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To the Editor:

Sickle cell disease (SCD) is the most common hemoglobinopathy in the United States and 

vaso-occlusive pain episodes (VOE) are the leading cause of hospitalizations and emergency 

department (ED) visits1. There are limited therapies for acute management of VOE that 

directly target the underlying etiology for sickle-related pain therefore treatment is largely 

symptomatic. Moderate-to-severe pain is typically treated with parenteral hydration, opioids, 

and hospitalization to achieve adequate pain control.

Arginine is a conditionally essential amino acid and the obligate substrate for nitric oxide 

(NO) synthesis. NO is a potent vasodilator which is essential for vascular homeostasis; low 

NO bioavailability contributes to sickle cell vasculopathy. SCD is an “arginine deficiency 

syndrome”, where low arginine bioavailability correlates with pulmonary hypertension risk, 

early mortality, and pain severity, predicting the need for pediatric hospitalization2, 3. 

Arginine is also a precursor for kyotorphin (L-tyrosyl-L-arginine), an endogenous analgesic 

dipeptide4. Intravenous arginine therapy reduced opioid use by over 54% and significantly 

decreased pain scores in children hospitalized with SCD-VOE compared to placebo in 

a phase-2 randomized, double-blinded, placebo-controlled trial (RCT)5. A recent RCT of 

oral arginine therapy in children hospitalized for SCD-VOE in Nigeria similarly found a 
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reduction in total analgesia, pain scores, time-to-crisis-resolution, and total length of hospital 

stay4.

IV Arginine has an excellent safety profile, having received FDA approval for growth 

hormone stimulation testing in 1973, utilizing 500 mg/kg/dose (maximum 30 grams/dose) 

over 30 min. IV Arginine also has been used in the management of mitochondrial diseases 

and sepsis with few side effects6. Adverse events (AEs) reported with IV Arginine use 

include nausea, vomiting, headaches, flushing, dyspnea, and dose-dependent effects on 

blood pressure, electrolytes (e.g., potassium) and acid-base imbalance. Thus, it is important 

to determine whether IV arginine might increase the frequency or severity of these events 

during VOE. A phase-2 RCT evaluating two IV Arginine dosing regimens at Emory/

Children’s Healthcare of Atlanta has recently completely subject enrollment. The objective 

of the current report is to review the safety of IV Arginine in this trial by examining rates 

of AEs and serious adverse events (SAE) after treatment across blinded study arms prior to 

locking the final data set for analysis of the primary and secondary end points.

This is a single-center, prospective, double-blind RCT studying the effects of IV Arginine 

therapy in children aged 3–21 years with SCD (any genotype), hospitalized for VOE 

and requiring parenteral opioids. Patients with hepatic or renal dysfunction (ALT>3 times 

normal upper limit, creatinine>1.0mg/dL respectively), new SCD-specific therapy (e.g., 

hydroxyurea, voxelotor) in last 3 months, Hgb<5g/dL, NO-based therapy in last month, or 

those previously enrolled were excluded from study participation. Patients were randomized 

within 24-hours of receiving their first dose of parenteral opioids in the ED into one of three 

IV Arginine treatment arms: A) standard dose (SD) (100 mg/kg/dose three times a day), B) 

loading dose (200 mg/kg/dose) followed by SD or C) placebo (IV normal saline 1–2 mL/kg 

three times a day).

Demographics, clinical characteristics, time-to-crisis-resolution, total parenteral opioid use, 

length of hospital stay, pain scores, blood biomarkers, and patient-reported outcomes were 

obtained before and after treatment. The primary outcome measure is total parenteral opioid 

use between study arms. Lab values above the upper limit of normal range were considered 

elevated and reported as AEs if present after enrollment.

The sample size calculated for this study was 108 patients (36 per arm), based on Morris et. 
al, 20135. Chi-squared/fisher exact tests were utilized as indicated to compare development 

of AEs and SAEs across the randomization arms; a p-value<0.05 was considered significant. 

The study protocol is approved by Emory University and Children’s Healthcare of 

Atlanta Institutional Review Boards, conducted under an active Investigational New Drug 

(IND) #66943 (Sponsor-C.R.Morris), registered with ClinicalTrials.gov (NCT02536170,) 

and is funded in part by FDA-R01FD004814-01A2 and NCCIH K24AT009893-01 (to 
C.R.Morris).

A total of 1548 patients were screened of which 266 were eligible with a guardian present; 

114 were consented, 108 were randomized and 6 were categorized as screen failures 

(Supplemental Figure). The majority of patients (74%) were enrolled in the ED. The first 

patient was enrolled in March 2016; enrollment is now complete.
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Patient demographics randomized by treatment group are provided in the Supplemental 

Table, which also includes a summary of the cumulative 372 AEs in 91 of 108 (84.3%) 

unique patients, and 28 SAEs in 19 (17.6%) unique patients; these are classified by system, 

and per treatment arm. There was a median of 2 AEs in patients who experienced AEs. 

Headache and gastrointestinal complaints including abdominal pain, nausea and vomiting 

were the most commonly reported symptoms and often occurred before administration of 

study drug; however, there were no significant differences across treatment arms in either the 

total AEs or in the AEs that occurred after initiation of treatment (Supplemental Table).

Multiple labs were monitored during the study and are documented in Table 1. Serum 

bilirubin, AST, and ALT (markers of liver function and hemolysis) were elevated at the 

time of randomization in some patients and increased after treatment, but there were no 

significant differences across treatment arms in total liver function AEs or in those that 

occurred after treatment. Although statistically significant differences among study arms 

were noted in serum BUN, serum bicarbonate and serum potassium, they were not clinically 

relevant (Table 1).

A cumulative total of 28 SAEs occurred in 19 of 108 unique subjects (17.6%); (2 SAEs 

occurred during a single prolonged hospitalization and 26 involved re-hospitalizations within 

30 days); there was a median of 1 SAE per patient with any SAE, with a maximum of 

5 SAE occurring in 1 patient. There were no SAEs “definitely related” to study drug 

administration, 9 SAEs were “possibly related” (re-hospitalization within 7 days) and the 

rest were “unlikely related” or “not related” to the study.

No differences in the seriousness (p=0.208), severity (p=0.165) or relatedness (p=0.493) 

for all events (SAEs and AEs), or those that occurred after treatment was identified across 

treatment arms.

This interim report on the safety of IV Arginine in children with SCD hospitalized 

with VOE reaffirms prior reports on the safety of IV Arginine therapy in this patient 

population4–6. IV Arginine therapy has been successfully used in the treatment of multiple 

medical conditions including mitochondrial encephalopathy with lactic acidosis and stroke 

like episodes (MELAS), acute metabolic strokes in primary mitochondrial disease (e.g., 

Kearns Sayre syndrome) and hyperammonemia crises due to urea cycle defects and 

improves mitochondrial function in SCD6. IV Arginine is administered as an Arginine-

hydrochloride infusion, and it is generally well tolerated with minimal side effects. AEs 

reported in the literature with IV Arginine include changes in blood pressure, potassium, 

phosphate, acid-base status, and blood glucose, with pharmacokinetic studies reporting AEs 

related to the dose and rate of IV Arginine infusion.

As expected in a study of hospitalized patients with SCD, AEs were common, with a 

cumulative 372 AEs documented in 91 unique patients. Headaches and gastrointestinal 

complaints are established AEs associated with IV Arginine that were also observed in this 

study. These symptoms, which may be side effects of opioid use or may be features of VOE 

for some patients, were frequently present before patients received study drug, and there 

were no differences in AEs that occurred after treatment. No new AEs emerged compared 
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to what has previously been reported with arginine therapy. All SAEs were associated with 

re-hospitalization mainly for pain or ACS, or prolonged hospitalization. Less than 10% of 

patients were re-hospitalized at least once within 7 days of discharge, which is lower than 

published readmission rates of up to 20%5. No statistically significant differences in SAEs 

were found across study arms.

The results of this study are congruent with the available literature demonstrating no 

significant or clinically relevant changes in renal or liver function or changes in electrolytes 

or acid-base status with the administration of IV Arginine therapy. The observed mild 

decrease in serum bicarbonate did not result in acidosis, nor did any increase in serum 

potassium result in hyperkalemia. These findings are of clinical relevance since they could 

allow for less intensive lab monitoring during therapy and therefore reduce the need for 

multiple blood draws. Additionally, patients hospitalized for VOE typically receive NSAIDs 

as part of their analgesia regimen; the observation of a stable creatinine from admission to 

time of discharge likely means that IV Arginine will be well tolerated in patients receiving 

NSAID therapy.

Of particular interest in this study was the finding of elevated serum ALT levels in some 

patients before randomization that continued to rise during the course of the study. This 

was unlikely to be related to IV Arginine administration since it was observed in all 

3 arms and may represent the course of liver dysfunction during VOE not previously 

described. Although this observation may not warrant any medical intervention, the presence 

of abnormal liver function tests may be of clinical importance in some patients hospitalized 

with VOE who often receive potentially hepatotoxic drugs like acetaminophen as part of 

their analgesia regimen.

To conclude, in this RCT of IV Arginine administration for the treatment of SCD patients 

hospitalized with VOEs, no unexpected SAEs occurred, and SAE/AE rates were similar 

across study arms. IV Arginine was generally well tolerated without the observation of new 

clinical or biochemical AEs compared to other arginine studies. This study provides further 

support for the safety of IV Arginine therapy in children with SCD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Funding: Food and Drug Administration-R01FD004814-01A2 and in part, the National Center for Complementary 
and Integrative Health K24AT009893-01

Claudia R. Morris, MD, is the inventor or co-inventor of several UCSF-Benioff Children’s Hospital Oakland 
patents/patent-pending applications that include nutritional supplements, and biomarkers of cardiovascular disease 
related to arginine bioavailability, is an inventor/co-inventor several Emory University School of Medicine patent 
applications for nutritional supplements, is a consultant for Pfizer, CSL Behring, F. Hoffmann-La Roche LTd, and 
has received research support from the United States Food and Drug Administration, Health Resources & Services 
Administration (HRSA, agency of the US Department of Health and Human Services) and the National Institutes of 
Health.

Reyes et al. Page 4

Am J Hematol. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



References:

1. Lanzkron S, Carroll CP, Haywood C Jr. The burden of emergency department use for 
sickle-cell disease: an analysis of the national emergency department sample database. Am J 
Hematol. 2010;85(10):797–9. Epub 2010/08/24. doi: 10.1002/ajh.21807. PubMed PMID: ; PMCID: 
PMC3431910. [PubMed: 20730795] 

2. Morris CR, Kato GJ, Poljakovic M, Wang X, Blackwelder WC, Sachdev V, Hazen SL, Vichinsky 
EP, Morris SM Jr., Gladwin MT. Dysregulated arginine metabolism, hemolysis-associated 
pulmonary hypertension, and mortality in sickle cell disease. Jama. 2005;294(1):81–90. Epub 
2005/07/07. doi: 10.1001/jama.294.1.81. PubMed PMID: ; PMCID: PMC2065861. [PubMed: 
15998894] 

3. Morris CR, Kuypers FA, Larkin S, Vichinsky EP, Styles LA. Patterns of arginine and nitric oxide 
in patients with sickle cell disease with vaso-occlusive crisis and acute chest syndrome. J Pediatr 
Hematol Oncol. 2000;22(6):515–20. Epub 2000/12/29. PubMed PMID: . [PubMed: 11132219] 

4. Onalo R, Cooper P, Cilliers A, Vorster BC, Uche NA, Oluseyi OO, Onalo VD, Zubairu Y, 
Ayodele-Kehinde AU, Damilare OM, Figueroa J, Morris CR. Randomized control trial of oral 
arginine therapy for children with sickle cell anemia hospitalized for pain in Nigeria. Am J 
Hematol. 2021;96(1):89–97. Epub 2020/10/20. doi: 10.1002/ajh.26028. PubMed PMID: . [PubMed: 
33075179] 

5. Morris CR, Kuypers FA, Lavrisha L, Ansari M, Sweeters N, Stewart M, Gildengorin G, Neumayr 
L, Vichinsky EP. A randomized, placebo-controlled trial of arginine therapy for the treatment of 
children with sickle cell disease hospitalized with vaso-occlusive pain episodes. Haematologica. 
2013;98(9):1375–82. Epub 2013/05/07. doi: 10.3324/haematol.2013.086637. PubMed PMID: ; 
PMCID: PMC3762093. [PubMed: 23645695] 

6. Morris CR, Brown LA, Reynolds M, Dampier CD, Lane P, Watt A, Kumari P, Harris F, 
Manoranjithan S, Mendis RD, Figueroa J, Shiva S. Impact of Arginine Therapy on Mitochondrial 
Function in Children with Sickle Cell Disease during Vaso-occlusive Pain. Blood. 2020. Epub 
2020/05/10. doi: 10.1182/blood.2019003672. PubMed PMID: 32384147.

Reyes et al. Page 5

Am J Hematol. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Reyes et al. Page 6

Table 1:

Changes in lab values from pre-randomization to discharge (n=108 patients)

Lab value Day 0 Day 1 Discharge P-value for change over time

WBC 12.02 (8.35,15.82) 10.97 (7.75,13.72) 9.14 (6.42,11.45) <0.001

Hgb, g/dL 9.2 (8,10.5) 8.35 (7.55,9.95) 8.2 (7.1,9.9) <0.001

HCT 26.9 (24.4,30.5) 25.05 (22.65,28.25) 24.9 (21.7,28.4) <0.001

Platelets 356 (222,458) 322.5 (190,428.5) 341.5 (226,465) <0.001

Retic % 9.4 (4.9,14.1) 9.2 (5.8,13.9) 9.2 (4.6,13.3) 0.086

BUN 7 (5,9) 7 (5,10) 7 (5,10) 0.020 **

Creatinine 0.5 (0.4,0.6) 0.5 (0.33,0.6) 0.43 (0.32,0.5) 0.084

AST* 42.5 (30,61) 41 (26,62) 38.5 (30.5,55.5) 0.257

ALT* 23 (19,33) 26 (19,40) 30.5 (21.5,54.5) <0.001

Total bilirubin 1.9 (1.2,3.6) 1.8 (1.1,3.6) 1.7 (1,2.5) <0.001

Sodium 138 (137,139) 138 (136,139) 138 (137,140) 0.070

Potassium 4 (3.7,4.2) 4.15 (3.7,4.4) 4.2 (3.9,4.5) 0.055**

Chloride 106 (104,108) 107 (105,109) 107 (105,109) <0.001

CO2 25 (23,26) 25 (23,26) 25 (23,27) 0.515**

Glucose* 97 (87,107) 100.5 (94,110) 96 (92,103) 0.167

Osmolality 283.9 (281.9,287.1) 283.7 (280.6,286.9) 284.1 (281.9,286.9) 0.136

Values shown median (25th-75th)

Osmolality calculated via formula: 2(sodium) + glucose/18 + BUN/2.8

P-value: overall difference of lab values over time (from type 3 fixed effect for time from linear mixed model).

*
Statistical tests were run on log-transformed due to non-normality; untransformed values are shown above.

**
p<0.05 for statistically significant differences among study arms that are not clinically relevant
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