

immediately adjacent to the angiographic 

catheter sufficient to allow both restoration 

of flow and safe removal of the 

catheter...Use of intra-arterial papaverine in 

this fashion appears to be a safe and 

effective method of immediately reversing 

catheter induced spasm, and further 

investigation is warranted.” 

Elliott et al, 

1998, US188 

Retrospective 

review 

52 patients with SAH and 

vasospasm 

• Papaverine (31%, mean 

52 y ± 4) 

• Angioplasty (36%, mean 

45 y ± 2) 

• Intra-arterial papaverine (13) 

• Angioplasty (39) 

Blood flow velocities on 

transcranial Doppler 

“We conclude that balloon angioplasty is 

superior to papaverine infusion in providing 

permanent reversal of vasospasm.” 

Elsayed et al, 

2006, US168 
– 

26 patients with SAH and 

symptomatic vasospasm 

(34.6%, mean 56.9 y, range 

32-81 y) 

• Intra-arterial papaverine 

alone (18) 

• Intra-arterial papaverine and 

angioplasty (4) 

• Angioplasty alone (4) 

Venous diameter on angiogram 

“Endovascular treatment produces 

measurable increases in intracranial venous 

diameters. This increase does not correlate, 

however, with changes in ICP [intracranial 

pressure].” 

Eskridge et 

al, 1994, 

US59 

– 

60 patients with SAH 

requiring treatment for 

symptomatic vasospasm (sex, 

age not mentioned) 

• Angioplasty alone (48) 

• Angioplasty and intra-arterial 

papaverine (12) 

Glasgow Coma Scale; motor 

strength 

“Angioplasty and papaverine should 

continue to play an important role in the 

treatment of vasospasm. The exact role of 

each component is not yet completely 

defined.” 
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Firlik et al, 

1997, US17 
Case series 

14 patients with aneurysmal 

SAH who underwent 

angioplasty to treat cerebral 

vasospasm (14%, mean 47 y ± 

11, range 31-64 y) 

• Transluminal angioplasty 

alone (6) 

• Transluminal angioplasty and 

intra-arterial papaverine (8) 

Angiogram; xenon-enhanced 

computerized tomography to 

measure regional cerebral blood 

flow; clinical improvement 

“The results of this study strongly indicate 

that transluminal angioplasty with or without 

intra-arterial papaverine infusion benefits 

patients who develop delayed neurological 

deficits secondary to vasospasm caused by 

aneurysmal SAH.” 

Firlik et al, 

1999, USc18 Case series 

15 patients with aneurysmal 

SAH with symptomatic 

vasospasm (27%, mean 55.3 y, 

range 35-76 y) 

• Intra-arterial papaverine 

alone (10) 

• Intra-arterial papaverine and 

angioplasty (5) 

Cerebral angiography; clinical 

improvement 

“While IAP [intra-arterial papaverine] has 

limited efficacy in reversing delayed 

ischemic neurologic deficits, and has 

associated risk, this therapy remains a 

reasonable option for treatment of 

vasospasm following aneurysmal SAH that 

is refractory to medical management and not 

amenable to transluminal angioplasty.” 

Fisch, 1983, 

Switzerland15

3 

Prospective, 

randomized 

study 

46 patients with sudden 

deafness (sex not provided, 

mean 50 y) 

• Intravenous papaverine and 

low-molecular dextran (17) 

• Inhaled carbogen (29) 

Hearing improvement 

“In a prospective randomized clinical study, 

carbogen inhalation yielded significantly 

better hearing results than the intravenous 

infusion of papaverine and low-molecular 

dextran 1 year following treatment.” 

Fogarty-

Mack et al, 

1996, US63 

– 

9 patients with arteriovenous 

malformations undergoing 

diagnostic angiography or 

liquid polymer embolization 

(22%, mean 39 y, range 26-51 

y) 

• Dose-ranging study for intra-

arterial papaverine (2) 

• Single dose of intra-arterial 

papaverine (7) 

Regional cerebral blood flow 

“Papaverine increases rCBF [regional 

cerebral blood flow] in a direct proportion to 

baseline MCA [middle cerebral artery] 

pressure, even at low baseline pressures. 

Selective infusion of vasodilators should be 

investigated in acute cerebral hypotension to 

facilitate either primary or collateral 

recruitment of CBF by aiding spontaneous 

autoregulatory vasodilation.” 
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Formica et al, 

2006, Italy154 

Prospective 

randomized 

controlled trial 

100 patients who underwent 

CABG 

• Glycerilnitrate/verapamil 

(77.8%, mean 68.6 y ± 8) 

• Papaverine (78.8%, mean 

67.4 y ± 8.9) 

• Control (71%, mean 67.6 

y ± 9.9) 

Left internal thoracic artery 

harvested, sprayed with assigned 

solution and covered with sponge; 

then intraluminal injection with 

assigned solution: 

• Glycerilnitrate/verapamil 

(34) 

• Papaverine (33) 

• Saline control (33) 

Free flow after topical and 

intraluminal solution 

“The mixture with glicerylnitrate [sic] and 

verapamil should represent a valid 

alternative to papaverine. Moreover, when 

used topically, neither vasodilator agents 

ensures an optimal LITA [left internal 

thoracic artery] free flow; therefore, careful 

intraluminal administration is an important 

tool to prevent and to treat the arterial spasm 

as well as to increase the arterial graft free 

flow.” 

Gearhart and 

Jeffs, 1985, 

US66 

– 

12 infants with urinary tract 

anomalies (sex not mentioned, 

all patients <1 y and 9 were <6 

months) 

• Lidocaine followed by 

papaverine placed on a cotton 

pledget and applied to the 

area of the renal artery (12) 

Intraoperative vasospasm; 

intraoperative ischemia; renal 

function; postoperative 

complications 

“The absence of complications and ease of 

application lead us to recommend topical 

vasodilators as a valuable adjunct in neonatal 

and infant renal surgery” 

Gilliss, 1973, 

US68 

Double-blind, 

controlled 

investigation 

61 elderly patients in a state 

psychiatric hospital with 

behavior deficits and other 

symptoms associated with 

cerebral arteriosclerosis 

(55.7%, all patients >55 y) 

• Oral sustained release 

papaverine (29) 

• Oral placebo (32) 

Alkaline phosphate, transaminase, 

bilirubin 

“Hepatosensitivity to papaverine, if it does 

exist, is apparently rare.” 

Girard et al, 

2004, US69 
– 

58 CABG patients (84.7%, 

age not mentioned) 

• No treatment (20) 

• Papaverine injection of the 

left IMA pedicle before 

dissection (18) 

• Papaverine injection of the 

left IMA pedicle after harvest 

(20) 

Mean blood flow; left IMA flow; 

mammary artery dissection times 

“Papaverine delivery to the left internal 

mammary artery after dissection treats spasm 

effectively, improves blood flow at the time 

of its anastomosis to the left anterior 

descending artery, and avoids any risk of 

intimal injury.” 
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Gombos et al, 

1978, US71 
– 

76 patients with various forms 

of sickle cell 

hemoglobinopathy (48.7%, 16 

patients <20 y, 31 patients 20 

to <30 y, 20 patients 30 to <40 

y, 9 patients >40 y) 

• Intravenous, low-molecular-

weight dextran and 

papaverine started within 20 

h of observed deterioration of 

vision (4) 

Visual acuity 

“Relatively good results were attained when 

acute retinal vascular occlusions were treated 

with low-molecular-weight dextran and 

papaverine.” 

Gonzaga et 

al, 2016, 

US72 

Retrospective, 

observational 

cohort study 

62 patients admitted with local 

injury due to exposure to 

extreme cold (84%, mean 40.4 

y ± 19) 

Coaxial infusion in each 

extremity of: 

• Urokinase, heparin, 

papaverine (not mentioned) 

• Urokinase, heparin, 

nitroglycerine (not 

mentioned) 

• Tissue plasminogen activator, 

heparin, papaverine (not 

mentioned) 

• Reteplase, heparin (not 

mentioned) 

• Tenecteplase, heparin (not 

mentioned) 

Angiographic evidence of arterial 

reperfusion; correlation of 

perfusion level with incidence of 

amputation for previously 

occluded distal digital vascular 

beds; total number of amputations 

“IATT [intra-arterial thrombolytic therapy] 

decreases the number of amputations in 

patients with frostbite injury and leads to 

increased limb and digit salvage.” 

Griffin and 

Siadaty, 

2005, US74 

Prospective, 

randomized, 

placebo-

controlled, 

masked trial 

141 infants admitted to 

neonatal intensive care unit 

(42%, papaverine: mean 11 

days, 25th % 3 days, 75th % 19 

days; placebo: mean 12 days, 

25th % 7 days, 75th % 25 days) 

Arterial catheter infusion 

solutions of 0.9% or 0.45% 

sodium chloride with 1.0 U/mL 

sodium heparin plus:  

• Papaverine (70) 

• Placebo (71) 

Time to catheter failure; 

intraventricular hemorrhage; 

hepatic toxicity 

“The continuous infusion of papaverine-

containing fluids prolongs the patency of 

peripheral arterial catheters in neonates.” 

Guillette and 

Mayer, 1954, 

US169 

Report of a 

successfully 

treated case 

37-year-old female patient 

with loss of vision 
• Intravenous papaverine (1) Visual acuity 

“A case of successfully treated thrombosis of 

the central retinal artery...” 
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Gurley et al, 

1990, US76 
Case report 

39-year-old male patient with 

disabling angina 
• Intracoronary papaverine 

bolus doses (1) 
Resolution of coronary spasm 

“Intracoronary papaverine may be useful in 

treating coronary spasm that is refractory to 

nitroglycerin, or in patients who cannot 

tolerate nitroglycerin because of 

hypotension.” 

Hausmann et 

al, 1996, 

US261 

Randomized 

prospective 

study 

106 patients undergoing 

coronary revascularization 

(83%, mean 60.4 y ± 7.1) 

• Intraluminal papaverine (38) 

• Topical papaverine 

administered (46) 

• Perivascular papaverine, in 

the pedicle (22) 

Mean arterial pressure; blood flow 

of the left IMA 

“On the basis of our results, we recommend 

that papaverine be injected perivascularly 

into the pedicle of the internal mammary 

artery, since retrograde injection can cause 

dissection.” 

Heulitt et al, 

1993, US79 

Prospective, 

double-blind, 

randomized, 

controlled trial 

239 children admitted to the 

pediatric intensive care unit 

• Placebo (50%, mean 1.6 

y, range 0.4-4.9 y) 

• Papaverine (46%, mean 

1.8 y, range 0.6-5.5 y) 

Arterial catheter infusion 

solutions of 0.9% or 0.45% 

sodium chloride with 1.0 U/mL 

sodium heparin plus:  

• Papaverine (115) 

• Placebo (124) 

Catheter failure 

“In critically ill children, infusion of 

papaverine-containing fluids reduces the risk 

of failure of peripheral arterial catheters.” 

Hongo et al, 

1995, 

Japan263 

– 

30 patients referred for 

evaluation of chest pain (67%, 

mean 53 y ± 14) 

• Intracoronary nicorandil and 

papaverine 12 mg ± 2 (18) 

• Intracoronary nicorandil and 

papaverine 10 mg ± 2 (12) 

Coronary hemodynamics; time to 

onset and duration of hyperemia; 

clinical symptoms; 

electrocardiographic changes 

“These results suggest that a bolus 

administration of intracoronary nicorandil 

can safely, quickly, and reliably induce 

maximal coronary hyperemia comparable to 

that achieved with intracoronary papaverine 

in humans.” 

Izukawa et al, 

1968, US80 
– 

82 patients undergoing cardiac 

catheterization (sex not 

mentioned, range 3 d - 15 y) 

Arterial cutdown with application 

of: 

•  Topical papaverine (36) 

•  No papaverine (46) 

Incidence of arterial thrombosis 

“The recent use of topical application of 3 

percent papaverine appears to be useful in 

reducing the incidence of arterial thrombosis 

in children undergoing cardiac 

catheterization.” 
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Karpman and 

Sheppard, 

1975, US81 

– 

9 patients with advanced 

vascular disease and 

significant variations from 

normal on forehead 

thermogram (55.5%, mean 

70.3 y, range 54-83 y) 

• Single dose of oral 

papaverine (9) 

Thermograms before and after 

papaverine 

“In conclusion, this study suggests that if 

potential stroke victims can be detected at an 

early stage with thermography (and/or with 

other atraumatic diagnostic techniques), drug 

therapy may prove to be of immediate 

therapeutic value.” 

Kassell et al, 

1992, US196 
Case series 

12 patients with aneurysmal 

SAH and vasospasm (16.7%, 

mean 56.6 y, range 40-75 y) 
• Intra-arterial papaverine (12) Pre- and postpapaverine angiogram 

“Intra-arterial papaverine is a theoretically 

attractive modality for treating severe 

vasospasm. The results of this preliminary 

anecdotal series suggest that this approach is 

at least partially effective. Although there is 

adequate suggestive evidence to warrant 

further investigation, we caution against the 

widespread adoption of this modality until 

the safety and efficacy of this approach have 

been conclusively demonstrated.” 

Kearns et al, 

2017, US269 
Case report 

2-day-old male who 

underwent circumcision under 

penile block with lidocaine 

• Caudal epidural with 

ropivacaine and 2-

chloroprocaine, topical 

papaverine applied to glans 

penis (1) 

Clinical improvement 

“Due to the rarity of penile ischemia with 

circumcision, the therapeutic advantages, 

management, and complication rates 

associated with treatment of penile ischemia 

with caudal anesthesia remain incompletely 

defined. In the 4 cases reported in the 

literature all experienced complete recovery 

without evidence of complication, as did the 

patient in this case report.” 
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Keating et al, 

2019, US197 
Case report 

20-year-old male with 

testicular trauma secondary to 

motor vehicle collision 
• Intra-testicular papaverine (1) Clinical appearance 

“Few options are available when testicles 

display signs of incomplete ischemia. 

Papaverine injection into the testicle may 

offer an option to increase salvage rates of 

testes with questionable viability. Additional 

studies are necessary to determine the effect 

and outcomes of papaverine injection into 

the testicle to reverse ischemia and improve 

testis viability.” 

Koebbe et al, 

2002, US272 
Case series 

5 patients with acute vascular 

occlusion associated with 

endovascular coiling of 

intracranial aneurysms (0%, 

mean 63.8 y, range 40-80 y) 

• Case 1: Urokinase, 

papaverine (1) 

• Case 2: Tissue plasminogen 

activator (1)  

• Case 3: Heparin, urokinase 

(1)  

• Case 4: Tissue plasminogen 

activator (1)  

• Case 5: Tissue plasminogen 

activator (1) 

Resolution of clot, clinical 

outcome 

“In conclusion, intra-arterial thrombolysis of 

fresh clot associated with GDC [Guglielmi 

Detachable Coils] therapy can successfully 

open occluded vessels but not without 

serious risk of hemorrhage.” 



111 

 

Author, 

Year, 

Country 

Study Typea Patient Population  

(% male, age) 

Intervention/Comparator  

(No. of patients) 
Primary Outcome Measure Authors’ Conclusions 

Koramaz et 

al, 2006, 

Turkey85 

– 

100 patients undergoing 

CABG 

• Group 1 (72%, mean 59.3 

y ± 10.9) 

• Group 2 (68%, mean 61.4 

y ± 12.6) 

• Group 3 (76%, mean 60.2 

y ± 10.0) 

• Group 4 (72%, mean 58.4 

y ± 10.7) 

• Group 1: classic harvesting 

of internal thoracic artery, 

after first measurement artery 

washed with papaverine 

solution and wrapped with 

gauze (25) 

• Group 2: before harvesting, 

papaverine injected into 

endothoracic fascia adjacent 

to surgical area (25) 

• Group 3: before harvesting, 

carbon dioxide suffused into 

endothoracic fascia in 

surgical area (25) 

• Group 4: before harvesting, 

carbon dioxide suffused into 

endothoracic fascia in 

surgical area, after first 

measurement artery washed 

with papaverine solution and 

wrapped with gauze (25) 

Free flow 

“Vasodilatory management, such as injection 

of papaverine into endothoracic fascia or 

carbon dioxide insufflation applied during 

excision, increased the free blood flows of 

internal thoracic artery pedicles. 

Exogenously applied papaverine produces an 

additional and continuous vasodilatation 

regardless of whether a vasodilatory 

intervention was previously applied.” 

Kramer and 

Romagnoli, 

1984, US273 

– 

6 patients undergoing 

corrective vascular surgery 

that did not require connection 

to perfusion pump (100%, 

mean 55 y ± 13) 

5 patients undergoing 

cardiopulmonary bypass 

(80%, mean 53 y ± 9.7) 

• Surgical control group: 

intravenous papaverine bolus 

following induction (6) 

• Cardiopulmonary bypass 

group: papaverine 

administered into coronary 

arteries as component of 

cardioplegic solution (5) 

Plasma papaverine concentrations 

“The results seen with papaverine are in 

agreement with those reported previously for 

fentanyl and support the hypothesis that CPB 

[cardiopulmonary bypass] decreases the 

postsurgical elimination rate of drugs with 

flow-rate limited hepatic clearance as a 

consequence of decreased hepatic blood 

flow.” 
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Lee et al, 

1978, US200 
– 

15 patients with peripheral 

occlusive arterial disease 

(80%, range 39-89 y) 

Each patient received each 

papaverine formulation orally for 

2 weeks: 

• Sustained release formulation 

(Pavabid) (15) 

• Soft gelatin formulation 

(Therapav) (15) 

Blood chemistries, urinalysis; 

subjective evaluation of severity of 

vascular disorder; side effects; 

patient preference of formulation 

“The so-called ‘global analyses’ of two 

papaverine HCl (preparations) was 

compared in patients with peripheral arterial 

occlusive diseases and found that the soft 

gelatin was better than the sustained-release 

capsule. However, a much more refined 

study is needed to be certain of this aspect...” 

Lewis et al, 

1995, US88 

Lewis et al, 

1999, US89 

– 

44 patients with cerebral 

vasospasm secondary to SAH 

(sex, age not mentioned) 

• Intra-arterial papaverine (18) 

• Balloon angioplasty (26) 

Single-photon emission computed 

tomography (SPECT); transcranial 

Doppler 

“Although, this and other studies, have 

demonstrated that balloon angioplasty is the 

favored technique for improving blood flow 

in delayed ischemia due to cerebral 

vasospasm that is refractory to medical 

treatment, there is still a role for papaverine 

in treating distal vessel vasospasm (which is 

unapproachable by balloon catheter) as well 

as providing improved access of the vessel 

for the microballoon catheter.” 

Likosky et al, 

2005, US202 

Prospective 

cohort 

68 patients undergoing CABG 

(sex, age not mentioned) 

• IMA treated with topical 

papaverine (28) 

• IMA treated with 

intraluminal papaverine (12) 

• IMA not treated with 

papaverine (22) 

• Incomplete information on 

method of treatment or 

embolization (6) 

Cerebral embolic signals 

“We report an association between the 

injection of papaverine hydrochloride and 

cerebral embolic signals. Our findings 

suggest that adoption of topical applications 

of papaverine hydrochloride may offer 

opportunities to reduce a portion of cerebral 

embolic signals in the setting of coronary 

artery bypass grafting.” 
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Liu et al, 

2001, US204 

Liu et al, 

2004, US203 

Retrospective 

study 

17 patients with aneurysmal 

SAH who received multiple 

intra-arterial papaverine 

infusions for recurrent 

vasospasm (35.2%, mean 52 y, 

range 20-83 y) 

11 control patients who 

underwent cerebral 

angiography for 

atherosclerotic disease (sex, 

age not mentioned) 

• Intra-arterial papaverine (17) 

• Control patients with no 

evidence of stenosis, tumor, 

aneurysm, or vascular 

malformation (11) 

Cerebral circulation time; Glasgow 

Coma Scale 

“Intra-arterial papaverine retains a useful 

role in the treatment of severe diffuse 

cerebral vasospasm. Papaverine adds the 

potential benefit of treating both large and 

small distal intracranial vessel segments that 

are not amenable to angioplasty. Intra-

arterial papaverine is effective in decreasing 

prolonged cerebral circulation time.” 

Livingston et 

al, 1993, 

US91 

Case report 
47-year-old male with SAH 

and postoperative vasospasm 

• Intra-arterial papaverine to 

facilitate passage of 

nondetachable balloon 

system and angioplasty (1) 

Flow on angiography; clinical 

response 

“However, this transient vasodilatory effect 

is well suited to selective intra-arterial 

injection as an adjunct to angioplasty in 

cases where severe vasospasm otherwise 

precludes passage of the balloon catheter.” 

Luer et al, 

1995, US205 
Case report 

41-year-old woman with SAH 

and postoperative vasospasm 
• Intra-arterial papaverine (1) Cerebral oxygen saturation 

“In this case, the changes in rSO2 observed 

after papaverine therapy correlated with the 

relief of vasospasm, as did the clinical 

improvements in the patient's neurological 

status.” 
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Manish et al, 

2017, India94 

Randomized 

controlled trial 

60 patients undergoing CABG 

(57%, mean 57.6 y) 

• Intraluminal papaverine (30) 

• Topical papaverine (30) 
Blood flow 

“In this trial, both intra luminal and topical 

methods of papaverine application were 

effective in preventing vasospasm and 

causing an increase in internal mammary 

artery blood flow. However, the rate of 

increase in internal mammary blood flow 

was significantly higher with intraluminal 

method compared to topical method of 

papaverine application and should be used as 

the method to prevent vasospasm even in 

off-pump coronary artery bypass grafting.” 

Marks et al, 

1993, US95 
Case report 

40-year-old woman underwent 

aneurysm clipping for 

posterior communicating 

aneurysm 

67-year-old man suffering 

from a posterior 

communication aneurysm 

• Intra-arterial papaverine (2) Blood flow 

“Intra-arterial papaverine has been used to 

reverse angiographically demonstrated 

vasospasm in two patients with ischemic 

neurologic deficits after SAH.” 

McAuliffe et 

al, 1995, 

US98 

– 

21 patients undergoing 

treatment for aneurysmal 

SAH-induced, symptomatic 

cerebral vasospasm (24%, 

range 31-74 y) 

• Intra-arterial papaverine 

infusion (21) 
Intracranial pressure 

“In our experience, papaverine is a useful 

adjuvant to angioplasty.” 

McHenry et 

al, 1970, 

US174 

Case report 

6 patients with focal cerebral 

vascular disease (sex, age not 

mentioned) 
• Intravenous papaverine (6) Cerebral blood flow 

“This report is submitted as evidence that in 

some patients cerebral vasodilation can 

occur in ischemic areas when parenteral 

papaverine is given…There is no evidence 

from this study, however, that papaverine 

alters or influences the clinical course of 

patients with stroke.” 
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McQuillan et 

al, 1974, 

US208 

Randomized, 

double-blind 

study 

12 patients with chronic brain 

syndrome secondary to 

arteriosclerosis (33%, range 

73-94 y) 

• Oral papaverine (6) 

• Placebo (6) 

Electroencephalogram frequencies; 

Mental Function Test 

“Although our results indicate that 150mg 

Pavabid administered twice daily is as 

effective initially as 300mg twice daily, it is 

not possible to determine from this study 

whether the lower dose would have its 

beneficial effects for as long as the higher 

dose.” 

Meyer et al, 

1965, US175 

Study 1: Not 

mentioned 

Study 2: Open, 

randomized 

Study 1: 14 patients (sex not 

mentioned, range 16-81 y)* 

Study 2: 70 patients with acute 

stroke 

• Papaverine (44%, range 

26-84 y) 

• Control (44%, range 26-

84 y) 

*The patients in study 1 were 

compared to a group of 

patients <37 y; no further 

information (number of 

patients, sex, age) was 

provided about this group 

Study 1:  

• Intravenous papaverine (14) 

Study 2:  

• Intravenous papaverine (34) 

• Control: Standard care (36) 

Study 1: Venous blood gas and 

electrolytes 

Study 2: Scoring system (no 

further information provided); 

arteriography 

“Clinical evaluation of two groups of 

subjects with acute stroke (proven by 

arteriography) who were selected for 

treatment in a random manner indicated that 

the group of subjects who underwent 

treatment with papaverine improved more 

than those that did not receive this drug...” 

Milburn et al, 

1997, US209 

Milburn et al, 

1998, US210 

Retrospective 

study 

Cases: 27 patients with 

vasospasm resulting from 

SAH, 7 additional patients 

with vasospasm resulting from 

SAH reported in 1998 study 

(35.3%, mean 54.1 y) 

Control: 17 patients 

undergoing cerebral 

angiography (35%, mean 46 y, 

range 15-78 y) 

• Cases: intra-arterial 

papaverine (34) 

• Control: patients undergoing 

cerebral angiography (17) 

Cerebral circulation time; 

intracranial arterial diameters 

“We have shown that papaverine causes 

vasodilation in proximal, intermediate, and 

distal cerebral arteries, which would be 

expected to improve blood flow. We have 

previously shown that papaverine causes a 

consistent decrease in cerebral circulation 

time, indicating improved cerebral blood 

flow. Papaverine probably has a 

complementary role with angioplasty for 

treatment of vasospasm in distal vessels.” 
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Mills and 

Bringaze, 

1989, US100 

– 

Group I: 14 patients 

undergoing CABG (71%, age 

not mentioned) 

Group II: 17 patients 

undergoing CABG (64.7%, 

age not mentioned) 

• Group I: diluted papaverine 

sprayed on IMA graft, then 

papaverine-soaked sponge 

used to wrap graft (14) 

• Group II: IMA graft injected 

throughout whole length with 

diluted papaverine (17) 

Free flow 

“Intraluminal papaverine preparation of the 

internal mammary artery (1) is the method of 

choice to determine the true mammary flow 

capacity and to offer the best possible 

mammary flow to the myocardium, (2) 

improves mammary graft size and thereby 

makes technical anastomotic errors less 

likely, (3) is useful to distinguish mammary 

low flow caused by technical error from that 

caused by vasospasm, and (4) allows 

identification of unclipped or uncauterized 

internal mammary artery side branches that 

otherwise might necessitate reexploration for 

bleeding.” 

Morello et al, 

1956, US102 
– 

49 patients undergoing 

angiographic evaluation of 

cerebral vessels (sex not 

mentioned, range 22-78 y) 

• Group A: single intracarotid 

injection of papaverine (10) 

• Group B: single intravenous 

injection of papaverine (19) 

• Group C: intravenous 

infusion of papaverine (30)* 

*Study provided total number of 

patients as 49, but number of 

patients provided for each group 

added up to 59 

Arteriogram 

“Papaverine and Paveril are capable of 

producing intracranial vasodilation, which is 

objectively demonstrable arteriographically, 

when these drugs are administered 

parenterally in sufficient dosage. The 

effectiveness of the 2 drugs is approximately 

the same, although in this study Paveril 

appeared to be slightly more effective than 

papaverine.” 

Murayama et 

al, 2003, 

US104 

– 

12 patients with ruptured 

aneurysms associated with 

symptomatic vasospasm (33%, 

range 33-82 y) 

Guglielmi Detachable Coil 

(GDC) aneurysm occlusion and: 

• Balloon angioplasty (6) 

• Intra-arterial papaverine 

infusion (2) 

• Balloon angioplasty and 

intra-arterial papaverine 

infusion (4) 

Complete GDC occlusion 

“On the basis of our preliminary results, 

endovascular treatment appears to be a 

reasonable therapeutic option for patients 

with ruptured aneurysms and symptomatic 

vasospasm.” 
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Nelson, 1975, 

US162 

Double-blind 

study 

45 elderly patients with 

symptoms such as confusion, 

depression, anxiety, emotional 

lability and fatigue (sex, age 

not mentioned) 

• Hydergine (25) 

• Oral papaverine (20) 
Elderly mental symptoms 

“The effectiveness of Hydergine, as shown 

in this study indicates its potential as a 

significant therapeutic agent for millions of 

elderly people.” 

Nili et al, 

1999, 

Israel288 

Randomized 

controlled trial 

80 patients undergoing CABG 

(90%) 

• Normal saline (mean 63.8 

± 3.2) 

• Papaverine (mean 59.6 ± 

4.9) 

• Verapamil (mean 65.2 ± 

2.2 y) 

• Nitroglycerine (mean 64.7 

± 2.7 y) 

• Sodium nitroprusside 

(mean 62.9 ± 3.3) 

Internal thoracic artery immersed 

in special applicator tube 

containing one of the following 

drugs: 

• Normal saline (16) 

• Papaverine (16) 

• Verapamil (16) 

• Nitroglycerine (16) 

• Sodium nitroprusside (16) 

Internal thoracic artery flow rates 

“In conclusion, this study has shown that 

careful harvesting and handling of the ITA 

[internal thoracic artery] pedicle is sufficient 

to achieve adequate flow prior to its 

anastomosis to the LAD [left anterior 

descending artery], and that there is no need 

for further pharmacological treatment of the 

ITA. However, if the ITA-LAD anastomosis 

is performed much earlier after harvesting of 

the ITA, i.e. before the artery has made a 

fully spontaneous recovery from the spasm, 

vasodilator treatment may be beneficial.” 

Nuber et al, 

1990, US289 
– 

13 baseball athletes with 

arterial compromise of the 

hand (sex not mentioned, 

range 23-47 y) 

• Two patients required 

hospitalization due to severe 

hand ischemia, received 

papaverine, heparin and 

dextran (2) 

Blood flow 

“In conclusion, athletes that are exposed to 

repetitive blunt trauma to the hand are at risk 

for arterial compromise, particularly of the 

digits. While ischemia is usually in the index 

or long fingers, various levels of 

compromise of the major arteries, palmar 

arch, or digital vessels should be sought.” 

Numaguchi et 

al, 1997, 

US110 

Numaguchi 

and Zoarski, 

1998, US109 

– 
28 patients with aneurysmal 

SAH (age, sex not mentioned) 
• Intra-arterial papaverine (28) Blood flow 

“In summary, the effectiveness of IA-PAP 

[intra-arterial papaverine] for symptomatic 

vasospasm varies among reported series, but 

it was at least 50% after single or multiple 

treatments in our series.” 
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Nussbaum et 

al, 2015, 

US451 

Case report 

46-year-old male with cerebral 

vasospasm following bacterial 

meningitis 
• Intrathecal papaverine (1) Blood flow 

“The use of bypass combined with 

intrathecal infusion of papaverine likely all 

contributed to the ultimately favorable 

outcome.” 

Opie et al, 

1989, US111 
– 

8 patients with known or 

confirmed peripheral vascular 

disease undergoing CABG 

(75%, age not mentioned) 

• Intra-arterial papaverine (8) Blood flow 

“Intraaortic papaverine is simple to apply 

and has shown encouraging results in this 

series of patients.” 

Ozdemir et 

al, 2007, 

Turkey112 

– 

28 patients undergoing CABG 

with radial artery (79%) 

• Group 1 (mean 61.4 y ± 

5.7) 

• Group 2 (mean 59.2 y ± 

3.1) 

• Group 3 (mean 60.14 y ± 

4.4) 

• Group 4 (mean 64.4 y ± 

3.7) 

• Group 1: topical papaverine 

(8) 

• Group 2: topical diltiazem (8) 

• Group 3: topical iloprost (8) 

• Group 4: saline control (4) 

Maximum contraction response of 

arterial ring segments after 

exposure to potassium chloride, 

norepinephrine, phenylephrine and 

serotonin 

“In conclusion, in coronary bypass surgery 

using iloprost for the purpose of preventing 

arterial graft spasm results in a vasodilator 

effect that is close to that of papaverine and 

superior than that of diltiazem.” 

Padmanabhan 

et al, 1972, 

US164 

Double-blind 

study 

95 children undergoing 

cardiac catherization (sex not 

mentioned, range 2 d-15 y) 

• Topical papaverine (not 

mentioned) 

• Topical sterile isotonic saline 

(not mentioned) 

Arterial thrombosis 

“The results of this double-blind study cast 

doubt upon the usefulness of topical 

papaverine (3%) in preventing complications 

following arteriotomies in infants and 

children. Whether careful surgical technique 

alone is responsible for a favorable outcome 

in a particular case is not clear from our 

study.” 
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Panetta et al, 

1988, US176 

Descriptive 

study 

17 patients undergoing 

reconstruction for peripheral 

injuries using nonreversed 

translocated saphenous vein 

grafts (sex, age not mentioned) 

• Topical papaverine (17) Graft Patency 

“Nonreversed translocated saphenous vein 

(NTSV) bypasses provides increased 

versatility with both large and small vessel 

trauma and may improve patency rates. 

Patel et al, 

1994, US114 
Case report 

2 patients involved in motor 

vehicle accidents with lower 

leg trauma (100%, aged 25 

and 30 y) 

• Intra-arterial papaverine (2) Blood flow 

“Our two cases illustrate the use of 

continuous intra-arterial infusion of 

papaverine to restore vascular perfusion and 

viability following leg trauma.” 

Polin et al, 

1998, US216 

Case-

controlled 

series 

93 patients being treated for 

symptomatic vasospasm after 

SAH 

• Papaverine (39%, range 

40-70 y) 

• Control (32%, age not 

mentioned) 

31 patients receiving papaverine 

and 62 matched control patients 

were randomized to: 

• Vehicle control (42) 

• High-dose tirilazad (32) 

• Low-dose tirilazad (19) 

3-month Glasgow Outcome Scale 

score 

“This study indicates that papaverine, as 

currently used, provides no additional 

benefit for patients with symptomatic 

vasospasm, compared with medical 

management. This study does not maintain 

that papaverine therapy has no role in this 

field but simply indicates that the place of 

this therapy in the decision tree for treatment 

of these patients has not been defined. Until 

prospective trials are able to define this 

niche, routine indiscriminate use of this 

technique is not warranted.” 

Qureshi et al, 

2000, US293 
Retrospective 

70 patients who developed 

symptomatic vasospasm after 

SAH (31%, mean 50.7 y ± 

11.5) 

• Patients not responding to 

hypervolemic and/or 

hypertensive therapy 

received angioplasty and/or 

intra-arterial papaverine (24) 

Glasgow Coma Scale 

“The results of this study suggest that 

outcome in patients with symptomatic 

vasospasm can be effectively predicted by 

routinely available information, including 

GCS [Glasgow Coma Scale] score at the 

time of initiation of hypervolemic and 

hypertensive therapy.” 
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Rabinstein et 

al, 2004, 

US178 

– 

81 patients with symptomatic 

cerebral vasospasm from 

aneurysmal SAH (sex not 

mentioned, range 29-88 y) 

• Intra-arterial papaverine (46)  

• Angioplasty (12) 

• Intra-arterial papaverine and 

angioplasty (23) 

Outcome on Modified Rankin 

Scale 

“Advanced age and poor clinical status at the 

time of SAH onset are predictive of poor 

clinical outcome despite endovascular 

treatment with angioplasty or intra-arterial 

papaverine in patients with symptomatic 

vasospasm. Patients with these poor 

prognostic factors could benefit from earlier 

or even prophylactic endovascular 

intervention. This hypothesis should be 

evaluated in future studies.” 

Rapoport et 

al, 1985, 

US118 

Case report 

47-year-old male patient who 

accidentally amputated 4 

digits from his left hand 
• Intra-arterial papaverine (1) Blood flow 

“We believe that aggressive multifactorial 

pharmacotherapy is safe and effective and 

should be considered before undertaking 

emergency reoperation in failed digit 

replantation procedures.” 

Ray 

Mohapatra et 

al, 2017, 

India119 

Prospective 

randomized 

study 

120 patients undergoing 

CABG 

• Group I (71%, mean 59.2 

y ± 10.3) 

• Group II (70%, mean 60.1 

y ± 10.7) 

• Group III (68%, mean 

59.8 y ± 9.0) 

• Group IV (72%, mean 

60.3 y ± 10.1) 

Left internal thoracic artery 

prepared with: 

• Group I: 

nitroglycerin/verapamil by 

organ bath (32) 

• Group II: papaverine by 

organ bath (30) 

• Group III: topical 

nitroglycerin/verapamil (29) 

• Group IV: topical papaverine 

(29) 

Free blood flow 

“Nitroglycerin has a more rapid onset and 

verapamil has a longer action than 

papaverine; we are encouraged to continue 

to use the GV [nitroglycerin/verapamil] 

solution...The method of delivery is easy and 

also low cost compared to papaverine 

solution.” 
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Ricci et al, 

2016, US121 

Ricci et al, 

2018, US122 

Retrospective 

cohort 

1105 flaps performed for 

breast reconstruction: 

• Papaverine (0%, mean 

49.3 y ± 9.3) 

• Nicardipine (0%, mean 

64.0 ± 25.9) 

• Lidocaine (0%, mean 50.0 

± 7.9) 

• Nitroglycerin (0%, mean 

50.6 y ± 8.1) 

• Topical papaverine (973 

flaps) 

• Topical nicardipine (59 flaps) 

• Topical lidocaine (55 flaps) 

• Topical nitroglycerin (18 

flaps) 

Differences in the rates of 

complications 

“Substituting lidocaine or nicardipine for 

papaverine to treat vasospasm did not 

demonstrate an increased rate of flap loss or 

return to the operating room, making these 

medications safe and efficacious alternatives 

to papaverine.” 

Russek and 

Zohman, 

1948, US123 

Case series 

46 patients with 

encephalopathy associated 

with hypertensive disease and 

cerebral vascular disease 

without hypertension (sex, age 

provided for only 4 patients: 

49-year-old female, 76-year-

old female, 72-year-old female 

and 38-year-old male) 

• Oral papaverine 

hydrochloride (46) 
Improvement in clinical signs 

“Papaverine hydrochloride was administered 

orally to 46 patients suffering from cerebral 

episodes associated with hypertensive 

disease or cerebral vascular disease without 

hypertension. The drug recurrence of 

seizures.” 

Saemi et al, 

2009, US218 
Case report 

37-year-old male patient with 

severe frostbite of both hands, 

involving all 10 digits 

• Standard frostbite treatment, 

intra-arterial papaverine 

infusion, intravenous heparin, 

intra-arterial tissue 

plasminogen activator (1) 

Improvement in the perfusion of 

all digits, as seen on repeat 

angiography 

“We have shown that intra-arterial 

thrombolysis after vasodilator infusion, in 

conjunction with anticoagulation, is a safe 

and viable therapy for severe frostbite injury 

and can result in limb salvage and full 

functional recovery.” 

Samson et al, 

1982, US125 
Case reports 

2 patients (80-year-old 

diabetic woman and 61-year-

old nondiabetic heavy smoker 

man) referred to vascular 

surgery for arterial bypass 

• Intra-arterial papaverine (2) Resolution of the spasm 

“We have described two patients in whom 

angiographically demonstrated vasospasm 

occurred directly after distal arterial 

reconstruction. Both parties responded to 

intra-arterial papaverine therapy.” 
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Seino et al, 

1983, US127 

Double-blind, 

placebo-

controlled, 

parallel group 

study 

20 patients with intermittent 

claudication due to organic 

vascular disease 

• Papaverine hydrochloride 

(82%, mean 65.1 y ± 

10.2) 

• Placebo (56%, mean 63.8 

y ± 4.6) 

All participants received placebo 

for 6-8 weeks, then were 

randomized to 2 groups for 12-

weeks double-blind phase: 

• Oral papaverine (11) 

• Placebo (9) 

Resting and postexercise 

ankle/brachial pressure index; 

walking distance to initial pain, 

rapidly increasing pain, and 

absolute claudication 

“...Our findings assessed by treadmill 

claudication tests and doppler ankle/brachial 

studies indicate that papaverine HCL is a 

safe and useful adjunct in the medical 

management of peripheral arterial 

insufficiency.” 

Shaffer, 

1946, US301 
Case reports 

5 patients admitted to the 

hospital for infections of 

extremities (80%, range 50-76 

y) 

• Intra-arterial penicillin as part 

of multimodal treatment plan 

(4) 

• Intra-arterial penicillin and 

hypodermic papaverine (1) 

Clinical improvement 

“... The intra-arterial route of penicillin 

therapy overcomes the factors of vascular 

impairments and the permeability of the wall 

of a local abscess cavity better than the 

intravenous or intramuscular methods of 

administration....the technique of injection is 

simple and there have been no complications 

in any of the cases treated.” 

Shaffer, 

1947, US128 
Case reports 

8 patients with diabetic 

gangrene and 9 other 

illustrative cases treated with 

intra-arterial penicillin for 

infections of extremities 

• Penicillin alone (42%, 

range 18-66 y) 

• Penicillin and papaverine 

(40%, range 63-88 y) 

• Intra-arterial penicillin (12) 

• Intra-arterial penicillin and 

hypodermic papaverine (5) 

Resolution of infection 

“A number of diabetic and arteriosclerotic 

patients with serious infections not 

controlled by intermittent injection of 

penicillin were treated with excellent results 

by intravenous introduction of the drug after 

maximum dilatation of peripheral vessels 

had been obtained by injection of papaverine 

and application of heat.” 

Shaw and 

Meyer, 1978, 

US303 

Shaw et al, 

1979, US304 

Double-blind 

trial 

21 patients with chronic 

cerebral ischemia were 

classified (sex, age not 

mentioned) 

• Oral papaverine 225 mg (not 

mentioned) 

• Oral papaverine 450 mg (not 

mentioned) 

Measurable increase in regional 

cerebral blood flow; changes in 

neurologic status 

“Zones of severe remote cerebral infarction 

appear to be pharmacologically refractory to 

papaverine, whereas areas of chronic 

ischemia, particularly in the vertebrobasilar 

arterial distribution, appear to be 

pharmacologically responsive.” 
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Simon et al, 

1949, US166 
– 

13 patients with angina 

pectoris (53.8%, average 64 y, 

range 35-73 y) 

• All patients first received oral 

placebo capsules for no less 

than 4 weeks, then oral 

papaverine capsules (13) 

Patient-reported number of attacks 

of pain in given period 

“A careful re-evaluation of the use of oral 

papaverine in the treatment of the anginal 

syndrome leads us to conclude that it is of 

limited value.” 

Sokolowski 

et al, 2018, 

US310 

Retrospective 

cohort 

159 patients with aneurysmal 

SAH who underwent 

endovascular treatment for 

vasospasm (23.9%, mean age 

51.8 y, SD not mentioned) 

• Intra-arterial papaverine (16) 

• Intra-arterial verapamil (132) 

• Balloon angioplasty (53)*  

*42 patients who underwent 

balloon angioplasty also received 

infusion agent, 11 did not 

Functional outcome at discharge 

(Modified Rankin Scale); 

successful reperfusion; need for 

repeat endovascular vasospasm 

treatment; length of hospital stay 

“Functional independence at discharge was 

achieved in a modest proportion of patients 

with a SAH [aneurysmal subarachnoid 

hemorrhage] who underwent endovascular 

treatment of vasospasm…The initial use of 

balloon angioplasty, with or without IA 

[inter-arterial] vasodilator infusion, appears 

to decrease the rate of retreatment, although 

the present study is unable to confirm the 

indications for angioplasty.” 

Sorokin et al, 

2018, US179 
Case report 

33-year-old male former 

smoker with renal mass 

• Periarterial injection of 

papaverine during robot-

assisted laparoscopic partial 

nephrectomy 

Vasodilation and reperfusion of 

left kidney 

“Within a few seconds, vasodilatory action 

resulted in the kidney regaining blood flow 

.... The left RAPN [robot-assisted partial 

nephrectomy] was able to be successfully 

performed. Postoperative renal function after 

1 month was normal with a serum Cr 

[creatinine] of 0.81.” 

Stern, 1965, 

US311 

Double-blind 

crossover 

study 

30 patients with peripheral 

vascular ischemia (30%, 71% 

between the ages of 40-60 y) 

• Sequence 1: oral papaverine 

hydrochloride, then placebo 

(not mentioned) 

• Sequence 2: oral placebo, 

then papaverine 

hydrochloride (not 

mentioned) 

Response to therapy 

“Papaverine hydrochloride in a dosage of 

300 mg daily is an effective drug in the 

medical management of peripheral vascular 

ischemia.” 



124 

 

Author, 

Year, 

Country 

Study Typea Patient Population  

(% male, age) 

Intervention/Comparator  

(No. of patients) 
Primary Outcome Measure Authors’ Conclusions 

Stern, 1966, 

US312 

Double-blind 

crossover 

study 

25 patients with diabetes 

mellitus and leg cramps (52%, 

mean age of males: 70.5 y, 

range 57-84 y; mean age of 

females: 65.1 y, range 51-79 

y) 

• Sequence 1: Oral papaverine, 

then placebo (13) 

• Sequence 2: Oral placebo, 

then papaverine (12) 

Degree of leg cramp relief 

obtained 

“Sustained-action papaverine hydrochloride 

is a safe and effective medication for the 

treatment of peripheral vascular ischemia in 

diabetic patients.” 

Stiefel et al, 

2006, US313 

Retrospective 

observational 

study 

5 patients with SAH who 

underwent continuous 

intracranial pressure 

monitoring and brain oxygen 

monitoring (sex not 

mentioned, median 58 y) 

• Intra-arterial papaverine 

infusion (5) 

Mean arterial pressure; intracranial 

pressure; cerebral perfusion 

pressure; brain oxygen; arterial 

oxygen saturation 

“These results may help explain why 

papaverine, although successful in reversing 

the arterial narrowing of vasospasm, has not 

resulted in improved patient outcome.” 

Svensson et 

al, 1990, 

US134 

– 

11 patients who underwent 

thoracic or thoracoabdominal 

aortic surgery (73%, median 

64 y, range 26-75 y) 

• Cerebrospinal fluid drainage 

and intrathecal papaverine 

injection (11) 

Mean arterial pressure; central 

venous pressure; cerebrospinal 

fluid pressure; cardiac index; 

systemic vascular resistance; 

cerebrospinal fluid pH and PO2 

(partial pressure of oxygen) 

“...it would appear to us that the best method 

of preventing paraplegia, with its 

multifactorial causes, is to use intrathecal 

papaverine with CSF [cerebrospinal fluid] 

drainage to prolong the safe period of aortic 

cross-clamping, reanastomose identified 

critical segmental arteries by a technique that 

has been presented by the author, and use 

distal aortic perfusion in selected complex 

situations, such as aortic dissection.” 
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Tarhan et al, 

2006, 

Turkey314 

Randomized 

study 

60 patients with coronary 

ischemia whose internal left 

thoracic arteries were used as 

a conduit for myocardial 

revascularization 

• Group 1 (80%, mean 59.4 

y ± 6.8) 

• Group 2 (70%, mean 58.8 

y ± 7.4) 

• Group 3 (80%, mean 60 y 

± 5.8) 

The graft was sprayed topically 

with one of the solutions and 

wrapped in swab soaked with the 

same solution: 

• Group 1: normal saline at 

operating room temperature 

(20) 

• Group 2: papaverine at 

operating room temperature 

(20) 

• Group 3: normal saline at 

normothermic body 

temperature (37°C) (20) 

Internal thoracic artery free flow; 

mean arterial pressure; esophageal 

and local temperature 

“As a conclusion, after harvesting the graft, 

regaining physiological normothermic state 

is sufficient for appropriate vasodilatation. 

Even using one of the most potent 

vasodilator papaverine at 20°C is not 

superior to normothermia.” 
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Tarhan et al, 

2007, 

Turkey315 

Randomized 

study 

120 patients whose left 

internal thoracic artery was 

used as a conduit for elective 

first-time myocardial 

revascularization 

• Group C (70%, mean 59.8 

y ± 6.7) 

• Group P (75%, mean 58.9 

y ± 7.5) 

• Group HP (85%, mean 

59.6 y ± 5.5) 

• Group N (60%, mean 58.1 

y ± 7) 

• Group NP (50%, mean 59 

y ± 8) 

• Group NHP (75%, mean 

58 y ± 8) 

• Group C: internal thoracic 

artery pedicle storage in 

room temperature conditions 

(20) 

• Group P: topical standard 

papaverine application at 

room temperature (20) 

• Group HP: topical heated 

papaverine (at 37°C) 

application (20) 

• Group N: internal thoracic 

artery pedicle storage in 

normothermic conditions 

(20) 

• Group NP: internal thoracic 

artery pedicle storage in 

normothermic conditions 

combined with application of 

topical standard papaverine at 

room temperature (20) 

• Group HNP: internal thoracic 

artery pedicle storage in 

normothermic conditions 

combined with application of 

heated papaverine (20) 

Internal thoracic artery free flow; 

mean arterial pressure; esophageal 

and pedicle temperature 

“In conclusion, topical application of heated 

papaverine itself does not warm the pedicle, 

but papaverine efficiency increases when the 

pedicle is stored in normothermic conditions. 

Since the preharvesting flows are matched, 

preserving the ITA [internal thoracic artery] 

pedicle in normothermic conditions can be 

the preferred treatment of spasm. We suggest 

that preservation of the ITA in normothermic 

conditions without papaverine application 

may be adequate clinically.” 

Tibbs, 1969, 

US136 
Case series 

21 patients with peripheral 

vascular insufficiency (66%, 

mean 64 y, range 36-84 y) 

• Oral timed-release 

papaverine (21) 

Decrease or abolition of 

intermittent claudication; increase 

in peripheral circulation; side 

effects 

“This report confirms the generally 

recognized opinion that papaverine 

hydrochloride orally is a safe and effective 

vasodilator for relief of claudication and 

other symptoms due to peripheral vascular 

spasm or sclerosis.” 
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Vardiman et 

al, 1995, 

US225 

Case report 

61-year-old male patient with 

hypothermia and SAH 

resultant from head trauma 
• Intra-arterial papaverine (1) 

Improvement in degree of 

angiographic arterial spasm and 

contrast transit time 

“Although clinical improvement was 

transient and angiographic improvement 

modest, the patient ultimately stabilized at 

his improved neurologic status. The infusion 

of intra-arterial papaverine into a vascular 

bed actively in a state of vasospasm proved 

to be a safe and useful adjunct in the 

treatment of this complicated trauma 

patient.” 

Watanabe et 

al, 2013, 

Japan326 

Randomized 

study 

30 patients with ischemic 

heart disease underwent 

isolated CABG using the left 

internal thoracic artery 

• Fasudil (80%, mean 70.5 

y ± 8.3) 

• Papaverine (87%, mean 

68.6 y ± 9.5) 

• Intra-arterial fasudil (15) 

• Intra-arterial papaverine (15) 

Graft free flow; heart rate; mean 

arterial pressure 

“In this study, fasudil exhibited a very potent 

vasodilatory effect on ITA [internal thoracic 

artery], resulting in a markedly increased 

GFF [graft free flow]. Dilatation of the ITA 

wall was histologically verified. Fasudil is a 

highly effective drug for the pretreatment of 

ITA graft.” 

Wilson et al, 

1989, US329 
– 

5 patients in whom balloon 

dilation of a fresh thrombotic 

coronary lesion led to an 

immediate pronounced 

reduction in coronary blood 

flow associated with signs of 

transmural myocardial 

ischemia (100%, mean 58.8 y 

± 11.7) 

• Nitroglycerin (5) 

• Streptokinase or urokinase 

(4) 

• Papaverine (2) 

Resolution of the syndrome 

(angina, ST segment elevation and 

reduction of blood flow in the 

dilated coronary artery) 

“Papaverine lessened the syndrome 

transiently on one occasion. Such 

microvascular constriction, caused by release 

of potent vasoconstrictors from the clot, may 

partly explain the failure of emergency 

angioplasty to reduce infarct size in acute 

myocardial infarction.” 
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Xue et al, 

1998, 

China143 

– 

18 patients with cerebral 

glioma (66.7%, mean 42.9 y, 

range 15-63 y) 

155 patients with malignant 

glioma (61.9%, mean 43.72 y, 

range 12-72 y) 

• Intracarotid papaverine (6) 

followed by methotrexate 

(MTX) 

• Intracarotid MTX only (6) 

• Intravenous MTX only (6) 

• Intracarotid papaverine 

followed by Bis-

chloronitrosourea (BCNU) 

(155) 

Concentration of MTX in tumor 

and normal tissue; postoperative 

survival time 

“We conclude that intra-arterial infusion of 

papaverine for opening the BBB [blood-

brain barrier] helps BCNU get into the target 

tumor in treatment of cerebral malignant 

glioma.” 

Yavagal et al, 

2010, US146 

Retrospective 

review 

35 patients receiving 

endovascular therapy for 

ruptured cerebral aneurysm 

with parent artery vasospasm 

(28.6%, mean 46.8 y) 

• Intra-arterial verapamil (14) 

• Intra-arterial nicardipine (12) 

• Intra-arterial papaverine (6) 

• Balloon angioplasty (13) 

Aneurysm occlusion; resolution of 

vasospasm; Glasgow Outcome 

Scale; Modified Rankin Scale 

“Excellent resolution of vasospasm was 

achieved in all patients... ET [endovascular 

therapy] of ruptured cerebral aneurysms with 

associated parent artery vasospasm appears 

to be safe and effective with good short-term 

and mid-term clinical outcomes in majority 

of patients.” 

Younge and 

Rosenbaum, 

1978, US227 

Case 
21-year-old male patient with 

central retinal artery occlusion 
• Papaverine and heparinized 

saline (1) 

Visual status; disk edema; retinal 

arterial pressure; pupillary light 

reflex 

“Central retinal artery occlusion very often 

leads to irreversible visual loss and seldom 

responds to treatment. Retrograde 

cannulation of the supraorbital artery 

followed by irrigation with anticoagulants 

and vasodilators may be of value in the early 

management of this problem.” 

Zubkov et al, 

1999, US332 
Case report 

45-year-old female and 51-

year-old male with ruptured 

arteriovenous malformations 

and symptomatic cerebral 

vasospasm 

• Case 1: intra-arterial 

papaverine infused into 

anterior cerebral arteries and 

basilar artery (1) 

• Case 2: 3 separate infusions 

of intra-arterial papaverine in 

anterior and posterior 

circulation arteries (1) 

Clinical improvement 

“We recommend early treatment of AVMs 

[arteriovenous malformation] with ruptured 

pedicular, intranidal, or venous aneurysms to 

avoid rebleeding and to allow for aggressive 

treatment of cerebral vasospasm.” 
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Zubkov et al, 

1999, US149 
Case report 

48-year-old female with 

ruptured aneurysm rupture 
• Intra-arterial papaverine 

infusion (1) 

Angiography; blood flow velocity 

on transcranial Doppler ultrasound 

“Early aggressive therapy with PTA 

[percutaneous transluminal angioplasty] and 

infusion of intra-arterial papaverine is 

required to reverse cerebral ischemia 

because papaverine does not dilate affected 

arteries in the chronic phase of cerebral 

vasospasm.” 

Indication 2: Erectile dysfunction (ED) 

Al-Juburi and 

O'Donnell, 

1987, US20 

– 

8 patients with impotence 

following radical cystectomy 

and ileal loop surgery for 

bladder cancer (100%, age not 

mentioned) 

• Intracavernous injection with 

papaverine/phentolamine (8) 

Onset and duration of erection; 

couple's satisfaction 

“The ‘chemical prosthesis’ of 

papaverine/phentolamine was a good 

alternative to penile implant surgery in our 

group of patients who were not frequently 

sexually active and did not have a healthy 

life-span ahead of them.” 

Al-Juburi and 

O'Donnell, 

1990, US21 

– 
103 patients with ED (100%, 

mean 60.6 y ± 8) 

• Papaverine (103) 

• Papaverine/phentolamine 

(not mentioned) 

Onset of erection; duration of 

response; quality of erection; 

couple satisfaction 

“The results of this study demonstrates the 

efficacy of intracavernous pharmacotherapy 

in the treatment of impotence over a long 

period of time for some patients.” 

Albaugh and 

Ferrans, 

2010, US229 

Pre-test 

Post-test 

20 patients with ED after 

prostatectomy (100%, mean 

58 y ± 8.8) 

• Papaverine/phentolamine/al-

prostadilb (Trimix) (11) 

• Papaverine/phentolamine 

(Bimix) (2) 

• Alprostadil (7) 

Erection rigidity strength; Self-

Esteem and Relationship 

Questionnaire; Erectile 

Dysfunction Inventory of 

Treatment Satisfaction; Injection 

Self-Efficacy Scale 

“The use of penile injections resulted in 

improved erectile function, sexual self-

esteem and confidence, and satisfaction with 

the sexual relationship. The majority of 

participants were satisfied with injections as 

a treatment option.” 
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Allen et al, 

1992, US22 

Prospective, 

randomized, 

double-blind, 

crossover 

study 

7 patients with organic 

impotence using 

intracavernous injection with 

papaverine/phentolamine for 

at least 1 month (100%, age 

not mentioned) 

3 combinations evaluated with 

each patient receiving 2 different 

combinations on each test date (1 

patient dropped out after first test 

date and therefore only received 2 

of the combinations): 

• Papaverine/phentolamine 

• Papaverine/phentolamine/pr-

ostaglandin E1 (PGE1) 

• Papaverine/PGE1 

Duration of erection; maximum 

rigidity determined subjectively 

and objectively 

“We conclude that the combination of 

papaverine and prostaglandin E1 produces 

erections of longer duration than papaverine 

plus phentolamine and that no additional 

benefit is gained by adding phentolamine to 

a combination of papaverine and 

prostaglandin E1.” 

Althof et al, 

1987, US230 
Prospective 

82 patients with organic, 

mixed, or psychogenic 

impotence 

• Organic (100%, mean 

57.9 y) 

• Mixed (100%, mean 58.4 

y) 

• Psychogenic (100%, 

mean 46.8 y) 

• Patients who entered program 

and received at least trial 

intracavernous injection with 

papaverine/phentolamine 

(63) 

Case Western Reserve University 

Sexual Functioning Questionnaire; 

Symptom Checklist 90R; Dyadic 

Adjustment Scale; Beck 

Depression Inventory; Spielberger 

State-Trait Anxiety Inventory; 

Personal Evaluation Inventory 

“Self-injection treatment was associated with 

increases in erection quality, intercourse 

frequency, and sexual satisfaction, and 

decreases in masturbation frequency for 

patients.” 

Althof et al, 

1991, US231 
Prospective 

42 patients with ED (100%, 

mean 54.4 y) 

• Self-injection therapy with 

papaverine/phentolamine 

(42) 

Case Western Reserve University 

Sexual Functioning Questionnaire; 

Symptom Checklist 90R; Dyadic 

Adjustment Scale; Beck 

Depression Inventory; Spielberger 

State-Trait Anxiety Inventory; 

Personal Evaluation Inventory 

“We conclude that self-injection should be 

considered among the accepted treatments 

for erectile dysfunction.” 
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Basile and 

Goldstein, 

1994, US238 

– 

32 patients with neurologic 

impotence who were active in 

an injection program and 

satisfied with treatment, 23 of 

whom answered a mailed 

questionnaire (100%, mean 38 

y, range 22-66 y) 

Self-injection therapy with: 

• Papaverine/phentolamine 

(17) 

• Papaverine/phentolamine/PG

E1 (6) 

Questionnaire 

“Currently, pharmacotherapy is considered 

the best treatment available in patients with 

neurogenic impotence because, among all 

the categories of impotent patients, they are 

the ones who respond better and who need 

the least amount of drug.” 

Bearelly et al, 

2020, US31 

Retrospective 

cohort study 

105 patients on intracavernous 

injection therapy (100%, 55.1 

y ± 13.9) 

• Intracavernous injection 

therapy (105) 

Erectile function and patient 

satisfaction using validated and 

nonvalidated questionnaires 

“Intracavernosal therapy is a highly effective 

and safe treatment option for patients with 

ED. It is associated with high satisfaction 

rates and acceptable side effects.” 

Bechara et al, 

1996, 

Argentina32 

Prospective 

longitudinal 

intra-subject 

experimental 

study 

32 patients with ED more than 

6 months duration (100%, 

61.3 y, range 26-71 y) 

Patients randomized to receive 2 

different solutions, at least 1 

weeks apart: 

• PGE1 alone (32) 

• Papaverine/phentolamine/PG

E1 (32) 

Erections allowing penetration; 

pain 

“In conclusion, our study shows that 1 ml of 

the 3-drug mixture is more effective than 40 

mcg prostaglandin E1 in a 1-ml solution to 

achieve an erection suitable for penetration, 

together with a lower incidence of pain 

during injection or erection.” 

Bell et al, 

1992, US33 
Retrospective 

33 patients with diabetes 

referred for trial of 

intracorporeal injection 

therapy 

• Responders (100%, mean 

47.3 y ± 10.9) 

• Nonresponders (100%, 

mean 56.4 y ± 12) 

Intracorporeal injection therapy 

with papaverine/phentolamine 

(33); at follow-up, patients 

categorized as: 

• Responders (12) 

• Nonresponders (21) 

Frequency of injection use; 

duration and quality of erection 

“In conclusion, we have found that age was 

the only predictive factor for success or 

failure of phentolamine-papaverine injection 

therapy in the treatment of diabetic erectile 

impotence.” 
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Bennett et al, 

1991, US34 
– 

116 impotent patients who 

underwent ICI with 

papaverine/phentolamine/PGE

1 for diagnostic evaluation and 

self-injection therapy 

• Diabetes (100%, average 

49 y, range 33-67 y) 

• Arteriogenic/pharmacolo-

gical (100%, average 59 

y, range 50-75 y) 

• Mixed etiology (100%, 

average 62 y, range 48-74 

y) 

• ICI with 

papaverine/phentolamine/PG

E1 for diagnosis and 

treatment of ED (116) 

Length and quality of erection; 

number of injections per month; 

dosage; complications 

“The combination of papaverine, 

phentolamine and prostaglandin E1 

described in our report has proved to be 

effective and safe for a self-administered 

pharmacologic treatment program.” 

Bernie et al, 

2017, US6 

Prospective 

comparison  

175 patients with ED 

• Group 1 (100%, mean 

61.9 y, standard error of 

the mean 1.4) 

• Group 2 (100%, mean 

61.3 y, standard error of 

the mean 0.7) 

• Group 1: empiric ICI with 

PGE1, dose adjusted or 

formulation changed to 

papaverine/phentolamine or 

papaverine/phentolamine/PG

E1 if poor response (57) 

• Group 2: risk-based ICI 

therapy in which patients 

received 

papaverine/phentolamine, 

low-dose 

papaverine/phentolamine/PG

E1 or high-dose 

papaverine/phentolamine/PG

E1 based on algorithm (118) 

International Index of Erectile 

Function (IIEF); Erectile 

Dysfunction Inventory of 

Treatment Satisfaction 

“Empiric and risk-based strategies for ICI 

therapy resulted in significant improvements 

across multiple domains of sexual function. 

Complication rates, satisfaction, and efficacy 

overall were similar between the two 

approaches.” 
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Bodner et al, 

1987, US39 

Bodner et al, 

1992, US38 

– 

58 patients with spinal cord 

injury experiencing difficulty 

in obtaining or maintaining an 

erection (100%, average 37.7 

y, range 19-68 y) 

Self-injection therapy with*: 

• Papaverine alone (24) 

• Papaverine/phentolamine 

(26) 

*8 Patients dropped out prior to 

first injection 

Erection sufficient for intercourse 

“Spinal cord injured patients on intracorporal 

injection therapy achieved a high success 

rate with erections, were more prone to 

develop sustained erections, had a low 

frequency of use, a high dropout rate and a 

low incidence of long-term complications.” 

Bookstein et 

al, 1987, 

US181 

– 

37 patients with impotence for 

over 3 months (100%, mean 

52 y, range 26-77 y) 

• Intra-arterial nitroglycerin 

infusion (not mentioned) 

• Intra-arterial 

nitroglycerin/papaverine 

infusion (not mentioned) 

Determination of type of vascular 

impotence 

“Likewise, the consistency of relaxation of 

vasoconstriction by the nitroglycerin-

papaverine combination is only presumed. A 

prospective study, using our techniques is 

clearly essential in establishing relevant 

criteria of normalcy.” 

Bookstein et 

al, 1987, 

US43 

– 

36 patients with impotence for 

over 3 months (100%, mean 

54 y, range 21-85 y) and 2 

normal patients (100%, ages 

57 and 61) undergoing 

cavernous studies 

• Cavernosometry only (3) 

• Pharmacocavernosometry 

only, after ICI with 

papaverine/phentolamine (8) 

• Cavernosometry and 

pharmacocavernosometry, 

after ICI with 

papaverine/phentolamine 

(27) 

• Cavernous studies alone (6) 

• Cavernous studies plus 

arteriography (32) 

Cavernosal pressure 

“Both pharmacocavernosometry and 

pharmacocavernosography were required for 

accurate evaluation of the overall 

competence of the veno-occlusive 

mechanism, and the specific sites of 

incompetence.” 

Bookstein et 

al, 1988, 

US42 

– 

132 patients studied with 

pharmacocavernosometry, 

pharmacocavernosography, 

and pharmacoarteriography 

(100%, age not mentioned) 

• Pharmacoangiography with 

papaverine/phentolamine 

(132) 

Pharmacologic maintenance 

erection flow 

Compared with nonpharmacologic methods 

for cavernosometry and cavernosography, 

they feel the pharmacologic technique offers 

several advantages. 



134 

 

Author, 

Year, 

Country 

Study Typea Patient Population  

(% male, age) 

Intervention/Comparator  

(No. of patients) 
Primary Outcome Measure Authors’ Conclusions 

Chancellor et 

al, 1994, 

US47 

Prospective 

evaluation 

18 patients with SCI (spinal 

cord injury) and ED (100%, 

median 29 y, range 19-65 y) 

• Topical minoxidil (18) 

• Vacuum constrictive device 

(18) 

• Intracorporeal papaverine 

(18) 

Erectile response 

“In conclusion, the results achieved with the 

use of intracorporeal papaverine injection 

and VCD [vacuum constriction device] 

documented the effectiveness of these forms 

of therapy in SCI [spinal cord injury] 

males.” 

Chao and 

Clowers, 

1994, US48 

– 
35 patients with neurogenic 

ED (100%, average 36.3 y) 

• Self-injection therapy with 

papaverine/phentolamine/PG

E1 (35) 

Erection sufficient for intercourse 

“Intracavernous tri-mix injection has proven 

to be a satisfactory, cost-effective method of 

achieving erection, without significant side 

effects.” 

Chen et al, 

1992, 

China184 

– 

240 patients with impotence 

• Papaverine (100%, mean 

57.3 y, range 25-79 y) 

• PGE1 (100%, mean 54.5 

y, range 22-82 y) 

• Intracorporeal papaverine 

(136) 

• Intracorporeal PGE1 (104) 

Onset, rigidity, and duration of 

erection 

“In conclusion, although papaverine and 

PGE1 had an almost equal effect on rigidity, 

PGE1 produced fewer side effects, was 

slower in onset and sometimes produced a 

longer duration of erection. We believe that 

PGE1 could be an acceptable alternative in 

vasoactive intracorporeal pharmacotherapy, 

although the cost is considerably higher (32 

v 5 US dollars for 1 injection).” 

Chen et al, 

1995, US51 

Prospective 

open study 

10 patients with ED who 

previously failed attempted 

treatment with intracavernous 

injection or a vacuum 

entrapment device alone 

(100%, mean 71 y, range 61-

82 y) 

Erectile response measured after 

ICI alone, after applying vacuum 

entrapment device alone, and 

after combining 2 modalities; 

patients received ICI with: 

• Papaverine (2)  

• PGE1 (8) 

Length, circumference, and 

buckling pressure of the penis 

“In conclusion, our study shows that the 

vacuum entrapment device augments a 

partial response to intracavernous injection. 

Patients who fail to achieve erection after 

either single modality may be treated 

successfully with combination therapy and 

may not require implantation of a penile 

prosthesis.” 
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Chuang et al, 

2011, US243 
Retrospective 

93 patients who underwent 

prostatectomy and received 

ICI for ED 

• Group 1 (100%, median 

59.34 y ± 6.28) 

• Group 2 (100%, median 

58.33 y ± 5.61) 

Self-injection therapy with: 

• Group 1: PGE1 alone (53) 

• Group 2: 

papaverine/phentolamine/PG

E1 (40) 

IIEF 

“In our study, in the PGE1-only therapy 

group, the maintenance dose was 

significantly correlated with NS [nerve-

sparing] and preoperative sexual function; 

findings not observed in the triple-therapy 

group. Thus, nerve integrity appears to have 

a significant role in the efficacy of PGE1 

regime.” 

Ciancio and 

Kim, 2000, 

US244 

Retrospective 

45 patients with penile fibrotic 

changes after radical 

retropubic prostatectomy 

(100%, age not mentioned) 

All patients with ED offered 

treatment with any or 

combination of the following: 

• Intraurethral alprostadil (20) 

• ICI with 

papaverine/phentolamine/PG

E1 (not mentioned) 

• Oral sildenafil (not 

mentioned) 

• Vacuum constriction device 

(not mentioned) 

IIEF; interview 

“Penile fibrotic changes are a significant but 

previously undescribed problem in men after 

RRP [radical retropubic prostatectomy]. 

Although predisposing factors could not be 

identified, most men felt that their condition 

stabilized or improved during treatment.” 
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Coombs et al, 

2012, US247 
– 

1412 patients presenting with 

ED enrolled in the ICI 

program (100%, mean 58 y ± 

16) 

Self-injection therapy with: 

• Papaverine 30 mg/mL / 

phentolamine 1 mg/mL / 

PGE1 10 mcg/mL (Trimix, 

1186) 

• Papaverine 30 mg/mL / 

phentolamine 1 mg/mL 

(Bimix, 184) 

• Papaverine 30 mg/mL / 

phentolamine 2 mg/mL / 

PGE1 20 mcg/mL (super 

Trimix, 14) 

• Papaverine 30 mg/mL alone 

(14) 

• PGE1 alone (14) 

Ability to have penetrative sex 

“In conclusion, ICI therapy is associated 

with very high success rates even in men 

with high comorbidity profiles; however, the 

discontinuation rate, even in patients that 

have not undergone RP [radical 

prostatectomy], by the end of the third year 

is significant.” 

Davis et al, 

1990, US54 
– 

91 patients presenting for 

impotence (100%, age not 

mentioned) 

• Intracavernous 

papaverine/phentolamine 

(91) 

Patient-reported response to 

treatment 

“We have been pleased with our results 

using papaverine and phentolamine to date, 

and we are now employing a newer agent, 

prostaglandin E1, in hopes of reducing side 

effects even further.” 

Dennis and 

McDougal, 

1988, US252 

– 

14 patients who underwent 

radical retropubic 

prostatectomy and 

experienced postoperative ED 

(100%, age not mentioned) 

• ICI with 

papaverine/phentolamine 

(14) 

Onset and duration of erection 

“We have found this technique to be a useful 

adjunct in the treatment of impotence in 

selected postradical prostatectomy 

patients...Interestingly, few patients 

continued to use the injection method for a 

long duration, but they have not sought other 

methods to achieve potency.” 
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Dhabuwala et 

al, 1990, 

US55 

– 

48 patients with psychogenic 

impotence (100%, mean 51 y, 

range 21-67 y) 

• Self-injection of 

intracavernous papaverine 

(25) 

• Weekly in-office 

intracavernous injection of 

papaverine (23) 

Patient-rated sexual activity and 

level of sexual satisfaction 

“Small dosage of papaverine helped to 

minimize the side effects and complications. 

The results obtained by this method are 

comparable to those of sex therapy. The 

method is easy to perform, and the patient 

can learn and practice the technique without 

much difficulty. It appears to be a safe, 

simple, and acceptable treatment option for 

psychogenic impotence.” 

Donatucci 

and Lue, 

1992, US56 

Case series 

74-year-old male with severe 

ventral curvature secondary to 

Peyronie disease 

46-year-old male with dorsal 

curvature due to Peyronie 

disease; 22-year-old male with 

congenital penile curvature 

• Intracavernous papaverine to 

maintain erection during 

surgical plication (3) 

Ability to achieve and maintain 

erection 

“We reserve the plication technique for 

patients with a penis of adequate length or 

those not concerned about possible penile 

shortening. Adjunctive intracavernous 

papaverine can be used because the corpora 

are not opened...The advantage of this 

method is that it makes the assessment of the 

penile deformity and its correction much 

easier.” 

Earle et al, 

1990, 

Australia152 

Single-blind 

crossover 

129 patients with ED 

• Group 1 (100%, mean 

51.6 y, range 20-74 y) 

• Group 2 (100, mean 57.5 

y, range 39-72 y) 

• Group 3 (100%, mean 

58.8 y, range 27-80 y) 

All patients received 

intracavernous injection of PGE1 

and papaverine one month apart 

• Group 1: patients electing to 

use self-injection of first drug 

(47) 

• Group 2: patients choosing 

not to continue mode of 

therapy for long-term use 

(29) 

• Group 3: patients who 

remained in study (53) 

Clinician-rated response to drug as 

percentage of expected full 

erection; patient-recorded sexual 

activity 

“Our results show that better erections can 

be obtained in more men when prostaglandin 

E1 rather than papaverine is used. When a 

drug is chosen for self-injection patients 

preferred prostaglandin E1. We conclude 

that prostaglandin E1 is at least as good as 

papaverine and probably better.” 
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Fein, 1990, 

US255 
– 

75 patients with ED 

• Class 1 (100 %, average 

56 y, range 32-76 y) 

• Class 2 (100%, average 

56 y, range 31-76 y) 

• Class 3 (100%, average 

69 y, range 34-76 y) 

All patients practiced self-

injection therapy with 

papaverine/phentolamine; placed 

into 1 of 3 classes of sexual 

dysfunction based on nocturnal 

penile tumescence tracings: 

• Class 1: mild sexual 

dysfunction (26) 

• Class 2: moderate sexual 

dysfunction (32) 

• Class 3: severe sexual 

dysfunction (17) 

Patient-reported success of rigid 

sustained erection 

“A portable home nocturnal tumescence 

monitor classification of severity of sexual 

dysfunction provided a guideline for the 

intracavernous pharmacological injection 

initial dosage and the probability of success 

or failure in patients who desire this form of 

therapy for male sexual dysfunction.” 

Fein, 1990, 

US189 
– 

8 patients presenting for 

premature ejaculation (100%, 

average 42 y, range 24-58 y) 

• Self-injection with 

papaverine/phentolamine (8) 

Maintaining an erection for 

satisfactory intercourse despite 

ejaculation 

“The study showed that intracavernous 

medication therapy can be successful in the 

treatment of premature ejaculation.” 

Floth and 

Schramek, 

1991, 

Austria62 

– 

87 patients with ED 

• Group 1 (100%, mean 51 

y ± 12.5) 

• Group 2 (100%, mean 

52.7 y ± 11.6) 

Within each group, patients 

received 2 separate injections in 

random order: 

• Group 1: 

papaverine/phentolamine and 

papaverine/PGE1 (49) 

• Group 2: PGE1 and 

papaverine/PGE1 (38) 

Grade of erection; onset and 

duration of erection; arterial blood 

flow on ultrasound 

“The combination of papaverine and 

prostaglandin El shows a clearly synergistic 

effect and might suitably replace papaverine 

plus phentolamine or prostaglandin El alone 

in patients who do not respond well or suffer 

side effects after high single doses.” 
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Fried, 1990, 

US64 
– 

306 patients with ED (100% 

average 54 y, range 23-82 y) 

• All patients received at least 

one dose (intracavernous test 

injection) of 

papaverine/phentolamine 

(306); 119 patients remained 

on therapy, defined as having 

been seen and given a 

medication refill within past 

3 months 

Quality of erection on scale of 1-5 

“In our experience intrapenile injection of 

vasoactive agents is a useful long-term 

measure in about one-third of patients seen 

in our impotence clinic.” 

Fu et al, 

2000, China65 

Randomized, 

parallel 

comparative 

study 

42 patients with ED (100%, 

mean 43.5 y, range 27-65 y) 

• All patients received one ICI 

each of sodium nitroprusside 

(experimental drug) and 

papaverine/phentolamine 

(control drugs) 1 week apart, 

in random order 

Length, circumference, rigidity, 

and duration of erection 

“SNP [sodium nitroprusside] facilitates 

relaxation of the penile smooth muscle and 

penile erection without significant side 

effects. SNP may be used in ED patients that 

experience pain and priapism with 

papaverine/phentolamine.” 

Gasser et al, 

1987, US192 

Randomized, 

double-blind, 

placebo-

controlled 

crossover 

30 patients with impotence 

(100%, mean 60.9 y ± 9.9) 

• Patients randomized to self-

administer 3 injections of 

papaverine/phentolamine on 

separate days (29*), followed 

by 3 injections of normal 

saline on separate days (30), 

or vice versa; patients with 

good results offered 1-month 

supply of 

papaverine/phentolamine 

(12) 

*One patient dropped out after 3 

injections of normal saline due to 

urgent hip surgery 

Quality and duration of erection 

“Intracavernous self-injection with 

phentolamine and papaverine appears to be a 

safe and effective treatment of impotence but 

long-term effects must be determined.” 
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Girdley et al, 

1988, US70 
– 

78 patients with ED 

participating in a self-injection 

program (100%, mean 55.2 y 

± 12.6) 

• Self-injection therapy with 

papaverine/phentolamine 

(78) 

Investigator-designed patient 

questionnaire 

“For patients who face a penile implant 

without other options, penile self-injection 

with vasoactive drugs is a reasonable 

alternative in that complications do not 

prevent successful prosthetic implantation.” 

Govier et al, 

1993, US73 
– 

146 patients with ED who 

chose to participate in a 

pharmacological program with 

triple-drug therapy (100%, 

range 24-85 y) 

• Self-injection therapy with 

papaverine/phentolamine/PG

E1 (146) 

Patient-reported response and side 

effects 

“In summary, while the perfect injectable 

agent for a pharmacological erection 

program does not exist, triple-drug therapy 

has many positive features.” 

Gupta et al, 

1997, US75 
Retrospective 

1089 patients enrolled in 

pharmacological erection 

program 

• Active patients (100%, 

mean 61.5 y, range 21-91 

y) 

• Inactive patients (100%, 

mean 62.8 y, range 22-94 

y) 

Self-injection therapy with: 

• PGE1 (636) 

• Papaverine/phentolamine/PG

E1 (222) 

• Papaverine/phentolamine 

(143) 

• Papaverine/PGE1 (21) 

Duration of erection; frequency of 

injection use; reasons for attrition 

“Failure of prostaglandin E1 and triple drug 

therapy is the best predictor of failure of 

intracavernous injection. We suggest that 

clinicians carefully follow and counsel 

patients at high risk for failure about 

alternative treatment within the first 3 

months.” 
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Hanash, 

1997, US170 
Prospective 

460 patients with ED at least 6 

months in duration (100%, 

mean 52 y, range 21-82 y) 

If indicated, patients received test 

dose of 

papaverine/phentolamine/PGE1 

and/or PGE1 alone; if initial 

response positive, then offered to 

choose among first-line 

therapeutic options; if first-line 

failed, then offered second-line 

therapy*: 

• Pharmacological (322) 

• ICI with 

papaverine/phentolamine/PG

E1 (171) 

• Vacuum constriction device 

(63) 

• Penile prostheses (24) 

• Vascular surgery (9) 

• Noncoital techniques (8) 

• Refused therapy (9) 

• Lost to follow-up (75) 

*Number represents number of 

patients choosing option for first- 

or second-line therapy, 221 

patients failed initial therapy and 

selected second-line therapy 

Ability to achieve and maintain 

rigid erection 

“Intracavernous injections, vacuum 

constrictive devices and penile prostheses 

are initially highly successful. However, the 

high dropout rate and refusal of further 

treatment in approximately 70% of patients 

in 43 months temper the initial success rate 

of goal-oriented therapy and emphasize the 

need for a simpler, more natural, less 

invasive and safer treatment.” 

Heck et al, 

2009, US171 
– 

1412 patients presenting with 

ED (100%, mean 58 y ± 34) 

• Papaverine/phentolamine/PG

E1 (85% of patients) 

• Papaverine/phentolamine 

(13%) 

• Papaverine or PGE1 

monotherapy (1%) 

Erectile function; priapism 

“ICI therapy is associated with very high 

success rates even in men with high 

comorbidity profiles; however, the majority 

of men in this program ceased injection 

therapy by the end of the third year [of] 

injecting.” 
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Hollander et 

al, 1992, 

US262 

– 

172 patients in a 

pharmacologic erection 

program for treating 

impotence (100%, mean age 

of 115 respondents 58 y, range 

27-79 y) 

Patients received in-office test 

dose, then at-home ICI therapy 

with: 

• Papaverine alone (not 

mentioned) 

• Papaverine/phentolamine 

(not mentioned) 

• PGE1 alone (not mentioned) 

Questionnaire 

“Pharmacologic penile injection therapy for 

treatment of male impotence is a reasonable 

treatment option for patients with 

impotence.” 

Janosko, 

1986, US193 
– 

21 patients who had poor or 

absent nocturnal erections 

(100%, mean 54.2 y, range 29-

67 y) 

• All patients received test 

dose of 

papaverine/phentolamine for 

diagnostic purposes, those 

who obtained good erections 

offered to continue with self-

injection therapy, of whom 

14 patients consented 

Patient-recorded length of 

erections 

“Further studies are continuing as further 

experience is obtained...We recommend that 

until further information becomes available, 

the drugs not be administered to patients 

predisposed to priapism...” 
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Jaworski et 

al, 1992, 

US194 

Retrospective 

review 

56 patients with spinal cord 

injury or diabetes who had 

received either a penile 

prosthesis or ICI 

• Spinal cord injury (100%, 

mean 37.2 y) 

• Diabetes (100%, mean 

51.4 y) 

• Patients with spinal cord 

injury and penile prosthesis 

(not mentioned) 

• Patients with spinal cord 

injury admitted to self-

injection program with 

papaverine alone or 

papaverine/phentolamine (not 

mentioned) 

• Patients with diabetes and 

penile prosthesis (not 

mentioned) 

• Patients with diabetes 

admitted to self-injection 

program with papaverine 

alone or 

papaverine/phentolamine (not 

mentioned) 

Derogatis Sexual Functioning 

Inventory; Dyadic Adjustment 

Scale 

“While this study is limited by its 

retrospective nature, it does suggest that the 

implant or injection procedure may make a 

positive difference, in ways not just medical 

or mechanical, for males with erectile 

dysfunction secondary to diabetes or spinal 

cord injury.” 

Keogh et al, 

1989, 

Australia82 

Double-blind, 

placebo-

controlled 

crossover trial 

39 patients with impotence 

(100%, mean 51 y, range 27-

67 y) 

Patients randomly allocated to 

group to receive drugs in 

predetermined order; each patient 

had each drug, one month apart: 

• Intracavernous papaverine 

(39) 

• Intracavernous 

phenoxybenzamine (39) 

• Intracavernous normal saline 

(39) 

Clinician-rated response to drug 

(change in penile size and rigidity); 

patient questionnaire 

“Currently we prefer to use papaverine 

rather than the combination of papaverine 

and phentolamine...Taken in conjunction 

with the advances in penile implants, 

intrapenile injections give the doctor 

infinitely more scope to offer the impotent 

man effective treatment.” 
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Keogh et al, 

1989, 

Australia83 

Double-blind 

crossover trial 

40 patients with impotence 

(100%, mean 58 y, range 40-

75 y) 

Patients randomly allocated to 

group to receive drugs in 

predetermined order; each patient 

had each drug, one month apart: 

• Intracavernous papaverine 

(40) 

• Intracavernous 

papaverine/phentolamine 

(40) 

Clinician-rated response to drug 

(change in penile size and rigidity); 

patient questionnaire 

“Our results show that more and better 

erections can be obtained when a 

combination of papaverine (20 mg.) and 

phentolamine (0.5 mg.) is injected 

intracavernously compared to papaverine (40 

mg.) alone. In addition, more impotent men 

were able to have intercourse within the 24 

hours after injection with the drug 

combination than after papaverine alone.” 

Kerfoot and 

Carson, 1991, 

US270 

Retrospective 

analysis 

119 patients with ED enrolled 

in pharmacological erection 

program 

• Group 1 (100%, mean 

47.4 y ± 4.9) 

• Group 2 (100%, mean 

69.8 y ± 4.8) 

All patients practiced self-

injection therapy with papaverine 

phentolamine: 

• Group 1: patients 35-55 y 

(54) 

• Group 2: patients ≥65 y (65) 

Dose of injection; duration and 

degree of erection 

“We conclude that intracavernous injection 

therapy among elderly impotent men is 

effective, well accepted by the patient, 

relatively safe and an excellent therapeutic 

option for these patients who are often 

reluctant to undergo a penile prosthesis 

operation.” 

Kiely et al, 

1987, UK84 

Double-blind 

crossover 

study 

18 patients with ED (100%, 

mean 52 y, range 25-65 y) 

• Patients randomized to 

receive ICI with either saline 

or papaverine/phentolamine, 

then alternate injection 4 

weeks later  

Penile length and rigidity 

according to the Penrig Scale 

“This study confirms the value of a 

combination of vasoactive agents in the 

management of impotence, irrespective of 

etiology, and suggests that any placebo 

effect is minimal in this group of patients 

with considerable psychological overlay.” 
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Kim et al, 

1995, US198 

Phase I, 

placebo-

controlled, 

nonblinded 

20 patients with ED (100%, 

mean 40 y, range 19-73 y) 

Each patient was evaluated in 5 

separate visits over 13-day 

period: 

• Visit 1: papaverine gel 

applied to forearm for 60 

minutes 

• Visit 2: papaverine gel 

applied to penis, scrotum, 

and perineum 

• Visit 3: papaverine gel 

applied to penis, scrotum, 

and perineum 

• Visit 4: placebo gel applied 

to penis, scrotum, and 

perineum 

• Visit 5: penis, scrotum, and 

saddle area assessed for skin 

changes 

Serum papaverine levels; erection 

score; velocity measurements on 

Doppler 

“Papaverine gel is not as effective as 

intracavernous injection therapy but may 

have promise at higher concentrations or in 

combination with other skin enhancers. 

Because the topical route avoids many of the 

complications associated with intracavernous 

therapy and because of the demonstrated 

effects on enhancing penile arterial flow, 

topical papaverine gel warrants further 

investigation.” 



146 

 

Author, 

Year, 

Country 

Study Typea Patient Population  

(% male, age) 

Intervention/Comparator  

(No. of patients) 
Primary Outcome Measure Authors’ Conclusions 

Kursh et al, 

1988, US86 
– 

90 patients with ED treated 

with ICI 

• Organic/mixed (100%, 

mean 58 y) 

• Psychogenic (100%, 

mean 47 y) 

Trial dose and self-injection 

therapy with: 

• Papaverine 15 mg (not 

mentioned) 

• Papaverine 15 mg 

/phentolamine 0.5 mg (not 

mentioned) 

• Papaverine 30 

mg/phentolamine 0.5 mg (not 

mentioned) 

• Papaverine 30 

mg/phentolamine 1 mg (not 

mentioned) 

• Papaverine 60 

mg/phentolamine 2 mg (not 

mentioned) 

Satisfactory erection 

“Injection of vasoactive drugs is an effective 

form of treatment for selected patients with 

impotence from virtually all causes. The two 

most commonly employed drugs in the 

United States are either papaverine alone or 

various combinations.” 

Lakin et al, 

1990, US173 
– 

100 patients with ED who 

chose ICI therapy (100%, 

mean 59 y, range 29-81 y) 

All patients received test dose of 

papaverine/phentolamine, then 

self-injection therapy with: 

• Papaverine/phentolamine 

(not mentioned) 

• Papaverine alone (not 

mentioned) 

Patient satisfaction, side effects 

“In summary, while intracavernous injection 

is an effective form of therapy for erectile 

failure of diverse etiology, it is not a 

satisfactory alternative for many patients. 

Although relatively safe in the short-term, 

the major complications of nodule and 

plaque formation associated with papaverine 

and phentolamine use are worrisome and 

increase significantly with the months of 

treatment and the number of injections.” 
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Lammers et 

al, 2002, US, 

Mexico199 

Randomized, 

double-blind, 

unblinded, 

active-

controlled 

crossover 

study 

42 patients with ED (100%, 

men ages 40-75 enrolled, no 

further information provided) 

After an initial 4-week placebo 

run-in period, all patients received 

each of the following treatment 

options during the study period in 

a randomized, crossover design: 

• Oral phentolamine 40 

mg/apomorphine 6 mg 

• Oral phentolamine 40 

mg/papaverine 150 mg 

• Oral phentolamine 40 

mg/papaverine 150 

mg/apomorphine 6 mg 

• Oral sildenafil 100 mg 

Sexual Encounter Profile diary 

“Coupled with the relative safety of the bi-

combo formulations, one can conclude that 

an oral combination of two vasoactive drugs 

with different pharmacodynamic activity 

may provide an alternative approach to oral 

treatment with the highest approved dose of 

sildenafil. Especially, the combination of 

phentolamine and apomorphine warrants 

further clinical investigation.” 

Lazzeri et al, 

1994, Italy274 

Prospective, 

randomized 

20 patients with psychogenic 

impotence (100%, mean 55.4 

y ± 4.9, standard error of 

mean) 

• Group A: intraurethral saline 

(5) 

• Group B: intraurethral 

capsaicin solution (5) 

• Group C: intracavernosal 

papaverine and intraurethral 

saline (5) 

• Group D: intracavernosal 

papaverine and intraurethral 

capsaicin (5) 

Tumescence, rigidity, latency, and 

duration of erection 

“Intraurethral capsaicin induced penile 

erection, as did the papaverine injection, 

while saline infusion was without effect.” 

Limoge et al, 

1996, US90 

Prospective 

crossover 

33 patients with ED 

undergoing regulated warfarin 

therapy (100%, age not 

mentioned) 

All patient received both 

treatments for 12 weeks in a 

crossover design: 

• External vacuum therapy (33) 

• Intracavernous 

papaverine/phentolamine 

PGE1 (33) 

Patient questionnaires  

“The observed success of these regimens 

suggests that both forms of minimally 

invasive treatment can be used in patients on 

anticoagulation therapy (warfarin). However, 

we did not investigate patients using 

combined intracavernous injection and 

external vacuum device therapy, or those on 

aspirin or other antiplatelet agents.” 
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Lloyd and 

Richards, 

1989, US92 

– 

116 patients with vascular 

based impotence and 40 

patients with spinal cord 

injury enrolled in ICI program 

for at least 1 month 

• Vascular (100%, mean 

54.8 y) 

• Spinal cord injury (100%, 

mean 34.7 y) 

• Trial dose and self-injection 

therapy with 

papaverine/phentolamine 

(156) 

Frequency of ICI; patient-rated 

quality of erection; duration of 

erection 

“Results with this treatment in SCI [spinal 

cord injury] appear to be quite good with 

short-term follow-up and long-term 

evaluation of this methodology in SCI 

appears warranted.” 

Mahmoud et 

al, 1992, 

Egypt161 

Randomized, 

double-blind 

crossover 

52 patients with ED (100%, 

mean 48.6 y ± 10.4, range 28-

68 y) 

• All patients received 

intracavernous PGE1 alone 

and papaverine alone with a 

3-day interval in between 

(52) 

Angle and duration of erection 

“Therefore, prostaglandin El is 

recommended as a vasoactive drug useful in 

the diagnosis of vasculogenic 15 and 

psychogenic impotence, 16 as well as in the 

treatment of impotence, especially of the 

neurogenic type.” 

Maniam et al, 

2001, US277 

Retrospective 

analysis 

19 patients with organic ED 

who underwent nocturnal 

penile tumescence testing 

before and after ICI therapy at 

least 6 mo in duration (100%, 

mean 53.5 y ± 9.96) 

Self-injection therapy with: 

• PGE1 alone (7) 

• Papaverine/phentolamine/PG

E1 (12) 

Nocturnal penile tumescence 

“Our data imply that subjective improvement 

in erectile quality develops in some men 

after long-term intracavernous injection. 

However, as measured by nocturnal penile 

tumescence testing, no objective 

improvement in spontaneous erectile 

function occurs.” 

Mark et al, 

1995, US278 
– 

92 patients undergoing 

delayed perineal repair of a 

pelvic fracture urethral 

distraction defect (100% mean 

35 y, range 9-69 y) 

• If impotence reported 

postoperatively, then patients 

offered ICI therapy with 

papaverine/phentolamine 

(27) 

Postoperative patient-reported 

impotence 

“Disruption of the cavernosal nerves lateral 

to the prostatomembranous urethra behind 

the symphysis pubis is the most likely cause 

of impotence in this injury.” 
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Marshall et 

al, 1994, 

US97 

– 

45 patients with ED 

• Treatment (100%, mean 

58.7 y ± 8) 

• Control (100%, mean 59 

y) 

• ICI with PGE alone (21) 

• ICI with 

papaverine/phentolamine/PG

E1 (14) 

• No treatment (10) 

Hemodynamic measurements on 

ultrasonography 

“In this study, we have shown that long-term 

intracavernous therapy with vasoactive 

substances leads to significantly improved 

blood flow in the cavernous artery.” 

Martinez et 

al, 2015, 

US207 

– 
8 patients with ED (100%, 

mean 66 y, range 46-78 y) 

• Intraurethral 

papaverine/phentolamine/PG

E1 (Trimix) gel (8) 

Penile rigidity 

“Preliminary results with TMG [Trimix gel] 

are favorable, yet further clinical data will 

help determine its place in urologists' 

armamentarium.” 

Mohamed 

Ibrahim and 

Batreek, 

2011, UAE101 

Randomized, 

crossover 

study 

200 patients complaining of 

ED (100%, mean 54 y ± 6.5) 

In a randomized, crossover study 

design, all patients received each 

treatment with a 1-month washout 

period: 

• Intraurethral 

papaverine/atropine/phentol-

amine/prostin/lidocaine (200) 

• Intracavernous 

papaverine/phentolamine 

(200) 

Penile rigidity 

“The current results revealed that the 

intraurethral gel injection can be considered 

as a safe alternative that can be used instead 

of ICI with less pain.” 

Mooradian et 

al, 1989, 

US211 

– 

50 patients with sexual 

dysfunction (100%, mean 59.2 

y ± 1.6) 

• Intracavernous papaverine 

(50) 
Full erection 

“Overall, our data suggest that administering 

papaverine every two weeks in the cavernosa 

improves sexual potency in a subgroup of 

patients with a normal penile blood pressure 

or mild vasculogenic disease.” 
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Mulhall et al, 

2005, US212 
– 

132 patients with functional 

preoperative erections who 

underwent radical 

prostatectomy (100%, mean 

59 y ± 10.6) 

Patients challenged with early 

postoperative oral sildenafil; 

nonresponders switched to ICI 

therapy: 

• ICI with 

papaverine/phentolamine/PG

E1 (38) 

• ICI with 

papaverine/phentolamine (7) 

• Oral sildenafil (87) 

Ability to achieve erection 

“The data generated from this 

nonrandomized study indicate that a 

pharmacologic penile rehabilitation protocol 

results in higher rates of recovery of 

spontaneous functional erections... A 

randomized, placebo-controlled trial to 

evaluate the utility of such a regimen is 

planned.” 

Nandipati et 

al, 2006, 

US286 

– 

22 patients who underwent 

bilateral nerve-sparing radical 

prostatectomy (100%, mean 

58.3 y ± 6.9) 

All patients started sildenafil at 

time of hospital discharge; 

injection therapy began at time of 

or within 3 weeks of catheter 

removal with: 

• PGE1 (18)  

• PGE1/papaverine/phentolam-

ine (Trimix) (4) 

Abridged version of IIEF 

questionnaire 

“Our early results with combination therapy 

using daily sildenafil and intracavernosal 

injections confirm the landmark study by 

Montorsi et al in 1997 that early treatment 

can improve the return of natural erections 

and improve penile hemodynamics.” 

Nellans et al, 

1987, US213 
– 

69 patients with ED (100%, 

age not mentioned) 

• All patients received in-office 

ICI with 

papaverine/phentolamine 

(69) 

• Some patients elected to 

continue with self-injection 

therapy (32) 

Response and duration of erection 

“Pharmacological erection does not have a 

long track record and experience is needed to 

establish safety in the long term. However, 

we believe that the reward of being able to 

achieve a natural erection makes self-

injection worthwhile...” 
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Nelson, 1989, 

US106 
– 

60 patients with ED (100%, 

average 54 y, range 24-79 y) 

• All patients received in-office 

ICI with 

papaverine/phentolamine 

(60) 

• Some patients elected to 

continue with self-injection 

therapy (52) 

Erection suitable for vaginal 

intercourse 

“I recommend that patients with erectile 

dysfunction be given broad alternatives for 

treatment, including the use of injectable 

vasoactive agents.” 

Pierce et al, 

1991, US215 
– 

10 patients who had received 

radiation for pituitary 

adenoma or prostate 

carcinoma (100%, mean 60.7 

y, range 49-74 y) 

• All patients received test ICI 

dose with 

papaverine/phentolamine 

(10) 

• Some patients continued with 

self-injection therapy with 

either 

papaverine/phentolamine or 

PGE1 alone (7) 

Ability to achieve adequate 

erection; side effects 

“Intracavernosal injection of vasoactive 

compounds is an effective alternative 

therapy for managing erectile dysfunction 

secondary to the treatment of pituitary and 

prostate tumors with radiation...This 

approach to managing impotence is still 

investigational until longer follow-up is 

obtained.” 

Raina et al, 

2003, US295 

Raina et al, 

2004, US294 

– 

102 patients using ICI for ED 

following radical 

prostatectomy (100%, mean 

60.4 y ± 6.3) 

Self-injection therapy with: 

• PGE1 alone (62) 

• Low-dose 

papaverine/phentolamine/PG

E1 (21) 

• High-dose 

papaverine/phentolamine/PG

E1 (19) 

Sexual Health Inventory of Men 

(abridged 5-item version of the 

IIEF) 

“This study suggests that IC injections are an 

excellent salvage option in NS [nerve-

sparing] patients who fail oral therapy and a 

first option in patients with non-NS 

procedures.” 

Renganathan 

et al, 1997, 

India120 

Open, 

randomized, 

cross over trial 

28 patients with spinal cord 

lesions and ED (100%, age not 

mentioned) 

• All patients received 

intracavernous papaverine 

and transdermal nitroglycerin 

in a randomized crossover 

design with a 2-week 

washout period 

Onset and duration of erection; 

Erectile Index 

“Our most important finding is that the 

intracavernous injection of papaverine is 

more effective than is the use of transdermal 

nitroglycerine for the treatment of erectile 

dysfunction in those with spinal cord 

lesions.” 
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Rowland et 

al, 1991, 

US217 

– 

36 patients (controls) who 

were sexually functional and 

19 patients with history of ED 

• Control (100%, mean 

38.7 y) 

• Self-injection patients 

(100%, mean 55.8 y) 

• Differential diagnosis 

patients (100%, mean 

46.0 y) 

7 control patients and 19 patients 

with ED received ICI with 

papaverine for penile sensitivity 

testing; some ED patients had 

been self-injecting intracavernous 

papaverine regularly, while others 

underwent papaverine injection 

for differential diagnosis: 

• Control patients (36, 7 of 

whom received ICI with 

papaverine) 

• Patients with ED practicing 

self-injection therapy with 

papaverine (9) 

• Patients with ED receiving 

intracavernous papaverine for 

differential diagnosis (10) 

Changes in vibratory tactile 

threshold resulting from penile 

tumescence 

“Our study clearly demonstrates that penile 

sensitivity decreases as tumescence, induced 

through papaverine, increases...It is clear that 

while thresholds do increase during 

papaverine-induced tumescence, this 

increase in sexually functional men reflects 

thresholds that are still far below the 

elevated thresholds evident in aging men or 

sexually dysfunctional men (present 

results).” 

Sarosdy et al, 

1989, US296 

Randomized, 

prospective, 

double-blind 

clinical trial in 

a crossover 

design 

15 patients presenting with a 

chief complaint of impotence 

• Papaverine (100%, mean 

63 y, range 36-70 y)  

• Prostaglandin E1 (100%, 

mean 63 y, range 36-70 y) 

• All patients received 

intracavernous papaverine 

and PGE1 in crossover 

design (15) 

Degree of tumescence in response 

to injection 

“This randomized, prospective, double-

blinded study of prostaglandin E1 confirms 

that this compound has the ability to treat 

impotence and suggests that it may work 

through a different mechanism than 

papaverine hydrochloride.” 

Sexton et al, 

1998, US297 
Case series 

180 patients undergoing 

treatment for ED 

• Intracavernosal injection 

(100%, mean 57 y, range 

33-81 y) 

• Penile prosthesis (100%, 

mean 60 y, range 34-82 y) 

• ICI with: PGE1 alone, 

papaverine alone, or 

papaverine/phentolamine/PG

E1 (115) 

• Penile prosthesis (65) 

Level and frequency of sexual 

activity; current form of therapy; 

reasons for discontinuing therapy; 

side effects; overall satisfaction 

“Based on the results of our study, further 

improvements in intracavernosal injection 

therapy and the development of alternative 

methods of delivering vasoactive agents will 

have only a limited impact on the overall 

outcome of therapy for erectile dysfunction.” 
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Seyam et al, 

2005, Saudi 

Arabia298 

Prospective 

randomized 

study 

180 patients complaining of 

ED (100%, mean 50 y ± 11.7) 

Each group of patients [groups 

T1–T9] received one dose of 

Trimix or 20 mg PGE1 at a clinic 

visit and 1 week later received the 

alternative drug; the composition 

of drugs used for each dose of 

Trimix (PGE1, papaverine, 

phentolamine. respectively) 

varied as follows: 

• T1: 2.5 mcg, 5 mg, 1 mg (20) 

• T2: 2.5 mcg, 10 mg, 1 mg 

(20) 

• T3: 2.5 mcg, 20mg, 1 mg 

(20) 

• T4: 5 mcg, 5 mg, 1 mg (20) 

• T5: 5 mcg, 10 mg, 1 mg (20) 

• T6: 5 mcg, 20 mg, 1 mg (20) 

• T7: 10 mcg, 5 mg, 1 mg (20) 

• T8: 10 mcg, 10 mg, 1 mg 

(20) 

• T9: 10 mcg, 20 mg, 1 mg 

(20) 

Hemodynamic effects; examiner- 

and patient-rated grade of erection; 

patient’s satisfaction of erection; 

degree of axial rigidity; 

complications (pain, priapism) 

“We conclude that even at the smallest dose 

of ingredients of Tx [Trimix], there are no 

significant differences in hemodynamic 

effects, rigidity, pain and self-satisfaction 

between the two drugs. However, Tx 

produces a longer duration of erection and 

more priapism than PGE1.” 



154 

 

Author, 

Year, 

Country 

Study Typea Patient Population  

(% male, age) 

Intervention/Comparator  

(No. of patients) 
Primary Outcome Measure Authors’ Conclusions 

Shamloul et 

al, 2004, 

Egypt302 

Double-blind 

clinical 

comparative 

study 

50 patients with ED (100%, 

mean 47.2 y ± 3.4) 

• Group A: ICI with 

papaverine/phentolamine, 

followed 1 week later by ICI 

with 

papaverine/chlorpromazine 

(20) 

• Group B: ICI with 

papaverine/phentolamine/PG

E1, followed 1 week later by 

ICI with 

papaverine/chlorpromazine/P

GE1 (20) 

• Group C: ICI with 

chlorpromazine (10) 

Grade of erectile response 

“In conclusion, chlorpromazine can be used 

as an intracavernous vasoactive agent, 

similar to phentolamine in efficacy and 

short-term side effect profile.” 

Shamloul et 

al, 2005, 

Egypt129 

Clinical 

comparative 

study 

40 patients with ED (100%, 

mean 43.5 y ± 4.3) 

• Group I: ICI with 

papaverine/phentolamine, 

followed 1 week later by ICI 

with sodium nitroprusside 

(20) 

• Group II: ICI with sodium 

nitroprusside, followed 1 

week later by ICI with 

papaverine/phentolamine 

(20) 

Grade of erectile response 

“Intracavernous pharmacotherapy is still a 

reliable method for both diagnosis and 

treatment of ED. While preliminary results 

of our study show a potential of SNP 

[sodium nitroprusside] to be an effective and 

safe intracavernous agent, long-term self-

injection clinical trials are needed before 

large-scale usage is recommended.” 

Shenfeld et 

al, 1995, 

Israel130 

Double-blind 

crossover 

study 

20 patients with ED entering 

ICI program (100%, mean 

57.5 y, range 44-71 y) 

All patients given 2 ICIs 2 weeks 

apart (20): 

• Papaverine/phentolamine 

• Papaverine/phentolamine/PG

E1 

Quality and duration of erection 

“Intracorporeal injection of papaverine, 

phentolamine and prostaglandin E1, all at 

decreased doses, resulted in a better erectile 

response than papaverine plus phentolamine 

alone at the currently recommended doses.” 
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Sidi et al, 

1986, US131 
– 

100 patients with organic ED 

who underwent trial of ICI 

therapy 

• Neurogenic (100%, mean 

41.5 y ± 12.9) 

• Vascular (100%, mean 

58.5 y ± 9.0) 

• Neurogenic/vascular 

(100%, mean 56.2 y ± 

12.6) 

• Undetermined (100%, 

mean 52.4 y ± 9.8) 

• All patients received initial 

ICI with 

papaverine/phentolamine 

and, if no response, 

increasing doses up to 1.5 

mL (100) 

Presence, quality, duration, and 

functional status of erection 

“lntracavernous injection of vasoactive drugs 

appears to have promising value in the 

treatment and differential diagnosis of 

erectile dysfunction.” 

Soderdahl et 

al, 1997, 

US308 

Prospective, 

randomized, 

crossover trial 

50 patients with previously 

untreated organic impotence 

who were in a stable sexual 

partnership (100%, mean 62.3 

y, range 38-84 y) 

• Patients initially randomized 

to either intracavernous 

injection therapy with Trimix 

(papaverine/phentolamine/P

GE1) or external vacuum 

device; after completing 15 

uses of initial modality, 

changed to other arm of study 

in crossover design 

Efficacy; satisfaction; side effects 

“Both the vacuum device and injections are 

effective treatment modalities for impotence 

and are associated with good long-term 

success. Overall, there was a trend favoring 

injection therapy over the vacuum device 

which was most significant in younger 

patients, those with a shorter duration of 

impotence, and those impotent secondary to 

radical prostatectomy.” 

Sparwasser et 

al, 1994, 

US133 

Follow-up 

study 

603 patients with chronic 

erectile failure (100%, age not 

mentioned) 

• ICI with papaverine alone or 

papaverine/phentolamine for 

diagnostic purposes (not 

mentioned) 

• Patients who elected to 

continue ICI therapy with 

papaverine/phentolamine for 

at least 2 y (172) 

Questionnaire on influence of ICI 

therapy on self-esteem and 

partnership; side effects  

“The combination of papaverine and 

phentolamine still is the best documented 

form of therapy and side effects are lower 

compared to papaverine monotherapy.” 
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Szasz et al, 

1987, 

Canada135 

Double-blind 

comparison 

study 

11 patients with ED on 

waiting list for penile 

prosthetic surgery (100%, 

mean 53.5 y, range 28-64 y) 

All subjects received ICI with 1 

of 3 solutions every 2 weeks; all 

subjects received each solution 

once: 

• Saline (11) 

• Phenoxybenzamine (11) 

• Papaverine/phentolamine 

(11) 

Patient- and clinician-rated 

erection 

“A nonrandom sample of subjects with 

erection difficulties responded with various 

degrees of tumescence to the intracavernous 

injection of both phenoxybenzamine and 

papaverine/phentolamine in a saline 

solution.” 

Turner et al, 

1989, US137 
Prospective 

131 patients with ED 

• Organic (100%, mean 

56.9 y) 

• Mixed (100%, mean 58.0 

y) 

• Psychogenic (100%, 

mean 48.7 y) 

Self-injection therapy in patients 

with: 

• Organic ED (74) 

• Mixed organic/psychogenic 

ED (42) 

• Psychogenic ED (15) 

Case Western Reserve University 

Sexual Functioning Questionnaire; 

Dyadic Adjustment Scale; Beck 

Depression Inventory; Spielberger 

State-Trait Anxiety Inventory; 

Personal Evaluation Inventory 

“The results of this study suggest that self-

injection treatment can be of limited benefit 

to men with psychogenic impotence.” 

Turner et al, 

1992, US450 

Prospective 

comparison 

42 patients who had 

completed 12 mo in self-

injection therapy (100%, mean 

54.4 y) 

36 patients who had used an 

external vacuum device for 12 

mo (100%, mean 58.7 y) 

• Self-injection therapy with 

papaverine/phentolamine 

(42) 

• Use of external vacuum 

device (36) 

Case Western Reserve University 

Sexual Functioning Questionnaire; 

Dyadic Adjustment Scale; 

Derogatis Symptom Checklist-

90R; Beck Depression Inventory; 

Spielberger State-Trait Anxiety 

Inventory; Personal Evaluation 

Inventory 

“Both alternatives were regularly, 

successfully, and safely used by patients, 

though dropout rates were higher for self-

injection. Both produced erections of 

improved quality, and effected sustained 

improvements in frequency of intercourse, 

orgasm, and sexual satisfaction. Spontaneous 

erections also improved with both 

treatments.” 
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van der 

Windt et al, 

2002, The 

Netherlands31

8 

Prospective 

randomized 

trial 

70 patients with ED 

• Sexological counselling 

(100%, mean 55.5 y, 

range 23-75 y) 

• No sexological 

counselling (100%, mean 

56 y, range 37-70 y) 

All patients practiced self-

injection therapy with 

papaverine/phentolamine 

(Androskat), applied with self-

injection pen; randomized to 2 

groups: 

• Sexological counselling (35) 

• No sexological counselling 

(35) 

Patient-reported effectiveness, side 

effects, sexual functioning, reason 

for ending treatment, partners 

opinion 

“In conclusion, in this randomized 

prospective study of patients with ED treated 

with ICI, there was no positive contribution 

from additional SC [sexological 

counselling].” 

von Heyden 

et al, 1993, 

US138 

Retrospective 

analysis 

101 patients who used ICI as 

the primary therapy for 

vasculogenic impotence 

(100%, mean 58.62 y, range 

22-80 y) 

All patients received ICI with 

PGE1 for diagnostic purposes; if 

insufficient, then received 

diagnostic booster ICI with 

papaverine/phentolamine/PGE1; 

then, patients initiated self-

injection therapy with: 

• PGE1 (70) 

• Papaverine/phentolamine/PG

E1 (31) 

Increase in cavernous artery 

diameter; quality of erection 

“Intracavernous vasoactive agents have an 

essential role in the diagnosis and treatment 

of impotence.” 

Waldhauser 

and 

Schramek, 

1988, 

Austria323 

Double-blind, 

crossover 

study 

12 patients with ED (100%, 

mean 52.9 y ± 7.6) 

On 2 separate occasions, all 

patients received ICI with: 

• PGE1 alone (12)  

• Papaverine/phentolamine 

(12) 

Grade of erection; time to onset 

and duration of erection 

“At the doses used, prostaglandin E1 was 

more effective in inducing penile erection 

than papaverine plus phentolamine (11 

versus 6 patients). Intracavernous injection 

of prostaglandin E1 is a potent tool for 

artificial penile erection and warrants precise 

examination for its potential clinical use.” 
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Weiss et al, 

1991, US139 
– 

25 patients with psychogenic 

impotence (100%, range 36-64 

y) 

• All patients received trial ICI 

with 

papaverine/phentolamine 

(25) 

• Patients with satisfactory 

results started self-injection 

therapy with 

papaverine/phentolamine 

(20) 

Response to ICI 

“For appropriate cases, a new era in the 

treatment of psychogenic impotence may be 

at hand with the combination of 

psychotherapy and self-injection 

pharmacotherapy.” 

Zaslau et al, 

1999, US148 
Cohort 

37 patients with spinal cord 

injury and ED (100%, mean 

43.7 y, range 24-72 y) 

• ICI with papaverine/PGE1 

(37) 
Duration and quality of erection 

“This simplified pharmacologic erection 

program has been demonstrated to offer safe, 

well accepted, and effective therapy for ED 

in this series of patients with neurogenic 

impotence secondary to SCI [spinal cord 

injury].” 

Zorgniotti 

and Lefleur, 

1985, US228 

– 

62 patients with diagnosed 

vascular impotence who had a 

sex partner (100%, age not 

mentioned) 

• All patients received ICI with 

papaverine/phentolamine 

(62) 

Achievement and frequency of 

coitus; pain and deviation of penis 

“...the reward to the patient being able to 

resume physiological coital penetration 

makes self-injection worth the effort. 

Experience is needed to establish safety and 

long-term efficacy rates, as well as to 

determine if damage to the spongy tissue 

occurs.” 

Indication 3: Diagnostic 

Abber et al, 

1986, US19 
– 

43 patients with ED (100%, 

mean 58 y, range 38-85 y) 
• Intracavernous papaverine 

(43) 

Degree of turgidity; intracorporeal 

pressure 

“We conclude that the intracorporeal 

injection of papaverine currently is the best 

screening technique for the differential 

diagnosis of vasculogenic impotence.” 
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Avant et al, 

2017, US233 

Avant et al, 

2017, US234 

Retrospective 

chart review 

262 patients undergoing penile 

duplex Doppler ultrasound for 

ED (100%, mean 53 y) 

• Intracavernous 

papaverine/phentolamine/alpr

ostadil in 0.1 mL increments 

(262) 

Erection sufficient for penetration 

“Patients with lower IIEF [International 

Index of Erectile Function] scores, coronary 

disease, and diabetes mellitus may require 

higher volumes of erectogenic medications 

at the time of PDDU [penile duplex Doppler 

ultrasound].” 

Bahnson and 

Catalona, 

1988, US235 

– 

23 patients with ED after 

radical retropubic 

prostatectomy (100%, age not 

mentioned) 

• Intracavernous papaverine 

(23) 
Penile tumescence 

“Our results suggest that the majority of 

patients who do not experience return of full 

erectile function following nerve-sparing 

radical prostatectomy have sustained injury 

to or disruption of the normal vascular 

mechanism involved in penile erection.” 

Baron et al, 

1981, US237 
– 

25 patients undergoing 

surgical reconstruction of an 

atherosclerotic lesion (36%, 

mean 66.6 y, range 53-78 y) 

• Intra-arterial papaverine (25) 
Arterial flow before and after 

injection 

“From the results of this study, it is apparent 

that the use of a pharmacologic test for flow 

rate has demonstrated that profundaplasty 

makes a significant contribution to relieving 

symptoms of ischemia in the lower limb.” 

Bennett and 

Garofalo, 

1989, US35 

– 

134 patients with sexual 

dysfunction (100%, mean 51.9 

y, range 17-76 y) 

• Intracavernous papaverine 

(27) 

• Intracavernous 

papaverine/phentolamine 

(115) 

Penile rigidity and saline flow 

requirement 

“In the early part of the study (27 patients), 

when papaverine alone was used to 

maximize the arterial response, the incidence 

of CVL [corporovenous leakage] was 

81%...the combination of 30 mg papaverine 

and 1 mg phentolamine was used to enhance 

the normal arterial response and venous 

closure mechanism. A better tumescent 

response was noted and the next 115 patients 

studied demonstrated a 55% normal 

response.” 
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Edmondson 

et al, 1994, 

US253 

– 

32 patients evaluated for 

impotence (100%, age not 

mentioned) 

• ICI with 

papaverine/phentolamine/PG

E1 (32) 

Hemodynamic measurements of 

penile arteries on ultrasound 

“Penile duplex ultrasonography appears to 

be a reliable noninvasive examination in the 

initial evaluation of patients with suspected 

vasculogenic impotence.” 

Elhanbly et 

al, 2002, US, 

Egypt254 

Prospective 

122 patients with ED 

• Good responders (100%, 

average 33.8 y) 

• Poor responders (100%, 

average 46.4 y) 

Patients who underwent ICI test 

classified as: 

• Good responders (35) 

• Poor responders (87) 

Complete rigid erection within 10-

15 minutes of injection that lasted 

> 30 minutes 

“In our study we noted that for physicians 

using the goal-oriented approach as well as 

those seeking to determine the underlying 

pathophysiology of erectile dysfunction 

performing intracavernous injection testing 

in the office setting provides the most data in 

an efficient manner.” 

Flanigan et 

al, 1983, 

US61 

Flanigan et 

al, 1984, 

US60 

– 

106 lower extremities 

underwent papaverine testing 

prior to arterial bypass (sex, 

age not mentioned) 

• Intra-arterial papaverine prior 

to arterial bypass (106 lower 

extremities) 

Femoral and brachial artery 

pressure 

“The papaverine test permits accurate 

determination of the hemodynamic 

significance of aortoiliac disease and 

provides essential information in the 

selection of the revascularization procedure 

that will provide the best immediate 

hemodynamic and symptomatic 

improvement.” 

Fogarty et al, 

2005, US256 
Comparative 

68 patients visiting an 

academic urology clinic 

(100%, mean 51 y, range 30-

81 y) 

• Patients with normal erectile 

function (10) 

• Patients with ED (35) 

• Patients with semirigid penile 

prostheses (11) 

• Patients with inflatable penile 

prostheses (12) 

• Patients with ED who 

received ICI with 

papaverine/phentolamine/PG

E1 (8) 

Cutaneous temperature of the penis 

“This study verifies the observation through 

cutaneous temperature measurements of the 

penis that men with a semirigid penile 

prosthesis do in fact have a colder glans as 

compared with men with normal erectile 

function, erectile dysfunction, an inflatable 

penile prosthesis, and those who have 

received an injection of trimix...Production 

of a pharmacological erection with trimix 

results in a significant rise in cutaneous glans 

temperature of more than 2.2 [degrees] C.” 
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Ghafoori et 

al, 2009, 

Iran67 

– 

60 patients referred by the 

urology clinic for the 

investigation of impotence 

• Right-side injection group 

(100%, 31.4 y ± 5.9) 

• Left-side injection group 

(100%, 31.4 y ± 6) 

• Bilateral group (100%, 

30.6 y ± 6.9) 

ICI with papaverine: 

• Right-side injection (20) 

• Left-side injection (20) 

• Bilateral injection (20) 

Peak systolic velocity 

“A unilateral injection of the vasodilating 

agent into one of the corpora cavernosa, 

despite a proper manipulation of the penis, 

will affect the same cavernosal body more 

than the opposite side, and the PSV [peak 

systolic velocity] at the same side will rise 

more.” 

Glina et al, 

1995, 

Brazil259 

– 
123 patients with ED (100%, 

mean 48 y, range 21-82 y) 

All patients received series of 4 

diagnostic tests in random 

sequence:  

• Pump cavernosometry (123) 

• Pharmacocavernosometry 

after ICI with papaverine 

(123) 

• Gravity cavernosometry 

(123) 

• Intracavernous pressure drop 

test (123) 

Flow to obtain and maintain 

intracavernous pressure of 90 

mmHg 

“The variability of drug-induced cavernous 

smooth muscle relaxation is related to the 

vasoactive drug used and the adrenergic 

status of the patient. At present it is not 

feasible to record it adequately, thus opening 

the possibility of an important bias in the 

interpretation of every test that depends on 

drug-induced cavernous smooth muscle 

relaxation.” 

Govier et al, 

1995, US260 
– 

280 patients undergoing penile 

Doppler sonography (100%, 

mean 58 y, range 16-81 y) 

• All patients received ICI with 

papaverine/phentolamine/PG

E1 after initial scan (280) 

Hemodynamic measurements on 

ultrasound 

“In conclusion, our study clearly supports 

delaying the initial scan until 5 minutes, 

since only 6 of our 280 patients (2.1 percent) 

may have been incorrectly diagnosed. The 

study also strongly argues for additional 

scans until 30 minutes and self-stimulation 

when necessary.” 
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Heroux et al, 

1994, US78 
– 

23 heart transplant recipients 

underwent 25 intracoronary 

ultrasound studies (74%, mean 

49 y ± 12) 

• Papaverine administered 

through central lumen of 

intracoronary ultrasound 

catheter (23) 

Vasodilator response 

“The combined use of intracoronary 

ultrasound to evaluate vessel wall 

morphology and flow-mediated vascular 

responses to papaverine may allow 

identification of cardiac allograft 

vasculopathy before it becomes 

angiographically apparent.” 

Hongo et al, 

1995, 

Japan263 

– 

30 patients referred for 

evaluation of chest pain (67%, 

mean 53 y ± 14) 

• Intracoronary nicorandil and 

papaverine 12 mg ± 2 (18) 

• Intracoronary nicorandil and 

papaverine 10 mg ± 2 (12) 

Coronary flow velocity; coronary 

vascular resistance; time to onset 

and duration of hyperemia; clinical 

symptoms; hemodynamic changes; 

electrocardiographic changes 

“These results suggest that a bolus 

administration of intracoronary nicorandil 

can safely, quickly, and reliably induce 

maximal coronary hyperemia comparable to 

that achieved with intracoronary papaverine 

in humans.” 

Hwang et al, 

1989, US and 

Taiwan156 

– 

380 patients with ED 

• Papaverine (100%, mean 

56.8 y ± 12.9) 

• PGE1 (100%, mean 56.5 

y ± 11.7) 

Duplex ultrasonography after ICI 

with: 

• Papaverine (300) 

• PGE1 (80) 

Blood flow velocity and diameter 

of cavernous arteries 

“In conclusion, the hemodynamic study with 

Duplex ultrasonography discloses PGE1, 

although a more expensive agent at present, 

it offers the advantage of a slower onset after 

injection, stronger vascular response, 

appropriate duration of erection and lack of 

iatrogenic priapism. This suggests that it is 

an ideal agent for the diagnostic use and 

treatment of impotence.” 
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Joshi et al, 

2001, US195 
– 

6 patients scheduled for 

temporary endovascular test 

occlusion of internal carotid 

artery with systemic 

hypotensive challenge (33.3%, 

mean 61.6 y, range 38-71 y) 

While internal carotid artery 

occlusion and systemic 

hypotension were maintained, 

intracarotid papaverine infusion 

started at 1 of 2 doses (dose 

decreased after 2/3 patients who 

received high dose demonstrated 

a decrease in consciousness at the 

time of drug infusion): 

• High-dose papaverine: 7 

mg/min (3) 

• Low-dose papaverine: 1 

mg/min (3) 

Femoral artery pressure; mean 

internal carotid artery pressure; 

cerebral blood flow 

“Manipulation of CVR [cerebrovascular 

resistance] by intracarotid papaverine during 

acute hemispheric arterial hypotension 

appears to be feasible. Further studies are 

needed to establish safety and efficacy.” 

Kahn and 

Callow, 1965, 

US265 

– 

52 patients undergoing 

angiography (sex, age not 

mentioned) 

Patients received an intra-arterial 

injection of 1 or more of the 

following substances: 

• Histamine acid phosphate 

(not mentioned) 

• Lidocaine (not mentioned) 

• Papaverine (not mentioned) 

• Tolazoline (not mentioned) 

Increase in blood flow on 

angiography 

“Selective intra-arterial injection of several 

vasodilator drugs and vasodilatation 

following ischemia have enhanced 

visualization of small arteries in peripheral, 

celiac and bronchial arteriography.” 

Katlowitz et 

al, 1993, 

US267 

– 

25 patients with suspected 

vasculogenic impotence 

(100%, average 58 y, range 

36-72 y) 

For diagnostic purposes, patients 

received ICI with: 

• PGE1 alone (11) 

• Papaverine/phentolamine/PG

E1 (14) 

Hemodynamic measurements on 

Doppler ultrasound 

“Our data indicate that a patient who fails 

intracavernosal injection in the office setting 

should not be immediately excluded from a 

pharmacologic erection program because 

adequate erection may be achieved after 

injection by the addition of audiovisual 

sexual stimulation.” 
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Katlowitz et 

al, 1993, 

US266 

– 

33 patients with suspected 

vasculogenic impotence 

(100%, age not mentioned) 

• All patients received ICI with 

papaverine/phentolamine/PG

E1 (33) 

• Patients who failed to 

respond to initial dose were 

given a second dose and, if 

necessary, third dose of 

papaverine/phentolamine/PG

E1 (not mentioned) 

Grade of erection; percent increase 

in arterial diameter; hemodynamic 

measurements on Doppler 

ultrasound 

“We conclude that evaluation of erectile 

dysfunction could be enhanced significantly 

with the combined use of multidosing and 

AVSS [audiovisual sexual stimulation].” 

Kaufman et 

al, 1993, 

US268 

– 

743 patients with ED 

evaluated by dynamic infusion 

cavernosometry and 

cavernosography (100%, mean 

48.35 y) 

• Dynamic infusion 

cavernosometry and 

cavernosography was a four-

phased study, beginning with 

ICI of 

papaverine/phentolamine in 

all patients (743) 

Hemodynamic measurements 

“Therefore, DICC [dynamic infusion 

cavernosometry and cavernosography] has 

been shown to be accurate in providing 

diagnostic information, productive in 

identifying candidates for surgery, and 

helpful in distinguishing levels of erectile 

dysfunction in different risk groups.” 
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Kern et al, 

1989, US159 
– 

Group 1: 14 patients with 

single stenotic coronary artery 

who underwent angioplasty 

(57.1%, mean 54 y ± 12) 

Group 2: 13 patients with 

single vessel coronary disease 

who underwent 

echocardiography with 

dipyridamole prior to 

angioplasty (61.5%, mean 60 

y ± 10) 

Group 3 (control): 5 patients 

with no or minimal coronary 

artery disease undergoing 

diagnostic catheterization for 

chest pain (100%, mean 54 y ± 

12) 

Group 1: baseline 

echocardiography and Doppler 

measurements before and after 

intra-arterial papaverine; 

postprocedure echocardiography 

and Doppler measurements before 

and after intra-arterial papaverine 

(14) 

Group 2: echocardiography after 

intravenous dipyridamole (13) 

Group 3: doppler measurements 

after intra-arterial papaverine (5) 

Left ventricular wall motion 

“These data suggest that selective 

(papaverine) and, most likely, global 

(dipyridamole) augmentation of coronary 

flow alone does not reliably identify 

potential ischemic left ventricular regions 

affected by critical single vessel coronary 

artery disease.” 

Kern et al, 

1991, US271 
– 

17 patients with normal left 

coronary artery (70.6%, mean 

57 y ± 12) 

17 patients with >60% 

narrowing of left anterior 

descending or circumflex 

arteries (94%, mean 66 y ± 10) 

• Intra-arterial papaverine and 

intravenous adenosine (34) 

Coronary blood flow velocity 

measurements; coronary 

angiography measurements 

“In most patients, intravenous adenosine 

infusion in doses >100 mcg/kg per min and 

low dose (2.5 mg) bolus injection produces 

coronary hyperemia nearly equivalent to that 

after intracoronary papaverine without 

significant QTc prolongation or propensity 

for serious ventricular arrhythmia. This 

ultrashort-acting agent safely provides an 

alternative for pharmacologic induction of 

maximal coronary hyperemia for studies of 

the coronary circulation in patients with or 

without coronary artery disease .” 
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Lakin and 

Montague, 

1989, US87 

– 
82 patients evaluated for ED 

(100%, age not mentioned) 

• Patients received ICI with 

papaverine/phentolamine for 

diagnostic evaluation (82) 

Penile brachial index; penile 

tumescence and rigidity after ICI 

“Presently, despite possible complications, 

diagnostic intracavernous injection with 

papaverine and phentolamine is a useful and 

safe screening procedure for vasculogenic 

erectile failure. Hopefully, better 

understanding of the erectile mechanism and 

future research utilizing intracavernous 

injection will provide better alternatives.” 

Lemmen and 

Reigh, 1959, 

US201 

– 

250 patients undergoing 

angiography for development 

of neurological symptoms 

thought to be vascular in 

etiology (sex, age not 

mentioned) 

• Intra-arterial Hypaque 

sodium (224) 

• Intra-arterial Hypaque 

sodium and papaverine (26) 

Measurements of cerebral arteries 

before and after injection 

“Statistical study of 26 patients revealed no 

difference in the mean diameters of the 

major cerebral vessels before and after intra-

carotid injection of papaverine, although 

objective signs of varying degrees of 

peripheral vascular engorgement were 

evident in the post-injection angiograms 

made with Hypaque Sodium.” 

Lue et al, 

1989, US276 
– 

657 patients presenting for 

evaluation of impotence and 

18 control patients known to 

have good erections (100%, 

age not mentioned) 

• Intracavernous papaverine 

(657) 

Arterial diameter and peak flow 

velocity 

“From the 657 impotent patients reported 

here, we feel confident that we can assess 

accurately the functional status of each 

penile artery.” 

Martins and 

Padma-

Nathan, 1996, 

US279 

Retrospective 

analysis 

69 patients with ED 

considered for test dosing in 

pharmacological erection 

program (100%, mean 47 y, 

range 20-70 y) 

• Evaluation with color-flow 

duplex ultrasonography after 

ICI with PGE1 (69) 

• Evaluation with dynamic 

infusion cavernosometry and 

cavernosography after ICI 

with 

papaverine/phentolamine 

(69) 

Hemodynamic measurements 

“We strongly believe that correct 

administration of any pharmacotherapy 

directed at erectile failure should address the 

hemodynamic characteristics discussed and 

should not underestimate other 

hemodynamically related pharmacological 

features, such as a controlled period of 

erection, prevention of pain and other local 

or systemic adverse effects.” 



167 

 

Author, 

Year, 

Country 

Study Typea Patient Population  

(% male, age) 

Intervention/Comparator  

(No. of patients) 
Primary Outcome Measure Authors’ Conclusions 

McCullough 

et al, 2020, 

US280 

– 

63 patients under 

consideration for treatment of 

Peyronie disease (100%, mean 

57 y) 

• Patients received ICI with 

papaverine/phentolamine/PG

E1 prior to computed 

tomography scan (63) 

Findings on computed tomography 

cavernosography 

“CTC [computed tomography 

cavernosography] may reveal additional 

information regarding the anatomy of the 

penis in men with PD [Peyronie Disease] 

which is not readily available by existing 

methods of evaluation.” 

Mellinger et 

al, 1987, 

US281 

– 

100 patients undergoing 

impotence evaluation (100%, 

range 24-80 y) 

• Intracavernous papaverine 

(100) 
Full erection 

“Our study was initiated to correlate the 

papaverine test results with Doppler pulse-

wave analysis. In this group of 100 men who 

underwent Doppler analysis and papaverine 

test, an abnormal Doppler response was 

highly predictive of vascular insufficiency as 

determined by an abnormal papaverine test 

result.” 

Meuleman et 

al, 1992, The 

Netherlands99 

Randomized 

controlled trial 

280 patients with ED 

undergoing duplex 

ultrasonography before and 

after pharmacological 

stimulation (100%, mean 53 y 

± 12) 

44 patients with normal 

erectile potency (100%, mean 

56 y ± 11) 

Patients received ICI with: 

• Papaverine 12.5 mg (70) 

• Papaverine 25 mg (56) 

• Papaverine 50 mg (91) 

• Papaverine 15 

mg/phentolamine 0.5 mg (25) 

• PGE1 10 mcg (38) 

• Papaverine 12.5 mg (control 

patients, 44) 

Penile duplex ultrasonography 

“Although less effective in testing veno-

occlusive function, low dose papaverine and 

prostaglandin E1 are the drugs of choice to 

be used in conjunction with penile duplex 

ultrasonography due to optimal effects on 

arterial inflow and low risk of prolonged 

erection.” 

Montague et 

al, 1991, 

US282 

– 

50 patients with a history of 

ED undergoing 

pharmacocavernosometry 

(100%, mean 51.2 y, range 30-

70 y) 

• ICI with 

papaverine/phentolamine 

(50) 

Penile tumescence 

“Only when a careful history, physical 

examination, psychological assessment and 

all other parts of the impotence evaluation 

(including nocturnal penile tumescence and 

infusion pharmacocavernosometry) are 

considered together, can a reasonably 

accurate diagnostic assessment be made.” 
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Mulhall et al, 

2001, US103 
– 

420 patients undergoing 

dynamic infusion 

cavernosometry (100%, mean 

46 y ± 16) 

• ICI with 

papaverine/phentolamine 

(420) 

Pressure decay 

“We believe that re-dosing with a vasoactive 

agent should be considered during vascular 

evaluation in men in whom incomplete 

corporeal smooth muscle relaxation is 

suspected.” 

Nakayama et 

al, 2015, 

Japan285 

Nakayama et 

al, 2018, 

Japan284 

Prospective 

single-center 

study 

30 patients with suspected 

angina pectoris (83%, mean 

69.2 y ± 10.2) 

• Intracoronary papaverine 

(30) 

Fractional Flow Reserve (FFR) 

value 

“Caffeine intake before catheterization using 

intravenous ATP [adenosine triphosphate] 

results in higher FFR [fractional flow 

reserve] values than that using intracoronary 

papaverine, and the Pd/Pa value tends to 

vary widely after hyperemia. It is thus 

necessary to strictly prohibit caffeine intake 

before catheterization to enable accurate 

FFR measurements.” 

Nankin et al, 

1987, US105 
– 

14 patients with impotence 

(100%, age not mentioned) 

• All patients received ICI with 

papaverine/phentolamine 

(14) 

• Some patients elected to 

continue with self-injection 

therapy with 

papaverine/phentolamine 

(11) 

Erection sufficient for vaginal 

penetration 

“In conclusion, the combination of 

papaverine and phentolamine appears to 

have used both as a diagnostic agent and as a 

therapeutic agent in treating men with 

organic impotence.” 

Neglen and 

Raju, 2002, 

US287 

– 

304 patients undergoing 

transfemoral venography and 

intravascular ultrasound on 

suspicion of chronic iliac vein 

obstruction (sex, age not 

mentioned) 

• Intra-arterial papaverine 

(304) 
Stenosis detection 

“In conclusion, venous IVUS [intravascular 

ultrasound] appears to be superior to 

standard single-plan venography for 

morphologic diagnosis of iliac venous 

outflow obstruction, and it is an invaluable 

aid in the accurate placement of venous 

stents after venoplasty.” 
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Nelson and 

Lue, 1989, 

US214 

– 
58 patients with organic ED 

(100%, range 27-73 y) 
• Intracavernous papaverine 

(58) 
Penile blood volume 

“Although the increase in length in patients 

with adequate erections after papaverine 

would imply a greater erectile capability, no 

further statistical correlations could be 

documented in the increase in area, volume 

or percentage of volume increase. Thus, a 

poor response to papaverine was associated 

with a comparable increase in measurable 

penile blood volume.” 

Ohebshalom 

et al, 2007, 

US290 

– 

68 patients with Peyronie 

disease (100%, mean 48 y ± 

24 y) 

Penile curvature measured in all 

patients: 

• From photographs taken 

during maximal erectile 

rigidity (68) 

• In-office using vacuum 

erection device to induce 

erection (68) 

• In-office after ICI with 

papaverine/phentolamine/PG

E1 (68) 

Penile curvature measured with 

goniometer 

“The first finding in our study was that the 

degree of curvature in Peyronie’s disease is 

underestimated when measured by vacuum 

device or by AHP [at-home photography], 

when compared with ICI. It is therefore 

preferred that erections be induced and 

measured using ICI.” 
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Park et al, 

2008, South 

Korea113 

Prospective 

case series 

80 patients with ED (100%, 

age not mentioned) 

Patients had color Doppler 

ultrasonography before and after: 

• ICI with 

papaverine/phentolamine/PG

E1, then 5 h later second dose 

of 

papaverine/phentolamine/PG

E1, no sildenafil (not 

mentioned) 

• ICI with 

papaverine/phentolamine/PG

E1, then 5 h later second dose 

of 

papaverine/phentolamine/PG

E1, oral sildenafil 25 mg (not 

mentioned) 

• ICI with 

papaverine/phentolamine/PG

E1, then 5 h later second dose 

of 

papaverine/phentolamine/PG

E1, oral sildenafil 100 mg 

(not mentioned) 

• ICI with PGE1, then 5 h later 

second dose of PGE1, no 

sildenafil (not mentioned) 

• ICI with PGE1, then 5 h later 

second dose of PGE1, oral 

sildenafil 100 mg (not 

mentioned) 

Levels of cGMP and cAMP in 

venous and penile cavernosal 

blood 

“The haemodynamic changes and cGMP and 

cAMP production in the cavernosum were 

improved by trimix plus sildenafil more than 

with than [sic] PGE1 plus sildenafil or one 

ICI with trimix or PGE1. The results suggest 

that ICI with trimix and sildenafil is the best 

combination for a pharmacological erection 

test.” 
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Persson et al, 

1989, US177 
– 

32 impotent patients (100%, 

range 33-79 y) 
• Intracavernous papaverine 

(32) 
Erection 

“In conclusion, the morphological alteration 

of the cavernous ultrastructure in patients 

with arteriogenic impotence affects primarily 

the smooth muscle cells. The extent of 

morphological change corresponds to the 

severity of the arterial disease and the failure 

of the erectile response to intracavernous 

papaverine.” 

Pescatori et 

al, 1994, 

US291 

– 

80 patients undergoing 

impotence evaluation (100%, 

range 17-65 y) 

Patients received ICI with: 

• Papaverine alone (not 

mentioned)  

• Papaverine/phentolamine 

(not mentioned) 

• PGE1 alone (not mentioned) 

• Papaverine/phentolamine/PG

E1 (not mentioned) 

Hemodynamics 

“Based on our study, a positive 

intracavernous injection test has been found 

consistent with a diagnosis of arteriogenic 

impotence, as well as neurogenic and 

psychogenic impotence.” 

Priyadarshi, 

2009, India115 

Priyadarshi, 

2015, India116 

Randomized 

prospective 

trial 

240 patients with ED (100%, 

range 20-65 y) 

Patients received ICI with: 

• Papaverine alone (not 

mentioned) 

• Papaverine/chlorpromazine 

(not mentioned) 

Satisfactory erectile response 

“Papaverine-CPZ [chlorpromazine] 

combination has proved a cheap and 

effective alternative to other combinations 

with better efficacy than papaverine alone.” 

Quam et al, 

1989, US293 
– 

180 patients with suspected 

vasculogenic impotence 

undergoing evaluation with 

conventional penile duplex 

sonography (100%, range 18-

82 y) 

• Intracavernous papaverine 

(180) 
Mean peak velocity 

“The combination of duplex and color 

Doppler sonography for the evaluation of 

cavernosal arterial blood velocity is a 

promising noninvasive method of examining 

patients with suspected vasculogenic 

impotence.” 
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Schwartz et 

al, 1988, 

US126 

Case series 

40 patients complaining of 

impotence who were being 

considered for surgical 

intervention (100%, mean 55 

y, range 36-72 y) 

• Angiography after 

intracorporal papaverine 

injection (40) 

Penile arterial anatomy; sites of 

arterial disease 

“Nonselective angiography performed after 

intracorporal papaverine injection, in most 

cases, enables the penile arterial network to 

be adequately and safely visualized with 

technical simplicity… Nonselective 

intracorporal papaverine angiography 

satisfies all of these requirements and can be 

used either alone or in combination with 

selective angiography.” 

Schwartz et 

al, 1989, 

US219 

Case series 

30 patients complaining of 

impotence who were being 

considered for surgical 

intervention (100%, mean 59 

y, range 40-76 y) 

• Radioisotope penile 

plethysmography after 

intracorporeal papaverine 

injection (30) 

Angiographic score of penile 

arterial integrity; peak corporal 

flow; intracorporal resistance 

“Preliminary evidence suggests that 

radioisotope penile plethysmography is a 

useful means of assessing the functional 

integrity of the penile arterial inflow system 

in patients with suspected vascular 

impotence…Continued experience with 

radioisotope penile plethysmography is 

necessary before the accuracy, sensitivity, 

and specificity of this test can be 

determined.” 

Shabsigh et 

al, 1989, 

US299 

Shabsigh et 

al, 1991, 

US300 

– 

132 patients with ED of 

various etiologies and 8 potent 

men (100%, mean 56 y, range 

26-79 y) 

• Ultrasonography after 

intracavernous papaverine 

injection (140) 

Blood flow in the cavernous 

arteries; internal diameter of the 

cavernous arteries; blood velocities 

and flows of selected vessels 

“If papaverine injection fails to induce a 

rigid erection a vascular cause of impotence 

is most likely. A vascular problem can be 

either arterial insufficiency or a venous leak. 

Penile duplex ultrasonography may have a 

role in distinguishing these 2 vascular 

problems.” 
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Sidi and 

Chen, 1987, 

US222 

Sidi et al, 

1987, US221 

Testing 

protocol 

336 patients presenting with 

ED who underwent a series of 

tests, according to which they 

were classified into 1 of 6 

etiologic groups (100%, mean 

51 y ± 15) 

Categorized based on erectile 

response to: 

• Papaverine/phentolamine 

(238) 

• Papaverine alone (60)  

• Nonresponders (38) 

Functional erection; liver enzyme 

levels and complications during 

self-injection program 

“Because of these observations, we 

recommend that the VIP [vasoactive 

intracavernous pharmacotherapy] testing 

protocol be initiated with minimal doses of a 

single agent in patients with intact penile 

vasculature…Careful analysis of the risks 

and benefits and accurate definition of the 

long-term complications and their incidence 

are necessary to establish the role of VIP 

among other treatment options for 

impotence.” 

Slovut et al, 

2006, US306 
Case series 

16 patients with hypertension 

and clinical features that 

suggested atherosclerotic renal 

artery stenosis were referred 

for renal artery stenting and 

endovascular flow wire 

evaluation (31%, mean 73.2 y 

± 7.1) 

• Baseline ultrasonography 

without papaverine, 

endovascular flow wire 

evaluation with papaverine, 

and endovascular flow wire 

evaluation with renal artery 

stenting (16) 

Average peak velocity; maximum 

peak velocity; end-diastolic 

velocity; resistive index; pulsatility 

index 

“...patients with atherosclerotic renal artery 

stenosis have preserved vasomotor response 

to papaverine, as well as marked increases in 

renal flow and resistive index following 

successful renal artery stenting. 

Endovascular flow wire measurements are 

safe, easy to perform, and correlate well with 

noninvasive Doppler measurements.” 

Smith et al, 

1998, US307 

Retrospective, 

comparative 

study 

48 patients with ED who had 

undergone radionuclide 

phallogram (100%, mean 56.6 

y ± 10.7) 

• Penile radioactivity acquired 

in a steady-state blood-pool 

phase before and after ICI 

with 

papaverine/phentolamine 

(48) 

Penile blood volume change 

“We conclude that the RP [radionuclide 

phallogram] can help to discriminate 

between patients who will benefit from PIPE 

[pharmacologically induced penile erection] 

therapy and those who will not.” 
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Sobinsky et 

al, 1986, 

US132 

– 

27 patients with arterial 

occlusive disease in 35 lower 

extremities (sex, age not 

mentioned) 

• Intra-arterial papaverine for 

papaverine test and supine 

pedal ergometer exercise 

testing (27) 

Change in femoralbrachial index 

“The lower accuracy rate for the papaverine 

test was the result of two borderline (false-

positive) examinations. The ergometer test is 

more accurate but less applicable than the 

papaverine test. Routine papaverine testing 

with adjunctive ergometer testing is a highly 

accurate method of assessing the 

hemodynamic significance of aortoiliac 

disease.” 

Sogari et al, 

1997, 

Brazil309 

Randomized 

study 

230 patients with ED 

undergoing pharmacological 

erection test 

• Group 1 (100%, mean 

53.2 y ± 11.4) 

• Group 2 (100%, mean 

52.7 y ± 11.8) 

Patients randomized to receive 

ICI with: 

• Group 1: 

Papaverine/phentolamine/PG

E1/atropine sulfate (114)  

• Group 2: 

Papaverine/phentolamine/PG

E1(114) 

*Two patients excluded prior to 

randomization due to partial 

amputation of the penis 

Erectile response (evaluated 

subjectively and by intracorporeal 

pressure measurement) 

“The pharmacological erection test in 

patients with erectile dysfunction, using a 

combination of [50 mg] papaverine 

hydrochloride 0.2 mg. phentolamine 

mesylate, and ...prostaglandin E1 10 mcg., 

did not provide better erectile response when 

combined with 0.075 mg. atropine sulfate.” 
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Tatineni et al, 

1992, US316 

Randomized 

comparative 

study 

22 patients undergoing routine 

cardiac catheterization for 

chest pain syndrome (68%, 

mean 60 y ± 11) 

• Three radiographic contrast 

agents administered in 

randomized sequence during 

diagnostic coronary 

angiography: nonionic, low-

osmolar iohexol; ionic, low-

osmolar ioxaglate 

meglumine; and ionic, high-

osmolar meglumine 

diatrizoate (22) 

• Intracoronary nitroglycerin 

and papaverine administered 

after contrast media 

evaluations (22) 

Hemodynamic and coronary flow 

velocity response during 

hyperemia 

“Although coronary blood flow velocity 

doubled with all three contrast agents, there 

were no significant differences among the 

hyperemic responses. This lack of difference 

in coronary hyperemic responses suggests 

that the advantages of low-osmolar, nonionic 

media cannot be attributed to the influence 

of attenuation factors on the associated 

hyperemic responses.” 

Thiele et al, 

1983, US317 

Prospective 

study 

75 patients with disabling 

claudication of the lower 

extremities (sex, age not 

mentioned) 

• Hemodynamic status 

assessment of the aortoiliac 

segment with direct intra-

arterial pressure 

measurements obtained prior 

to arteriography after 

papaverine injection (145 

limbs) 

Femoral pulsatility index; 

aortofemoral pressure gradients 

“While this diagnostic approach is possible 

in large institutions capable of performing 

arterial pressure measurements, there are 

many facilities where this procedure cannot 

be readily performed. In these settings, the 

use of FPI [femoral pulsatility index] 

provides a way to identify readily and 

accurately hemodynamically normal 

proximal segments.” 

Vickers Jr. et 

al, 1990, 

US320 

Case series 

13 Patients with 

nonendocrinological, 

nonneurological ED (100%, 

age not mentioned) 

• Doppler sonography after ICI 

with papaverine (13) 

• Dynamic cavernosometry 

and cavernosography after 

ICI with 

papaverine/phentolamine 

(13) 

Corporovenous incompetence; 

sites of leakage 

“We conclude that high resolution and 

pulsed wave Doppler ultrasonography is 

relatively insensitive to detect corporeal 

leaks into the deep dorsal venous system and 

is incapable of detecting leaks into the 

cavernous venous system. 

Pharmacocavernosography and 

pharmacocavernosometry remain the 

diagnostic tools for detection and mapping 

of corporovenous leaks.” 
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Vickers Jr. et 

al, 1992, 

US319 

Retrospective 

review 

6 patients with ED (100%, 

mean 30.3 y, range 20-41 y) 

At initial evaluation, all patients 

received ICI with papaverine (6); 

at second evaluation at least 1 

week later, patients received ICI 

with: 

• Papaverine/phentolamine (4) 

• PGE1 (2) 

Hemodynamic measurements on 

ultrasonography, dynamic 

pharmacocavernosometry and 

dynamic cavernosography 

“The dynamic pharmacocavernosometric 

and pharmacocavernosographic data of 6 

patients with erectile dysfunction that 

spontaneously resolved after a 

comprehensive evaluation were reviewed.” 

Viswaroop et 

al, 2005, 

India321 

Randomized 

crossover 

study 

50 patients with a history of 

ED (100%, mean 30 y ± 10.2) 

• Sequence 1: ICI with 

papaverine initially followed 

by oral sildenafil (25) 

• Sequence 2: oral sildenafil 

followed by ICI with 

papaverine (25) 

Dorsal length of the penis and 

circumference, angle of erection 

“In summary, oral sildenafil was as effective 

as injection papaverine in evaluating ED. We 

recommend the use of oral sildenafil with 

genital self-stimulation as an office 

procedure in the evaluation of ED, especially 

in young men with psychogenic impotence.” 

Wang et al, 

2009, US, 

China324 

Wang et al, 

2009, US, 

China325 

Prospective, 

long-term 

evaluation 

11 patients with full erections 

induced by ICI who 

subsequently underwent 

inflatable penile prosthesis 

implantation (100%, mean 62 

y ± 1.9) 

• All patients received ICI with 

papaverine/phentolamine/PG

E1 for penile color duplex 

Doppler study prior to 

inflatable penile prosthesis 

implantation (11) 

Length of erect penis 

“To our knowledge, this is the first study to 

objectively show a significant decrease in 

erect penile length after IPP [inflatable 

penile prosthesis] implantation when 

compared with that after ICI.” 

Weinberg 

Badlani, 

1988, US327 

Trial 

14 patients with organic 

impotence (100%, age not 

mentioned) 
• ICI with papaverine (14) 

Tumescence; rigidity; 

complications 

“In conclusion, the Rigiscan instrument is 

ideal for evaluating erectile dysfunction, 

since it provides an objective measure of 

both rigidity and tumescence throughout the 

penis. In conjunction with intracorporeal 

papaverine injection, the machine greatly 

facilitates the evaluation and in some cases 

treatment of impotence.” 
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Widrich et al, 

1974, US140 

Comparison 

study 

111 patients with liver 

cirrhosis or enlarged spleen 

(sex, age not mentioned) 

• Non–pharmacologically-

assisted superior mesenteric 

angiogram (75 

angiographies)  

• Postepinephrine mesenteric 

angiogram (8 angiographies)  

• Superior mesenteric 

angiogram after papaverine 

infusion (56 angiographies) 

Visualization of veins 

“Papaverine infused in the superior 

mesenteric artery was found to be safe and 

without systemic effect. A comparison study 

of nonpharmacologic mesenteric 

angiograms, the 10 minute post-epinephrine 

technique, and the use of papaverine clearly 

shows the superior quality of the latter 

technique in accomplishing this 

angiographic result.” 

Wilson and 

White, 1986, 

US141 

– 

13 patients with normal 

coronary arteries undergoing 

coronary angiography for the 

diagnosis of chest pain 

syndrome (sex, age not 

mentioned) 

• Intracoronary papaverine 

(13) 

• Intravenous dipyridamole 

(10) 

• Intracoronary meglumine 

diatrizoate (13) 

Dose to maximal vasodilation; 

onset and duration of maximal 

vasodilation; increase in coronary 

blood flow velocity 

“The use of intracoronary papaverine to 

measure the maximal flow reserve capacity 

of individual coronary vessels should greatly 

facilitate a physiologic assessment of 

obstructive coronary artery disease in awake 

patients undergoing cardiac catheterization.” 

Wilson et al, 

1990, US330 
– 

39 patients undergoing 

coronary angiography to 

diagnose chest pain syndrome 

(sex, age not mentioned) 

• Intracoronary papaverine 

(39) 

• Intracoronary bolus doses of 

adenosine (39) 

• Intracoronary infusion of 

adenosine (39) 

• Intravenous infusion of 

adenosine (39) 

Coronary blood flow velocity; 

duration of maximal coronary 

vasodilation 

“These data demonstrate in humans that 

adenosine, given by the intracoronary or 

intravenous route, can cause near-maximal 

coronary vasodilation, equivalent in 

magnitude to that generated by intracoronary 

papaverine, without causing clinically 

important changes in systemic 

hemodynamics or on the electrocardiogram.” 



178 

 

Author, 

Year, 

Country 

Study Typea Patient Population  

(% male, age) 

Intervention/Comparator  

(No. of patients) 
Primary Outcome Measure Authors’ Conclusions 

Yang et al, 

2011, 

China144 

Prospective 

study 

56 patients with ED (100%, 

mean 35.14 y ± 9.58) 

All patients underwent penile 

color-duplex ultrasound 3 times 

with at least a 1-week washout 

period in between different 

pharmacological induction 

methods: 

• Oral tadalafil only (56) 

• ICI with papaverine only (56) 

• Oral tadalafil and ICI with 

papaverine (56) 

Peak systolic and end-diastolic 

velocity; resistance index and 

acceleration time on ultrasound; 

Erection Hardness Score; patient 

preference 

“Oral tadalafil plus low-dose vasodilator 

injection led to a significantly better clinical 

response than a high dose of vasodilator. All 

PCDU [penile color duplex ultrasound] 

parameters showed no difference between 

the 2 modes. Thus, this mixed mode emerges 

as a possible alternative to high dose 

vasodilator injection.” 

Yang et al, 

2012, 

China145 

Prospective 

study 

25 patients with ED (100%, 

mean 37.3 y ± 10.1) 

All patients underwent penile 

color-duplex ultrasound 3 times 

with at least a 1-week washout 

period in between different 

pharmacological induction 

methods: 

• ICI with papaverine (25) 

• Oral sildenafil (25) 

• Oral tadalafil (25) 

Erection response on ultrasound; 

Erection Hardness Score; patient 

preference 

“In conclusion, PDE5-Is [phosphodiesterase 

5 inhibitor] brought a quicker but shorter-

lived erectile response than papaverine ICI 

[intracavernosal injection]. Although PDE5-

Is and papaverine ICI showed similar effects 

on the PCDU [penile color-duplex 

ultrasound] parameters in detecting arterial 

ED, more patients had better clinical 

responses to ICI, and oral PDE5-Is 

administration still showed some pitfalls in 

practical use.” 

Indication 4: Analgesia 

Fry, 1979, 

UK257 

Randomized, 

double-blind 

trial 

60 patients who underwent 

hysterectomy 

• Buprenorphine (0%, mean 

39.7 y ± 7.2) 

• Papaveretum (0%, mean 

38.4 y ± 0.22) 

• Sublingual buprenorphine 

(30) 

• Intramuscular papaveretum 

(30) 

Nurse-assessed pain on 4-point 

nominal scale; heart rate, 

respiration rate, blood pressure 

“Though slower in onset of effect the 

sublingual tablets proved effective for pain 

relief and appeared to have a longer duration 

of action.” 
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Hayden, 

1960, US77 
– 

240 women with initial 

complaint of dysmenorrhea 

(0%, range 18-30 y) 

• Dysmenorrhea capsule No. 2, 

composed of camphor 

bromate/phenaceturic/acetyls

alicylic 

acid/papaverine/atropine 

(117) 

Relief of symptoms (pelvic pain, 

nausea, vomiting) 

“The results were still based on a subjective 

response, but it was believed that this 

method of approach offered a change of 

more uniform results.” 

Macris et al, 

1958, US206 

Double-blind 

experiment 

69 patients with abdominal, 

thoracic, and major orthopedic 

operations (sex, age not 

mentioned) 

• Morphine 10 mg alternating 

with subcutaneous 

papaverine 50 mg (45) 

• Morphine 10 mg alternating 

with subcutaneous 

papaverine 100 mg (24) 

Patient-reported pain 

“On the basis of our data, interaction among 

drugs in the experimental situation described 

does occur. No clue about the nature of this 

interaction is available.” 

Moyes et al, 

1979, South 

Africa283 

Randomized, 

double-blind 

trial 

50 patients undergoing an 

elective hysterectomy (0%, 

mean 46 y, range 34-65 y) 

• Intramuscular papaveretum 

(not mentioned) 

• Intramuscular meptazinol 

(not mentioned) 

Postoperative pain 

“Meptazinol appears to merit use for 

postoperative analgesia, but in view of the 

anti-arrhythmic action reported by Goode 

and White in animals, we believe that further 

investigations in myocardial infarction and 

after cardiac surgery are also indicated.” 

Ng et al, 

2002, UK163 

Randomized 

controlled trial 

66 patients undergoing 

laparoscopic sterilization (0%, 

age not mentioned) 

• Intrauterine bupivacaine (22) 

• Intrauterine papaverine (22) 

• Intrauterine placebo (22) 

Time to first analgesia 

“In conclusion, we found that papaverine 30 

mg or bupivacaine 0.375% 30 ml 

administered into the uterine cavity and 

fallopian tubes via transcervical route did not 

provide additional analgesic effects 

following laparoscopic sterilization. 

Consequently we do not recommend their 

routine administration.” 
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Indication 5: Anticonvulsant 

Russek et al, 

1950, US124 

Self-controlled 

case series 

3 patients undergoing insulin-

shock therapy for 

schizophrenia, in whom 

repeated observations 

demonstrated the development 

of a grand mal seizure in 

response to a known quantity 

of insulin (sex, age not 

mentioned) 

Premedication for insulin-shock 

therapy, with one of the following 

oral drugs on a given day: 

• Placebo (2) 

• Phenobarbital (3) 

• Papaverine (3) 

Efficacy of papaverine in 

suppressing epileptic attacks in 

patients showing this pattern of 

response 

“Papaverine, in a single dose of 6 grains 

orally, preceding the administration of 

insulin, was found to influence the course of 

hypoglycemia in all three cases significantly, 

greatly increasing the tolerance for insulin in 

each instance...Papaverine should be 

recognized as an effective anticonvulsant 

drug for various disease states. It is not yet 

clear whether its main action upon the brain 

is that of sedation, vasodilation, or both.” 

Wirth, 1947, 

US331 
– 

66-year-old female, 46-year-

old female, 70-year-old female 

all in status epilepticus 
• Intravenous papaverine (3) Cessation of seizures 

“In each instance...the convulsions came to 

an end, while the patient fell asleep. There 

was uneventful recovery in these cases.” 

Indication 6: Cardioplegia 

Ashraf et al, 

1985, US28 
– 

400 patients undergoing 

cardiac surgery 

• Papaverine (77%, mean 

59 y, range 22-75 y) 

• Control (74.5%, mean 58 

y, range 9-77 y) 

• Cardioplegic solution with 

papaverine (200) 

• Control: cardioplegic 

solution alone (200) 

Ventricular biopsies; postoperative 

arrhythmias; hospital mortality 

“Utilizing biochemical, electrocardiographic, 

and ultrastructural parameters, we found that 

the addition of papaverine to the 

cardioplegic solution significantly reduced 

the perioperative myocardial infarction rate, 

the mitochondrial damage  and the number 

of postoperative conduction disturbances and 

thereby improved clinical recovery.” 

Hines et al, 

1985, US155 
– 

17 patients undergoing 

elective coronary artery 

bypass (sex, age not 

mentioned) 

Standard cardioplegia plus: 

• Saline and papaverine (9) 

• Saline (8) 

Coronary resistance; postoperative 

creatine phosphokinase and 

creatine phosphokinase-MB 

“This study, in contradistinction to 

experience with animal research models, 

failed to demonstrate any significant value in 

adding papaverine hydrochloride to standard 

cardioplegic solutions.” 
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Slogoff et al, 

1986, US305 

Randomized, 

double-blind, 

prospective 

study 

495 patients scheduled for 

elective coronary artery 

bypass grafting procedures 

• Papaverine (86%, age >60 

y: 36%) 

• Placebo (87%, age >60 y: 

33%) 

Patients randomized to receive 

cardioplegic solution with: 

• Papaverine (247) 

• Placebo (248) 

New myocardial ischemia; quality 

of anastomoses; aortic cross-clamp 

time > 40 minutes; incidence of 

postoperative myocardial 

infarction 

“We conclude that addition of papaverine to 

our cardioplegia regimen did not affect 

outcome or nonspecific myocardial 

necrosis.” 

Indication 7: Cholecystitis 

Jonsson et al, 

1985, 

Sweden157 

Prospective, 

randomized, 

double-blind 

study 

51 patients with acute 

cholecystitis 

• Indomethacin (34.8%, 

mean 46 y ± 17) 

• Oxycone/papaverine 

(21.4%, mean 46 y ± 14) 

Two coded ampules prepared for 

each patient, one containing 

indomethacin and other 

oxycone/papaverine: first 

contents of ampule A given, then, 

if pain relief unsatisfactory, 

contents of ampule B: 

• Indomethacin (35, 23 as first 

injection) 

• Oxycone/papaverine (35, 28 

as first injection) 

Pain on visual analog scale 

“From the present study it is thus clear that 

intravenous indomethacin is as effective as 

intravenous oxycone/papaverine to relieve 

biliary pain and tends to give milder side 

effects.” 

Katevuo et al, 

1978, 

Finland158 

Double-blind 

study 

19 patients undergoing oral 

cholecystography for a variety 

of conditions 

• Group I (60%, average 41 

y, range 25-65 y) 

• Group II (67%, average 

38 y, range 27-65 y) 

• Group I: intravenous 

papaverine (10) 

• Group II: intravenous saline 

(9) 

Gallbladder volume on 

radiographic film 

“Therefore, it can be concluded that at least 

during the distributional alpha-phase in the 

serum, intravenously administered 

papaverine has a significant effect on the 

smooth muscle of human gallbladder. 

However, its use in acute gallstone attack is 

questionable.” 
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Indication 8: Gastrointestinal ischemia 

Boley et al, 

1977, US41 
– 

50 patients identified as at risk 

for acute mesenteric ischemia 

who developed persistent 

abdominal pain (sex, range 51-

88 y) 

• Intra-arterial papaverine 

infusion (not mentioned) 
Mortality 

“Our limited experience with intra-arterial 

papaverine infusions as the primary form of 

therapy in selected patients with SMA 

[superior mesenteric artery] embolus has 

stimulated further studies of this approach... 

The role of this non-operative approach 

remains to be defined... The aggressive 

approach to acute mesenteric ischemia offers 

promise of a markedly improved prognosis 

for patients with these vascular 

catastrophes.” 

Boley et al, 

1981, US40 
– 

47 patients who had intestinal 

ischemia resulting from 

superior mesenteric artery 

emboli (48.9%, mean 71 y, 

range 47-96 y) 

• Protocol (40%, mean 74 

y) 

• Traditional (60%, mean 

70 y) 

• Managed with aggressive 

approach with angiography 

and intra-arterial papaverine 

(20) 

• Managed with traditional 

methods (25) 

• Died before treatment (2) 

Time to diagnosis from onset of 

abdominal pain; mortality 

“Our data indicates that a management plan 

incorporating the earlier and more liberal use 

of angiography and of preoperative and 

postoperative papaverine infusion into the 

superior mesenteric artery can lower the 

mortality associated with catastrophe to less 

than 50 percent.” 

Bozlar et al, 

2007, US44 
Case report 

93-year-old male with 

nonocclusive mesenteric 

ischemia 
• Intra-arterial papaverine (1) Diagnosis and relief of symptoms 

“The only generally accepted diagnostic 

imaging modality for this entity is catheter 

angiography with papaverine infusion. Due 

to the subtlety of the arterial findings related 

to vasoconstriction, the noninvasive 

diagnosis of this entity is difficult. Herein, 

we describe the computed tomographic (CT) 

angiography findings of this entity in a case 

with angiographic and clinical 

confirmation.” 
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Chen Zhu et 

al, 2016, 

US185 

Case report 

11-day-old male requiring 

nonviable bowel resection due 

to nonocclusive bowel 

ischemia in neonatal 

segmental volvulus 

• Topical papaverine (1) 
Percentage of nonviable resected 

bowel 

“In our patient, topical intraperitoneal 

application of papaverine potentially allowed 

for the reduction of length of small bowel 

resected, decreasing the risk of morbidity 

from potential sequelae of extensive small 

bowel resection... A prospective randomized 

control study should be considered to 

investigate potential benefits of topical 

papaverine administration in the setting of 

the need for massive small bowel resection.” 

Clark and 

Gallant, 

1984, US245 

– 

27 patients diagnosed with 

acute mesenteric ischemia 

(sex, age not mentioned) 

• Intra-arterial papaverine (11) 

• Intra-arterial PGE1 (1)  

• No vasodilator therapy (15) 

Development of areas of necrotic 

bowel; overall survival 

“Early angiography in patients with 

suspected acute mesenteric ischemia permits 

early diagnosis and differentiation between 

occlusive and nonocclusive types. 

Interventional infusion therapy may improve 

survival.” 

Das and 

Doughty, 

2016, US53 

Case report 
83-year-old male with superior 

mesenteric artery embolism 
• Rheolytic thrombectomy and 

intra-arterial papaverine (1) 

Resolution of clinical signs and 

elevated laboratory biomarkers 

“The current case illustrates the use of the 

AngioJet rheolytic thrombectomy system for 

clot extraction from the SMA [superior 

mesenteric artery] in a patient with EAMI 

[embolic acute mesenteric ischemia] due to 

embolism from atrial fibrillation with 

subtherapeutic anticoagulation. Residual 

spasm diagnosed angiographically was 

treated with local papaverine infusion. This 

appears to be a promising technique as it can 

be performed rapidly, with low procedural 

risk.” 
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Herskowitz et 

al, 2002, 

US172 

Case report 

55-year-old male patient with 

cocaine-induced mesenteric 

ischemia 

• Intra-arterial bolus of 

papaverine and an infusion of 

papaverine (1) 

Reversal of vasospasm 

“The patient showed rapid improvement of 

abdominal symptoms and was returned for a 

repeat angiogram after 12 h. The SMA 

[superior mesenteric artery] arteriogram 

showed significant reversal of previous 

vasospasm with no evidence of emboli or 

atheromatous narrowing.” 

Madsen, 

1940, US93 
Case report 

52-year-old male with 

mesenteric embolus 
• Intra- and postoperative 

papaverine (1) 
Clinical outcome 

“Its successful use is related in several cases 

of arterial embolism, and is described in one 

case of proved mesenteric embolism. 

Further, it is recommended that it be used in 

suspected mesenteric embolism since, to use 

the words of De Takats, 'it is apparently 

harmless and if used early may save the 

patient's life.” 

Williamson et 

al, 1986, 

US328 

Case report 
6-day old male with midgut 

volvulus 
• Papaverine infusion into the 

superior mesenteric artery (1) 

Improvement of bowel viability; 

resolution of severe spasm 

“Although papaverine is not effective in 

relieving organic occlusion, it may relieve 

the spasm component of the ischemia as 

occurred in our case. Despite the ultimate 

death of the neonate being reported, we 

believe that the potential outcome in infants 

with midgut volvulus and severe bowel 

compromise can be improved with the intra-

arterial infusion of papaverine.” 

Indication 9: Migraine prophylaxis 

Vijayan, 

1977, US226 
Case series 

7 patients with complicated 

migraine (sex, age not 

mentioned) 

• Therapy with oral slow 

release papaverine (7) 

Total number and average duration 

of headaches 

“Papaverine therapy was effective in patients 

in whom the use of ergotamine or other 

potent vasoconstrictor agents might be 

hazardous.” 
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Indication 10: Neuroblastoma 

Nitschke et 

al, 1979, 

US107 

Nitschke et 

al, 1980, 

US108 

– 

33 children with Evans stage 4 

neuroblastoma who were 

undergoing remission 

induction (sex not mentioned, 

less than 19 y) 

• Cyclophosphamide, 

vincristine, trifluoromethyl 

methyl-2-deoxyuridine and 

intravenous papaverine (30)* 

*33 patients enrolled in study, but 

3 did not receive papaverine 

Remission 

“In conclusion the 4 drug regimen produced 

Partial Remission (PR) and Complete 

Remission (CR) in 80% of 

children...Therefore, it is potentially valuable 

for treatment of children with therapy-

resistant neuroblastoma.” 

Raaf et al, 

1982, US117 
– 

5 patients with stage 4 

neuroblastoma undergoing 

chemotherapy (60%, range 

1.5-9 y) 

• Cyclophosphamide, 

vincristine, trifluoromethyl -

2-deoxyuridine and 

intravenous papaverine (5) 

Decreased tumor mass 

“A marked decrease in the abdominal tumor 

mass was noted in all cases, after 2 - 10 

courses of chemotherapy.” 

Indication 11: Premedication 

Coleman and 

Bees, 1974, 

South 

Africa246 

Double-blind 

study 

50 patients scheduled for 

elective surgery (sex, age not 

mentioned) 

• Intramuscular lorazepam (25) 

• Intramuscular 

papaveretum/hyoscine (25) 

Anxiety rating, blood pressure, 

heart rate 

“In conclusion, it would appear that the 

quality of sedation and the side effects 

following lorazepam were similar to those of 

papaveretum and hyoscine…Lorazepam 

appears to be an acceptable alternative 

premedication to the papaveretum mixture 

and merits more extensive clinical trials.” 

Davies and 

Doughty, 

1971, UK251 

Double-blind 

trial 

480 children undergoing 

adenotonsillectomy (sex, age 

not mentioned) 

Randomly allocated to receive 1 

of the 4 following premedications 

intramuscularly 90 min before 

induction: 

• Droperidol (120) 

• Droperidol/phenoperidine 

(120) 

• Papaveretum/hyoscine (120) 

• Normal saline (120) 

Preoperative demeanor in 

anesthetic room; response to 

injection, reflex hand withdrawal; 

postoperative restlessness, crying, 

memory of intravenous injection 

“Papaveretum-hyoscine showed some 

improvement in pre-operative behaviour but 

an excessive degree of salivary suppression 

and a tendency to repeated and persistent 

postoperative vomiting. In common with 

droperidol-phenoperidine there was a 

reduction in postoperative crying and 

restlessness and a tendency to amnesia.” 
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Author, 

Year, 

Country 

Study Typea Patient Population  

(% male, age) 

Intervention/Comparator  

(No. of patients) 
Primary Outcome Measure Authors’ Conclusions 

Long and 

Eltringham, 

1977, UK275 

Double-blind, 

between-group 

trial 

50 patients undergoing routine 

ear, nose and throat or general 

surgical procedures (sex not 

mentioned, mean 45 y, range 

13-70 y) 

Patients randomized to 1 of 4 

groups for sedation evening 

before procedure and 

premedication: 

• Group 1: oral 

dichloralphenazone and 

intravenous lorazepam (13) 

• Group 2: oral 

dichloralphenazone and 

intramuscular papaveretum 

(12) 

• Group 3: oral lorazepam and 

intravenous lorazepam (12) 

• Group 4: oral lorazepam and 

intramuscular papaveretum 

(13) 

Patient-rated night sedation; 

anesthetist-rated sedation; postop 

recall 

“Lorazepam was the more effective night 

sedative and caused more sedation prior to 

surgery next day irrespective of which 

premedication was used. The use of 

lorazepam as pre-medication was no more 

effective than papaveretum in causing 

sedation but did produce greater amnesia. 

The combination of lorazepam as night 

sedatives and also as premedication proved 

effective, free of side effects and 

acceptable.” 

Indication 12: Pruritus 

Berth-Jones 

and Graham-

Brown, 1990, 

UK150 

Double-blind 

placebo-

controlled 

crossover 

study 

50 patients with atopic 

dermatitis (58%, mean 25.6 y, 

range 4-68 y) 

• All patients received oral 

papaverine for 4 weeks and 

placebo for 4 weeks, in 

randomized order 

Reports of pruritis; physical exam 

of atopic dermatitis severity; 

topical steroids used 

“The results provide no support for the use 

of papaverine to relieve pruritis or to provide 

any other benefit in atopic dermatitis.” 
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Author, 

Year, 

Country 

Study Typea Patient Population  

(% male, age) 

Intervention/Comparator  

(No. of patients) 
Primary Outcome Measure Authors’ Conclusions 

Shupack et al, 

1991, US220 

Double-blind, 

placebo-

controlled, 

crossover 

clinical trial 

30 patients 18 years old or 

older with stable atopic 

dermatitis (sex, age not 

mentioned) 

All patients were randomized to a 

2-drug sequence, in which the 

first drug in the sequence was 

taken for 2 weeks, followed by 

the second drug in the sequence 

for 2 weeks: 

• Sequence 1: oral papaverine 

followed by placebo (9) 

• Sequence 2: placebo 

followed by oral papaverine 

(11) 

*10 patients did not complete the 

study, sequence assignments not 

provided for those patients 

Patient-reported degree of pruritus; 

percentage of the day patients 

experienced pruritis; physicians' 

and patients' global evaluation of 

disease; physician's estimate of 

percentage of skin involvement 

with disease; physician's grading 

of the erythema, scale, and 

lichenification of a representative 

plaque 

“Papaverine demonstrated no statistically 

significant advantage over placebo for any of 

the parameters measured and was noted to 

cause transient asymptomatic liver function 

test abnormalities in 3 of the study patients.” 

Wirth, 1947, 

US142 
– 

29 patients uncomfortable 

because of itching (sex, age 

not mentioned) 

• Intravenous papaverine (not 

mentioned) 

• Oral papaverine (not 

mentioned) 

Relief of itching 

“Papaverine hydrochloride exerted an 

antipruritic effect in all 29 cases. This was 

marked to complete in 26 patients, and 

moderate in the remaining three.” 

Indication 13: Psoriasis 

Stawiski et al, 

1975, US224 

In vitro study 

and a double-

blind clinical 

study 

69 patients with typical 

plaques of psoriasis (sex, age 

not mentioned) 

• All patients received 

papaverine cream and cream 

alone, each jar in the coded 

pair randomly assigned to 1 

of 2 lesions on each patient 

(69) 

• A subset of patients were 

monitored for selected serum 

parameters to monitor effects 

of percutaneous absorption 

(21) 

Reduction in lesion thickness at 

weeks 2 and 4; systemic toxicity 

due to percutaneous absorption of 

papaverine 

“Of those patients showing differential 

improvement (i.e., only one lesion of the pair 

improved), 81% (p = 0.011) of those 

showing a response in the center of the 

lesion and 77% (p = 0.046) of those 

improving at the edge had applied 

papaverine. Although no attempts were 

made to develop a papaverine formulation 

with immediate therapeutic utility, the 

numerically significant papaverine results 

suggest future therapeutic developments.” 



188 

 

Author, 

Year, 

Country 

Study Typea Patient Population  

(% male, age) 

Intervention/Comparator  

(No. of patients) 
Primary Outcome Measure Authors’ Conclusions 

Voorhees et 

al, 1974, 

US322 

Double-blind 

comparison 

45 patients with psoriasis (sex, 

age not mentioned) 

Matched lesions in each patient 

were treated with: 

• Papaverine cream (45 

lesions) 

• Cream alone (45 lesions) 

Improvement of the lesion 

“Of those patients showing differential 

improvement (i.e., only one lesion in the pair 

improved), 81% (p=0.011) in the center and 

77% (p=0.046) at the edge had applied PAP 

[papaverine]. Our PAP results are 

statistically significant and probably 

biologically significant but clinically inferior 

to fluorinated steroids.” 

Indication 14: Renal colic 

Asgari et al, 

2011, Iran25 

Asgari et al, 

2011, Iran27 

Asgari et al, 

2012, Iran26 

Randomized, 

double-blind 

prospective 

clinical trial 

550 patients with acute renal 

colic 

• Group A (62.5%, mean 

36.52 y ± 9.35) 

• Group B (59.3%, mean 

35.94 y ± 8.81) 

• Group A: diclofenac 

suppository + intravenous 

saline (275) 

• Group B: diclofenac 

suppository + intravenous 

papaverine (275) 

Pain on visual analog scale. blood 

pressure 

“In conclusion, i.v. papaverine hydrochloride 

plus a diclofenac suppository was more 

effective than diclofenac suppository 

monotherapy for the relief of acute renal 

colicky pain and induced prompt relief of 

pain with a significant decrease in pain 

intensity scores after 20 and 40 min.” 
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Author, 

Year, 

Country 

Study Typea Patient Population  

(% male, age) 

Intervention/Comparator  

(No. of patients) 
Primary Outcome Measure Authors’ Conclusions 

Jonsson et al, 

1987, 

Sweden264 

Prospective, 

double-blind 

crossover 

study 

61 patients with acute renal 

colic 

• Group A (92%, mean 44 y 

± 9.5) 

• Group B (85.7%, mean 

44.5 y ± 12) 

Trial conducted as a crossover for 

patients who required more than 1 

injection with decision of second 

injection wholly dependent on the 

patient; allocated to 1 of 2 groups: 

• Group A: first injection 

intravenous 

oxyconchloride/papaverine, 

second injection intravenous 

indomethacin (26) 

• Group B: first injection 

intravenous indomethacin, 

second injection intravenous 

oxyconchloride/papaverine 

(35)* 

*19 patients from Group B 

requested a second injection 

Pain on visual analog scale 

“Both drug regimens provided comparable 

and significant pain relief; a pain score of < 

20 [on visual analog scale of 0-100] 

appeared to be satisfactory and was achieved 

in almost all cases].” 

Lundstam et 

al, 1982, 

Sweden160 

Double-blind 

study 

66 patients with acute renal 

colic 

• Diclofenac (73.5%, range 

17-69 y) 

• Spasmofen (78%, range 

22-84 y) 

• Intramuscular diclofenac (34) 

• Intramuscular ‘Spasmofen’ 

containing 

methylscopolamine, 

papaverine, morphine, 

noscapine, codeine (32) 

Patient-rated pain 

“Intramuscular injection of the prostaglandin 

synthetase inhibitor diclofenac sodium was 

significantly more effective in the treatment 

of renal colic than was a commonly used 

narcotic preparation. Furthermore, 

diclofenac sodium seemed to have fewer 

side-effects. It is suggested that this 

treatment is an attractive alternative that 

might replace narcotic drugs in the routine 

management of this common disorder.” 
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Author, 

Year, 

Country 

Study Typea Patient Population  

(% male, age) 

Intervention/Comparator  

(No. of patients) 
Primary Outcome Measure Authors’ Conclusions 

Persson et al, 

1985, 

Sweden165 

Randomized 

prospective 

study 

94 patients with severe pain 

and history of renal colic 

• Indoprofen (73%, mean 

47 y ± 15) 

• Oxicone/papaverine (76% 

mean 46 y ± 13) 

• Indoprofen (48) 

• Intravenous 

oxicone/papaverine (46) 

Pain relief 

“In conclusion, the present study supports 

the concept that non-narcotic 

cyclooxygenase can replace narcotic 

analgesics in the alleviation of pain in renal 

colic.” 

Snir et al, 

2008, 

Israel223 

Prospective, 

single-blind, 

randomized 

clinical study 

86 patients referred to the 

emergency department with 

suspected renal colic 

• Papaverine (76%, mean 

46.2 y) 

• Sodium diclofenac (87%, 

mean 44.1 y) 

• Both agents (74%, mean 

43.9 y) 

• Intravenous papaverine (29) 

• Intramuscular sodium 

diclofenac (30) 

• Both agents (27) 

Visual Analog Score before 

treatment, and at 20 and 40 

minutes after treatment; rate of 

rescue treatment with meperidine; 

adverse events 

“The present study suggests that papaverine 

hydrochloride is as effective as sodium 

diclofenac for the short-term relief of acute 

renal colic and may be beneficial in patients 

with contraindications for NSAIDs 

[nonsteroidal anti-inflammatory drug]. 

Further studies are needed to corroborate 

these results.” 

Yencilek et 

al, 2008, 

Turkey147 

Randomized 

prospective 

trial 

110 patients with severe renal 

colic pain due to a ureteral 

stone unresponsive to 

conventional treatment 

• Hyoscine-N-butylbromide 

(70.3%, mean 42.4 y ± 

5.3) 

• Papaverine hydrochloride 

(75.7%, mean 39.9 y ± 

4.7) 

• Pethidine (75%, mean 

40.6 y ± 6.1) 

• Intravenous hyoscine-N-

butylbromide (37) 

• Intravenous papaverine (37) 

• Intravenous pethidine (36) 

Pain rating 

“Our results indicate that papaverine 

hydrochloride can used [sic] in an effective 

manner in the management of renal colic 

pain in patients unresponsive to commonly 

used conventional agents.” 
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Author, 

Year, 

Country 

Study Typea Patient Population  

(% male, age) 

Intervention/Comparator  

(No. of patients) 
Primary Outcome Measure Authors’ Conclusions 

Indication 15: Tardive dyskinesia 

Gardos et al, 

1976, US190 
Clinical trial 

9 patients with tardive 

dyskinesia (33%, mean 54.6 y, 

range 34-66 y) 

• Oral papaverine sustained-

release capsules added to 

regular medication (9) 

Simpson Tardive Dyskinesia Scale 

(revised); Abnormal Involuntary 

Movements Scale; Brief 

Psychiatric Rating Scale  

“Results showed a modest 20-25 per cent 

improvement in oral dyskinesia, but only 

two of the nine patients showed clinically 

obvious improvements in their movement 

disorders. No drug-induced side effects were 

found.” 

Gardos et al, 

1979, US191 

Single-blind 

cross-over 

41 patients with tardive 

dyskinesia 

• Boston group (30%, mean 

70 y, range 54-84 y) 

• Kentucky group (33%, 

mean 55.6 y, range 32-79 

y) 

• Patients randomized to oral 

papaverine or placebo for 6 

weeks, then other group for 

an additional 6 weeks in 

crossover design 

Tardive Dyskinesia Rating Scale; 

Abnormal Involuntary Movement 

Scale 

“Papaverine appears to exert modest 

antidyskinetic effects. Further studies are 

needed to investigate long-term effects, 

interaction with age and sex and differential 

improvement of oro-facial dyskinesia in 

contrast to dyskinesia of the lower 

extremities.” 

Indication 16: Vasovasostomy 

Marmar et al, 

1986, US96 
– 

61 patients undergoing 

vasovasostomy (100%, age 

not mentioned) 
• Topical papaverine (61) 

Lumen size equalization and 

dilation 

“We believe that the application of 1-3 ml of 

papaverine (30mg/ml) to the abdominal vas 

is a simple and helpful maneuver during a 

vasovasectomy.” 

Abbreviations: –, not provided; CABG, coronary artery bypass graft; ED, erectile dysfunction; ICI, intracavernous injection; IIEF, International Index of Erectile 

Function; IMA, internal mammary artery; PGE1, prostaglandin E1; SAH, subarachnoid hemorrhage. 
aAs defined by authors. 
bAlprostadil is also known as prostaglandin 1 (PGE1); for accuracy, the substance name that the study authors used is presented in this table. 
cFive patients in Firlik et al, 1999 were also described in Firlik et al, 1997; the two studies were not merged because the remaining patients differed between the 

two studies. 
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Appendix 3.1. Survey instrument for professional medical associations 

 

1. How familiar are you with the following terms? 

  Very familiar 
Somewhat 

familiar 
Not familiar 

Compounded drugs (medications prepared to meet a 

patient-specific need) 
o  o  o  

503A Compounding pharmacy (a pharmacy that 

prepares compounded medications prescribed by 

practitioners to meet a patient-specific need) 

o  o  o  

503B Outsourcing facility (a facility that compounds 

larger quantities without the receipt of a patient-

specific prescription) 

o  o  o  

2. Do you prescribe or administer papaverine hydrochloride to your patients? 

o Yes 

o No   

3. Do you prescribe or administer papaverine hydrochloride by any of the following dosage forms 

and/or routes of administration? (check all that apply)  

o Injectable solutions 

o Any oral dosage form 

o Topical cream, gel, or solution 

o None of the above 

4. I prescribe or administer papaverine hydrochloride for the following conditions or diseases: 

(check all that apply)  

o Erectile dysfunction 

o Muscle spasms of gastrointestinal tract, gallbladder, or urinary system 

o Peripheral ischemia 

o Other (please explain) _______________________________________________ 

5. I prescribe or administer papaverine hydrochloride in combination with other active 

pharmaceutical ingredients as a multi-ingredient product. 

o Yes 

o No 

6. I use compounded papaverine hydrochloride because: (check all that apply)  

o Commercial products are not available in the dosage form, strength, or combination I 

need (please explain) _____________________________________________  

o Patient allergies prevent me from using commercially available products (please explain) 

________________________________________________  

o Patient conditions prevent me from using commercially available products (please 

explain) ________________________________________________  

o I am not aware of any commercially available products containing papaverine 

hydrochloride 

o Other (please explain) ________________________________________________  

7. Do you stock non-patient-specific compounded papaverine hydrochloride at your practice? 

o Yes 
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o No 

o I'm not sure 

8. I obtain compounded papaverine hydrochloride from the following: (check all that apply)  

o Compound myself at my practice 

o Have the product compounded by an in-house pharmacy 

o Purchase, or have a patient purchase, from a compounding pharmacy 

o Purchase, or have a patient purchase, from an outsourcing facility   

o Other (please explain) ________________________________________________ 

9. What is your practice setting? (check all that apply)  

o Physician office/private practice 

o Outpatient clinic 

o Hospital/health system 

o Academic medical center 

o Emergency room 

o Operating room 

o Other (please describe) ________________________________________________ 

10. What degree do you hold? (check all that apply) 

o Doctor of Medicine (MD) 

o Doctor of Osteopathic Medicine (DO) 

o Doctor of Medicine in Dentistry (DMD/DDS) 

o Doctor of Pharmacy (PharmD) or Bachelor of Science in Pharmacy (BS Pharm) 

o Naturopathic Doctor (ND) 

o Nurse Practitioner (NP) 

o Physician Assistant (PA) 

o Other (please describe) ________________________________________________   
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Appendix 3.2. Survey instrument for pharmacy roundtable prequestionnaire 

1. Please select all that apply regarding the facility with which you are affiliated. 

o Academic medical center 

o Acute care hospital 

o Children’s hospital 

o Community hospital 

o Critical access hospital 

o Dialysis center 

o Federal government hospital 

o Health system 

o Inpatient rehabilitation center 

o Long-term acute care hospital 

o Outpatient surgery center 

o Rural hospital 

o Skilled nursing facility 

o Specialty hospital, please identify specialty(ies) 

o Trauma center 

o Urban hospital 

2. Please select the number of beds in the facility with which you are affiliated. 

o < 50 

o 50-99 

o 100-199 

o 200-299 

o 300-399 

o 400-599 

o > 600 

3. Do you use an outsourcing facility (503b facility) to obtain any products used in your facility?  A 

list of FDA registered outsourcing facilities can be found at https://www.fda.gov/drugs/human-

drug-compounding/registered-outsourcing-facilites. 

o Yes 

o No 

4. Why do you use an outsourcing facility to obtain product(s)? Please select all that apply 

o Backorders 

o Convenience 

o Cost 

o Need for concentrations not commercially available 

o Need for preservative-free products 

o Need for ready-to-use products 

o No FDA-approved products available 

o No onsite compounding facility 

o Onsite compounding facility not equipped to compound all necessary products 

o Other, please explain ________________________________________________ 

5. Please select the type(s) of products obtained from an outsourcing facility. 

o Nonsterile products 

o Sterile products 

6. Please select the category(ies) of products obtained from an outsourcing facility. 

o Cardioplegic solutions 

o Dermatologic preparations 

o Dialysate solutions 

https://www.fda.gov/drugs/human-drug-compounding/registered-outsourcing-facilites
https://www.fda.gov/drugs/human-drug-compounding/registered-outsourcing-facilites
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o Fluids 

o Ophthalmic preparations 

o Patient-controlled analgesia 

o Ready-to-use anesthesia syringes 

o Ready-to-use antibiotic syringes and/or bags 

o Ready-to-use electrolyte solutions 

o Ready-to-use vasopressor solutions 

o Total parenteral nutrition solutions 

o Other, please identify ________________________________________________ 

7. From the list below, please select the drug(s) that you obtain as either a single ingredient or multi-

ingredient product from an outsourcing facility. 

o Acetylcysteine 

o Adenosine 

o Aluminum potassium sulfate 

o Aspartic acid 

o Atenolol 

o Atropine 

o Baclofen  

o Betamethasone 

o Biotin 

o Bupivacaine 

o Calcium chloride 

o Caffeine sodium benzoate 

o Cholecalciferol 

o Chromium chloride 

o Clonidine 

o Dexamethasone sodium phosphate 

o Diclofenac 

o Gentamicin 

o Glycerin 

o Hydroxyzine 

o Ketamine 

o Levocarnitine 

o Lidocaine 

o Lorazepam 

o Magnesium sulfate 

o Manganese chloride 

o Methylprednisolone 

o Midazolam 

o Mupirocin 

o Norepinephrine 

o Ondansetron 

o Phytonadione 

o Potassium chloride 

o Potassium phosphate 

o Prilocaine 

o Proline 

o Propranolol 

o Ropivacaine 

o Sodium chloride 

o Sodium citrate 
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o Sodium phosphate 

o Tetracaine 

o Triamcinolone acetonide 

o Tropicamide 

o None of the above 

  



197 

 

Appendix 4. Survey distribution to professional associations  

 

Specialty Associationa 
Agreed/Declined, Reason 

for Declining 

Anesthesiology Society of Cardiovascular Anesthesiologists Declined – failed to respond 

Cardiology 

American Academy of Cardiovascular Perfusion Declined 

American Board of Cardiovascular Perfusion Declined – failed to respond 

American Society of Extracorporeal Technology Declined – failed to respond 

Dermatology American Academy of Dermatology Declined – failed to respond 

Naturopathy American Association of Naturopathic Physicians Agreed 

Nephrology 
American Society of Diagnostic and Interventional 

Nephrology 
Declined 

Ophthalmology 

American Academy of Ophthalmology Declined – failed to respond 

American Society of Cataract and Refractive Surgery Agreed 

American Society of Retina Specialists Declined 

Podiatry American Podiatric Medical Association Agreed 

Psychiatry 
The International Society for Electroconvulsive Therapy and 

Neurostimulation 
Agreed 

Rheumatology American College of Rheumatology Agreed 

Surgery 

American Association of Neurological Surgeons Declined – failed to respond 

American Association for Thoracic Surgery Declined – failed to respond 

American College of Surgeons Declined – failed to respond 

American Society for Reconstructive Microsurgery Declined – failed to respond 

Urology 
Society of Urodynamics, Female Pelvic Medicine & 

Urogenital Reconstruction 
Declined 

Wound Care Association for the Advancement of Wound Care Declined – failed to respond 

aAssociations that declined in Year 1 and/or Year 2 were not contacted in Year 3.  


