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CASE REPORT

Flumazenil Use in Benzodiazepine-Induced Delirium Reversal

RIYA BHATTACHARYA, MD; ARIHANT SURANA, MD; ARUNAVA SAHA, MD; SANDEEP SASIDHARAN, MD;  

AKSHAT BANGA, MD; ERIN O’SHEA PAUDEL, MD

ABSTRACT 

Delirium is a frequent and serious complication in crit-
ically ill patients, associated with increased mortality, 
prolonged hospitalization, and long-term cognitive im-
pairment. The hypoactive subtype is particularly un-
derrecognized, missed in up to 75% of cases, and carries 
worse outcomes. Benzodiazepines (BZDs), though often 
used for sedation in the intensive care unit (ICU), can 
contribute to or exacerbate delirium due to their phar-
macokinetics, especially in patients with renal or hepatic 
dysfunction. Flumazenil, a competitive benzodiazepine 
receptor antagonist, has been primarily utilized for acute 
overdose but may have an emerging role in reversing 
BZD-related delirium. We present a case in which fluma-
zenil administration led to rapid neurological recovery 
in a critically ill patient with persistent hypoactive de-
lirium following BZD exposure. This report highlights 
the importance of considering BZD-induced delirium 
in ICU patients and highlights flumazenil as a potential  
therapeutic strategy warranting further investigation.

KEYWORDS:  Flumazenil; Benzodiazepines; Delirium; 
Intensive care unit; Benzodiazepine receptor antagonist  

INTRODUCTION

Delirium is common among patients admitted to the inten-
sive care unit (ICU) and has been recognized as an indepen-
dent factor associated with increased six-month mortality, 
extended ICU and hospital stays, and prolonged mechani-
cal ventilation. The prevalence of delirium in adult ICU 
patients is approximately 64.6%, and the pooled preva-
lence of different subtypes of delirium is: hyperactive (4%),  
hypoactive (17%), and mixed (10%).1,2 Notably, the prev-
alence of hypoactive delirium is substantially higher in 
patients with greater severity of illness (29%) and in mechan-
ically ventilated populations (35%).1 One study suggested a 
10% increased risk of death for every additional day spent 
delirious in the ICU.3 Although validated tools like the 
Confusion Assessment Method for the ICU (CAM-ICU) and 
the Intensive Care Delirium Screening Checklist (ICDSC) 
have facilitated delirium monitoring in the ICU,4 delir-
ium remains underrecognized, with rates of unrecognized 

delirium ranging from 55% to 70% in hospitalized patients; 
the hypoactive subtype is particularly prone to being missed 
and is linked to worse outcomes.5 Hypoactive delirium is 
more common among older persons, often goes unrecog-
nized, and is associated with higher rates of complications 
and mortality.6 Early diagnosis and treatment of hypoactive 
delirium can reduce patient mortality.7

Benzodiazepines (BZDs) are often used in the ICU to man-
age anxiety, agitation, and to provide sedation, particularly 
in mechanically ventilated patients. BZDs work by enhanc-
ing the effect of the neurotransmitter gamma-aminobutyric 
acid (GABA) at the GABA(A) receptor in the central nervous 
system, which in turn leads to a decrease in neuronal excit-
ability, producing sedative and anxiolytic effects.8 BZDs are 
lipophilic drugs that get stored in adipose tissues, resulting 
in prolonged effects in individuals with higher body fat. 
Among the benzodiazepines commonly used in clinical 
practice, midazolam and diazepam are the most highly lipo-
philic. Midazolam is water-soluble in its acidic formulation 
but undergoes intramolecular reconfiguration at physiologic 
pH (7.4), becoming highly lipid-soluble in vivo.9,10 BZDs are 
primarily cleared from the body through hepatic metabo-
lism and renal excretion. Moreover, acute kidney injury has 
been shown to reduce the hepatic metabolism of midazolam 
in critically ill patients, which is metabolized by CYP 3A 
enzymes.11

We present a case that revolves around the treatment and 
reversal of benzodiazepine-induced hypoactive delirium 
with flumazenil, which is a competitive antagonist for the 
benzodiazepine-binding site.

CASE DESCRIPTION

A 35-year-old man (Body mass index 26 kg/m²) with a past 
medical history of HIV-AIDS with poor adherence to antiret-
roviral therapy and recurrent opportunistic infections in the 
past, including esophageal candidiasis and pneumocystis 
pneumonia, presented after an out-of-hospital cardiac arrest, 
likely due to an aspiration event. The exact downtime was 
unknown. He was intubated in the field emergently by 
emergency medical services (EMS) and started on a fentanyl 
drip for analgesia; no other sedating infusions were initiated 
at this time. He was stabilized in the emergency department 
and admitted to the Intensive Care Unit (ICU).
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CASE REPORT

Initial laboratory evaluation [Table 1] demonstrated rhab-
domyolysis and lactic acidosis. An echocardiogram revealed 
an ejection fraction of 60%. Imaging included a chest X-ray 

and CT chest with contrast which revealed a left, lower lung 
collapse; pulmonary embolism was excluded.

In the ICU, the patient was managed for aspiration pneu-
monia with IV antibiotics. Subsequently, 
he underwent a bronchoscopy with bron-
cho-alveolar lavage (BAL) which revealed 
thick secretions without any obstructive 
mass. BAL was negative for bacteria, AFB, 
fungi, PCP, and malignant cells. His ICU 
course was also complicated by acute kid-
ney injury requiring dialysis. Four days 
after admission to the ICU, due to ongo-
ing persistent respiratory acidosis and 
electrolyte abnormalities, he developed 
non-sustained ventricular tachycardia, 
promptly followed by the onset of another 
cardiac arrest, consistent with pulseless 
electrical activity. CPR was initiated 
with the return of spontaneous circula-
tion (ROSC) after 40 minutes. Post-arrest 
echo did not show any abnormalities or 
change in ejection fraction.

Following this, he was started on a 
midazolam drip, in addition to the fen-
tanyl drip due to ventilator desynchrony. 
Gradually, his hemodynamic status 
improved, and his sedatives were weaned 
and stopped within 72 hours.

However, despite the termination of 
sedatives the patient remained unrespon-
sive with absent neurological and brain-
stem reflexes. Routine labs did not reveal 
significant electrolyte derangements, 
hepatic injury, or hypoglycemia that 
would explain the persistent unrespon-
siveness [Table 1], and CT scan of the 
brain and MRI Brain revealed no intracra-
nial abnormalities. He was empirically 
treated with ceftriaxone, vancomycin, 
and acyclovir for possible meningitis, 
which were eventually stopped when 
lumbar puncture ruled out any infectious 
etiology. Continuous EEG monitoring 
revealed diffuse cerebral slowing sugges-
tive of encephalopathy but no epilepti-
form activity.

After four days without sedation, there 
was still no gross neurological improve-
ment, but weak cough and gag reflexes 
were noted, findings inconsistent with 
brain death and prompting further investi-
gation into reversible causes of unrespon-
siveness. A trial of naloxone yielded no 
improvement. Subsequently, the patient  

Table 1. Routine labs and other investigations during hospital stay 

Labs Day of 

admission 

Before 

Flumazenil 

Administration

After 

Flumazenil 

Administration

Complete Blood count 

White blood cell count (x103/uL) 5.7 11.2 with 

neutrophilic 

predominance 

10.3

Hemoglobin (g/dL) 16.3 8.7 8.6

Hematocrit (%) 47.4 27 27

Platelets (x103/uL) 242 236 230

Comprehensive Metabolic Panel 

Sodium (mEq/L) 138 135 137

Potassium (mEq/L) 5.6 4.1 4

Chloride (mEq/L) 101 92 94

Bicarbonate (mEq/L) 24 23 23

Anion gap 13 20 20

Calcium (mg/dl) 8.3 9.3 9.4

Blood urea nitrogen  (mg/dl) 18 67 61

Creatinine  (mg/dl) 1.09 8.7 8.05

Glucose  (mg/dl) 100 108 114

Alkaline Phosphatase (U/L) 50 138 116

ALT (SGPT) (U/L) 60 27 24

AST (SGOT) (U/L) 103 33 28

Total bilirubin  (mg/dl) 0.7 0.4 0.5

Magnesium (mg/dl) 2 2.9 2.7

Phosphate (mg/dl) 8.9 8.5 5.8

Lactate (mmol/L) 4.9 0.7 -

Creatine Kinase (U/L) 7,823 — —

Troponin (ng/ml) 0.11 — —

Lactate Dehydrogenase (U/L) 379 — —

Ammonia (ug/dl) — 59.7 —

Arterial blood gas  

(pH/pCO2/pO2/bicarbonate)

7.18/59.5/ 

60.7/22

7.3/45/ 

117/98

—

Thyroid Panel

TSH (uU/ml)/Free T4 (ng/dl) 6.03/1.07 — —

Toxicology Screen 

Blood Ethanol and Urine drug screen Negative — —

HIV panel

CD4+ Helper cell # (/uL) 89 161 —

CD4+ Helper cell (%) 9.9 10.7 —

CD4/CD8 Ratio 0.16 — —

HIV 1 RNA Quantitative copies/ml 160 — —

Hepatitis B and C Panel Negative — —
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was started on a trial of Flumazenil 0.5 mg bolus, followed 
by 0.2 mg hourly infusion, which resulted in significant 
improvement in sensorium. Within minutes of initiating 
the flumazenil bolus, the patient began opening his eyes 
spontaneously and demonstrating purposeful movements. 
By 12 hours, he was following simple commands, and by 24 
hours, he was fully alert and oriented. After 24 hours, he was 
successfully extubated and eventually returned to his base-
line mentation, leading to both the diagnosis and treatment 
of BZD-induced hypoactive delirium.

DISCUSSION

This case report highlights the potential role of flumaze-
nil in the management of benzodiazepine-induced delir-
ium, particularly in a patient with the hypoactive subtype. 
Despite guideline recommendations to minimize benzo-
diazepine administration for sedation, they continue to be 
used in specific patient populations where alternative sed-
atives are contraindicated due to hemodynamic or phar-
macologic considerations.12 The prolonged half-life and 
bioaccumulation of benzodiazepines can result in persistent 
neurocognitive impairment, further complicating delir-
ium management.13 In this patient, acute kidney injury 
likely played a role in impaired drug clearance, leading to 
prolonged effects of the drug. In patients with acute renal 
failure, midazolam clearance is reduced (1.9 vs 2.8 mL/min/
kg) and half-life is prolonged (7.6 vs 13 hours). Furthermore, 
the 1-hydroxy-midazolam glucuronide metabolite, which 
has substantial pharmacological activity, accumulates to 
approximately 10 times the parent drug level in renal fail-
ure and can cause prolonged sedation that is immediately 
reversible with flumazenil.14,15

It is important to note that the patient was receiving ongo-
ing hemodialysis during the period when flumazenil was 
administered. No other sedating medications were initiated 
or discontinued during this time, supporting the hypothesis 
that the clinical improvement was attributable to flumazenil 
administration rather than other concurrent interventions.

Our case report supports the hypothesis that targeted 
reversal of benzodiazepines with flumazenil may provide 
clinical benefits in reducing delirium duration and fur-
ther unnecessary work-up and intervention. Flumazenil is 
a competitive benzodiazepine receptor antagonist and has 
been primarily utilized in the acute reversal of benzodiaze-
pine overdose. The observed improvement following fluma-
zenil administration suggested that residual benzodiazepine 
played a significant role in the persistence of delirium. This 
aligns with prior studies indicating that benzodiazepines 
contribute to prolonged ICU stays, cognitive dysfunction, 
and increased mortality.3

A pilot, prospective, double-blinded, randomized pla-
cebo-controlled study investigated the use of flumazenil 
as a potential treatment for hypoactive delirium linked to 

benzodiazepine exposure.2 Given flumazenil’s relatively 
short half-life of approximately 60 minutes, a continu-
ous infusion strategy was implemented to counteract the 
prolonged sedative effects of benzodiazepines. The study 
revealed that patients receiving flumazenil were 83% less 
likely to experience delirium by the end of the 72-hour infu-
sion, with this beneficial effect persisting for an additional 
24 hours after discontinuation. However, it is important to 
note that these results did not reach statistical significance, 
likely due to the study being underpowered with a small 
sample size. Additionally, ventilator-free days and ICU 
length of stay were similar between the flumazenil and pla-
cebo groups.2 Despite these limitations, the study provides 
preliminary evidence supporting the potential benefit of 
flumazenil in this setting and highlights the need for larger, 
adequately powered trials.

Another study by Moore et al16 observed a 79% positive 
response rate (calm and awake) using sequential fluma-
zenil intravenous bolus dosing for reversal of benzodiaze-
pine-associated delirium as a complication of treatment for 
patients with alcohol withdrawal. This retrospective review 
demonstrated that flumazenil administration was a low-
risk yet highly effective intervention, significantly altering 
the course and management of delirium caused by over-se-
dation. This approach also minimized the need for further 
resource-intensive evaluations and unnecessary diagnostic 
workups for altered mental status.

Despite these promising findings, the use of flumazenil 
for this indication warrants cautious consideration. One of 
the primary concerns surrounding its administration is the 
risk of precipitating withdrawal symptoms or seizures, par-
ticularly in patients with chronic benzodiazepine use. The 
FDA label specifically cautions that flumazenil should be 
used with care in the ICU setting due to the risk of precipi-
tating withdrawal seizures in patients physically dependent 
on benzodiazepines, and notes that seizures induced by 
flumazenil may be refractory to standard doses of first-line 
anticonvulsants.17 In our case, no significant adverse events 
were observed, suggesting that careful patient selection and 
dosing strategies can mitigate these risks. Future research 
should focus on establishing optimal dosing protocols and 
identifying patient populations that are most likely to  
benefit from flumazenil therapy.

Additionally, the long-term effects of flumazenil admin-
istration on cognitive recovery and functional outcomes 
remain unknown. While our findings suggest that fluma-
zenil contributes to delirium resolution, further studies are 
needed to assess whether this translates into improved long-
term neurological function, reduced ICU length of stay, or 
lower mortality rates.18 Prospective, randomized controlled 
trials with larger sample sizes will be essential in confirm-
ing the efficacy and safety of flumazenil in this context.

CASE REPORT

9A U G U S T  2 0 2 6   R H O D E  I S L A N D  M E D I C A L  J O U R N A L   R I M J  A R C H I V E S  |  A U G U S T  I S S U E  W E B P A G E  |  R I M S

http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2026-08.asp
https://www.rimedicalsociety.org


CONCLUSION

In conclusion, our case report provides preliminary evidence 
supporting the use of flumazenil in a patient with persistent 
benzodiazepine-induced hypoactive delirium. While these 
findings are promising, further research is required to refine 
treatment protocols, assess long-term outcomes, and ensure 
patient safety with flumazenil use. Optimizing delirium 
management strategies in the ICU remains a critical prior-
ity, and targeted benzodiazepine reversal may represent a 
novel and effective approach in select patient populations.

References

1.	 Krewulak KD, Stelfox HT, Leigh JP, Ely EW, Fiest KM. Inci-
dence and Prevalence of Delirium Subtypes in an Adult ICU: 
A Systematic Review and Meta-Analysis. Crit Care Med. 2018 
Dec;46(12):2029-2035. doi: 10.1097/CCM.0000000000003402. 
PMID: 30234569.

2.	 Schomer KJ, Duby JJ, Firestone RL, Louie EL, Sebat CM, Love 
DM, Cocanour CS, Albertson TE. Effect of Flumazenil on Hypo-
active Delirium in the ICU: A Double-Blind, Placebo-Controlled 
Pilot Study. Crit Care Explor. 2020 Mar 24;2(3):e0085. doi: 
10.1097/CCE.0000000000000085. PMID: 32259108; PMCID:  
PMC7098541.

3.	 Ely EW, Shintani A, Truman B, et al. Delirium as a predictor of 
mortality in mechanically ventilated patients in the intensive 
care unit. JAMA. 2004;291:1753–1762.

4.	 Stollings JL, Kotfis K, Chanques G, Pun BT, Pandharipande 
PP, Ely EW. Delirium in critical illness: clinical manifesta-
tions, outcomes, and management. Intensive Care Med. 2021 
Oct;47(10):1089-1103. doi: 10.1007/s00134-021-06503-1. Epub 
2021 Aug 16. PMID: 34401939; PMCID: PMC8366492.

5.	 Oh ES, Fong TG, Hshieh TT, Inouye SK. Delirium in Older 
Persons: Advances in Diagnosis and Treatment. JAMA. 2017; 
318(12):1161-1174. doi:10.1001/jama.2017.12067. 

6.	 Marcantonio ER. Delirium in Hospitalized Older Adults. N Engl 
J Med. 2017;377(15):1456-1466. doi:10.1056/NEJMcp1605501.

7.	 Lian F, Li F, Tang X, Yuan Y. Risk factors for hypoactive deliri-
um in patients with nontraumatic ARDS: a prospective obser-
vational study. Sci Rep. 2024 Mar 24;14(1):6980. doi: 10.1038/
s41598-024-57525-w. PMID: 38523173; PMCID: PMC10961304.

8.	 Goldschen-Ohm MP. Benzodiazepine Modulation of GABA_A 
Receptors: A Mechanistic Perspective. Biomolecules. 2022 Nov 
30;12(12):1784. doi: 10.3390/biom12121784. PMID: 36551212; 
PMCID: PMC9775625.*

9.	 Reves JG, Fragen RJ, Vinik HR, Greenblatt DJ. Midazolam: Phar-
macology and Uses. Anesthesiology. 1985;62(3):310-24. 

10.	Cohen LB, Delegge MH, Aisenberg J, et al. AGA Institute Review 
of Endoscopic Sedation. Gastroenterology. 2007;133(2):675-701. 
doi:10.1053/j.gastro.2007.06.002. 

11.	Kirwan CJ, MacPhee IA, Lee T, Holt DW, Philips BJ. Acute 
kidney injury reduces the hepatic metabolism of midazolam 
in critically ill patients. Intensive Care Med. 2012 Jan;38(1):76-
84. doi: 10.1007/s00134-011-2360-8. Epub 2011 Oct 18. PMID: 
22005822.

12.	Boncyk CS, Hughes CG. Benzodiazepines and Hospital-Lev-
el sedation practices continue to impact outcomes. CHEST  
Critical Care. 2024;2(2):100052. https://doi.org/10.1016/j.chstcc. 
2024.100052

13.	Peter JU, Dieudonné P, Zolk O. Pharmacokinetics, Pharmaco-
dynamics, and Side Effects of Midazolam: A Review and Case 
Example. Pharmaceuticals (Basel). 2024 Apr 8;17(4):473. doi: 
10.3390/ph17040473. PMID: 38675433; PMCID: PMC11054797.

14.	Midazolam [package insert]. U.S. Food and Drug Administra-
tion; 2023. 

15.	Bauer TM, Ritz R, Haberthür C, et al. Prolonged sedation due to 
accumulation of conjugated metabolites of midazolam. Lancet. 
1995;346(8968):145-7. doi:10.1016/s0140-6736(95)91209-6. 

16.	Moore PW, Donovan JW, Burkhart KK, et al. Safety and efficacy 
of flumazenil for reversal of iatrogenic benzodiazepine-associat-
ed delirium toxicity during treatment of alcohol withdrawal, a 
retrospective review at one center. J Med Toxicol. 2014;10:126–
132.

17.	Flumazenil [package insert]. U.S. Food and Drug Administra-
tion; 2020. 

18.	Saha A, Sasidharan S. 1384: Flumazenil: The Kiss of Life? Criti-
cal Care Medicine. January 2024;52(1):p S663, | DOI: 10.1097/01.
ccm.0001003696.12253.f9

Authors

Riya Bhattacharya, MD, Department of Medicine, Saint Vincent 
Hospital, Worcester, MA. 

Arihant Surana, MD, Department of Medicine, Saint Vincent 
Hospital, Worcester, MA. 

Arunava Saha, MD, Department of Pulmonology and Critical Care, 
Tulane University, New Orleans, LA.

Sandeep Sasidharan, MD, Department of Pulmonology and Critical 
Care, University of Florida, Jacksonville, FL.

Akshat Banga, MBBS, MD, Department of Internal Medicine, 
Mount Auburn Hospital, Harvard Medical School,  
Cambridge, MA.

Erin O’Shea Paudel, MD, Department of Pulmonology and Critical 
Care, Saint Vincent Hospital, Worcester, MA.  

Disclosures 

COI: The authors have no conflicts of interest to report.

Funding: The author(s) did not receive any funding for this work.

Ethical Approval: Ethical approval was not required for this case 
report.

Consent Approval: Written informed consent was obtained from 
the patient to publish this report in accordance with the journal’s 
patient consent policy.

Declaration of generative AI and AI-assisted technologies in the 

writing process: No AI or AI-assisted technologies were used in  
the preparation of this article.

Correspondence

Akshat Banga, MBBS, MD
bangaakshat1996@gmail.com

CASE REPORT

10A U G U S T  2 0 2 6   R H O D E  I S L A N D  M E D I C A L  J O U R N A L   R I M J  A R C H I V E S  |  A U G U S T  I S S U E  W E B P A G E  |  R I M S

mailto:bangaakshat1996%40gmail.com?subject=
http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2026-08.asp
https://www.rimedicalsociety.org


CASE REPORT

Acute Interstitial Nephritis after Single Dose of Ketorolac 

ISHAN JANI, MD; ARJUN SEKAR, MD; SERGEY BRODSKY, MD

ABSTRACT 

Acute interstitial nephritis (AIN) is an immunologically  
mediated cause of acute kidney injury (AKI), most often  
drug-induced, with NSAIDs being a leading culprit. We 
present a 39-year-old woman who developed biopsy- 
proven AIN following a single intramuscular dose of 
ketorolac, an exceptionally short latency likely due to 
prior sensitization. Despite lacking classic systemic 
features, she exhibited non-oliguric AKI that improved 
rapidly with corticosteroids. This case underscores that 
NSAID-induced AIN can occur even after minimal ex-
posure, highlighting the importance of early recognition, 
drug withdrawal, and timely steroid therapy to optimize 
renal recovery. 

KEYWORDS:  Acute Interstitial Nephritis; AIN; NSAID; 
AKI; Nephrology  

INTRODUCTION 

Acute Interstitial Nephritis (AIN) is an immunologically 
mediated response, characterized by inflammation and 
edema of the interstitium, leading to kidney injury. AIN 
is a common cause, with some studies suggesting that it is 
found in 15–35% of all kidney biopsies in patients with AKI. 
The most common cause of AIN is drugs, with B-lactams 
being on the top of the list, succeeded by NSAIDs. Studies 
have shown that patients develop AIN after being exposed to 
NSAIDs for a median of three months.1,3 We report a case of 
a patient who developed AIN after a single dose of ketorolac 
30 mg IM. 

CASE PRESENTATION 

Our patient is a 39-year-old woman who presented to an 
urgent care clinic for evaluation of fatigue and back pain. 
She was given a dose of ketorolac 30 mg IM, and ondanse-
tron for nausea and was discharged on the same day. Her 
symptoms did not resolve and she visited the emergency 
department (ED) five days later with the same complaints. 
Lab-work revealed a creatinine of 4.8 mg/dL up from her 
baseline of 0.8 mg/dL. Urinalysis revealed trace hematuria 
and proteinuria with no casts or dysmorphic RBCs on urine 

sediment exam; CT abdomen and pelvis (without contrast) 
was negative for renal calculi. In the ED, she received 1 liter 
of normal saline and was admitted to the hospital. Of note, 
she had a past medical history notable only for GERD and 
occasional migraines. She did not endorse any home medica-
tion use except occasional tylenol and rimegepant. She had 
a poor appetite for the last three days, but water intake was 
unchanged. She noted no change in urination. She did admit 
that she used to take NSAIDs occasionally in the past. How-
ever, it has been more than a year since she stopped them.

Further serological evaluation with ANCA, C3, C4 and 
hepatitis was negative. She remained non-oliguric but her 

Figure 2. Biopsy showing unremarkable glomerulus, diffuse interstitial 

edema with active-appearing inflammatory cell infiltrates, acute tubular 

epithelial cell injury [H&E, x200]. Black circle represents interstitial inflam-

matory infiltrate. Arrows point towards a relatively preserved glomerulus.  

Figure 1. Creatinine Trend over time during hospitalization and follow-up

 11 

 12 

 EN 

11A U G U S T  2 0 2 6   R H O D E  I S L A N D  M E D I C A L  J O U R N A L   R I M J  A R C H I V E S  |  A U G U S T  I S S U E  W E B P A G E  |  R I M S

http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2026-08.asp
https://www.rimedicalsociety.org


CASE REPORT

kidney function continued to worsen with her creatinine 
reaching a ceiling at 5.4 on hospital day 4 after which it 
started to improve. A kidney biopsy was obtained. Mor-
phologically, glomeruli were unremarkable, but there was 
acute tubular necrosis and diffuse interstitial edema with 
active-appearing interstitial inflammatory infiltrates, sug-
gestive of acute interstitial nephritis. There was no evidence 
of immune complex deposition or monoclonal immuno-
globulin deposition by immunofluorescence and electron 
microscopy. 

She was started on a short course of oral steroids. This was 
for a total of five days as there was rapid improvement in 
renal function (likely due to withdrawal of NSAIDs). Three 
weeks later, creatinine was down to 1 mg/dL and she had no 
new complaints.

DISCUSSION 

We present a young woman who developed AIN-mediated 
AKI with a single dose of intramuscular ketorolac who had 
sporadic and remote NSAID use in the past. Even with prior 
sensitization, it is exceptionally rare to develop AIN after 
just one dose of precipitating medication. 

	While NSAID-induced AIN often follows weeks to 
months of therapy, there is evidence that latency can range 
from as short as one day to several months.1  The minimum 
latency for new NSAID exposure in NSAID-induced AIN is 
typically 10–14 days,1  but cases with shorter latency (as lit-
tle as one day) can be possible, especially in previously sensi-
tized individuals.2  Given her remote history of NSAID use, 
it is plausible that prior sensitization primed the immune 
system, rendering her susceptible to an accelerated hyper-
sensitivity response after re-exposure. Importantly, no 
alternative medications or systemic conditions known to 
cause AIN were identified, strengthening the causal link to 
ketorolac. 

Clinical presentation of NSAID-induced AIN may be sub-
tle, frequently lacking the classic triad of fever, rash, and 
eosinophilia, which is present in only about 10% of cases.3,4 
Our patient similarly presented without systemic allergic 
features and remained non-oliguric, underscoring the diag-
nostic challenge. Most patients present with nonspecific 
symptoms (malaise, nausea, vomiting) and non-oliguric 
AKI, as in our case. Kidney biopsy is needed for confirma-
tory diagnosis and was confirmed in our case with inter-
stitial inflammation and preserved glomerular structure. 
Urinalysis findings can be nonspecific in AIN and very often 
the sediment is bland. The improvement of renal function 
after drug withdrawal and early corticosteroid initiation 
is consistent with prior studies demonstrating that timely 
steroids, particularly when administered within seven days 
of diagnosis, can improve recovery and reduce the risk of 
progression to chronic kidney disease. Use of steroids is con-
troversial in AIN. However, there may be stronger evidence 

when NSAIDs are thought to be the culprit for AIN.5 The 
mainstay of treatment is withdrawal of the culprit agent.

An important learning objective which can be identified 
here is that AIN should be considered in the differential 
diagnosis of AKI even after a single dose of an NSAID, par-
ticularly in patients with prior sensitization, and that early 
withdrawal of the offending agent and timely initiation of 
corticosteroids may improve and hasten renal recovery. 
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When Psychiatric Disease is Not What it Seems: History Taking 

Uncovers Steroid-Induced Delirium Following Intra-Articular Injections

CLARE NIMURA, BA; ZACHARY SHAW, MD; SARAH FREEMAN, MD

KEYWORDS:  Delirium; hallucination; psychosis; 
corticosteroid injection; geriatric  

BACKGROUND

Acute neuropsychiatric symptoms in older adults are often 
multifactorial and diagnostically challenging. This case 
describes an 87-year-old woman with mild cognitive impair-
ment who developed episodic insomnia and hallucinations 
following intra-articular corticosteroid injections for osteo-
arthritic pain. While neuropsychiatric adverse effects are 
well recognized with systemic corticosteroids, they can also 
occur after local administration, particularly in older adults 
with baseline cognitive impairment.1,2

Corticosteroids are widely used anti-inflammatory agents 
delivered via systemic or local routes, including intra-artic-
ular injections for osteoarthritis. Although intra-articular 
therapy is generally considered safe, systemic absorption 
can occur, occasionally leading to adverse effects.3,4 Neu-
ropsychiatric manifestations range from mood changes and 
sleep disturbance to delirium with hallucinations and delu-
sions, with heightened risk in older adults due to pharmaco-
kinetic variability, age-related blood-brain barrier changes, 
and polypharmacy.5,6 Symptoms may emerge within days 
of exposure, sometimes after a single injection. Acute delir-
ium and hallucinations following intra-articular corticoste-
roid injections have been reported in older adults, though 
the incidence of these neuropsychiatric complications is  
uncertain and underrecognized.2,7,8

When evaluating acute psychotic symptoms, it is import-
ant to distinguish delirium from psychotic disorder. As 
defined by the Diagnostic and Statistical Manual of Men-
tal Disorders (DSM-5), criteria for substance/medication- 
induced psychotic disorder include prominent hallucina-
tions or delusions developing during or shortly after medica-
tion exposure, symptoms not better explained by a primary 
psychotic disorder, and disturbances that do not occur exclu-
sively during delirium. Functional impairment or distress is 
also required, and persistence of symptoms beyond typical 
medication half-life may suggest an independent psychotic 
disorder.9

This case highlights the importance of considering 
intra-articular corticosteroid exposure as a potential trigger 
for acute delirium with prominent hallucinations and delu-
sions in older adults and underscores the importance of a 
complete history.

CASE PRESENTATION

An 87-year-old woman with mild cognitive impairment, a 
prior diagnosis of a recurrent unspecified delusional disor-
der, hypothyroidism, and osteoarthritis presented from her 
assisted living facility with acute insomnia and auditory 
and visual hallucinations. Her medication history included 
levothyroxine, atorvastatin, vitamin D3, and famotidine. 
Notably, she had received two intra-articular corticoste-
roid knee injections one day prior to symptom onset. Her 
daughter reported that she was found wandering the halls of 
her assisted living facility overnight, conversing aloud and 
responding to apparent internal stimuli; she had not slept for 
approximately 36 hours by the time she presented to the hos-
pital. During this period, she also made several phone calls 
to her daughter with confabulation regarding recent events. 
Prior to presentation, she was in her usual state of health 
and performing all activities of daily living independently. 

On admission, she was afebrile and hemodynamically  
stable. She was alert and oriented to person and time but dis-
oriented to place and recent events; there was no evidence of 
auditory or visual hallucinations at the time of initial eval-
uation. Her thought process was linear and goal-directed,  
without delusions. Physical examination revealed no neu-
rological deficits. A complete blood count, metabolic panel, 
thyroid function tests, and urinalysis were unremarkable,  
and a CT scan of the head was normal. Urine toxicology 
screening and ammonia level had been negative on prior 
similar admissions but were not obtained during this 
hospitalization. 

Further history from the patient’s daughter revealed that 
over the preceding year, she had experienced similar episodes 
every few months, characterized by acute, transient audi-
tory and visual hallucinations and delusional beliefs that 
others were overly infatuated with her, with spontaneous 
resolution of symptoms and complete return to baseline 
mental status within 48 to 72 hours. Several episodes were 
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empirically treated with antibiotics for presumed urinary 
tract infection, though no consistent infectious etiology was 
identified. She underwent extensive outpatient evaluation 
by geriatric psychiatry, neurology, and neuropsychology, 
including comprehensive laboratory testing, electroenceph-
alography, brain MRI, and vision screening, all of which 
were unrevealing. She was ultimately diagnosed with mild 
cognitive impairment with suspected unspecified episodic 
delusional/psychotic disorder and started on quetiapine.

Review of records and additional history revealed a consis-
tent temporal relationship between psychotic episodes and 
intra-articular corticosteroid injections. Each prior episode 
had occurred within days of an injection, and associated 
neuropsychiatric symptoms consistently resolved within 
several days with or without medical intervention. Given 
this temporal relationship, her advanced age, baseline cogni-
tive impairment, and the recurrent, transient nature of her 
symptoms, her presentation most likely represented delir-
ium with prominent hallucinations and delusions, rather 
than a primary late onset delusional disorder. She did not 
meet DSM-5 criteria for a substance/medication-induced 
psychotic disorder, as her psychotic symptoms occurred 
exclusively in the context of delirium rather than as an 
isolated or persistent psychotic syndrome. The inpatient 
psychiatry consultation service concurred with this assess-
ment. By the morning after admission, her mental status 
had returned to baseline without intervention; she was alert 
and oriented to person, place, and time, with intact recall of 
events during hospitalization.

At discharge, recommendations were made to the outpa-
tient geriatric psychiatry team to consider dose reduction 
or discontinuation of standing antipsychotic therapy, and 
to her outpatient orthopedic provider to limit future intra- 
articular corticosteroid injections by reducing either injec-
tion frequency or the number of joints treated concurrently.

DISCUSSION 

This case illustrates the value of thorough medication his-
tory. The differential diagnosis for acute delirium with hallu-
cinations and delusions in older adults is broad and includes 
metabolic or endocrine derangements, infection-related 
delirium, primary CNS infections, substance intoxication 
or withdrawal, dementia-related neuropsychiatric symp-
toms, primary psychiatric disorders, medication-induced 
psychotic disorder, and medication-induced delirium.1,2 In 
this patient, a comprehensive metabolic, endocrine, and 
infectious evaluation was unrevealing, excluding significant 
metabolic or infectious etiology. A urine toxicology screen 
would have strengthened the assessment for substance 
involvement, although urine toxicology screens obtained in 
earlier presentations were negative, lowering suspicion for 
substance involvement.

The recurrent, transient nature of her symptoms initially 
raised concern for a late-onset primary psychotic disorder; 
however, detailed history revealed a consistent temporal 
relationship with intra-articular corticosteroid injections. 
Neuropsychiatric complications of corticosteroids include 
insomnia, mood changes, mania, and delirium with hallu-
cinations and delusions, occurring in up to 18% of patients 
receiving systemic corticosteroids.10-12 Intra-articular injec-
tions can also result in clinically significant systemic 
absorption,3,4 and several case reports describe steroid-in-
duced delirium or hallucinations following local injections 
in older adults.2,7,8 Pharmacokinetic studies demonstrate 
that systemic absorption after intra-articular corticosteroid 
injection can be both rapid and prolonged. Methylprednis-
olone acetate, for example,  reaches peak plasma levels at 
approximately four hours post-injection, with detectable 
levels persisting for at least 96 hours,13 whereas triamcin-
olone acetonide extended-release formulations produce 
lower peak concentrations but sustained exposure for up to 
20 weeks.14 Risk factors for neuropsychiatric complications 
include high corticosteroid dose, number of joints injected, 
solubility of the preparation, advanced age, baseline cogni-
tive impairment, and polypharmacy.1,15 This phenomenon 
remains underreported, leading to likely misattribution of 
symptoms to primary psychiatric illness, minor metabolic 
derangements, or asymptomatic bacteriuria.

Management of delirium begins with recognition and dis-
continuation of possible offending agents. While supportive 
measures are first line treatment, short-term antipsychotic 
therapy may be considered if symptoms are severe or pose a 
safety risk to the patient or others, but should be used cau-
tiously in older adults due to potential adverse effects.11,16 
In this case, careful history and interdisciplinary collab-
oration prevented misdiagnosis and unnecessary chronic 
antipsychotic therapy and antibiotic therapy. Recognition 
of the potential for intra-articular corticosteroid injections 
to precipitate delirium with hallucinations and delusions 
is increasingly important as the use of these injections 
increases among older adults.17,18

CONCLUSION

Systemic absorption of intra-articular corticosteroids can 
precipitate acute delirium with prominent hallucinations 
and delusions in older adults, particularly those with cogni-
tive impairment or polypharmacy. Failure to recognize these 
episodes may result in inappropriate psychiatric diagnoses 
and unnecessary antipsychotic therapy. This case under-
scores the importance of considering all forms of cortico-
steroid exposure as potential triggers for acute delirium and 
highlights the critical role of thorough history and careful 
clinical evaluation in identifying modifiable medication- 
related etiologies.
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INTRODUCTION 

Hypercarbic respiratory failure is defined by an elevation 
in the partial pressure of carbon dioxide in the blood and 
occurs when one or more elements of the respiratory sys-
tem fail.1 Intrinsic lung disease is the leading cause of hyper-
carbic respiratory failure and, within this category, chronic 
obstructive pulmonary disease (COPD) is the most com-
mon etiology. Hypercarbia is known to cause a wide array 
of neurological symptoms, ranging from somnolence to sei-
zures, coma, and death. Therefore, identifying this diagnosis 
early in its course is essential.2,3 In the appropriate clinical  
scenario, myoclonus may be a clue suggesting the presence 
of hypercarbic respiratory failure.4  

CASE PRESENTATION 

A 73-year-old man had history of COPD (on 3–4L of sup-
plemental oxygen), myocardial infarction, heart failure with 
reduced ejection fraction, implantable cardioverter-defibril-
lator, atrial fibrillation, hypertension, and untreated obstruc-
tive sleep apnea. He presented to the emergency department 
with complaints of worsening dyspnea, generalized weak-
ness, and tremors. On initial physical examination he was 
tachycardic and tachypneic, with shallow and diminished 
breath sounds throughout both lung fields. The patient was 
somnolent and exhibited psychomotor slowing. Prominent 
positive and negative myoclonus was appreciated in his 
bilateral upper > lower extremities, also involving the face 
and trunk [Video, Part 1].

Venous blood gases were consistent with acute-on-chronic 
hypercarbic respiratory failure (pH 7.26, pCO2 102 mmHg, 
HCO3 45.7 mmol/L, pO2 45 mmHg). Testing for SARS-
CoV-2 was negative. Computed tomography of the chest 
demonstrated bibasilar consolidations/infiltrates and under-
lying chronic changes in the lung, without pleural effusion. 
Computed tomography of the head revealed no significant 
abnormalities.

Positive pressure non-invasive ventilation was initiated,  
and the patient was admitted to the step-down unit. Anti- 

Click image to view video parts 1 and 2 on Vimeo  

https://vimeo.com/1189470556  [1:13]

biotics, steroids, and nebulizer treatments were adminis-
tered. Overnight he responded appropriately to ventilation, 
and the following day the patient was awake, oriented, and 
interactive. Myoclonus had fully resolved [Video, Part 2]. 
Repeat venous blood gas demonstrated a pH of 7.44, pCO2 of 
60 mmHg, HCO3 of 40.8 mmol/L, and pO2 of 26.1 mmHg. 

DISCUSSION 

Myoclonus is a hyperkinetic, involuntary movement dis- 
order that can be characterized by sudden, brief, lightning- 
like muscle contractions (positive myoclonus) or by abrupt 
cessation of muscle tone (negative myoclonus).4 Asterixis 
represents a specific form of negative myoclonus that typi-
cally occurs in toxic-metabolic encephalopathies, most com- 
monly hepatic and uremic encephalopathy, though it has 
also been reported in hypercapnic respiratory failure. The 
distribution of myoclonus may be generalized, focal, or 
multifocal.4,5 

Video part 1. Pre-treatment examination

Myoclonus in a patient with acute-on-chronic hypercarbic respiratory 

failure. The patient had both positive and negative myoclonus (asterixis) 

that preferentially involved the upper > lower extremities, but were also 

seen in his face and trunk. 

Video part 2. Post-treatment examination

Following delivery of positive pressure non-invasive ventilation and 

improvement in hypercarbia, the patient’s myoclonus resolved. 
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Among hospitalized patients, toxic-metabolic derange-
ments are a common cause of myoclonus. Acute processes 
that may be associated with the development of myoclo-
nus, and asterixis in particular, include uremic and hepatic 
encephalopathies, electrolyte abnormalities, or certain drug 
toxicities. Hypoxic-ischemic encephalopathy is another pro-
cess that frequently leads to the development of myoclonus. 
Correctly identifying the etiology of myoclonus leads to 
physiology-based treatment.6 

Hypercarbia is one often overlooked cause of both positive 
and negative myoclonus. Furthermore, there is a paucity of 
video cases in the literature illustrating the phenomenology 
of myoclonus in the context of hypercarbia. The pathophys-
iology of hypercarbia-associated myoclonus is incompletely 
understood. One theory is that elevated CO2 levels may 
lead to depressed afferent transmission and altered synaptic 
function between type Ia fibers of the muscle spindle and 
the alpha motor neuron, affecting neuromuscular function.7 

Additionally, hypercapnia-induced acidosis may modulate 
neuronal excitability through pH-dependent mechanisms, 
including inhibition of voltage-gated sodium and calcium 
channels, modulation of adenosine and adenosine tri-
phosphate signaling pathways, and effects on GABAergic 
inhibitory circuits, which collectively influence cortical 
excitability and synaptic transmission.8

In addition to some of the more “classical” toxic-meta-
bolic processes, the presence of myoclonus should prompt 
timely evaluation for possible CO2 retention and acute 
respiratory failure, as this can be potentially life-threaten-
ing. In this context, correction of hypercarbia should lead 
to gradual improvement in myoclonus. Hence, clinical 
examination of myoclonus may also assist in monitoring a 
patient’s respiratory status and response to treatment. 
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A Decade of Pathways to Medicine: Program Evaluation and Lessons 

Learned in Implementing a Local Health-Professions Outreach Program

RAJEEV J. KANT, PhD; DAVID F. PAINTER, MD; LUCKSON OMOAREGBA, MS, MPH; KYLA DEWAR, MD; JOSEPH A. DIAZ, MD

ABSTRACT 

Pathway programs provide structured opportunities for 
students to explore healthcare careers and develop famil-
iarity with educational pathways into the health profes-
sions. Ongoing evaluation of such programs is essential 
to gauge their success and inform iterative improvement. 
In 2013, The Warren Alpert Medical School of Brown 
University launched the Pathways to Medicine program 
in partnership with local health professions’ schools to 
provide Rhode Island high school students with struc-
tured educational experiences, mentorship, and career 
exploration opportunities in healthcare fields. Herein 
we describe the design and structure of the Pathways to 
Medicine program and summarize internal program eval-
uation data from 2013–2022 related to participant engage-
ment and post-program educational trajectories. Insights 
from participant feedback and program metrics informed 
targeted modifications, including expanded partnerships 
and enhanced support structures. These findings illus-
trate how iterative, systematic program evaluation can 
guide the evolution of pathways initiatives and support 
continuous improvement in program design and delivery.

KEYWORDS:  educational pathways; medical education; 
career; mentorship  

INTRODUCTION

Awareness of health careers and familiarity with educational 
pathways are important components of a student’s career 
exploration. However, significant systemic and contextual 
factors can shape the accessibility of learning opportunities 
for many youths, both in Rhode Island and nationally.1–3 
In medicine, commonly cited challenges to the pursuit of 
a career in healthcare include prohibitive costs, escalating 
expectations for academic and extracurricular preparation, 
and variable access to mentorship and pre-medical experien-
tial opportunities.4,5 Similar challenges persist across other 
health professions’ training pathways, including physician 
assistant,6,7 pharmacy,8 and nursing programs.9 These barri-
ers yield downstream consequences for the healthcare work-
force, contributing to persistent gaps in the development 
of future clinicians. One important manifestation is the 

rapidly widening disparity between the need and availability 
of primary care physicians (PCPs), both locally and nation-
ally.10 In Rhode Island, there will be an estimated shortage of 
approximately 100 PCPs by 2030 (roughly 11% of the cur-
rent workforce), which is attributed to a mismatch in new 
graduates entering the healthcare workforce in Rhode Island 
compared to the expected retirement of existing PCPs and 
population growth.11,12 These patterns, observed both region-
ally and nationally, have prompted increasing institutional 
attention toward educational strategies that broaden knowl-
edge of and access to health professions and strengthen early- 
career development. Pathway programs have emerged as a 
promising solution to this issue, offering structured expo-
sure to support students’ interest in, and understanding of, 
support for healthcare careers.13,14 

Instituted in 2013, Pathways to Medicine (“Pathways”) is 
a mentorship program hosted by The Warren Alpert Medical 
School of Brown University that provides structured oppor-
tunities, individualized mentorship, and early career explo-
ration of the health professions for Rhode Island high school 
students.15 Pathways leaders at Brown University have col-
laborated with numerous other graduate-level healthcare 
programs in Rhode Island to represent a cross-section of 
the myriad healthcare professions. Collaborating profes-
sional schools include the physician assistant (PA) programs 
at Johnson & Wales University and Bryant University, the 
nursing schools at the University of Rhode Island and Rhode 
Island College, and the pharmacy school at the University 
of Rhode Island. Additionally, Pathways is internally sup-
ported by faculty from the center for community engage-
ment and pathways programming at The Warren Alpert 
Medical School. 

Each summer, a student leadership team advertises and 
promotes the Pathways to Medicine program via a dedi-
cated website, information sessions, and outreach emails 
distributed to Rhode Island high schools, fostering longitu-
dinal partnerships across diverse public school communi-
ties. Interested students apply through a brief application 
describing their interests and goals, while mentors from par-
ticipating health professions’ schools are recruited through 
a parallel application process. Mentors and participants are 
selected based on application merit, with the number of 
accepted students determined by available mentors to main-
tain at least a 1:1 mentor-to-participant ratio and ensure 
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consistent, individualized engagement. Each participant is 
paired with a health-professions’ student mentor for longi-
tudinal guidance. Pathways to Medicine is led by four to 
six second-year medical students from The Warren Alpert 
Medical School, all former mentors, with additional student 
liaisons from partnering institutions, supporting interschool 
and interprofessional coordination and collaboration.

Monthly sessions held in the Fall semester of each aca-
demic year cover topics including an introduction to acquir-
ing vital signs, exposure to the cadaver lab,16 skills workshops 
such as suturing and ultrasound, and college/career prepara-
tory panels. The program culminates in a final poster pre-
sentation, in which participants create an academic poster 
based on a healthcare topic of their choice and present it 
during a final symposium. Participants are also provided 
with opportunities to connect with healthcare profession-
als and engage in shadowing opportunities at local Rhode 
Island physician practices, further establishing their net-
work and exposure to healthcare careers. Here, we describe 
a retrospective evaluation of the Pathways to Medicine 
program in its first decade, with the goals of characterizing 
program development to understand participant trajectories 
following high school graduation, and identifying areas for  
refinement to improve future program iterations.

EVALUATION METHODS

Data Sources

Participant information was collated across Pathways co- 
horts from 2013 to 2022, using participant application 
forms from routine program enrollment and optional post- 
program assessments, including focus groups and surveys. 
All collected information was anonymized and saved on a 
secure institutional, cloud-storage service. Participants were 
excluded from analysis if they did not complete the entire 
program, defined as greater than three absences and/or fail-
ure to submit the final presentation. If a student participated 
in Pathways more than once (n = 4), only data from their 
initial participation was included.

To characterize post-program educational and career tra-
jectories, publicly available information was reviewed using 
online sources including LinkedIn, institutional webpages, 
news articles, and other publicly accessible online profiles. 
Searches were conducted between May 2024 and February 
2025 using names provided in program applications, and 
when available, additional contextual information (e.g., high 
school attended, graduation year, and hometown). A partici-
pant was considered “locatable” if their cross-matched pro-
file contained at least one additional piece of information 
relevant to educational or career trajectory analysis, includ-
ing, but not limited to, current occupation or university 
matriculation. Participants with cross-referenced profiles 
but no additional information relevant to evaluation were 
excluded from further analysis (n = 209).

Although rigid metrics were employed to minimize incor-
rect participant profile identification for analysis, no contact 
was made with participants, their families, faculty, or staff 
from participating high schools, or any other institutional 
entities to verify any data. This work was conducted as a 
program evaluation of an existing educational initiative. All 
data were collected as part of routine program operations or 
obtained from publicly available sources. No additional data 
collection, intervention, or participant contact occurred for 
research purposes. In accordance with institutional policy, 
this evaluation did not meet the definition of human sub-
jects research and was exempt from Institutional Review 
Board review.

Data Analysis

Health-related degrees and careers were defined as any 
degree, major, or job related to patient care or human health, 
including, but not limited to, physical therapy, counseling, 
research, clinical trial coordinator, psychology, and medi-
cal assistant. Health professions’ careers were defined as a 
subset of health-related careers, including those represented 
by the Pathways program: medicine (MD/DO), pharmacy 
(PharmD and pharmacy technician), physician assistant 
(PA), and nursing (degree and certificate programs). Of note, 
demographic information, including self-reported race/eth-
nicity, was not collected prior to 2020 and was therefore 
excluded from this initial evaluation. 

All collected data were anonymized by assigning an arbi-
trary number to each Pathways participant. Data were com-
piled in Prism 10 (GraphPad Software, Boston, MA, USA) 
and plotted to identify trends across years.

RESULTS

Pathways to Medicine has hosted students from 26 high 
schools across Rhode Island since 2013, including public 
schools (n = 21, one of which is online), private schools (n 
= 2), and public technical career schools (n = 3). A total of 
455 participants enrolled in Pathways to Medicine over this 
time, representing an average annual cohort of 46 partici-
pants [Table 1]. Participants hailed from many communities 
across Rhode Island, including, but not limited to, Bar-
rington, Bristol, Coventry, Central Falls, Cranston, Cumber-
land, East Providence, Johnston, Lincoln, North Smithfield, 
North Providence, Pawtucket, Providence, Riverside, Smith-
field, Warren, Warwick, West Warwick, and Woonsocket. 
Participants were supported by 507 mentors across the six 
health professional schools, representing an average annual 
cohort of 51 mentors per year, with a mentor-participant 
ratio of 1.1:1. Among the 455 participants, 246 (54.1%) were 
locatable via our online search strategy and were therefore 
included in analysis.

Overall, 193 (78.5%) of the 246 locatable participants have 
earned a college degree or are enrolled in a degree-granting 
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Table 1. Pathways participant and mentor demographics

# % 

Participants

% 

Locatable 

Participants

Participating Health Professions’ Programs 6 — —

Participating High Schools 26 — —

Mentors 507 — —

Average Mentor Cohort Size 51 — —

MD Mentors (The Warren Alpert Medical School) 249 — —

   PA Mentors (Bryant, JWU) 97 — —

   Pharmacy Mentors (URI) 118 — —

   Nursing Mentors (URI, RIC) 43 — —

Participants 455 — —

Average Participant Cohort Size 46 — —

Mentor:Participant Ratio 1.1 — —

Locatable Participants 246 54.1 —

Post-Secondary Education 193 42.4 78.5

Advanced/Terminal Degrees 25 5.5 10.2

Participants in Health-Related Careers 118 25.9 48.0

Participants in Health Professions 70 15.4 28.5

Figure 1. [A] Annual percentage of Pathways participants who earned or are currently 

enrolled in a college degree program (Associate’s or Bachelor’s). [B] Annual percentage 

of Pathways participants involved in health-related careers, or [C] health professions  

(defined as professions represented by Pathways partner institutions, i.e., medical doc-

tor, physician assistant, pharmacy, and nursing). 

 

A. B.

C.

institution, representing a consistent rate of 
Pathways participants earning their first degree 
each year over the last decade [Figure 1A]. Of 
participants with an undergraduate degree, 25 
(10.2%) went on to earn, or are expected to earn, 
an advanced degree, including, but not limited 
to, Master of Science (MS), Master of Physi-
cian Scientist Studies (MPAS), Master of Health 
Science, Master of Nursing, Doctor of Juris-
prudence (JD), Doctor of Pharmacy (PharmD), 
Doctor of Allopathic Medicine (MD), and Doc-
tor of Osteopathic Medicine (DO). Out of all 
locatable participants with current job informa-
tion, 118 (48.0%) pursued health-related careers 
after high school graduation. From 2013–2022, 
our data show longitudinal increases across 
cohorts in the number of participants who pur-
sued health-related careers [Figure 1B]. At least 
70 (28.5%) locatable participants (59.3% of par-
ticipants with health-related careers) pursued 
health professional careers represented by our 
partner programs. Program-evaluation data fur-
ther shows consistent entry or intended entry of 
participants into the health professions [Figure 
1C], inclusive of current health professions’ stu-
dents, pre-professional students, and non-degree 
health professions (certified nursing assistant or 
pharmacy technician).

Of the participants involved in the health 
professions, 28 (40.0%) entered or plan to enter 
nursing programs, 25 (35.7%) pursued or plan to 
pursue an MD/DO degree, 10 (14.3%) enrolled 
or plan to enroll in pharmacy programs, and 7 
(10.0%) completed or plan to complete a PA 
degree [(Figure 2A]. As of this evaluation, 36 
(51.4%) of the health professions’ students were 
currently enrolled in or had completed a termi-
nal health professions’ degree, 31 (44.3%) were 
pre-professional students preparing to apply into 
one of the health professions’ programs, and 3 
(4.2%) did not earn a post-secondary degree but 
were working in a related health professions 
career. Of the 36 health professions’ students/
degree holders, 26 (72.2%) remained in-state for 
their degree, and 10 (27.8%) went out-of-state 
[Figure 2B]. Based on current occupation infor-
mation regarding the subset of 25 participants 
who already completed their health profes-
sions degree or did not pursue one, 16 (64.0%) 
remained in or returned to Rhode Island to 
work in their profession, and 9 (36.0%) left or 
remained out-of-state [Figure 2C].
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DISCUSSION

Findings from our program evaluation suggest that Path-
ways participants over the last decade consistently enrolled 
in higher education and healthcare careers after completing 
the Pathways program. A substantial portion of participants 
who pursued health-related careers did so in the health pro-
fessional fields represented by Pathways program mentors, 
suggesting alignment between the program content and  
participants’ educational and professional trajectories.

Participant Impact and Educational Pathways

Pathways to Medicine emphasizes broad exposure to the 
healthcare professions and aims to nurture scientific passion 
and instill confidence in participants so they can success-
fully pursue careers in healthcare. For students interested in 
pursuing a career in healthcare, mentorship, encouragement, 
and support are crucial factors in successfully pursuing these 
interests and achieving their goals. Much of what Pathways 
participants learn throughout the program is translatable 
to academic and career success in high school, college, and 
beyond. To that end, a particular metric of interest is the 
number of high school students who, after participating in 
Pathways, receive a college degree (Associate’s or beyond). 
Our data indicate that high school students participating  
in Pathways to Medicine pursue higher education at an 
overall rate of 78%, higher than the estimated state average  
of 39.2%.17 

While many factors influence college enrollment, our 
program data suggest that Pathways may support students’ 
exposure to healthcare careers, access to information about 
higher education, and connections with mentors who are 
willing to guide students through the application process. 
It is also encouraging to see longitudinal increases in locat-
able participants entering health-related fields following 
high school. Our findings also suggest that a substantial 

proportion of participants who enter the health 
professions remain in Rhode Island for both 
education (72.2%) and early-career placement 
(64.0%). This retention may be supported in 
part by networking facilitated by Pathways 
mentors and events. While state-level retention 
data exists for physicians after residency (38.5% 
to 77.5% nationally and 42.9% in Rhode Island 
from 2013 to 2022),18 comparable data are not 
available for the other health professional pro-
grams included in our evaluation. Although 
direct comparisons are limited, the observed 
in-state retention among Pathways participants 
may indicate a positive influence of the pro-
gram on career trajectory and local workforce 
development.

Although these findings cannot be attributed 
to program impact alone, they highlight the 
importance of education surrounding the many 

options for those interested in pursuing a healthcare-related 
career and underscore differences between program partic-
ipants and broader population benchmarks.19,20 Qualitative 
feedback from surveys and post-program focus groups has 
further contextualized these findings. Participants fre-
quently expressed appreciation for sessions outlining and 
differentiating between healthcare professions, individual 
mentorship time, and skill development relevant to higher 
education, including workshops covering college appli-
cation tips, resume writing, research involvement, and  
scientific poster creation. 

Mentor Experience and Program Structure

For program mentors, Pathways to Medicine offers an 
opportunity for local community outreach and educational 
engagement with a diverse group of Rhode Island high 
school students, in addition to interprofessional collabo-
ration. Mentor feedback frequently praised the program’s 
mentorship model, specifically regarding the opportunities 
for sustained and individualized interaction with assigned 
participants, in addition to the structured group-based learn-
ing activities. Mentors also relayed benefits associated with 
teaching experience, professional development, and expo-
sure to interdisciplinary perspectives. Constructive feed-
back from mentors has helped shape session development, 
program reach, and mentor recruitment strategy, including 
the designation of student liaisons for each participating 
health professional school. Implementation of post-program 
meetings with outgoing student leaders, professional school 
liaisons, graduating student participants, and incoming pro-
gram leaders (for future program iterations) have facilitated 
program continuity and iterative improvement. This under-
scores the role of interdisciplinary mentorship in shaping 
program implementation on a year-to-year basis.21,22

Figure 2. [A] Total percentage of locatable participant involvement in the subset of 

health professions represented by Pathways (n = 70 participants). [B] Percentage of 

health professions’ participants who pursued their degree within or outside of Rhode 

Island (n = 36 participants). [C] Percentage of health professions’ participants with cur-

rent occupation data whose occupations are within or outside of Rhode Island (n = 25 

participants). 

 

A. B. C.
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Limitations

Several limitations should be considered when interpret-
ing these findings. Reliance on publicly available informa-
tion may result in incomplete or outdated representations 
of participants’ educational or professional histories. Addi-
tionally, the voluntary nature of program participation and 
application-based selection process may introduce selection 
effects that influence observed patterns. It is also important 
to acknowledge that the impact of Pathways on participant 
trajectories may be confounded by the program’s inherent 
selection of students who may already be more likely to 
enroll in college and pursue health-related careers. 

Future directions

Despite these limitations, our program evaluation high-
lights opportunities for continued curricular development, 
including standardizing feedback mechanisms to capture 
actionable insights and support longitudinal program moni-
toring, addressing logistical barriers such as transportation, 
and strengthening existing institutional partnerships. In  
parallel, ongoing efforts aim to cultivate new relationships 
with other regional, health professional education programs 
to expand interprofessional engagement. Broadening these 
partnerships will foster shared curricular initiatives, promote 
sharing of limited educational resources like simulation 
equipment, and facilitate collaborative learning experi-
ences. Collectively, these strategies aim to enhance program 
implementation and long-term sustainability, refine track-
ing of program performance for iterative improvements, and  
ultimately maximize the program’s impact on participants.

CONCLUSIONS

Pathways to Medicine is a Rhode Island-based, multi-insti-
tutional program that provides structured opportunities for 
healthcare career exploration among high school students. 
This retrospective evaluation of the program’s first decade 
describes promising patterns in participant engagement, 
educational trajectories toward health professions, and 
identifies areas for ongoing program refinement based on 
iterative feedback. Our findings illustrate how systematic 
program evaluation can support the evolution of pathways 
initiatives within academic institutions. Continued atten-
tion to program structure, feedback processes, and institu-
tional collaboration will further inform future iterations of 
Pathways to Medicine and contribute to the sustained devel-
opment of educational programming in health professional 
pathways for future generations of Rhode Island students.
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Characteristics and Management of Xylazine-Associated Wounds:  

A Systematic Review of Published Cases 
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JULIA A. KATARINCIC, MD; JOSEPH A. GIL, MD

ABSTRACT 

BACKGROUND: The rise in xylazine-adulterated fentanyl  
and heroin has been designated as an emerging public 
health threat due to a devasting pattern of xylazine- 
associated wounds associated with its injection. This 
study was undertaken to systematically characterize pa-
tient and wound characteristics, treatment strategy, and 
outcomes of xylazine-associated wounds reported in the 
literature. 

METHODS: A systematic review was conducted in  
December 2025 according to Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines, and PubMed, Scopus, EMBASE, and Cochrane 
Review databases were queried. In total, 17 studies were 
included, describing 277 patients. 

RESULTS: The mean age was 39.0 years (±8.38), and 
43.0% of the patients were women. Wounds were re-
ported on the upper extremity (83.0%), lower extremi-
ty (53.4%), and trunk (0.04%). Of the 275 patients with 
treatment reported, 14.9% were treated with just local 
wound care; surgical interventions utilized included ir-
rigation and debridement only (9.8%), skin graft (9.8%) 
and flap coverage (5.1%); 9.5% of patients required am-
putation. Discharge against medical advice was reported 
in 42.2% of cases. Of the published literature, 240 of all 
cases were published in 2025, and 259 of all cases were 
reported in Pennsylvania, confirming a growing public 
health threat with a regional epicenter. 

CONCLUSIONS: This study reports on the demograph-
ic, medical, and social characteristics of patients with 
xylazine-associated wounds and investigates the wound 
attributes, treatment strategies, and reported outcomes 
of affected individuals. Such findings can inform identifi-
cation, management, and research of xylazine-associated 
wounds, with the goal to minimize the morbidity of this 
emerging public health issue.

KEYWORDS:  Xylazine; Tranq; soft-tissue necrosis; 
intravenous drug use (IVDU); Xylazine-associated necrotic 
(XAN) wounds; people who inject drugs (PWID)  

INTRODUCTION

Xylazine, also known as “tranq”, is a non-opioid veterinary 
tranquilizer that has infiltrated the illicit drug supply within 
the United States.1,2 Initially reported among people who 
inject drugs (PWID) around 2001 in Puerto Rico, it is now 
increasingly detected in fentanyl-containing street drug sup-
plies, particularly in the Northeast.1,3 Deaths involving xyla-
zine and fentanyl are also on the rise, having increased more 
than 3000% between 2018 and 2021,4 leading the White 
House Office of National Drug Control Policy to designate 
fentanyl associated with xylazine as an emerging threat to 
national health.5

Added to street opioids (e.g., heroin and fentanyl) in an 
effort to prolong the euphoric effects, xylazine, as an alpha-2 
agonist, can cause acute central nervous system depres-
sion.6,7 Alarmingly, xylazine does not respond to conven-
tional opioid overdose reversal agents, and is increasingly 
implicated in the development of a distinct pattern of severe, 
necrotic, soft-tissue wounds.1,6,8,9 While the exact mecha-
nism underlying the observed tissue injury remains unclear, 
peripheral injections of xylazine are thought to cause local 
vasoconstriction, which subsequently results in soft-tis-
sue hypoxia and necrosis.2,10 Reported xylazine-associated 
extremity wounds can be devastating, and pose considerable 
treatment challenges to clinicians. To date, no review of 
available literature on the musculoskeletal manifestations 
and care options of xylazine-associated wounds has been 
performed. We undertook this systematic review to describe 
the presentation, clinical findings, treatment, and outcomes 
of all published cases addressing xylazine-associated wounds 
to inform identification and management of this growing  
public health threat.

MATERIALS AND METHODS

Eligibility Criteria and Search Strategy

A comprehensive literature review was conducted on 
December 20, 2025 according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines,11 using PubMed, EMBASE, Scopus, and Cochrane 
Review databases. English-language articles examining xyla-
zine-related wounds in human subjects were considered eli-
gible if they met the following criteria: (1) the study employed 
a prospective or retrospective cohort, case control, or case 
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series design; (2) patients were aged 18 years or older and 
receiving treatment for xylazine-related wounds at a health-
care facility within the United States; and (3) the authors 
reported on any of the following: characteristics, treatment, 
or outcome of patient(s) related to their xylazine-related 
wounds. Conference articles, book chapters, and published 
abstracts were excluded. Because our focus was on clinical 
outcomes, not basic science, filters for research on human 
subjects were employed when available, including utiliza-
tion of the ‘human’ filters in PubMed and EMBASE. Within 
Scopus, where a human filter was unavailable, search results 
for the subject area were limited to “medicine” or “health 
professions.” The comprehensive search strategy employed 
was comprised of relevant keywords. For each included 
article, the cited references were reviewed to evaluate for 
inclusion of publications that were not captured in the ini-
tial search. Articles deemed eligible were published between 
January 1, 1990, and December 20, 2025. 

Study selection

This search yielded 122 publications, of which 67 were 
unique and subsequently screened for inclusion [Figure 1]. 
Duplicates (55) were identified by one author (CMC) using 

Rayyan (Rayyan Systems, Cambridge, MA) software.12 
Resulting articles were independently evaluated by either of 
two authors (CMC and SLA) using Rayyan,12 based on title 
and abstract. Any discrepancies were noted by reviewers and 
discussed to come to agreement regarding inclusion. Stud-
ies reporting on xylazine wounds on patients outside of the 
United States (1), or on basic science topics (6) otherwise 
nonapplicable to the study question (43) were excluded, 
leaving 17 potentially eligible articles that underwent full-
text review by one author (CMC) and were determined fit for 
study inclusion. 

Assessment of Quality

The quality of evidence of included case reports and case 
series was assessed by one author (SLA) using a checklist 
created by Murad et al specifically designed to assess risk of 
bias within case reports and case series.13 Questions 5 and 
6 of this questionnaire were omitted as irrelevant, as they 
addressed cases reporting adverse drug events. The quality 
of each case report was assessed as ‘good’ if ‘yes’ was scored 
greater than four times, ‘moderate’ for a score of two or three, 
and ‘poor’ if score was less than one. All eligible reports were 
included, irrespective of methodological quality. 

Data Collection and Analysis

Data collected included the following when available: 
patient age, sex, reported drug use, wound location, reported 
injection drug use into the wound, wound duration at time 
of presentation, wound staging, treatment, outcome, and 
comorbid medical and psychosocial comorbidities, includ-
ing Human Immunodeficiency Virus (HIV) and hepatitis C 
(HCV) positive status, any psychiatric diagnosis, unhoused 
status, and if mentioned, left care against medical advice 
(AMA). Wound staging was based on documented stage if 
reported; wounds without a stage reported were staged by 
one author (SLA) based on the written and photographic 
description available in the study utilizing the framework 
adapted from Retrouvey et al, which defined ulcers as stage 
1: ‘ulcer involving skin and/or soft tissue’ to stage 4: ‘ulcer 
involvement of all critical structures (neurovascular struc-
tures, tendon, muscle, bone)’.14 Year and location of each 
study were also recorded. Data storage and analysis occurred 
within Microsoft Excel (Microsoft, Inc., Seattle, WA). A sta-
tistical comparison of outcomes was not performed. Meta-
nalysis was not attempted due to the heterogeneity across 
the pooled study data and lack of available control group.

RESULTS

A total of 17 studies met inclusion criteria14-30; According to 
the checklist of Murad et al,13  58.8% (n = 10) of the studies 
were of ‘good’ methodological quality. Each study reported 
on one to 82 cases of xylazine-associated wounds, iden-
tifying a total of 277 patients with this condition. Search 

Figure 1. PRISMA 2020 flow diagram displaying the systematic review 

of search strategy.11
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First author, year Murad 

[13] 

rating

Patient age, sex IVDU at 

wound 

site

Wound 

location

Wound 

duration

Wound 

stage

Treatment

Ehrman-Dupre, 202215 Good 29F Yes LE 8 mos 1 Wound care

Malayala, 2022 26 Mod 37F Yes LE Few wks 3 Wound care

Dowton, 2023 16 Good 69M;

37M;

54F

Yes UE 3 yrs;

16 mos;

13 mos

1;

1;

2

Wound care;

Wound care;

Fasciotomy then graft

O’Neil, 2023 27 Mod 32M Yes Trunk 1 mos 4 Flap

Rengifo, 2023 30 Good 35M Yes UE — 2 Graft

Rose, 2023 28 Good 30sF; 

40sM

Yes LE 5 d; 

1 wk

1;

1

Wound care

Soderquist, 2023 29 Mod 3 M and 5 F, 

avg. age 34

— UE — 4 Amputation

Naidu, 2024 18 Mod 43F; 

33F;

43F;

37F;

32M

Yes UE 4 mos;

5 mos;

—

Multiple yrs;

—

4;

4;

2; 

4; 

4

Graft and flap to amputation;

Fasciotomies and allograft to amputation;

Wound care with outpatient fingertip amps;

Graft and flaps;

Thrombectomies, fasciotomies and carpal 

tunnel release, repeat thrombectomies to 

amputation

Table 1. Summary of reported cases, manuscripts 1 through 8 by publication date

Retrouvey, 2024 14 Mod 43M;

38M;

35M;

31F;

33M;

20sF;

48M

— UE 2 yrs;

2 yrs;

—;

2 mos;

—;

5 d

3;

4;

4;

—;

2;

2;

2

Bone reconstruction;

Amputation;

Amputation;

No care;

Graft;

Graft;

I&D

Sun, 2024 19 Mod 30F;

40F;

34M

Yes UE 1.5 yrs;

Several mos;

—

2;

2;

2

Graft;

I&D (left before graft);

Graft

Warp, 2024 17 Good 43F Yes LE, UE — 1 Wound care

Yeung, 2024 20 Good 28F;

32F;

40F;

33F

Yes;

—;

Yes;

—

LE;

LE, UE;

UE;

LE, UE

— 3;

2;

3;

2

I&D;

Fasciotomy, I&D;

Wound care;

Grafts

Arango, 2025 21 Good 47 M and 35 F, 

avg. age 40.3

— 43 LE,  

82 UE,  

3 trunk

— 68 with 

stage 3 

or 4

51 total surgeries: 7 flaps, 9 grafts, 11 

amputations, 2 carpal tunnel releases,  

1 fasciotomy, 21 I&Ds only

Johnsen, 2025 24 Good 26 M and 29 F, 

avg. age —

— 19 LE,  

55 UE

— — 33 wound care, 

9 graft/allograft, 4 flaps, 7 amputations,  

2 I&D only

Khaddage, 2025 22 Mod 33F Yes LE — — Wound care

Novick, 2025 23 Good 55 M and 18 F, 

avg. age 40.8

— 50 LE,  

35 UE

— — —

Lutz, 2025 25 Good 15 M and 14 F, 

avg. age —

— 26 LE,  

27 UE,  

1 trunk

— 5 with 

stage 3 

or 4

3 I&D only; additional treatments not 

mentioned

Table 2. Summary of reported cases, manuscripts 9 through 17 by publication date

methodology is outlined in Figure 1. Tables 1 and 2 present 
the characteristic data of the entire group. The mean age of 
included patients was 39.0 years (±8.38); 43.0% (119/277) 
of the patient population was female. All studies reported 

location of wound(s); 83.0% (230/277) had a wound pres-
ent to the upper extremity, 53.4% had a wound present 
to the lower extremity (148/277), and just 0.04% (11/277) 
had a wound to the trunk. Just 15 of 277 cases included 
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patient-reported wound duration; the average reported 
wound duration was 10.7 months (±10.9), and ranged from 
five days to three years. Wound stage was determinable for 
36 of 277 patients, utilizing either the case’s reported stage 
or evaluated by the authors using description and/or clinical 
imaging based on the guidelines established by Retrouvey  
et al.14 Of this group, average stage was 2.78 (SD 1.17). Some 
form of treatment was reported for the majority of patients 
(275/277). Treatments included local wound care, surgi-
cal irrigation and debridement (I&D) only, and additional 
surgical procedures, including skin graft, flap, and ampu-
tation. Additional surgical procedures reported included 
fasciotomy, thrombectomy, carpal tunnel release, and bone 
reconstruction.

All included patients were reported to have consumed 
illicit drugs. Fentanyl or heroin use specifically was reported 
for 44.0% (122/277) of included patients. Additional sub-
stances consumed included benzodiazepines, cocaine, and 
methamphetamines/amphetamines. Intravenous drug use 
(IVDU) with injection into the wound site specifically was 
mentioned in 21/277 patient cases (7.58%). Medical comor-
bidities mentioned included HIV (10/277; 3.6%), HCV 
(108/277; 39.0%), and psychiatric diagnosis (34/277; 12.3%). 
A total of 68 of 277 patients (24.5%) were mentioned to be 
unhoused, and 117 of 277 (42.2%) were stated to have left the 
healthcare facility Against Medical Advice (AMA) [Table 3].

All included studies were published within the past four 
years, with 240 of 277 patients (86.6%) identified from 
studies published in 2025 [Table 4]. The temporal trend of 
recent publications on xylazine-associated wounds is mir-
rored in the overall publishing data, with review of PubMed- 
indexed publications on the topic demonstrating the subject 
matter is receiving increasing attention. Notably, 11 of the 

Characteristic Average (SD)  

or percentage  

(N of total)

Reporting

Age (years) 39.0 (8.38) 274 of 277 reported 

Sex 277 of 277 reported

  Male 57.0% (158/277)

  Female 43.0% (119/277)

Area affected by wounds 277 of 277 reported

  Upper extremity 83.0% (230/277)

  Lower extremity 53.4% (148/277)

  Trunk 0.040% (11/277)

Reported wound duration 

(months)

10.7 (10.9) 15 of 277 reported

Wound stage 2.78 (1.17) 36 of 277 reported

  1 2.2% (6/277)

  2 4.0% (11/277)

  3 1.4% (4/277)

  4 5.4% (15/277)

  Unable to assess 87.0% (241/277)

Treatment 275 of 277 reported

  Wound care only 14.9% (41/275)

  Surgical irrigation and 

  debridement only

9.8% (27/275)

  Skin graft 9.8% (27/275)

  Flap 5.1% (14/275)

  Amputation 9.5% (26/275)

  Care not able to be  

  provided

0.73% (2/275)

  Other: Fasciotomy,  

  thrombectomy,  

  carpal tunnel release,  

  bone reconstruction

4.0% (11/275)

Named IVDU N as listed reporting

  Fentanyl and/or heroin 44.0% (122/277)

  Benzodiazepines 11.9% (33/277)

  Cocaine 41.5% (114/277)

  Methamphetamine/ 

  amphetamine

13.4% (37/277)

Reported IDVU at site  

of wound(s)

7.58% (21/277) N as listed reporting

HIV positive 3.6% (10/277) N as listed reporting

HCV positive 39.0% (108/277) N as listed reporting

Psychiatric condition 12.3% (34/277) N as listed reporting

Unhoused 24.5% (68/277) N as listed reporting

Left AMA 42.2% (117/277) N as listed reporting

Table 3. Summary of compiled data

Characteristic Number of studies

 (% of total)

Number of patients

(% of total)

Year of publication

  2022 2 (11.8%) 2 (0.72%)

  2023 5 (29.4%) 15 (5.42%)

  2024 5 (29.4%) 20 (7.2%)

  2025 5 (29.4%) 240 (86.6%)

Study location

  Unable to determine 1 (5.9%) 1 (0.36%)

  Philadelphia, PA 10 (58.8%) 259 (93.5%)

  Hershey, PA 1 (5.9%) 3 (1.1%)

  New Haven, CT 1 (5.9%) 3 (1.1%)

  Columbus, OH 1 (5.9%) 2 (0.72%)

  Chicago, IL 1 (5.9%) 1 (0.36%)

  Denver, CO 1 (5.9%) 7 (2.5%)

  Miami, FL 1 (5.9%) 1 (0.36%)

Table 4. Study information
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17 included studies were published by institutions within 
Pennsylvania; these studies accounted for 259 of the 277 
total patients (93.5%) [Table 4]. Such patient distribution 
grossly aligns with the 2023 fentanyl-xylazine overdose 
mortality rates per capita reported by Zhou et al [Figure 2].31

Figure 2. [A] Heat map (red) showing the distribution of all patients 

represented in this review by state, with highest population density  

in Pennsylvania. [B] Heat map (blue) showing the crude death rate 

(95% CI) per 100,000 people due to fentanyl-xylazine overdose death 

in 2023 by state, with highest density in the mid-Atlantic states.31

insufficient, and many patients require operative interven-
tion and, in some cases, amputation. Collectively, these 
findings illustrate the significant morbidity of xylazine- 
associated wounds and emphasize the importance of recog-
nizing this emerging clinical phenomenon. 

The clinical patterns identified in this review are consis-
tent with prior literature demonstrating xylazine’s destruc-
tive and chronic role in the development of soft-tissue 
injury. Though the exact mechanism by which xylazine elic-
its tissue injury is not fully understood, evidence suggests 
a multifactorial etiology. As an alpha-2 adrenergic agonist, 
it is known that xylazine causes potent vasoconstriction, 
which predisposes soft tissues to impaired perfusion, local 
ischemia, and eventual necrosis.6,7,32 In addition, the high 
acidity of illicit drug preparations has been proposed to com-
pound xylazine-mediated vasoconstriction, resulting in sub-
stantial vascular injury and downstream ischemic damage.32 
Recent research suggests xylazine may also promote sys-
temic effects in the peripheral vasculature, offering a plau-
sible explanation for the wounds that develop distant from 
the site of injection.6,9,14,25 Patients report immediate burning 
sensations and loss of venous access upon injection, leading 
to repeated injection attempts, use of larger central veins and 
frequent subcutaneous “skin popping,” all of which contrib-
ute to xylazine’s clinical cascade of wound development.32

Taken together, there is a characteristic wound phenotype 
described across studies that is consistent with our review. 
There is a predilection for the upper extremity (83.0% in 
this review) due to its thin dermal layers, especially the 
extensor surfaces, a common area of injection drug use.25 
Wound beds are often devitalized and form large confluent 
areas of eschar, slough, and necrosis. Given that wounds 
tend to be chronic and progressive with an average duration 
of 10.54 months, involvement of the deep structures, includ-
ing tendon and bone, can occur in approximately 9–20%  
of cases.25,33

The spectrum of xylazine-associated wounds spans a 
wide range of severity, chronicity, and depth of involve-
ment, underscoring the utility to reference a standardized 
disease-specific classification system. Similar to existing 
frameworks designed for pressure injuries, diabetic ulcers, 
or burns, deeper wounds often prompt consideration of 
more aggressive intervention. The staging system proposed 
by Retrouvey et al for xylazine-associated wounds offers 
tailored severity stratification based off depth of tissue 
involvement.14 In theory, this would facilitate consistency 
in clinical description and communication across multi- 
disciplinary teams. However, xylazine-associated wounds 
differ in their early necrosis, lack of blister formation typi-
cal of burns, and absence of gangrenous features seen in dia-
betic foot ulcers. Recent literature attempts to move beyond 
simple depth. The recently proposed HEAL-X classifica-
tion system by Terraccino et al represents an emerging tool 
for xylazine-associated wounds that uses five assessment 

DISCUSSION

Xylazine, as a street drug adulterant, is increasingly recog-
nized as a growing public health threat due to its association 
with fatal overdose and distinct pattern of severe, necrotic, 
soft-tissue wounds.3 We report on the 277 cases published in 
17 studies identified in our systematic review of the litera-
ture. Our findings highlight several distinctive features of 
xylazine-associated wounds. The degree of soft-tissue necro-
sis xylazine can elicit, especially when injected synergisti-
cally with other street drugs, poses a serious threat to limb 
viability.32 The wounds most commonly affect the upper 
extremities and tend to present in advanced stages with a 
prolonged, festering appearance by the time patients seek 
medical care.25 Because of this, local wound care is often 
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domains—History, Extent, Appearance, Location, and Xyla-
zine-specific features, including proximity to injection sites, 
disproportionately low pain relative to tissue damage sever-
ity, absence of surrounding infection, and involvement of 
underlying structures.34 This thorough, xylazine-specific, 
descriptive and organizational tool may be useful to con-
textualize disease severity, facilitate communication, and 
improve comparability across future studies, as an extension 
of the framework established by Retrouvey et al [Table 1].14

Notably, affected patients were reported to have multiple 
comorbidities, including HCV, HIV, and psychiatric condi-
tions. Multiple studies mentioned patients were unhoused, 
and almost half of patients were reported to have left AMA 
at least once during their treatment. Given the publication 
bias towards cases with adequate follow-up, it is likely that 
this reported rate of AMA (42.4%) undercounts the clinical 
occurrence of this event. The high burden of medical and psy-
chosocial comorbidities among patients with xylazine-asso-
ciated wounds reflects the profound marginalization and 
structural vulnerabilities affecting this unique population. 
It is well established that people who inject drugs face mul-
tiple barriers to healthcare access when attempting to seek 
medical care.35 On top of the stigma within healthcare, and 
particularly the fear of judgement by clinicians, there are 
competing priorities related to substance abuse and mental 
health needs, including shelter, avoiding withdrawal, trans-
portation, long wait times, and fear of criminalization.36 
Addressing these barriers requires a multifaceted approach. 
Given that patients with xylazine-associated wounds often 
show up late and intermittently, low-threshold access care 
models that prioritize wound stabilization in active users 
over long-term compliance requirements helps patients who 
may have been denied care in previously rigid structures. 
Acknowledging ongoing drug use and providing harm reduc-
tion services and safe practices while integrated wound 
management can lessen the xylazine-associated burden 
over time. Most importantly, a culture of nonjudgemental, 
patient-centered care around these therapeutic initiatives is 
essential for success, especially given the rate of AMA seen 
in this review. Proactive engagement strategies and a non-
punitive approach to patients who leave against AMA are 
essential to maintaining continuity of care and preventing 
further xylazine-associated morbidity. 

Such findings that all included studies on xylazine-spe-
cific wounds have been published in the past four years, 
with 86.6% of all cases from manuscripts published in 2025, 
highlight the recency of this threat, and the need for compre-
hensive characterization of this condition to address it going 
forward. Almost all reported patients (93.5%) and most pub-
lished studies (11 of 17) originated in Pennsylvania. Philadel-
phia was among the first U.S. cities to document widespread 
xylazine adulteration in the illicit drug supply, with xyla-
zine detected in less than 2% of fatal heroin/fentanyl over-
doses between 2010 and 2015, yet rising to 31% (262 of 858 

cases) by 2019.37 By 2021, xylazine was detected in 91% of 
all Philadelphia heroin and fentanyl samples, further affirm-
ing the city as the epicenter for xylazine-associated harm.38 
However, recent, state-level data from 2022 showed that 
xylazine-involved overdose death rates were highest in Ver-
mont (10.5 per 100,000 residents) and Connecticut (9.8 per 
100,000 residents), suggesting that xylazine’s impact has 
intensified in surrounding northeastern states. While Phil-
adelphia and Pennsylvania remain heavily affected, xyla-
zine is now a nationwide problem, with 43 states reporting 
at least one xylazine-related overdose death by 2022, and 
the Northeast demonstrating the highest concentration.39  
Xylazine-related overdose death has now even been reported 
in Europe.40

Suggestions for Management

Thorough history, exam, and adjunct studies can play 
important roles in establishing the diagnosis of xylazine- 
associated wounds.14,28 History can assess IVDU, injection into 
wound sites, known xylazine use, and/or travel to a location 
where the street drug supply is contaminated with xylazine. 
Physical exam and imaging studies can assess the presence of 
wounds, depth of tissue involvement, and any characteristic 
necrotic components. Laboratory investigation that includes 
toxicology screening with formal xylazine testing, infectious 
workup, and inflammatory marker review can help confirm 
diagnosis and trend improvement. Lastly, wound biopsy 
can help rule out vasculitis or concurrent necrotizing soft 
tissue infection, if suspected. Once a diagnosis of xylazine- 
associated wound has been established, management can be 
guided by clinical stability of patient and depth of soft-tissue 
involvement.14 	 Multidisciplinary care involving infec-
tious disease, psychiatry, addiction medicine, social work, 
plastic and/or burn surgery, and orthopedic surgery teams is 
recommended, given the extensive comorbidities affecting 
the patient population presenting with xylazine-associated 
wounds and need for close follow-up and continued medical 
care to optimize outcome. Care must be taken to manage 
patient expectations, with the understanding that delay of 
treatment poses limb-threatening consequences.

Potential Limitations

Since there are few comparative studies, the present review 
consists primarily of case series and case reports, which are 
considered low-quality research prone to the impact of pub-
lication bias. We have assessed the articles on quality using 
the checklist by Murad et al to minimize this limitation.13 
Published studies originated within the orthopedic surgery, 
plastic surgery, addiction medicine, and pharmacy literature; 
as such, characteristics reported varied based on study focus 
and readership interest, and not all variables assessed were 
reported for each case. Conclusions drawn are limited by 
lack of a control population. Generalizing findings, suggest-
ing treatment, and inferring causality remain inappropriate 
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in the setting of small sample size and the heterogeneity of 
reported cases. Follow-up data is limited by both the case 
report/series structure and the psychosocial factors that 
impact the PWID patient population. Nonetheless, we find 
this summary of all reported cases necessary to summarize 
what is currently known about xylazine-associated wound 
presentation and treatment to guide future research and pol-
icy, and help clinicians identify and manage the xylazine- 
associated wounds affecting this extremely vulnerable 
patient population appropriately.

SUMMARY

As xylazine use increases, the prevalence of xylazine-asso-
ciated wounds is also expected to increase, with devasting 
consequences and increasing need for multidisciplinary 
management. This article presents the results of all 277 
published cases reporting on xylazine-associated wounds to 
offer a perspective on the demographic, psychosocial, and 
medical factors of affected patients and report on treatment 
strategies and outcomes. Early intervention, multidisci-
plinary care, and increased awareness are essential to help 
mitigate the morbidity of this growing public health threat.
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Shotgun Metagenomics Identify Unique Changes of the Intestinal 

Microbiome in Pediatric Survivors of Acute Lymphoblastic Leukemia
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ABSTRACT 

BACKGROUND: Intestinal microbiota plays an import-
ant role in human health and metabolism. Microbial dys-
biosis has been observed in various chronic conditions, 
many of which are late effects of leukemia treatment. 
We previously observed significant differences in the 
gut microbiome of pediatric ALL survivors compared to 
healthy sibling controls. Shotgun metagenomic analyses 
were completed to better characterize the durability and  
metabolic implication of these changes.  

PROCEDURE: Shotgun metagenomic sequencing was 
completed on DNA extracted from stool samples ob-
tained from nine survivors of childhood acute lympho-
blastic leukemia (ALL) and 10 healthy sibling controls. 

RESULTS: Beta diversity (dissimilarity between sam-
ples) was significant with survivors’ microbiomes be-
coming more similar to siblings further from treatment. 
The functional potential of gluconate-5-dehydrogenase  
enzyme (Ga5DH) decreased significantly with time  
from treatment. Relative abundance of Faecalibacterium  
prausnitzii was identified as the major contributor to  
differential Ga5DH expression within subjects.

CONCLUSIONS: Time from treatment has a significant 
effect on functional microbial recovery in ALL. Increased 
time from chemotherapy corresponds to microbiomes 
becoming more similar to sibling controls in select dy-
ads. More significant differences were noted in patients 
closer to treatment. Additional, prospective studies will 
focus on deeper characterization of these findings and 
further investigate the functional role of Ga5DH in ALL 
survivors.

KEYWORDS:  Metagenomics; gut microbiome; pediatric; 
children; cancer  

INTRODUCTION

The treatment of pediatric acute lymphoblastic leukemia 
(ALL) has progressed over the last several decades with 5-year 
survival rates now above 90%.1 With improved risk strati-
fication and targeted therapy resulting in increased overall 
survival, minimizing late effects of treatment and decreas-
ing survivorship-related mortality represent vital aspects  

of long-term care. Fifty percent of survivors of childhood 
ALL report at least once chronic medical condition and are 
2.8 times more likely than siblings to describe having mul-
tiple chronic medical conditions.2 Late effects of therapy 
include subsequent malignancy as well as musculoskeletal, 
cardiovascular, and neurologic diseases.2,3 

Durable alterations of the intestinal microbiota may 
contribute to some of the late effects seen in survivors of 
childhood ALL. The gut microbiome is an integral part of 
maintaining human health through its impact on meta-
bolic homeostasis and immune function.4 It is impacted by 
a variety of factors, many of which overlap with standard 
pediatric ALL therapy, including diet, medications, environ-
mental exposures, and infection.5,6 Microbial dysbiosis, or 
imbalance of the gut microbiota following intestinal disrup-
tion, can contribute to a variety of pathologies, including 
cardiovascular disease, gastrointestinal disease, neurologic 
disease, endocrinopathies, and malignancy.7,8 

We previously reported on 16S rRNA gene sequencing per-
formed on gut microbiome samples from nine survivors of 
ALL compared to 10 healthy sibling controls. A significant 
difference was seen in the composition of the gut microbi-
ome of pediatric ALL survivors compared to healthy sib-
lings. This observation supports the hypothesis that ALL 
treatment regimens may result in durable changes of the gut 
microbiome which can contribute to the long-term health 
complications often observed in this population.9 

Shotgun metagenomic sequencing is able to assess cumu-
lative DNA within a sample and  provide additional informa-
tion regarding microbial gene content compared to targeted 
sequencing of 16S rRNA gene hypervariable regions. Such 
analyses allow for improved taxonomic resolution and pro-
vide a more detailed understanding of functional profiles.10,11 

We sought to better understand the functional implications 
of our initial findings in survivors of pediatric ALL via  
shotgun metagenomic analyses.

MATERIALS AND METHODS

Gut microbiome shotgun metagenomic sequencing was 
completed on DNA samples obtained from a previously 
completed, approved institutional review board, single-cen-
ter cohort study.9 Stool samples were collected to assess the 
gut microbiome composition of survivors of pediatric and 
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adolescent pre-B-cell ALL compared to their siblings. Eligi-
ble patients were between the ages of 3 and 30, had a his-
tory of pre-B-cell ALL currently in remission, and were at 
least six months from the completion of therapy. All partic-
ipants were required to have at least one biological sibling 
who lived in the same home full-time. Exclusion criteria 
included history of bone marrow transplant and known 
autoimmune conditions or inflammatory bowel disease. 
Individuals with use of antibiotics or a diagnosis of gastroin-
testinal illness (defined as vomiting and/or diarrhea) within 
30 days of enrollment were excluded, as well as those taking 
medications known to impact the gut microbiome, such as 
immunosuppressive agents, nonsteroidal anti-inflammatory 
drugs, and proton pump inhibitors. Three stool samples 
were collected from each study participant, each a mini-
mum of 24 hours apart via a standardized method. Detailed 
description of methods and results from these analyses were 
previously published.9

Metagenomic sequencing was completed by Novogene 
Corporation, Inc. for quality control of the DNA samples, 
library construction, and sequencing. Sequencing libraries 
were generated using NEBNext® Ultra™DNA Library Prep 
Kit for Illumina (NEB, USA) and sequenced on an Illumina 
HiSeq platform, following manufacturer’s recommenda-
tions. Sequencing data was processed using the bioBakery 
meta’omics workflow, using the standard pipeline with 
default parameters.12 KneadData v0.12.0 was used for quality 
control of raw reads, including trimming, adapter removal, 
and removal of off-target reads from the default hg37 and 
human contamination database. No samples fell under a 10 
million final read, quality-control cutoff. Species-level tax-
onomic profiles were generated using MetaPhlAn v3.0.14 
and the CHOCOPhlAn v30 database.13 Functional profiling 
was performed using HUMAnN v3.0.0 with UniRef gene 
families grouped into enzyme commission number (EC) for 
downstream analysis.14 	

Data was analyzed using R 4.3.0. The 
vegan package was used for calculation 
of ecological diversity measurements and 
whole-community statistical tests. Alpha 
and beta diversity were quantified as Shan-
non diversity and Bray-Curtis dissimilarity, 
respectively. Permutation-based ANOVA 
was performed using the adonis2 function. 
The MaAsLin2 v1.18.0 package was used 
for linear modeling, for which species were 
filtered at a threshold of minimum 0.1% rel-
ative abundance in over 10% of samples.15 
Total sum scaling was used, and species 
were log-transformed with a pseudocount of 
half the minimum non-zero value for vari-
ance stabilization. Resulting p-values from 
linear modeling were adjusted for false dis-
covery using the Benjamini and Hochberg 

method via the p.adjust function in R, and q-values <0.25 
were reported as significant. Sequencing data is deposited in  
Sequencing Read Archive as BioProject PRJNA1235679.

RESULTS 

Patient Information

Nine survivors of ALL and 10 siblings were enrolled [Table 
1].9 All survivors had a history of pre B cell ALL and were 
treated according to standard chemotherapy protocols at 
the time of diagnosis. There was a fairly equal sex distri-
bution (4 females, 5 males). At the time of stool collection, 
the median age of survivors was 11 years (4–19 years), and 
the median age of siblings was 12.5 years (5–19). Fifty- 
seven stool samples were collected. Median time from end 
of leukemia therapy to stool collection was 24 months  
(6.5–114 months). 

Species Composition

A total of 247 species were initially identified by Meta 
PhlAn v3.0.14.13 The 15 species with highest mean relative 
abundance were plotted and inspected to assess the sample 
microbial compositions and its consistency between repli-
cates [Figure 1]. Four samples were omitted from analyses. 
Sample RB48 (one stool sample from patient 10) had a taxo-
nomic composition vastly different from the other two sam-
ples from the same patient, suggesting a quality issue. The 
taxonomic composition of three stool samples from Patient 
1 was an extreme outlier compared to all other samples, pos-
sibly due to underlying diagnosis of Down Syndrome. Thus, 
sample RB48 and the samples from Patient 1 and their cor-
responding sibling were omitted from subsequent analyses. 
A principal coordinate analysis (PCoA) plot was created to 
demonstrate the relationship between survivor and sibling 
samples [Figure 2].

Survivor 

ID

Sex of 

Survivor

Age of Survivor 

at Time of Stool 

Collection 

(years)

Age at 

Diagnosis 

(years)

NCI  

Risk 

stratification

Time from 

End of 

Therapy 

(months)

Age of Sibling 

at Time of Stool 

Collection 

(years)

1 F 7 4 SR 6.5 5

2 M 11 6 VHR 24 12

3 F 10 1 SR 71 11

4 M 15 10 SR 38 17

5 F 15 11 HR 24 13

6 M 9 4 SR 38.5 14, 11

7 M 19 16 HR 23 15

8 F 4 1 SR 8.5 7

9 M 17 4 SR 114 19

Table 1. Patient Demographics

Nine survivors of childhood ALL and 10 siblings were enrolled on this study. Median time from end of 

therapy was 24 months. NCI= National Cancer Institute, F= female, M= male
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Alpha and Beta Diversity

Alpha diversity, or within sample even-
ness and richness, was assessed using 
the inverse Simpson index. There was no 
significant difference between survivors 
and siblings when tested by linear model, 
controlling for subject and family as ran-
dom effects (p = 0.635). Time from treat-
ment also did not significantly affect alpha 
diversity among survivors (p = 0.309). Beta 
diversity, or between-sample dissimilar-
ity, was quantified using Bray-Curtis dis-
similarity. Survivor vs. sibling status did 
not significantly affect beta diversity in a 
model controlling for family and permut-
ing metadata blocked by subject (R2 = 0.034, 
p = 0.832, permutation-based ANOVA).16 
Within survivors, time elapsed since che-
motherapy was significant (R2 = 0.249, 
p = 0.019, permutation-based ANOVA). 
Bray-Curtis dissimilarity between sur- 
vivors and siblings within the same family was used as a 
metric of the degree of dysbiosis of survivor microbiomes. 
Linear modeling was used to assess the relationship between 
time since chemotherapy and difference between survivor 
and sibling microbiomes (coef = –0.0021, p = 5.36e-05). 
There was a downward trend, indicating that survivors’ 
microbiomes were more similar to siblings at time points 
further from treatment [Figure 3]. While a robust measure 
of expected familial dissimilarity within healthy controls 
was not available, one pair of siblings in a single family had 
a mean dissimilarity of 0.36, which is comparable to the  
samples with the longest elapsed time since chemotherapy.

Taxonomic and functional associations

The association between survivor status and the relative 
abundance of each microbiome feature (i.e., species and EC) 
was tested using the MaAsLin2 framework. Linear mixed 
models were constructed with patient ID and family ID as 
random effects to account for repeated sampling. No signifi-
cant associations were observed.

When analyzing months from chemotherapy in survi-
vors, the functional potential of gluconate-5-dehydrogenase 
enzyme (Ga5DH) was found to decrease significantly with 
time since treatment (q = 0.025) [Figure 4]. The species 
Faecalibacterium prausnitzii was identified as the major 
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Figure 2. PCoA plot of survivors of ALL and their siblings

Samples largely cluster by survivor and family with small separations 

between points from the same subject, which is expected from the  

bar plots and experimental design.
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Figure 3. Beta diversity between survivors and siblings within families

The downward trend indicated microbiomes of survivors were more 

similar to siblings at times further from healthy siblings.
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Figure 1. Taxonomic composition of samples

Bacterial separation based on taxonomic family level are represented by color variation. One 

hundred twenty-two species and 60 genera were present after basic filtering. The 15 species 

with the highest mean relative abundance were plotted for each stool sample. 
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were significantly depleted in survivors compared to sib-
lings.17 Chua et al also reported a decrease in Faecalibacte-
rium and alterations in immune regulation in survivors of 
ALL.19 Our previous work added to these studies and demon-
strated a significant difference in alpha and beta diversity in 
ALL survivors compared to healthy sibling controls.9

Shotgun metagenomic sequencing allowed for better 
understanding of the differences between our two cohorts 
with higher species resolution, assessment of functional-
ity, and improved accuracy due to less amplification during 
library preparation. While survivor status alone was not a 
significant predictor of overall microbiome community sig-
natures, there was evidence that time from treatment had 
a significant effect on recovery. For within-family compari-
sons, the Bray-Curtis dissimilarities for each survivor sample 
against each sibling sample were used as an approximation 
of deviation from a baseline state. Previous work has estab-
lished that shared environment and kinship exert a stron-
ger influence than genetics on microbial similarity amongst 
family members. 20 Therefore, large differences between sur-

vivors and siblings may indicate treat-
ment-induced dysbiosis.21 Upper and 
lower reference points were established 
by comparing unrelated study partici-
pants and a pair of untreated siblings, 
respectively. Our study demonstrated 
that longer duration from chemother-
apy exposure is associated with increas-
ing similarity of subjects’ microbiome 
composition compared to their siblings. 
Only two families had sample pairs as 
similar as untreated siblings, one of 
which was the survivor sampled fur-
thest from treatment. For select survi-
vors closer to treatment, the difference 
between sibling microbiomes was 
approximately as large as the difference 
between unrelated study participants. 
This supports the notion that micro-
bial dysbiosis may persist for years  

following completion of chemotherapy.22 
Microbiome feature associations with time within the  

survivor cohort should provide reasonable estimates of lon-
gitudinal trends, particularly if a feature is relatively con-
served across healthy subjects. This is more likely to be 
observed in functional profiles rather than species.23 Using 
sibling comparators as a survivor baseline in interaction 
models was precluded by limited sample size. The relative 
abundance of Ga5DH enzyme was found to have a signif-
icant negative association with time from end of therapy. 
Ga5DH catalyzes a reversible reduction of 5-ketogluconate 
to D-gluconate.24 D-gluconate is an important source of car-
bon for many microorganisms and may play a role in bacte-
rial survival and virulence.25 Additional studies are needed to 

Figure 4. Abundance of Gluconate-5-dehydrogenase enzyme  

in survivors, as a function of time since chemotherapy

The functional potential of gluconate-5-dehydrogenase in survivors 

decreases the further away from chemotherapy.

Figure 5. Contributions of microbial species to measured gluconate-5-dehydrogenase, stratified 

by subjects 

The species Faecalibacterium prausnitzii was identified as the major contributor in most samples 

to the relative abundance of Ga5DH in subjects.
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contributor in most samples to the relative abundance of 
Ga5DH in subjects [Figure 5]. However, the overall abun-
dance of Faecalibacterium prausnitzii was not associated 
with time from treatment (p = 0.08).

DISCUSSION

This study compared the intestinal microbiota of pediat-
ric ALL survivors and healthy siblings via next generation 
sequencing with shotgun metagenomic analysis. Prior stud-
ies have been limited and relied on 16S rRNA sequencing 
to demonstrate that certain gut microbiome changes can be 
seen in ALL survivors.17-19 Thomas et al found that members 
of Ruminococcaceae, Lachnospiraceae, and Faecalibacterium 
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verify a within-patient decrease in Ga5DH and investigate 
its role in the gut microbiome in survivors of ALL. Further 
work will be needed to better understand if there are clinical 
implications of Ga5DH disruption in survivors of ALL.

Our study had several strengths and limitations. Our 
design pairing survivors with healthy siblings allowed for 
the control of various factors known to impact the gut micro-
biome such as genetics, environment, and diet. By usings 
siblings as the comparator group, a per-patient microbiome 
baseline could be created where one would expect the micro-
biome of survivors to regress to over time after treatment. 
Collecting three different samples from each participant 
also allowed for better assessment of outliers and techni-
cal artifacts. Shotgun metagenomic sequencing allowed 
for more precise taxonomic assignments than previous 16S 
rRNA studies, as well as functional profiling. Our primary 
limitation was sample size precluding further powered anal-
yses to expand on some of the perturbations seen. Samples 
from one patient (patient 1) in our survivorship cohort were 
removed due to a significant difference in the taxonomic 
composition compared to other participants, likely due to 
underlying Down Syndrome. Their corresponding sibling 
was also removed from analyses. One sample from patient 
10 (labeled RB48) was also omitted from analyses as its tax-
onomic composition varied significantly compared to the 
other samples from that same patient, raising concern for 
a technical or experimental error as such variations would 
not be expected in samples collected within one month of 
one another. By allowing samples to be taken at different 
times after the completion of chemotherapy, we were less 
powered to see consistent associations between subjects and 
treatment history at specific time points. Conversely, this 
allowed for better assessment of treatment recovery, albeit 
not as well as true longitudinal sampling. General aspects of 
microbiome recovery from chemotherapy are not currently 
well described because of the difficulty of sample acquisi-
tion. Longitudinal designs require a long sampling time so 
many studies are either ongoing or utilize older microbiome 
sequencing and analysis methodologies. Increasing sample 
size and length of time from end of therapy to stool collec-
tion will be critical to better understand the changes demon-
strated in our study. 

While the cure rate of pediatric ALL is high in children, 
the multimodal treatment regimen needed to maximize 
survival is intense and associated with long-term effects. 
Microbial dysbiosis from various treatment exposures may 
represent a pathologic mechanism for the development of 
long-term side effects of such therapy. The microbiome is 
known to have important clinical implications, especially 
with regards to immune development and function. Early 
life perturbations in the microbiome have been demon-
strated to have long lasting effects, so disruptions are par-
ticularly concerning if recovery of the microbiome is slow 
compared to conditions such as illness and antibiotic 

usage.26 Furthermore, survivors’ microbiomes might never 
return to their pre-treatment state, instead developing a new 
equilibrium that is either more or less healthy.27 Additional 
studies are required to understand how microbial dysbiosis 
is associated with specific multi-modal ALL treatment and 
whether interventions can be utilized to support microbi-
ome recovery during and following treatment. The current 
results are a strong step in determining this relationship and 
will serve as the basis for prospective research in survivors 
of childhood ALL. 
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ABSTRACT 

Children constitute 40% of the world’s refugees and 
often have complex medical needs. This retrospective 
chart review examined Emergency Department (ED) 
utilization by pediatric refugees (aged 0–18) within a 
state-level healthcare system to understand the health-
care needs of this population. Pediatric refugee patients 
were defined as under the age of 18 years with the pres-
ence of the ICD-10 code “refugee health exam” in their 
electronic medical record (EMR). Between 2015–2023, 
483 encounters were identified. Descriptive analysis was 
conducted on characteristics of these encounters. Arabic, 
Swahili, and Pushto were the most common primary lan-
guages of the 22 total languages identified. Most patients 
resided near the pediatric and adult tertiary care ED, but 
notably there was one ZIP code outside of the city that 
represented only 3.3% of all encounters but contributed 
to 10.6% of traumatic incidents. Medium-low acuity tri-
age levels predominated (79.5%) with 87.8% of patients 
discharged. The highest percentage of medical (36%) and 
trauma (28%) visits were by Arabic speakers. Swahili and 
Spanish speakers had the highest percentage of mental 
health visits (50%, 36%). Although Arabic speakers had 
most patient encounters, they had no mental health vis-
its. This study underscores the importance of exploring 
cultural, spatial, and social influences on ED visits, espe-
cially for trauma and mental health-seeking behavior in 
the pediatric refugee population.

KEYWORDS:  refugee health; pediatric refugees; pediatric 
emergency medicine  

BACKGROUND 

By the end of 2022, the number of refugees was estimated 
to be 34.6 million worldwide.1 Each year the number of ref-
ugees welcomed into the United States (U.S.) fluctuates. 
There were 22,491, 30,000, and 11,411 refugees resettled into 
the U.S. in 2018, 2019, and 2021 respectively.2 Additionally, 
since mid-2021 the U.S. has welcomed 90,000 Afghan evac-
uees as part of Operations Allies Welcome.3 Nearly 40% of 
the world’s refugees are children. These children have expe-
rienced a long road to resettlement and often have faced vio-
lence, housing, and food insecurity.1 

Newly arrived refugee and migrant children have a high 
burden of unintentional injuries, nutritional deficien-
cies, hematologic disorders, infections, and psychological 
trauma.4-13 Additionally, there are systemic barriers within 
the healthcare community that impact the healthcare needs 
of this population.12,14,15 Emergency Department (ED) vis-
its provide important data on health care access, types of 
illness, mental health, and trauma.16 Although there have 
been studies in Europe, Canada, and Australia involving ED 
visits of refugee children, there are limited recent studies 
looking at ED utilization for pediatric refugee patients in the 
U.S. Furthermore, there have been even fewer studies taking 
place after the arrival of the most recent refugees within the 
past five years. Due to the high volume of refugee children 
in the U.S. and the influx of Afghan evacuees in 2021, it is 
important to identify the characteristics of ED presentations 
of this population. 

Rhode Island receives between 100 to 345 refugees per 
year, and all newly resettled refugee children have an initial 
health screening through Hasbro Children’s Hospital (HCH) 
Pediatric Refugee Health Program.17 The initial intake pro-
vider becomes the child’s primary care provider (PCP). Con-
sequently, most pediatric refugees have the same PCP and 
are in one medical home leading to a close-knit medical 
community. Understanding the characteristics of ED vis-
its within this community is essential for identifying gaps 
and guiding meaningful interventions and improvements. 
Only one study assessed ED-related visits for pediatric refu-
gees in Rhode Island, and this was done more than a decade 
ago.18 Our study aims to evaluate more recent ED utilization 
and detailed visit characteristics. This deeper insight into 
the healthcare requirements of this population will provide 
information for the ED, the medical home and the Depart-
ment of Health to make meaningful interventions. 

METHODS 

This was a retrospective, observational study of ED utili-
zation by pediatric refugee patients in a single health sys-
tem between April 1st, 2015, and July 31st, 2023. Four EDs, 
including a level 1 trauma center, were included in the study. 
Pediatric refugee patients were defined as under the age 
of 18 years with the presence of the ICD-10 code “refugee 
health exam” in their electronic medical record (EMR). This 

 7 

 10 

 EN 

38A U G U S T  2 0 2 6   R H O D E  I S L A N D  M E D I C A L  J O U R N A L   R I M J  A R C H I V E S  |  A U G U S T  I S S U E  W E B P A G E  |  R I M S

http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2026-08.asp
https://www.rimedicalsociety.org


ICD code was assigned during their initial health screening 
at HCH Pediatric Refugee Health Program upon arrival in 
Rhode Island.

The primary objective of this study was to explore ED 
visits by pediatric refugee patients seeking emergency care 
in Rhode Island. Data extraction was performed via EMR 
by cross-referencing ED visits and the ICD 10 code “refugee 
health exam”. Patient identifiers were then removed and 
an analysis file for subsequent descriptive and comparative 
analyses was created. 

Patient and visit-related variables were collected includ-
ing primary language, age, gender, ZIP code of residence, 
chief complaints, Emergency Severity Index (ESI), disposi-
tion, and discharge diagnosis. 

The initial data analysis employed descriptive techniques. 
Furthermore, the number of ED visits by pediatric refugee 
patients for injury, illness, or mental health reasons was cal-
culated. Patient encounters were divided into these three 
categories based on their final ICD code and disposition 
diagnosis. Comparative analyses were conducted to discern 
differences in these ED visit reasons by patient language spo-
ken, providing an understanding of the emergency health-
care experiences of pediatric refugee patients in Rhode 
Island during the specified timeframe. Statistical inferences 
were not drawn from the comparative analysis due to small 
counts across several groups. This study was approved by 
the local Institutional Review Board. 

RESULTS 

Between April 2015 to July 2023, we were able to identify 
a total of 483 ED visits by pediatric refugee patients. The 
annual number of ED visits began with nine in 2015, reach-
ing a peak of 85 visits in 2017, with notable fluctuations 
observed in subsequent years. Notably, the second lowest 
visits were in 2020 with a total of 35 annual visits that year. 
Although the exact pediatric refugee population in Rhode 
Island during these years is unknown, 1,271 refugees (adults 
and children) arrived in the state between 2015 to 2023. The 
average was about 141 arrivals per year, but this number 
dropped to as low as 47 in 2021 and as high as 337 in 2016. 
We were unable to find how many of these refugees were 
adults vs children; however, on average, children make up 
about 40% of the world’s refugees.1 Figure 1 details the num-
ber of pediatric emergency department visits from 2016-2022 
compared with the overall refugee arrivals from 2016-2022. 
The years 2015 and 2023 were not included because we only 
had partial data from each of these years. 

Of the ED encounters, 37.1% were by children aged 10–18 
years and 33.5% by those aged 5–10 years [Table 1]. Younger 
children aged two to five years accounted for 21.9% of vis-
its, while infants younger than two years comprised 7.4%. 
Infants under one month had no reported ED visits. There 
was a balanced gender distribution among pediatric refugees 

utilizing ED services, with females representing 50.7% of 
the patients. This cohort exhibited a diverse primary lan-
guage preference. Among the 22 preferred languages, Arabic 
speakers accounted for 34.8% of the cohort [Table 1]. Most 
patients resided in Providence, the capital city of Rhode 
Island, representing 88.4% of all ED visits [Figure 2]. Only 
15.9% of patients arrived by ambulance, and most patients 

  
  
 
  
  

Figure 1. Emergency department encounters of pediatric refugees from 

2016–2023 compared with overall refugee arrivals in Rhode Island from 

2016–2023

Table 1. The age, gender, and language distribution of pediatric refugee 

ED visits 

*Other languages included Burmese, Dari, Haitian Creole, Kinarwanda, Kirundi, 

Kpelle, Kunama, Lingala, Nepali, Person, Rundi, Russian, Somali, Tigrinya, 

Ukrainian, Urdu

Demographics The total number from the year 2015–2023 n (%)

Age

Under 1 month 0 (0%)

1 month–1 year 4 (0.8%)

1 year–2 years 32 (6.6%)

2 years–5 years 106 (21.9%)

5 years–10 years 162 (33.5%)

10 years–18 years 179 (37.1%)

Gender

Male 238 (49.3%)

Female 245 (50.7%)

Preferred Language

Arabic 168 (34.8%)

Swahili 87 (18.0%)

Pushto 47 (9.7%)

English 34 (7.0%)

Spanish 29 (6.0%)

Other 118 (24.5%) 
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Figure 2. Distribution of pediatric refugee ED patient volume by zip code

 

 

NO YES Total

All Visits 473 10 483

Age

Under 1 month 0 0 0

1 month–1 year 3 1 4

1 year–2 years 32 0 32

2 years–5 years 102 4 106

5 years–10 years 157 5 162

10 years–18 years 179 0 179

Gender

Male 229 9 238

Female 244 1 245

Table 2. Bounce back visits within 72 hours of discharge

Trauma Non-Trauma Mental Health/Behavioral Health Other Total

All Visits 85 (17.6%) 313 (64.8%) 14 (2.9%) 71 (14.7%) 483

Age

Under 1 month 0 0 0 0 0

1 month–1 year 0 4 0 0 4

1 year–2 years 3 24 0 5 32

2 years–5 years 20 63 0 23 106

5 years–10 years 22 118 2 20 162

10 years–8 years 40 104 12 23 179

Preferred Language

Arabic 24 113 0 31 168

Burmese 1 8 0 0 9

Dari 4 12 0 0 17

English 7 19 1 7 34

Kinyarwanda 8 8 0 4 20

Kunama 0 3 0 3 6

Lingala 0 4 0 1 5

Other* 5 12 0 3 20

Persian 4 7 0 0 11

Pushto 6 38 1 2 47

Somali 2 10 0 9 21

Spanish 2 17 5 5 29

Swahili 19 56 7 5 87

Tigrinya 3 6 0 0 9

*Other languages include: Haitian Creole (4), Kirundi (1), Kpelle (1), Nepali (3), Rundi (3) Russian (3), Ukrainian (3), Urdu (1), Unknown (1)  

Table 3. The ED utilization by diagnosis

were discharged (87.8%), with only two percent experienc-
ing a bounce back within 72 hours [Table 2].

Only one encounter was categorized as level 1 on the Emer-
gency Severity Index (ESI), 19% as ESI 2, with the majority 
(79.5%) triaged as medium-to-low acuity (ESI 3-5). Medical 
reasons accounted for the majority (64.8%) of ED visits, 
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followed by trauma (17.6%) [Table 3]. Mental health-related 
visits constituted approximately three percent, while 14.7% 
were attributed to other reasons, such as patients with 
unclear diagnosis, those who left without being seen, and 
individuals with unclear pain. 

Arabic speakers had the highest percentage of medical 
(36.1%) and trauma (28.2%) visits, while Swahili speakers 
exhibited the highest percentage of mental health visits 
(50%), followed by Spanish-speaking patients (35.7%). While 
Arabic-speaking patients account for the highest number of 
all ED visits, they had no visits for mental health concerns. 
Spanish speakers, who made up only six percent of all ED 
visits, made up 35.7% of mental health visits. 

DISCUSSION 

In this study, we analyzed 483 ED visits by 216 refugees aged 
18 years or younger across the state of Rhode Island. Our 
findings demonstrated a notable difference in healthcare uti-
lization among patients with different primary languages. 
Arabic was the most common language spoken by patients, 
followed by Swahili, Pushto, English, and Spanish. Further 
studies are needed to see if this directly reflects the refugee 
demographics of the area or if there are a disproportionate 
amount of ED visits by certain communities and popula-
tions. Examining language-specific patterns, Arabic speak-
ers exhibited the highest percentage of medical (36.1%) and 
trauma (28.2%) visits, while Swahili speakers demonstrated 
the highest percentage of mental health-related visits (50%), 
closely followed by Spanish-speaking patients (35.7%).

Regarding mental health visits, Arabic speakers, who rep-
resent the highest number of overall ED encounters, had 
no recorded visits related to mental health. Conversely, 
Spanish speakers, constituting only six percent of all visits, 
accounted for 35.7% of mental health-related encounters, 
presenting a noteworthy disproportionality in these lin-
guistic groups. These disparities warrant a further detailed 
assessment as previous studies have also shown large dispar-
ities in mental health visits by race, country of origin, and 
refugee status. While previous studies have shown that five 
percent of pediatric ED visits are related to mental health, 
there has been a significant increase over the years in men-
tal health complaints and a significantly greater number 
in Black and Hispanic children when compared to their 
White peers.19-21 It is particularly important to understand 
these trends as refugee children have been shown to have 
higher rates of depression and post-traumatic stress disor-
der when compared to non-refugee children, yet refugee 
children attend less appointments for and are more likely 
to drop out of mental health treatment for these conditions. 

Where a prior study showed that trauma represented half of 
all presentations by pediatric refugees,18 our study showed 
that trauma was much less common and only constituted 
17.59% of encounters. Additionally, our study shows that 
Arabic speakers constituted the highest number of trau-
matic encounters, closely followed by Swahili speakers, 

aligning proportionally with the overall visitation rates of 
these populations. Notably, Kinyarwanda speakers emerged 
as the third-highest group for trauma, comprising 9.1% of 
all traumatic visits despite constituting only four percent  
of overall visits, although the overall sample size was low. 
Additionally, Spanish speakers accounted for six percent 
of all ED visits but represented only about two and a half 
percent of traumatic encounters, highlighting variations in 
trauma and trauma-related healthcare-seeking behaviors 
among different linguistic groups.

While most traumatic encounters (88.4%) were reported 
by patients residing in the city of Providence, one residential 
ZIP code, situated just north of the city, exhibited a distinct 
pattern. Although constituting only about three percent of 
all encounters, this ZIP code contributed to 10.6% of trau-
matic encounters. This prompts further exploration into 
potential factors influencing the prevalence of traumatic 
incidents in this specific residential area, offering insight for 
further exploration and targeted healthcare interventions, 
and community-based trauma prevention strategies.

According to our findings, there were fluctuations in 
annual visits to the ED, starting with nine visits in 2015 and 
peaking at 85 visits in 2017. Factors contributing to these 
variations could include changes in refugee arrivals to the 
state, healthcare accessibility and community health initia-
tives. Notably, other than 2015, 2020 witnessed the fewest 
ED visits (35 total), potentially linked to the global pan-
demic and a heightened fear of hospitals during that period. 

The residential distribution showed 88.4% of all ED visits 
were attributed to patients residing in Providence. Notably, 
the residential zones surrounding the major pediatric ter-
tiary care center account for the highest concentration of 
patient visits. This can be seen in Figure 2. This phenome-
non may be influenced by the possibility that a significant 
number of refugees reside in this area, or the possible impact 
of proximity to the major pediatric tertiary care hospital on 
healthcare utilization. Most reside around the tertiary care 
center, intentionally housed there by resettlement agencies 
to promote access to the resettlement agencies, medical 
care, and governmental agencies. As housing becomes more 
limited and unaffordable, we see a shift to areas north of  
the city.

LIMITATIONS 

This study had several limitations. First, all the data was 
collected from one healthcare system; consequently, pediat-
ric refugees who sought care at other institutions may have 
been missed. Second, refugee status was identified through 
documentation of a “refugee health exam” in their chart. 
Refugee children who did not have this documented in their 
chart would not have been captured within our data. Third, 
language spoken as a proxy for cultural background is an 
imperfect measure and may not accurately reflect a patient’s 
community, ethnicity, or migration history. Fourth, the 
overall sample size, particularly relating to mental health 

RESEARCH STUDY

41A U G U S T  2 0 2 6   R H O D E  I S L A N D  M E D I C A L  J O U R N A L   R I M J  A R C H I V E S  |  A U G U S T  I S S U E  W E B P A G E  |  R I M S

http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2026-08.asp
https://www.rimedicalsociety.org


encounters, was low; this limits our ability to make clear 
associations. Finally, there are challenges in interpreting 
mental health presentations in different populations. Men-
tal health issues in children often manifest as somatic com-
plaints and ED coding may reflect these physical symptoms 
rather than the psychological distress. As a result, the prev-
alence of mental health concerns in this population may be 
underrepresented in our findings.

CONCLUSION  

This analysis of pediatric refugee ED visits in the state of 
Rhode Island shines a light on the complex dynamics involv-
ing demographic, linguistic, and geographic factors that 
influence ED utilization. The identified disparities among 
this population, particularly in mental health and trauma 
encounters, underscore the need for future research. This 
study identifies areas for further investigation to understand 
causal associations and contextual factors contributing to 
unique patterns of mental health and trauma encounters. 
This ongoing research will enhance our understanding of 
the distinctive healthcare needs of refugee children and 
inform the development of policies aimed at improving care  
delivery and fostering community-based health initiatives.
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ABSTRACT 

PURPOSE:  We evaluate the Clínica Esperanza Ophthal-
mology Service, a free service for uninsured patients in 
southern New England.

METHODS: The service operates monthly under a novel 
clinic-within-a-clinic model, existing as a subsidiary of 
a local free clinic. A mixed-methods program evaluation 
and a retrospective chart review from December 2021 to 
January 2025 were analyzed using descriptive statistics.

RESULTS: One hundred and forty-three (143) patients 
were scheduled during the study period, of whom 106 
(74%) were seen. Median age was 51 years and 52/106 
(49%) were female. Most patients (97%) identified Span-
ish as their primary language. There were no significant 
demographic differences between those seen and no-
shows. Diabetic retinopathy was the most common diag-
nosis (37/106, 35%), followed by dry eye (35/106, 33%), 
and cataracts (29/106, 27%). Half of the patients (51/106, 
48%) received a referral, most commonly for refraction 
(23/51, 45%). Ophthalmic medication was prescribed for 
53/106 (50%) patients, most commonly for artificial tears 
(43/53, 81%). Qualitative strengths included education 
and low operational overhead. Qualitative challenges in-
cluded long length of encounters and consequently, low 
patient volumes.

CONCLUSIONS: Our novel ophthalmology service sup-
plements existing operations and helps meet an unmet 
public health need among its region’s most vulnerable 
patients. Opportunities for improvement include im-
proving clinic volumes and mitigating no-show rates. 

KEYWORDS:  Program evaluation; eye diseases; health 
equity; health disparities; diabetic retinopathy  

INTRODUCTION

Free clinics play an increasingly important but understud-
ied role in the United States safety-net healthcare system, 
emerging as access points for medically underserved popu-
lations.1 Between 2005 and 2014, the number of free clin-
ics in the United States has increased steadily.2 Among 
these underserved populations, Latino communities face a 

particularly high burden of preventable and treatable eye 
diseases, experiencing disproportionate morbidity compared 
to other racial and ethnic groups.3 Studies have shown that 
Latino adults are at increased risk for diabetic retinopathy, 
distance vision impairment, pterygium, and glaucoma, 
which can progress silently and lead to vision loss.4-7 How-
ever, individuals in this population often face barriers to 
ophthalmologic care, including insurance gaps, language 
discordance, and transportation challenges; as a result, eye 
conditions are often undetected until advanced stages, con-
tributing to disparities in visual outcomes.8,9

Ophthalmology-focused free clinic services are uniquely 
positioned to bridge the gap between community health 
and specialty care. In addition to addressing unmet needs 
in access, these clinics serve as important venues for both 
patient education and trainee development. Medical stu-
dents have limited opportunities to practice ophthalmic 
skills during their clinical years, leading to measurable 
declines in proficiency.10 Student-run free clinics have been 
proposed as a way to address this gap by offering supervised, 
extracurricular exposure to ophthalmology while simulta-
neously expanding access for underserved patients.11-13 At 
the same time, free clinic models emphasize health literacy 
and counseling, which have been shown to improve patient 
engagement and chronic disease management in vulnerable 
populations.11,14,15 In this setting, trainees gain experience 
caring for groups disproportionately affected by barriers to 
specialty care. However, prior evaluations of ophthalmology 
services in free clinics have been largely confined to admin-
istrative metrics or patient satisfaction surveys, with little 
characterization of the clinical spectrum of disease encoun-
tered.14,15 Further, there is a dearth of prior work characteriz-
ing the epidemiology of eye conditions in free clinic settings 
that primarily serve Spanish-speaking patients, an especially 
relevant group given the growing burden of preventable 
vision loss among Latino patients in the United States.

In particular, Rhode Island and the broader southern New 
England region are home to a large and growing population 
of Latino residents, many of whom face persistent barriers 
to accessing high-quality healthcare.16 Clínica Esperanza/
Hope Clinic (CEHC) is a free, volunteer-run clinic located 
in Providence, Rhode Island, that provides primary care and 
health education to over 3,000 uninsured patients annually, 
over 90% of whom identify as Latino and speak Spanish 

 43 

 48 

 EN 

43A U G U S T  2 0 2 6   R H O D E  I S L A N D  M E D I C A L  J O U R N A L   R I M J  A R C H I V E S  |  A U G U S T  I S S U E  W E B P A G E  |  R I M S

http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2026-08.asp
https://www.rimedicalsociety.org


RESEARCH STUDY

as their primary language.17 In 2021, a monthly ophthal-
mology service was launched within CEHC using a novel 
clinic-within-a-clinic model, in which the ophthalmology 
services operate as a subsidiary of the existing primary care 
infrastructure. This program seeks to address a paucity of 
available ophthalmological care by operating within CHEC, 
a well-known and trusted local institution. The monthly 
ophthalmology service continues to be in full operation at 
the time of publication.

This study aims to understand the impact of our program, 
in addition to identifying opportunities for growth and out-
lining the structure of our clinic-within-a-clinic framework. 
We further aim to evaluate clinical data to better charac-
terize the ophthalmological care needs of a primarily low- 
income, Spanish-speaking, patient population.

MATERIALS AND METHODS

Data Collection

A retrospective chart review was conducted for all patients 
seen by the Ophthalmology Service from its inception in 
December 2021 through January 2025. Data was collected 
on patient demographics (i.e., age, sex, preferred language) 
and clinical parameters (i.e., diagnoses, prescriptions, refer-
rals). Data was also collected on clinic resources, e.g., equip-
ment and personnel, via review of clinic documentation. 
This study was deemed exempt by the Brown University 
Institutional Review Board and adhered to the tenets of 
the Declaration of Helsinki and all federal and state laws, 
including the Health Insurance Portability and Account-
ability Act of 1996.18,19 Informed consent was not required 
as the study involved retrospective analysis of de-identified 
data and did not include any intervention or collection of  
identifiable private information.

Statistical Analysis

Patient data were analysed using descriptive statistics in R. 
To compare characteristics between patients who were seen 
in clinic and those who were scheduled but never seen (i.e., 
those who canceled, no-showed, and never rescheduled), 
Wilcoxon test and Fisher’s exact was used. A two-tailed 
p-value of < 0.05 was considered statistically significant.

RESULTS

Patient Demographic Characteristics

A total of 143 patients were scheduled for ophthalmologic 
evaluation during the study period. Table 1 summarizes the 
demographic characteristics of the full scheduled cohort. The 
median age was 51 years (interquartile range [IQR], 42–60), 
and the gender distribution was approximately equal, with 
49% female and 51% male. Most scheduled patients identi-
fied Spanish as their primary language, with the remainder 
reporting English (2, 1.4%), Arabic (1, 0.7%), or Russian (1, 0.7%).

Of the 143 scheduled patients, 106 unique individuals 
were seen in clinic, including 16 who were evaluated at 
least once for follow-up care (15.1% of unique patients seen), 
with a median interval of 
98 days between visits. 
Annual follow-up visits per 
year are shown in Figure 4. 
Thirty-seven patients were 
scheduled but never seen. 
A Wilcoxon test showed 
no statistically significant 
differences in age between 
patients who completed at 
least one visit and those 
who were no-shows. Fish-
er’s exact showed no signif-
icant differences in sex or 
primary language between 
patients who completed at 
least one visit and those 
who were no-shows.

Characteristic N = 143

Age 51 (42, 60)

Gender

Female 70 (49%)

Male 73 (51%)

Primary Language

Arabic 1 (0.7%)

English 2 (1.4%)

Russian 1 (0.7%)

Spanish 139 (97%)

 
Figure 1: Visit Attendance per year. 

Table 1. Demographics of 

Scheduled Patients. Results are 

shown as median (Q1, Q3) 

for age; as n (%) for all other 

demographic characteristics.

Figure 1. Visit attendance by year  

 
Figure 2: Most common clinical diagnoses. 
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Visit attendance by year is shown in Figure 1. Visit 
attendance included only new patient visits and excludes 
follow-up encounters. In 2022, there were 28 completed 
visits and 10 no-shows; in 2023, 27 completed visits and 5 
no-shows; and in 2024, 31 completed visits and 8 no-shows. 
No consistent upward or downward trend in no-show rates 
was observed over the study period. Data from 2021 and 2025 
were omitted from Figure 2 as the service was started in late 
2021 and our data collection period concluded in early 2025.

Patient Clinical Characteristics

The most common clinical diagnoses among the 106 unique 
patients seen in clinic are shown in Figure 2. Diabetic ret-
inopathy was the most frequent reason for evaluation and 
ultimately the most common diagnosis (37/106, 35%), fol-
lowed by dry eye (35/106, 33%), cataracts (29/106, 27%), 
and pterygium or pinguecula (22/106, 21%). Nearly half 
of the patients (49/106, 46%) were seen for a single diag-
nosis, while 15 patients were diagnosed with two or more 
conditions (15/106, 14%). Less commonly encountered con-
ditions included: lagophthalmos (1/106, 1%), pseudoexfoli- 
ation syndrome (1/106, 1%), pyogenic granuloma (1/106, 
1%), intraocular lens (IOL) subluxation (1/106, 1%), vitreous 
degeneration (2/106, 2%), age-related macular degeneration 
(AMD) (4/106, 4%), optic nerve hemorrhage (1/106, 1%), 
posterior capsular opacification (4/106, 4%), retinal detach-
ment (2/106, 2%), and strabismus (1/106, 1%). 

At their most recent clinic visit, 51 out of 106 patients 
(48%) were referred for additional evaluation or specialty 
care. The most common referral destination was for refrac-
tion services (23/51, 45%), followed by glaucoma (9/51, 
18%), retina (6/51, 12%), and cataract surgery evaluation 
(3/51, 6%). Other referrals included oculoplastics evaluation 
(2/51, 4%), pterygium/pinguecula (2/51, 4%), IOL sublux-
ation (1/51, 2%), dry eye management (1/51, 2%), evaluation 
of optic disc anomaly (1/51, 2%), strabismus (1/51, 2%), and 
migraine management through neurology (1/51, 2%).  

At their most recent visit, 53 out of 106 patients (50%) 
received a prescription for ophthalmic treatment. The most 
prescribed or recommended agents were lubricating eye 
drops, namely artificial tears (AT) (43/53, 81%). Antihista-
mine medications included ketotifen fumarate (4/53, 8%) 
and combination AT and ketotifen fumarate (1/53, 2%). 
Antibacterial therapies included erythromycin ointment 
(1/53, 2%) and neomycin-polymyxin B-dexamethasone 
(1/53, 2%). Glaucoma medications included timolol maleate 
(n = 1) and dorzolamide-timolol (1/53, 2%).

Program Review

In parallel with the chart review, we conducted a descrip-
tive synthesis of programmatic documents and stakeholder 
feedback to qualitatively review clinic operations. Sources 
included staffing and equipment logs maintained by the ser-
vice, internal clinic documentation, and discussions with 

medical student volunteers. Records were collated to iden-
tify information about operational strengths and challenges. 

Findings from this review informed our description of the 
service’s organizational structure, personnel, and resources. 
The ophthalmology service is operated in partnership with 
the Brown University Health Division of Ophthalmology, 
with staffing that includes a medical student coordinator, 
medical student volunteers, a faculty ophthalmologist pre-
ceptor, ophthalmology residents, and core clinic staff. Key 
ophthalmic equipment [Table 2] was obtained through 
departmental and private donations as well as grant funding, 
including university-based programs supporting medical 
education and community engagement. To expand patient 

Equipment Method of Obtaining

Haag Streit slit lamp Private donation

2 indirect ophthalmoscopes Grant funding

1 gonioscope Departmental donation

Fluorescein strips + proparacaine, 

phenylephrine, tropicamide

Departmental donation

Welch Allyn RetinaVue 700 Imager Clínica Esperanza

2 Reichert Tono-Pen AVIA Grant funding

Mobile phoropter Private donation

Bawa 90D & 20D lenses Departmental donation

Pinhole refractor Departmental donation

Low-literacy vision chart Grant funding

Table 2. Clinic equipment

 
Figure 3: Organizational framework of the clinic. 

Figure 3. Organizational framework of the clinic

 
 

Figure 4. Annual follow-up visits
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access, a referral pathway was established in 2025 with the 
Rhode Island Lion’s Club, connecting uninsured and Spanish- 
speaking patients to low-cost optometry services.

This organizational framework is complemented by de- 
fined patient flow pathways [Figure 3]. Patients are referred 
from multiple sources, including Clínica Esperanza’s Pri-
mary Care Service, the Clínica Esperanza/Hope Clinic 
Emergency Room Diversion Project (CHEER Clinic), and 
self-referral. Following ophthalmologic evaluation, patients 
may be managed longitudinally within the clinic, referred 
to the Brown University Health Division of Ophthalmology 
for subspecialty care, or discharged to the community with 
follow-up as needed. Together, these pathways support con-
tinuity of care while enabling appropriate triage to higher 
levels of service.

Finally, the qualitative review identified education as a 
central strength of the ophthalmology service, with bene-
fits for both patients and trainees. Visits routinely incorpo-
rate counseling on disease understanding, self-management, 
and follow-up, with attention to linguistic concordance 
through educational materials provided in Spanish. For 
example, patients with diabetic retinopathy received coun-
seling on the importance of glycemic and blood pressure 
control, while those with dry eye were provided guidance 
on accessible, low-cost interventions such as artificial tears 
and low-cost warm compress and massage methods. Bilin-
gual counseling and the use of low-literacy vision charts 
(i.e., using symbols or numbers) facilitated communication 
for patients with limited English proficiency, a population 
that comprised the vast majority of those seen in our clinic. 
The clinic also functioned as a supervised teaching environ-
ment for medical students and residents. Trainees received 
structured opportunities to practice core ophthalmic skills, 
including slit-lamp microscopy, tonometry, and ophthalmo-
scopy, under direct faculty and resident supervision. Each 
clinic session was typically conducted monthly and lasted 
three hours, with approximately four to five medical stu-
dent volunteers, one attending ophthalmologist, and one 
to two ophthalmology residents present. On average, four 
to five patients were scheduled per session, which allowed 
adequate time for instruction, patient education, and docu-
mentation. Students were trained in charting methods that 
respected patient privacy, while learning to connect patients 
with local resources that provide low-cost follow-up, such as 
the Lions Club referral pathways. 

CONCLUSION

This study characterizes the first four years of a free oph-
thalmology service operating within a local free clinic. 
Among the 143 patients scheduled during the study period, 
the majority were Spanish-speaking, middle-aged adults. 
Half of all seen patients were referred for further care, and 
half received prescription treatment. The most common 

presenting conditions included diabetic retinopathy, dry 
eye, cataracts, and pterygium, though a broad spectrum of 
ophthalmic disease was identified. Service volume remains 
modest, and the no-show rate limits the number of patients 
reached. Our service leverages existing free clinic opera-
tions to run with minimal overhead and has successfully 
employed partnerships with community organizations, pri-
vate donors, and an academic ophthalmology department to 
secure medical equipment and referral sites for escalation 
of care. 

The proportion of patient’s seen for follow-up may reflect 
early phase of program implementation and well-docu-
mented rates of no-show appointments in the free clinic 
patient population due to a variety of social challenges.20,21 
In addition, follow-up was not clinically indicated for all 
patients, as many encounters served primarily as a screen-
ing entry point into specialty care, with nearly of half of 
individuals appropriately referred to a nearby academic oph-
thalmology center for ongoing subspecialty care after initial 
evaluation at our clinic. Others had conditions that were 
sufficiently managed at the initial encounter. The propor-
tion of patients returning for follow-up within this service 
is comparable to rates in similar student-run ophthalmology 
clinics and suggests a substantial subset of patients engaged 
longitudinally despite these structural barriers.14,22

Unlike many vision screening programs, our program 
functions as an ophthalmology site, with access to slit-
lamp examination, intraocular pressure measurements, and 
indirect ophthalmoscopy. Patients received on-site med-
ications, counseling, and referrals to optometry or subspe-
cialty ophthalmology as needed. As the in-house eye care 
service for our local free clinic, our Ophthalmology Service 
offers direct, language-concordant care to an established 
patient population already receiving primary care within 
the same setting. This integration allows for ongoing coor-
dination with primary care and social services, reducing 
common access barriers such as transportation and insur-
ance coverage.23-25 Nonetheless, perceived and structural 
barriers likely remain, including inflexible work schedules, 
caregiving responsibilities, and immigration-related con-
cerns, which may contribute to missed appointments.26-28 
Future directions include evidence-based approaches to 
mitigate no-shows, such as offering short-lead or open- 
access scheduling to minimize waiting times, implement-
ing formal quality-improvement cycles to track attendance 
patterns, and incorporating risk-stratified outreach (such as 
additional reminder calls prioritized for patients with prior  
missed visits). 29–31 

The ophthalmology service also functions as a teaching 
site. Patient-facing education empowers individuals to bet-
ter understand and manage their conditions, while train-
ee-facing education provides learners with opportunities 
to develop both technical ophthalmic skills and competen-
cies in culturally and linguistically concordant care. This 
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dual role of the service, as a site of both patient care and 
clinical education, supports a sustainable model by simul-
taneously meeting community needs and giving trainees 
patient exposure and technical skills that will serve them 
in future clinical practice.32,33 Future work could formally 
evaluate the influence of this teaching model on trainee skill 
development.

Compared to similar student-run or community-based eye 
care initiatives, our service provides an intentional focus on 
comprehensive care over high-volume patient screening. 
While many programs emphasize screening and referral 
only, our model emphasizes diagnosis, treatment, and lon-
gitudinal care.34,35 The relatively low patient volume reflects 
an intentional prioritization of comprehensive care delivery 
and our status as a teaching service. Our work contributes 
valuable epidemiologic data on the spectrum of eye disease 
within an underserved, primarily Spanish-speaking popula-
tion, a group underrepresented in ophthalmic research.36-38 

Our model may be scalable across other free clinic settings: 
by using a physical location and administrative support staff 
already employed by our local free clinic, the financial and 
logistical resources required to start and continue our oph-
thalmology service was minimized. 

As a single-center program evaluation, our findings should 
be interpreted in the context of several limitations. First, we 
did not track patient outcomes following referral, which pre-
cludes assessment of the program’s impact on more longitu-
dinal measures such as referral completion or visual acuity 
improvement. Future implementation of standardized fol-
low-up protocols will be critical to evaluate continuity of 
care, treatment outcomes, and patient satisfaction. Finally, 
the qualitative component relied on existing documentation 
and informal debriefs, which may not capture the full spec-
trum of stakeholder perspectives. Nonetheless, this prag-
matic approach provided valuable insights into operational 
strengths and barriers that would not have been evident 
from chart review alone.

In summary, we describe the outcomes and longitudinal 
implementation of a comprehensive ophthalmology service 
embedded in a local free clinic. We find that diabetic ret-
inopathy, dry eye, cataract, and pterygium/pinguecula are 
among the most common conditions in our patient popu-
lation of primarily uninsured, Latino patients. We also find 
that our model demonstrates that comprehensive eye care 
can be delivered to high-need populations using a clinic-
within-a-clinic framework. Our model is particularly well-
suited for leveraging existing free clinic infrastructure and 
community and academic partnerships. The findings herein 
may serve both to better characterize common eye diseases 
in an underserved population and to provide a replicable 
model to deliver ophthalmic care to this patient cohort. 
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Changes in Diet Among Adult Prevalent Kidney Stone Formers in the 

United States: The National Health and Nutrition Examination Survey, 

1988–2018

EDUARDO CADORE GUZZO, MD; CHRISTINA RAKER, ScD; JIE TANG, MD, MPH

ABSTRACT 

BACKGROUND/PURPOSE: Dietary factors greatly influ-
ence kidney stone disease (KSD). We aimed to examine 
the dietary pattern changes of adult stone formers (SF) in 
the United States from 1988 to 2018.

METHODS: We used weighted, multiple linear regression 
analyses to examine dietary data from prevalent SF in 
the National Health and Nutrition Examination Survey 
(NHANES) III and 2007-2018.

RESULTS: The study was divided into four periods: 1988–
1994, 2007–2010, 2011–2014, and 2015–2018. The KSD 
prevalence rate increased from 5.5% in 1988–1994 to 
10.8% in 2015–2018. No significant changes occurred in 
the intake of total calories, total protein, saturated fat, 
or sodium. Total daily fat intake increased significant-
ly (78.9 g in 1988–1994 to 88.7 g in 2015–2018, p=0.03). 
Daily potassium intake decreased significantly (2,947 mg 
in 1988–1994 to 2,628 mg in 2015–2018, p<0.001). Daily  
calcium intake (795 mg in 1988–1994 to 950 mg in 2015–
2018, p<0.001) and daily fluid intake (2,120 ml in 1988–
1994 to 3,124 ml in 2015–2018, p<0.001) increased sig-
nificantly. No effect modification by gender or age group 
was detected.

CONCLUSION: There were significant increases in poly-
unsaturated fat, calcium, and fluid intakes. However, di-
etary potassium intake was reduced. Overall, there were 
no statistically significant changes in dietary intakes of 
calories, protein, carbohydrates, fiber, saturated fat, and 
sodium. 

KEYWORDS:  Kidney stone; dietary habits; NHANES; 
potassium; fluid intake  

INTRODUCTION

Kidney stone disease (KSD) is a prevalent and debilitating 
condition affecting millions globally.1 It is caused by the 
complex interactions of dietary, genetic, and environmen-
tal factors that are not fully understood. However, specific 
nutrients and dietary patterns are implicated in stone for-
mation and prevention.2 For instance, high sodium intake 
has been linked to increased urinary calcium excretion and 
a consequent increase in the risk of calcium-based stone 

formation,3 while high potassium intake has been associ-
ated with decreased urinary calcium excretion, reducing 
that risk.4,5 

Current guidelines for the prevention of kidney stones 
recommend a diet rich in fruits, vegetables, and fluids, and  
restricted in sodium and animal proteins.8 Nevertheless, 
adherence to those guidelines is variable among individu-
als. To better understand the rising prevalence rate of KSD, 
it is essential to examine the changes in dietary habits 
among stone formers. This study examines the data from 
the National Health and Nutrition Examination Survey 
(NHANES), a comprehensive dataset for evaluating dietary 
trends and their effects on health outcomes, to establish 
a temporal trend of dietary patterns among kidney stone 
formers from 1988 to 2018. 

METHODS

Study Design and Population

This study uses NHANES data to compare the 1988–1994 
cycle with the more recent 2007–2018 cycle. NHANES is 
a cross-sectional survey that combines self-reported data, 
physical examinations, and laboratory tests to provide a 
comprehensive picture of health and nutrition among the 
U.S. population.9 

Inclusion and Exclusion Criteria

Participants with a self-reported history of kidney stones 
were identified based on responses to the NHANES dietary 
interview and medical history questions. Only those with 
complete dietary data and relevant covariate informa-
tion were included. Individuals with incomplete data or 
those reporting conditions unrelated to kidney stones were 
excluded. Table 1 shows the number of patients included 
and excluded from this study. 

Dietary Assessment

Dietary intake was assessed using 24-hour dietary recall 
interviews conducted by trained interviewers. The dietary 
data were analyzed to evaluate adherence to kidney stone 
prevention guidelines, including sodium, potassium, and 
fluid intake. For the NHANES 2007–2018 cycles, dietary 
intake was based on the day-one recall. 
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Covariates

Covariates included age, gender, race/ethnicity, BMI, and 
cardiovascular risk factors, including self-reported diabetes 
mellitus, hypertension, stroke, myocardial infarction, and 
congestive heart failure. Hemoglobin A1c (HbA1c) and blood 
pressure measurements were also examined as covariates.  

Statistical Analysis

Descriptive statistics were used to summarize the demo-
graphic and clinical characteristics of the two NHANES 
surveys. Dietary trends over time were analyzed by mul-
tivariable linear regression, adjusting for age, gender, race/

Table 1. Study Population Inclusion and Exclusion Criteria

Study population NHANES  

1988–1994

NHANES  

2007–2018

Total records 20,050 59,842

Exclude missing KSD‡ response 21 25,163

Exclude age < 20 1,225 0

Total remaining 18,804 34,679

Exclude missing dietary data 2,835 3,963

Total remaining 15,969 30,716

Exclude missing covariates 1,861 3,390

Total included 14,108 27,326

Total KSD only included 680 2,636

Data derived from NHANES III (1988–1994) and NHANES 2007–2018 cycles. 

KSD: Kidney Stone Disease.

ethnicity, BMI, and cardiovascular risk factors. Unadjusted 
and adjusted means and 95% confidence intervals (CIs) 
were reported for 1988–1994 and three four-year periods for 
2007–2018.

Product terms were included in the models to assess the 
effect of measure modification by gender and age (65+ vs. 
<65) when the main effect of the time period was statisti-
cally significant at alpha = 0.05. All analyses were performed 
using survey procedures in Stata MP 18 (Stata Corp, College 
Station, TX), including strata, primary sampling units, and 
survey weights.  Exam weights and day one dietary recall 
weights were used for NHANES 1988–1994 and 2007–2018, 
respectively. Weights were adjusted when combining cycles 
as outlined in NHANES analytic guidelines. 

Ethical Considerations

Ethical approval is not applicable to this article as it uti-
lizes publicly available, de-identified data from NHANES. 
The National Center for Health Statistics Research Ethics 
Review Board approved the NHANES protocol. All partic-
ipants provided informed consent for their data to be used 
in research.

RESULTS

Study Population

The prevalence of KSD increased from 5.6% in 1988–1994 
(95% CI: 4.9–6.4) to 10.8% in 2015–2018 (95% CI: 9.9–11.9).  
Table 2 outlines the characteristics of the study population. 
The cohort included 3,316 participants with a history of kid-
ney stones across NHANES cycles. Non-White race, mean 
BMI, prevalent diabetes, mean HbA1c, and prevalent hyper-
tension all increased between surveys. Mean SBP, mean 
DBP, and current smoking all decreased between surveys.

Values are expressed as weighted means (SE) or %, 
unweighted n. P-values test for differences between time 
periods without assuming a linear association with time. 
SE: standard error; cardiovascular disease includes histories 
of myocardial infarction, congestive heart failure, and/or  
ischemic stroke. 

Dietary Intake Trends

Tables 3, 4, and 5 present changes in dietary intake among 
kidney stone formers between NHANES 1988–1994 and 
NHANES 2007-2018. There were no significant changes in 
total calorie or total protein intake [Table 3]. Total daily fat 
intake increased significantly from 78.9 g in 1988-1994 to 
88.7 g in 2015-2018 (p=0.03). Specifically, the mean intake of 
saturated fat rose from 26.6 g to 29.3 g, though this increase 
was not statistically significant (p=0.089 in Model 3) [Table 
3]. There were no significant changes in total sodium intake 
[Table 4]. Significant changes were observed in potassium 
and calcium intake [Table 4]; specifically, daily potassium 
intake decreased from 2,947 mg in 1988–1994 to 2,628 mg 

Values are expressed as weighted means (SE) or %, unweighted n. P-values test 

for differences between time periods without assuming a linear association with 

time. SE: standard error; BMI: body mass index; SBP: systolic blood pressure; DBP: 

diastolic blood pressure; cardiovascular disease includes histories of myocardial 

infarction, congestive heart failure, and/or ischemic stroke.

NHANES  

1988–1994

n = 676

NHANES  

2007–2018

n = 2,636

Age (year), mean (SE) 53.4 (0.8) 53.7 (0.4)

Male sex, % (n) 58.5 (408) 55.2 (1472)

Race,  

% (n)

Non-Hispanic White 87.2 (457) 76.7 (1460)

Non-Hispanic Black 3.6 (83) 5.7 (340)

Other 9.2 (136) 17.7 (836)

BMI (kg/m2), mean (SE) 27.8 (.30) 30.5 (.18)

Diabetes, % (n) 8.5 (71) 22.5 (691)

HbA1c (%), mean (SE) 5.6 (.05) 5.9 (.03)

Hypertension, % (n) 37.7 (266) 48.7 (1389)

SBP (mm Hg), mean (SE) 128.9 (.85) 124.5 (.40)

DBP (mm Hg), mean (SE) 76.9 (.61) 71.5 (.39)

Cardiovascular disease, % (n) 11.7 (115) 12.1 (403)

Smoking, active, % (n) 23.7 (133) 19.3 (517)

Table 2. Characteristics of Participants with KSD by Survey Period
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Intake, day 1 recall 1988–1994, n = 680 2007–2010, n = 882 2011–2014, n = 819 2015–2018, n = 935 P

Total calories (kcal)

Unadjusted 2105.1 (2014.5–2196.7) 2140.3 (2039.0–2241.7) 2069.8 (1977.9–2161.7) 2166.6 (2058.5–2274.7) 0.6

Model 1 2169.1 (2079.5–2259.8) 2300.5 (2187.0–2414.1) 2239.6 (2111.8–2367.3) 2299.7 (2163.7–2435.8) 0.5

Model 2 2158.5 (2068.8–2248.2) 2183.7 (2091.7–2275.7) 2130.8 (2027.8–2233.7) 2189.1 (2075.0–2303.1) 0.4

Model 3 2170.5 (2078.9–2262.1) 2176.8 (2084.6–2269.0) 2120.6 (2018.3–2222.8) 2178.9 (2064.0–2293.9) 0.5

Protein (g)

Unadjusted 79.6 (75.2–84.0) 80.5 (76.3–84.7) 79 (75.9–82.1) 83.4 (77.0–89.7) 0.66

Model 1 82.2 (77.7–86.7) 87.2 (81.3–93.1) 86.2 (80.9–91.5) 88.9 (80.0–97.8) 0.72

Model 2 82.2 (77.7–86.7) 82.5 (78.3–86.6) 81.9 (78.0–85.7) 84.5 (77.8–91.1) 0.70

Model 3 82.8 (78.2–87.4) 82.2 (78.0–86.5) 81.6 (77.8–85.5) 84.1 (77.3–91.0) 0.81

Total fat (g)

Unadjusted 78.9 (74.8–83.1) 82.9 (78.5–87.2) 80.8 (76.9–84.8) 88.7 (83.5–93.9) 0.031

Model 1 79.9 (75.6–84.3) 86.4 (81.4–91.5) 84.9 (79.3–90.6) 91.5 (84.4–98.5) 0.020

Model 2 79.7 (75.4–84.0) 83.4 (79.4–87.5) 82.3 (77.6–86.9) 88.7 (83.0–94.4) 0.0098

Model 3 80.1 (75.7–84.4) 83.1 (79.0–87.1) 81.8 (77.2–86.5) 88.2 (82.4–93.9) 0.020

Saturated fat (g)

Unadjusted 26.6 (24.8–28.3) 27 (25.5–28.5) 26.4 (24.9–27.8) 29.3 (27.3–31.2) 0.11

Model 1 26.9 (25.1–28.7) 28.2 (26.4–29.9) 27.7 (25.6–29.7) 30.2 (27.8–32.6) 0.099

Model 2 26.8 (25.0–28.5) 27.2 (25.8–28.6) 26.8 (25.1–28.4) 29.2 (27.2–31.3) 0.070

Model 3 26.9 (25.1–28.7) 27 (25.6–28.4) 26.6 (24.9–28.2) 29 (27.0–31.0) 0.089

Intake, day 1 recall 1988–1994, n = 680 2007–2010, n = 882 2011–2014, n = 819 2015–2018, n = 935 P

Sodium (mg)

Unadjusted 3424.7 (3230.8–3618.5) 3594.5 (3424.8–3764.2) 3405.5 (3237.2–3573.9) 3634.3 (3413.3–3855.3) 0.19

Model 1 3505.0 (3312.6–3697.3) 3821.3 (3615.3–4027.4) 3654.2 (3422.4–3886.0) 3820.8 (3528.2–4113.3) 0.18

Model 2 3494.9 (3299.7–3690.0) 3634.8 (3469.7–3799.9) 3482.8 (3292.6–3673.0) 3644.7 (3408.7–3880.7) 0.17

Model 3 3504.1 (3307.3–3700.9) 3629.9 (3465.4–3794.4) 3476.7 (3283.1–3670.2) 3637.8 (3400.4–3875.1) 0.18

Potassium (mg)

Unadjusted 2946.7 (2808.4–3085.1) 2760.1 (2604.5–2915.6) 2567.9 (2460.2–2675.6) 2627.8 (2477.0–2778.5) <0.001

Model 1 2902.2 (2759.2–3045.3) 2768 (2589.3–2946.7) 2606 (2465.8–2746.3) 2620.4 (2441.7–2799.0) 0.0058

Model 2 2903.4 (2761.6–3045.2) 2734.4 (2578.2–2890.5) 2579.3 (2461.0–2697.6) 2589 (2439.0–2739.1) 0.0069

Model 3 2917,8 (2776.9–3058.7) 2726.6 (2568.7–2884.4) 2571.6 (2454.7–2688.4) 2577.6 (2424.9–2730.3) 0.0022

Calcium (mg)

Unadjusted 795.1 (745.9–844.3) 914.1 (872.7–955.5) 928.6 (871.4–985.8) 950.4 (892.0–1008.9) <0.001

Model 1 813.2 (762.2–864.3) 964.2 (907.7–1020.8) 979.9 (910.1–1049.7) 993.2 (920.5–1065.9) <0.001

Model 2 815.7 (764.7–866.7) 928.9 (884.1–973.6) 949.1 (888.0–1010.1) 961.1 (900.7–1021.5) <0.001

Model 3 822.5 (770.8–874.1) 925.9 (881.3–970.5) 947.4 (888.1–1006.6) 956.8 (897.0–1016.6) <0.001

Table 3. Change in Macronutrient Intake Among Participants with KSD Over Time

Values are expressed as weighted means (95% CI). Multivariable linear regression models included the following covariates: Model 1: Age in years, gender, race/ethnicity, 

BMI. Model 2: Model 1 + diabetes, hypertension, cardiovascular disease, smoking. Model 3: Model 1 + HbA1c, SBP, DBP, cardiovascular disease, smoking. KSD: Kidney 

Stone Disease.

Table 4. Change in Micronutrient Intake Among Participants with KSD Over Time

Values are expressed as weighted means (95% CI). Multivariable linear regression models included the following covariates: Model 1: Age in years, gender, race/ethnicity, 

BMI. Model 2: Model 1 + diabetes, hypertension, cardiovascular disease, smoking. Model 3: Model 1 + HbA1c, SBP, DBP, cardiovascular disease, smoking. KSD: Kidney 

Stone Disease.
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Intake, day 1 recall 1988–1994, n = 680 2007–2010, n = 882 2011–2014, n = 819 2015–2018, n = 935 P

Fluid (ml)

Unadjusted 2120.4 (2006.0–2234.9) 3035 (2875.9–3194.1) 2863.3 (2759.2–2967.4) 3123.6 (2995.7–3251.5) <0.001

Model 1 2173.3 (2045.7–2300.9) 3166.8 (3004.4–3329.3) 2986.7 (2851.2–3122.2) 3241.7 (3089.4–3394.0) <0.001

Model 2 2160.0 (2032.1–2287.9) 3047.5 (2903.9–3191.2) 2862.7 (2756.7–2968.6) 3118.3 (2996.0–3240.7) <0.001

Model 3 2146.8 (2016.1–2277.4) 3041.1 (2898.7–3183.6) 2856 (2749.8–2962.3) 3115.2 (2990.6–3239.8) <0.001

Table 5. Change in Fluid Intake Among Participants with KSD Over Time

Values are expressed as weighted means (95% CI). Multivariable linear regression models included the following covariates: Model 1: Age in years, gender, race/ethnicity, 

BMI. Model 2: Model 1 + diabetes, hypertension, cardiovascular disease, smoking. Model 3: Model 1 + HbA1c, SBP, DBP, cardiovascular disease, smoking. KSD: Kidney 

Stone Disease.

in 2015–2018 (p<0.001), and daily calcium intake increased 
significantly from 795 mg in 1988–1994 to 950 mg in 2015–
2018 (p<0.001), a decrease in potassium and an increase in 
calcium. Daily fluid intake increased significantly from 
2,120 ml in 1988–1994 to 3,124 ml in 2015–2018 (p<0.001) 
[Table 5]. No effect modification by gender or age group was 
detected.

DISCUSSION

This study examines dietary trends among kidney stone 
formers over 30 years of NHANES data to show how med-
ical guidelines, specialist recommendations, and cultural 
shifts may have impacted their nutritional habits. The find-
ings reveal significant changes in several critical dietary 
components, which may help guide future stone prevention 
strategies.

A concerning trend is the decreased potassium intake from 
2947.6 mg to 2627.8 mg. Low potassium intake is a known 
risk factor for kidney stones.4,5 Decreased potassium levels 
increase potassium reabsorption in the proximal tubule in 
part through K/H exchangers, with consequent increase 
in urine acidity. It, in turn, leads to decreased bicarbonate 
absorption and lowering of intracellular pH, which increases 
citrate reabsorption.6 Decreased urinary citrate increases 
kidney stone risk.7 Potassium also plays a crucial role in 
stone prevention by reducing urinary calcium excretion8 
and, in alkali-containing potassium salts, counterbalancing 
acid production from sulfur-containing amino acids in pro-
tein.5,11 Indeed, a population study has indicated that low 
dietary potassium intake was associated with an increased 
risk of prevalent kidney stone disease.4 In contrast, calcium 
intake has increased from 795.5 mg to 950.4 mg, aligning 
with dietary recommendations for kidney stone prevention 
in patients with enteric hyperoxaluria. Calcium’s beneficial 
effects include decreasing phosphate and oxalate gastroin-
testinal absorption by binding these elements in the gut,12 
with low-calcium diets associated with increased hyperox-
aluria.13 It is of note, however, that certain conditions like 
idiopathic hypercalciuria and hyperparathyroidism can lead 
to increased urinary calcium excretion regardless of dietary 
intake.14,15 Furthermore, a low-calcium diet is recommended 

for stone prevention in cases of enteric hypercalciuria. The 
relationship between calcium supplementation and stone 
risk remains a topic of debate, particularly if supplements 
are taken between meals, when they may be associated with 
increased urinary calcium excretion without affecting oxa-
late.12 Due to the limitations of the NHANES data struc-
ture, we could not retrieve information regarding baseline  
hypercalciuria or hyperoxaluria.

Fluid intake dilutes urine, which is essential for kidney 
stone prevention.16 Therefore, it is a positive highlight 
that it had the highest increase among dietary trends, from 
2123 ml to 3123.6 ml. On the other hand, total fat intake 
increased from 78.9 g to 88.7 g, and saturated fat from 26.6 
g to 29.3 g, mirroring the increased prevalence of obesity in 
the United States. Although the effect of fat in kidney stone 
formation is ill-defined, obesity is a well-established risk 
factor, partly by lowering urinary pH and reducing ammo-
niagenesis, increasing the risk of uric acid stones, and also 
due to its association with increased urinary calcium and 
oxalate excretion.17,18

In summary, the results are mixed when comparing 
dietary trends of prevalent KS formers with medical guide-
lines. While the improvement in fluid intake indicates bet-
ter adherence to recommendations, the decline in potassium 
and increase in fat intake suggest otherwise. These changes 
reveal inconsistent compliance with medical guidelines 
and may be influenced more by broader population dietary 
changes and lifestyle than actual medical recommendations.

When considering this study, we acknowledge its lim-
itations. It is based on self-reported data with potential for 
recall bias. The dietary assessment does not capture daily 
dietary variations and may not fully represent long-term 
habits. Finally, the study lacks data on baseline hypercal-
ciuria and hyperoxaluria, specific liquid intake, medication 
and supplement use, and stone composition, which further 
limits our analysis. 

PRACTICAL APPLICATION

This study highlights critical dietary trends among kid-
ney stone formers. It is encouraging to note an increase in 
fluid intake conforming to preventive guidelines, while the 
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decreased potassium intake raises concerns. The increased 
dietary fat intake is also concerning, particularly in increas-
ing obesity prevalence, although its impact on KS risk has 
not been well defined. The findings presented here high-
light the need for better strategies to educate and change  
populational habits. 
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Opioid, Buprenorphine, Benzodiazepine, Naloxone, and Stimulant 

Prescriptions Dispensed to Rhode Island Residents, 2022–2025

TAYLOR J. MELLO, MPH; STACI FISCHER, MD; KRISTEN ST. JOHN, MPH; ADAM Z. NITENSON, PhD;  

BENJAMIN D. HALLOWELL, PhD, MPH 

ABSTRACT

BACKGROUND: The Rhode Island Prescription Drug 
Monitoring Program (RI PDMP) captures dispensation 
records for controlled substance prescriptions in Sched-
ules II–V and opioid antagonists dispensed in RI or to RI 
residents in other states. 

METHODS: This report uses RI PDMP data from January 
1, 2022 to December 31, 2025 to explore trends in opi-
oid, buprenorphine, stimulant, benzodiazepine, and nal-
oxone prescriptions dispensed to Rhode Island residents. 
Buprenorphine products were limited to those approved 
for the treatment of opioid use disorder (OUD). For the 
purposes of this report, buprenorphine products approved 
for pain management were categorized as opioids.

RESULTS: During this time, the number of dispensed 
opioids, naloxone, and buprenorphine prescriptions for 
OUD decreased 6%, 28%, and 11%, respectively, while 
the number of individuals dispensed these prescriptions 
decreased 5%, 28%, and 8%. Stimulant dispensations in-
creased 16% while the number of individuals dispensed 
stimulants increased 19%. Benzodiazepine dispensations 
remained constant, but the number of individuals dis-
pensed a benzodiazepine prescription decreased 3%. High-
risk prescribing, such as individuals dispensed an opioid 
prescription with a >90 MME/day, decreased by 15%. 
CONCLUSIONS: In a time of declining fatal overdoses, 
fewer RI residents are being dispensed high-risk opioid 
prescriptions, and buprenorphine for OUD, though the 
dispensing of stimulants has increased. Surveillance and 
analysis of dispensing of controlled substances should 
continue to include multiple agents in addition to opi-
oids to understand evolving prescribing patterns and  
determine where provider education and regulatory 
changes can improve patient safety and public health.  

KEYWORDS:  Prescription Drug Monitoring Programs; 
Controlled Substances; Public Health Surveillance; Drug 
Overdose; Pharmacies  

INTRODUCTION

The Rhode Island (RI) Prescription Drug Monitoring Pro-
gram (PDMP) is a centralized system managed by the RI 
Department of Health (RIDOH) to monitor the dispensing 
of Schedule II-V controlled substances and opioid antag-
onists to RI residents through retail pharmacies in RI and 
in other states.1 The RI PDMP was founded in 2012 and 
has undergone many changes attributable to updating reg-
ulations aimed to prevent drug-related harms and increase 
PDMP effectiveness. Providers such as prescribers and phar-
macies with a Controlled Substance Registration (CSR) can 
consult dispensing records via the electronic RI PDMP to 
understand 1) their own overall prescribing practices, and 
2) their patients’ prescriptive histories. All 50 states, 4 
U.S. territories, and military health systems have installed 
PDMPs to track prescribing. Though each PDMP has unique 
data collection and regulations, all are designed to provide 
timely dispensing data to reduce over-prescribing, high-risk 
prescribing and diversion, improve patient care, and inform 
policy.2 While data is mixed, a number of studies report that 
PDMP implementation leads to decreased opioid dispensing 
(or slower increase), fewer opioid prescription shipments, 
decreased prescription opioid diversion, and fewer opioid-in-
volved mortalities.3

Several notable events happened between 2022 and 2025 
that had the potential to impact dispensation trends of 
controlled substances. In October 2022, the U.S. Food and 
Drug Administration (FDA) announced a shortage of imme-
diate-release Adderall formulations, which led to shortages 
of other prescription stimulant drugs that continue to per-
sist in 2026.4,5 In November 2022, the Centers for Disease 
Control and Prevention (CDC) updated the Clinical Practice 
Guideline for Prescribing Opioids for Pain.6 The revisions 
moved away from rigid dosing and duration limits estab-
lished in their earlier 2016 guidance, to flexible, patient-cen-
tered recommendations to prevent limiting access to care 
and undertreatment of pain.7 In January 2023, the Consoli-
dated Appropriations Act of 2023 was enacted by Congress, 
eliminating waiver requirements for buprenorphine pre-
scribing and allowing telehealth visits for the initiation of 
controlled-substance prescriptions where not prohibited by 
state law.8 In March 2023, the FDA approved over the counter 
(OTC) naloxone, when previously pharmacy naloxone was 
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dispensed by prescription only.9 In June 2025, regulation 
changes allowed prescribers to prescribe up to a 90-day 
supply of non-opioid, non-narcotic Schedule II prescription 
drugs, when previously they were limited to 30-days.10,11

Though there are numerous resources to view aggregate 
dispensing data from the RI PDMP, the last large report pub-
lished on this data is roughly four years old, before many 
regulatory changes occurred. The aim of this report is to 
provide updated data on trends in controlled substance dis-
pensations and determine potential impacts from changing 
prescribing guidelines, drug availability, and the regulatory 
environment.

METHODS

Records from the RI PDMP were used to identify all opi-
oid, stimulant, benzodiazepine, and naloxone prescriptions 
dispensed by retail pharmacies to a RI resident between 
January 1, 2022 and December 31, 2025. Buprenorphine for-
mulations used for pain management were excluded from 
buprenorphine counts and were instead included in the gen-
eral opioid category. Buprenorphine products formulated for 
OUD treatment versus pain management were identified 
using the product’s national drug code (NDC).1 Excluded 
products included name brand and generic formulations of 
Belbuca®, Butrans ®, and Buprenex ®.

Methods are nearly identical to a previously published 
annual report.1 In brief, demographic variables such as age 
and sex were reported by year for individuals dispensed opi-
oids, stimulants, benzodiazepines, naloxone, and buprenor-
phine for OUD. User type (e.g., naive, non-naive, both) was 
reported for both opioid and stimulant patients. As described 
in Paiva et al (2023) and current state law,1,12 individuals dis-
pensed an opioid/stimulant prescription for the first time or 
with no opioid/stimulant prescription dispensation in the 
previous 30 days were classified as naive users. Individuals 
with opioid/stimulant prescription dispensations in the pre-
vious 30 days were classified as non-naive. Individuals who 
met both criteria, such as those who received a naive pre-
scription dispensation that year and subsequently received 
a prescription dispensation within 30 days, were classified 
as both. High-risk prescribing practices were defined in two 
ways: 1) patients who dispensed a total daily opioid dose of 
at least 90 morphine milligram equivalents (MME), and 2) 
patients who dispensed overlapping benzodiazepine and opi-
oid prescriptions for one or more days that year based on 
the prescriptions’ fill date and end date. Individuals with 
overlapping benzodiazepine and opioid prescription dispen-
sations over two years (e.g., December 2022 to January 2023) 
were counted once for each of those years. Ethnical approval 
was not applicable for this article. 

RESULTS

Opioid Prescriptions

Between 2022 and 2025, there were 1,551,454 opioid pre-
scriptions dispensed to RI residents from a retail pharmacy. 
Dispensations decreased 6% from 401,165 dispensations in 
2022 to 375,129 in 2025. Oxycodone prescriptions made up 
48% of all dispensations. Hydrocodone prescriptions made 
up 21% of dispensations in 2022 but decreased to 16% by 
2025. Codeine prescription counts and proportion of total 
dispensations nearly halved by 2025 [4% in 2022 to 2% in 
2025; Table 1]. 

During the study period, a total of 110,097 unique individ-
uals were dispensed an opioid prescription, which decreased 
5% from 106,112 in 2022 to 101,047 in 2025. Of the total 
opioid prescriptions dispensed, 57% were dispensed to 
females, and 43% were dispensed to males. The proportion 
of individuals aged 65 and older dispensed an opioid pre-
scription made up the highest proportion among the age 
categories and increased 14% from 36% in 2022 to 41% in 
2025 [Table 2]. Opioid-naïve individuals made up the highest 
proportion of individuals dispensed opioid prescriptions at 
63% per year, while opioid non-naïve individuals made up 
7%, and individuals who fit both opioid-naive and non-naive 
status made up 30% [Table 2]. Opioid non-naïve individuals 
showed similar demographic trends as overall opioid recipi-
ents, mostly female; however, a higher proportion of opioid 
non-naïve individuals were aged 55 or older compared to 
opioid-naive individuals (76% vs 48%). 

High-Risk Opioid Prescribing

In total, 6,206 individuals were dispensed an opioid prescrip-
tion with a daily MME of 90 or higher, which decreased 15% 
from 5,743 individuals in 2022 to 4,889 individuals in 2025. 
Of these individuals, about half were female (51%), and 76% 
were aged 55 or older [Table 2]. There were 51,436 total indi-
viduals that were dispensed an overlapping benzodiazepine 
and opioid prescription during the study timeframe, a num-
ber which stayed consistent year by year. Females made up 
63% of these individuals, and 77% of individuals were aged 
55 and older [Table 2]. 

Buprenorphine

From 2022 to 2025, there were 302,421 buprenorphine pre-
scriptions dispensed for OUD to 10,534 unique individu-
als. The number of buprenorphine prescriptions dispensed 
for OUD decreased 11% from 81,065 prescriptions in 2022 
to 72,025 prescriptions in 2025. Likewise, the number of 
unique individuals dispensing these prescriptions decreased 
8% from 7,359 in 2022 to 6,756 in 2025 [Table 1, Table 3]. 
Film formulations made up 67%, tablets made up 31%, 
and injection formulations made up 2% of all buprenor-
phine prescriptions dispensed in retail pharmacies for OUD. 
Buprenorphine and naloxone combination products made up 
88% of all buprenorphine products dispensed for OUD, and 
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2022 

N (%)

2023

N (%)

2024

N (%)

2025

N (%)

Total 

N (%)

Opioids 401,165 393,073 382,087 375,129 1,551,454 (100)

Oxycodone 18,3160 (46) 190061 (48) 187588 (49) 185887 (50) 746,696 (48)

Hydrocodone 84,702 (21) 69412 (18) 64008 (17) 59311 (16) 277,433 (18)

Tramadol 62,890 (16) 61126 (16) 62035 (16) 59247 (16) 245,298 (16)

Morphine 30,693 (8) 32236 (8) 32749 (9) 31252 (8) 126,930 (8)

Codeine 14,541 (4) 12936 (3) 7659 (2) 7683 (2) 42,819 (3)

Hydromorphone 7,544 (2) 9214 (2) 8131 (2) 10153 (2) 35,042 (2)

Buprenorphine* 5,864 (2) 7332 (2) 10237 (3) 12373 (3) 35,806 (2)

Fentanyl 5,460 (1) 4616 (1) 4299 (1) 4199 (1) 18,574 (1)

Methadone* 4,484 (1) 4558 (1) 3930 (1) 3923 (1) 16,895 (1)

Tapentadol 1,033 (<1) 924 (<1) 828 (<1) 644 (<1) 3,429 (<1)

Opium 304 (<1) 226 (<1) 209 (<1) 161 (<1) 900 (<1)

Oxymorphone 279 (<1) 228 (<1) 184 (<1) 99 (<1) 790 (<1)

Butorphanol 138 (<1) 145 (<1) 169 (<1) 158 (<1) 610 (<1)

Buprenorphine 81,065 75,621 73,530 72,025 302,241 (100)

Bup. & Nalox. 72,926 (90) 66,845 (88) 63,706 (87) 61,722 (86) 265,199 (88)

Bup. 8,139 (10) 8,776 (12) 9,824 (13) 10,303 (14) 37,042 (12)

Stimulants 474,342 466,837 508,389 548,445 1,998,013 (100)

Amphetamine 292,119 (62) 253,373 (54) 292,472 (58) 312,341 (57) 1,150,305 (58)

Methylphenidate 77,628 (16) 82,919 (18) 87,483 (17) 91,592 (17) 339,622 (17)

Lisdexamfetamine 40,835 (9) 55,506 (12) 50,645 (10) 65,877 (12) 212,863 (11)

Phentermine 26,038 (6) 31,530 (7) 37,605 (7) 37,745 (7) 132,918 (7)

Dexmethylphenidate 17,931 (4) 23,307 (5) 20,292 (4) 21,620 (4) 83,150 (4)

Dextroamphetamine 7,537 (2) 8,277 (2) 8,315 (2) 8,016 (2) 32,145 (2)

Phendimetrazine 4,865 (1) 4,229 (1) 3,308 (1) 2,677 (1) 15,079 (1)

Modafinil 4,826 (<1) 5,157 (1) 5,600 (1) 5,872 (1) 21,455 (1)

Armodafinil 2,091 (<1) 2,072 (<1) 2,124 (<1) 0 (0) 6,287 (<1)

Solriamfetol 303 (<1) 333 (<1) 429 (<1) 410 (<1) 1,475 (<1)

Benzodiazepines 472,624 46,0257 449,072 445,128 1,827,081 (100)

Lorazepam 142,178 (30) 140,540 (31) 137,071 (31) 139,693 (31) 559,482 (31)

Clonazepam 145,383 (31) 141,094 (31) 137,464 (31) 134,052 (30) 566,993 (31)

Alprazolam 127,613 (27) 122,784 (27) 120,875 (27) 116,572 (26) 487,844 (27)

Diazepam 37,733 (8) 36,651 (8) 35,246 (8) 34,978 (8) 144,608 (8)

Temazepam 11,563 (3) 10,751 (2) 10,066 (2) 10,091 (2) 42,471 (2)

Triazolam 2,611 (1) 2,580 (1) 2,353 (1) 2,206 (1) 9,750 (1)

Clobazam 2,501 (1) 2,919 (1) 3,249 (1) 3,764 (1) 12,433 (1)

Clorazepate 1,203 (<1) 1,033 (<1) 834 (<1) 754 (<1) 3,824 (<1)

Chlordiazepoxide 781 (<1) 811 (<1) 741 (<1) 683 (<1) 3,006 (<1)

Midazolam 619 (<1) 727 (<1) 832 (<1) 2,048 (1) 4,226 (<1)

Oxazepam 329 (<1) 317 (<1) 271 (<1) 2,048 (1) 2,965 (<1)

Naloxone 14,501 18,115 15,794 10,470 58,880

Table 1. Counts of Dispensed Opioid, Buprenorphine, Stimulant, and Benzodiazepine prescriptions to Rhode Island residents, stratified by product 

type, 2022–2025.a

a Note: Products may not add to yearly total as products with totals < 400 are excluded from tables for brevity. Among the excluded are fenfluramine, methamphetamine, 

benzphetamine, clinidium & combination, estazolam, flurazepam, levorphanol, dihydrocodeine, meperidine, diethylpropion, and pentazocine.

*Only includes products formulated for pain.
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2022 

N (%)

2023

N (%)

2024

N (%)

2025

N (%)

Total  

N (%)

Dispensed an opioid 106,112 104,935 102,121 101,047 110,097

Sex

Female 61,269 (58) 60,752 (58) 59,205 (58) 58,639 (58) 63,245 (57)

Male 44,836 (42) 44,179 (42) 42,907 (42) 42,404 (42) 46,839 (43)

Unknown 7 (<1) <5 9 (<1) <5 13 (<1)

Median Age, Years [IQR] 58 [42,70] 59 [43,70] 60 [44,71] 60 [44,71] 57 [41,69]

Age Category

<18 2,104 (2) 1,872 (2) 1,657 (2) 1,654 (2) 2,307 (2)

18–24 4,886 (5) 4,465 (4) 4,197 (4) 4,154 (4) 5,449 (5)

25–34 10,207 (10) 9,737 (9) 9,092 (9) 8,790 (9) 11,146 (10)

35–44 12,405 (12) 12,240 (12) 11,773 (12) 11,673 (12) 13,033 (12)

45–54 15,095 (14) 14,666 (14) 13,658 (13) 13,048 (13) 16,717 (15)

55–64 22,902 (22) 22,074 (21) 21,102 (21) 20,525 (20) 24,029 (22)

65+ 38,513 (36) 39,881 (38) 40,642 (40) 41,203 (41) 37,416 (34)

User Type

Naïve 65,655 (62) 65,148 (62) 62,980 (62) 62,345 (62) 179,409 (63)

Non–naïve 12,900 (12) 11,935 (11) 11,467 (11) 11,225 (11) 20,567 (7)

Both 27,557 (26) 27,852 (27) 27,666 (27) 27,477 (27) 86,217 (30)

High–Risk Opioid Prescribing

Dispensed a daily MME≥90 5,743 5,435 5,245 4,889 6,206

Sex

Female 2,984 (52) 2,844 (52) 2,703 (52) 2,527 (52) 3,158 (51)

Male 2,759 (48) 2,590 (48) 2,542 (49) 2,362 (48) 3,046 (49)

Unknown 0 <5 0 0 <5

Median Age, Years [IQR] 65 [56,76] 66 [57,76] 67 [57,77] 67 [58,77] 64 [55,74]

Age Category

<18 8 (<1) 11 (<1) 10 (<1) 9 (<1) 13 (<1)

18–24 25 (<1) 27 (<1) 30 (<1) 35 (<1) 37 (1)

25–34 135 (2) 111 (2) 111 (2) 97 (2) 166 (3)

35–44 327 (6) 279 (5) 287 (6) 245 (5) 401 (6)

45–54 714 (12) 659 (12) 596 (11) 524 (11) 899 (14)

55–64 1,488 (26) 1,335 (25) 1,251 (24) 1,159 (24) 1,745 (28)

65+ 3,046 (53) 3,013 (55) 2,960 (56) 2,820 (58) 2,945 (48)

Dispensed an overlapping 

benzodiazepine and opioid

13,918 13,618 13,631 13,548 51,436

Sex

Female 8,908 (64) 8,558 (63) 8,672 (64) 8,581 (63) 32,432 (63)

Male 5,010 (36) 5,048 (37) 4,945 (36) 4,962 (37) 18,974 (37)

Unknown 0 23 (<1) 14 (<1) 5 (<1) 30 (<1)

Median Age, Years [IQR] 67 [55,80] 68 [55,80] 68 [55,81] 69 [56,91] 69 [56,81]

Age Category

<18 143 (1) 136 (1) 150 (1) 144 (1) 563 (1)

18–24 151 (1) 184 (1) 169 (1) 161 (1) 656 (1)

25–34 522 (4) 484 (4) 479 (4) 445 (3) 1,813 (3)

35–44 1,048 (8) 959 (7) 990 (7) 915 (7) 3,630 (7)

45–54 1,565 (11) 1,523 (11) 1,400 (10) 1,366 (10) 5,327 (10)

55–64 2,742 (20) 2,532 (19) 2,432 (18) 2,453 (18) 9,253 (18)

65+ 7,747 (56) 7,800 (57) 8,011 (59) 8,064 (60) 30,194 (59)

Table 2. Number of Unique Rhode Island Residents Dispensed an Opioid Analgesic Prescription, 2022–2025.
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2022 

N (%)

2023

N (%)

2024

N (%)

2025

N (%)

Total 

N (%)

Dispensed Buprenorphine 7,359 7,347 7,035 6,756 10,534

Sex

Female 2,816 (38) 2,796 (38) 2,716 (39) 2,575 (38) 4,027 (38)

Male 4,543 (62) 4,551 (62) 4,319 (61) 4,181 (62) 6,507 (62)

Median Age, Years [IQR] 45 [37,55] 46 [38,56] 47 [39,58] 48 [40,58] 44 [36,56]

Age Category

<18 5 (<1) <5 <5 <5 11 (<1)

18–24 111 (2) 108 (2) 75 (1) 60 (1) 243 (2)

25–34 1,194 (16) 1,034 (14) 873 (12) 692 (10) 1,843 (17)

35–44 2,267 (31) 2,253 (31) 2,090 (30) 1,944 (29) 3,181 (30)

45–54 1,777 (24) 1,797 (25) 1,744 (25) 1,735 (26) 2,353 (22)

55–64 1,429 (19) 1,468 (20) 1,476 (21) 1,476 (22) 1,979 (19)

65+ 576 (8) 693 (9) 773 (11) 848 (13) 924 (9)

Dispensed Stimulants 56,429 60,193 63,928 67,402 102,395

Sex

Female 32,442 (58) 35,231 (59) 37,952 (59) 40,120 (60) 61,400 (60)

Male 23,985 (43) 24,956 (42) 25,970 (41) 27,273 (41) 40,983 (40)

Unknown <5 6 (<1) 6 (<1) 9 (<1) 12 (<1)

Median Age, Years [IQR] 33 [20,46] 34 [21,47] 35 [22,47] 35 [22,47] 34 [21,47]

Age Category

<18 11,924 (21) 12,073 (20) 12,028 (19) 12,329 (18) 19,912 (19)

18–24 6,473 (12) 6,442 (11) 6,527 (10) 6,890 (10) 11,635 (11)

25–34 11,507 (20) 12,195 (20) 12,904 (20) 13,341 (20) 21,217 (21)

35–44 10,876 (19) 12,217 (20) 13,606 (21) 14,813 (22) 20,469 (20)

45–54 7,670 (14) 8,466 (14) 9,086 (14) 9,522 (14) 13,974 (14)

55–64 5,375 (10) 5,848 (10) 6,363 (10) 6,731 (10) 9903 (10)

65+ 2,604 (5) 2,952 (5) 3,414 (5) 3,776 (6) 5,285 (5)

User Type

Naïve 8,199 (15) 9,514 (16) 10,103 (16) 9,945 (15) 37,761 (15)

Non–naïve 21,523 (38) 19,463 (32) 21,779 (34) 24,724 (37) 87,489 (35)

Both 26,707 (47) 31,216 (52) 32,049 (50) 32,733 (49) 122,705 (49)

Dispensed Benzodiazepines 94,313 93,011 91,464 91,219 180,434

Sex

Female 63,318 (67) 62,293 (67) 61,206 (67) 60,955 (67) 117,936 (65)

Male 30,993 (33) 30,705 (33) 30,235 (33) 30,256 (33) 62,462 (35)

Unknown <5 13 (<1) 23 (<1) 8 (<1) 36 (<1)

Median Age, Years [IQR] 58 [43,69] 58 [43,70] 59 [43,70] 59 [43,71] 57 [40,70]

Age Category

<18 1,798 (2) 1,807 (2) 1,888 (2) 2,061 (2) 5,234 (3)

18–24 2,836 (3) 2,667 (3) 2,521 (3) 2,689 (3) 7,495 (4)

25–34 8,662 (9) 8,237 (9) 7,845 (9) 7,640 (8) 18,661 (10)

35–44 12,609 (13) 12,393 (13) 12,155 (12) 12,193 (13) 24,101 (13)

45–54 14,981 (16) 14,397 (16) 13,719 (15) 13,413 (15) 26,065 (14)

55–64 20,338 (22) 19,579 (21) 18,871 (21) 18,570 (20) 34,559 (19)

65+ 33,089 (35) 33,931 (37) 34,465 (38) 34,653 (38) 64,319 (37)

Dispensed Naloxone 12,564 15,576 13,619 9,067 43,768

Sex

Female 6,970 (56) 8,916 (57) 7,658 (56) 4,766 (53) 24,416 (56)

Male 5,593 (45) 6,658 (43) 5,961 (44) 4,300 (47) 19,349 (44)

Unknown <5 <5 0 (0) <5 <5

Median Age, Years [IQR] 52 [37,62] 54 [40,65] 55 [40,66] 51 [38,62] 53 [38,64]

Age Category

<18 410 (3) 434 (3) 402 (3) 345 (4) 1,515 (3)

18–24 577 (5) 588 (4) 467 (3) 382 (4) 1,861 (4)

25–34 1,624 (13) 1,689 (11) 1,365 (10) 1,057 (12) 5,068 (12)

35–44 2,136 (17) 2,405 (15) 2,077 (15) 1,706 (19) 6,912 (16)

45–54 2,333 (19) 2,716 (17) 2,283 (17) 1,674 (19) 7,452 (17)

55–64 2,989 (24) 3,631 (23) 3,253 (24) 2,201 (24) 10,208 (23)

65+ 2,495 (20) 4,113 (26) 3,772 (28) 1,702 (19) 10,752 (25)

Table 3. Unique Rhode Island Residents Dispensed at least one Stimulant, Benzodiazepine, Naloxone, or Buprenorphine Prescription for Opioid Use 

Disorder Treatment, 2022–2025. 
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buprenorphine products without naloxone made up 12% 
[Table 1]. Of individuals dispensed buprenorphine prescrip-
tions for OUD, 62% were male, and 52% were between the 
ages 35 and 54 [Table 3]. 

Stimulant

A total of 1,999,013 stimulant prescriptions were dispensed 
to 102,395 unique individuals from 2022 to 2025. The num-
ber of stimulant prescriptions dispensed increased 16% from 
474,342 in 2022 and 548,445 in 2025 [Table 1]. The num-
ber of individuals dispensed stimulant prescriptions also 
increased 19% from 56,429 in 2022 to 67,402 in 2025 [Table 
3]. Amphetamine combination drugs made up 58% of all 
stimulants dispensed in this period, while methylphenidate 
made up 17% (Table 1]. Females made up 60% of unique 
individuals dispensed a stimulant prescription, individuals 
aged younger than 18 years accounted for 19%, and individ-
uals aged 25 to 44 years made up 41% [Table 3]. 

There were 37,761 stimulant naïve, 87,489 stimulant 
non-naive, and 122,705 ‘combination’ individuals who fit 
both naive and non-naive status dispensed a stimulant pre-
scription between 2022 and 2025. Of those dispensed a naïve 
stimulant prescription, 62% were females and 55% of indi-
viduals were aged 34 and younger [Table 3]. Of non-naive 
stimulant users, the median age was slightly higher than 
that of naive users (37 years vs 32 years).

Benzodiazepines

There were 1,827,081 total benzodiazepine prescriptions 
dispensed to 180,434 unique individuals between 2022 and 
2025. The number of benzodiazepine prescriptions dispensed 
increased 6% from 472,624 in 2022 to 445,128 in 2025. Lora-
zepam and clonazepam each made up 31% of all benzodiaze-
pines dispensed, and alprazolam made up 27% [Table 1]. The 
number of individuals dispensed benzodiazepines decreased 
3% from 94,313 in 2022 to 91,219 in 2025. Females made 
up 65%, and individuals aged 55+ made up 56% of those 
dispensed benzodiazepines [Table 3].

Naloxone

A total of 58,880 naloxone prescriptions were dispensed 
to 43,768 unique individuals between 2022 and 2025. The 
number of naloxone prescriptions dispensed decreased 28% 
from 14,501 in 2022 to 10,470 in 2025 [Table 1]. The number 
of unique individuals dispensed a naloxone prescription also 
decreased 28% from 12,564 in 2022 to 9,067 in 2025 [Table 
3[. Females made up 56%, and individuals aged 45 and older 
made up 65% of those dispensed naloxone [Table 3]. 

DISCUSSION

While many regulatory changes have been made to decrease 
barriers to access of non-illicit controlled substance, such 
as less rigid opioid prescribing guidelines, OTC naloxone, 

telehealth prescribing, and elimination of buprenorphine 
prescribing waivers, the number of opioid, benzodiaze-
pine, buprenorphine for OUD, and naloxone prescriptions 
dispensed and individuals receiving those prescriptions 
declined from 2022 to 2025. Additionally, despite the short-
age, stimulant prescription dispensations, and the number 
of individuals receiving them, have been steadily increasing 
at least since 2017.1

At the start of the overdose epidemic, most overdose fatal-
ities involved prescription opioids. As such, when the opi-
oid epidemic was first declared an official nationwide public 
health emergency, guidelines were put into place to reduce 
opioid prescribing to avoid irresponsible prescribing prac-
tices and unnecessary exposures to these highly addictive 
medications. These rigid guidelines and implementation of 
the RI PDMP likely attributed to the initial decline of opioid 
dispensations from 2017 to 2021.1 Worries about these ear-
lier guidelines causing legacy patients—individuals in long-
term opioid therapy initiated under permissive prescribing 
practices at the start of the epidemic—to lose access to 
opioid medications, putting them at an unnecessary risk of 
physical danger and possible illicit use, began circulating.13,14 

The CDC’s 2022 updated, and less-rigid, opioid prescribing 
guidelines advised prescribers to consider prescribing other 
pain-relief medications such as NSAIDs, when possible, to 
patients with acute pain, but to prescribe opioids to patients 
if the benefits outweigh potential risks.6 While the CDC’s 
recommendations have become more flexible, RI state reg-
ulations have not changed, and prescribers are required to 
follow 2016 guidelines. The continued decline in opioid 
prescribing is possibly due to adherence to early prescribing 
guidelines. However, RI has introduced legislation in 2026 
to adopt the CDC’s 2022 guidelines, which may result in 
future stabilization of opioid prescription dispensations in 
the state. 

While non-naïve opioid patients in RI are decreasing, they 
are decreasing by no more than 7% per year and, in recent 
years, are decreasing at about 2–3% each year. This may be 
a result of fewer individuals initiating opioids for the first 
time. In addition to this, compared to RI data from 2017–
2021, oxycodone use has nearly doubled while hydrocodone  
use has halved.1 Studies have found that among naïve 
patients, while oxycodone use is associated with an in- 
creased risk of overdose, hydrocodone use is associated with 
an increased risk of developing chronic use.15 While it is 
important to limit initiation of opioid medication to naïve 
individuals to avoid developing chronic use, it is equally 
important to consider patients on an individual basis and 
provide them with necessary care. This includes providing 
care to legacy patients and ensuring they have access to  
necessary medication.

The decrease in high MME opioid prescriptions is likely 
due to RI providers’ adherence to previous CDC prescribing 
guidelines. Unlike the original opioid prescribing guidelines, 
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the 2022 guidelines do not set rigid MME restrictions. Older 
adults (65+ years) consistently make up more than half of 
the individuals dispensed overlapping opioid and benzodiaz-
epine prescriptions. This population is especially susceptible 
to falls and altered mental state when on these medica-
tions.16,17 As of 2018, it is required in RI that naloxone be 
co-prescribed with high-risk opioid prescriptions.1 With the 
number of high-risk opioid prescriptions declining, nalox-
one prescriptions are also declining. This decline may also 
be attributed to the availability of over-the-counter options 
as of 2023, saturation of no-cost naloxone in the community 
due to increased community distribution, and the decrease 
in opioid overdoses resulting in the lack of urgency to carry 
naloxone.9 Efforts should continue to communicate the 
importance of having naloxone even if an individual does 
not knowingly use opioids, as overdoses caused by drugs con-
taminated with opioids can still be reversed with naloxone. 

Despite the elimination of various barriers, buprenor-
phine dispensations decreased slightly over the study time-
frame. However, this number has only decreased by about 
4% since 2017.1 Long-acting injectable buprenorphine med-
ications, such as Sublocade® and Brixadi®, are becoming 
increasingly more popular due to convenience and lower 
chances of diversion and are only administered in-office 
by clinicians.18,19 On rare occasions, injectable buprenor-
phine is dispensed in retail pharmacies if a clinician lacks 
the product on-hand and instructs the patient to fill their 
prescription at a retail pharmacy and bring it to the office 
for administration. Though there are some injectable for-
mulations recorded in the PDMP, we are unable to account 
for injectable buprenorphine formulations prescribed and 
dispensed in OTPs, which may have led to the number of 
buprenorphine prescriptions to be underestimated. It may 
also be that decreased buprenorphine dispensing is linked to 
a decrease in opioid usage or saturation of treatment among 
the RI population. 

Previous studies show that stimulant prescribing has 
increased in RI since 2018 and continues to increase through 
2025, much of which is dispensed to young children and 
adults aged 25–44.20 Prior to 2020, the proportion of minors 
dispensed a stimulant prescription far outweighed the pro-
portion of adults. However, since the COVID-19 pandemic, 
prescribing to adults and prescribing to stimulant naïve 
patients has increased, possibly due to an increase in atten-
tion-deficit/hyperactivity disorder (ADHD) diagnosed later 
in life, and popularization of stimulant prescriptions to 
facilitate weight loss.21 Similar trends are evident in nation-
wide data.22 Providers should continue to educate stimu-
lant patients on the potential hypertensive and cardiac side 
effects of stimulant drugs, the risk of stimulant-use disorder, 
and symptoms of overamping. Future work should investi-
gate the incidence of emergency room visits with stimulant 
overamping symptoms in response to the surge of stimulant 
prescribing.

Using RI PDMP data for this study is a great strength, as 
it is a comprehensive system that automatically registers 
prescribers and requires them to provide complete data on 
all controlled substances and opioid antagonists dispensed 
through retail pharmacies. This project is, however, subject 
to several limitations. First, the RI PDMP has limited demo-
graphic data for patients captured in its records and does not 
include race or ethnicity data. Second, the RI PDMP does not 
capture data on prescriptions prescribed and not dispensed. 
If a patient does not fill their prescription, the database does 
not record it. In addition to this, products not dispensed at a 
retail pharmacy, such as medication sold OTC, administered 
in OTPs, administered in the Department of Corrections, or 
administered in an emergency department or hospital are 
not captured. 

While the decrease in opioid prescription dispensations 
is promising and could represent the many efforts taken to 
reduce opioid related injury, other substances such as stimu-
lant dispensations are on the rise. Surveillance and efforts to 
investigate changes in the prescription landscape as it relates 
to the overdose epidemic should continue in efforts to fur-
ther reduce the number of unintentional fatal overdoses  
each year. 
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INTRODUCTION 

In Rhode Island (RI), fatal overdose is a leading cause of 
preventable death and has been a priority area for public 
health initiatives for the state.1 In 2022, RI experienced the 
highest number of overdose deaths ever recorded, with 436 
individuals lost to accidental drug overdose in a single year.2 
Encouragingly, in 2023 and 2024 overdose fatalities sharply 
declined in RI, following regional and national trends.3 To 
inform new and ongoing public health initiatives to prevent 
or reduce substance use and related harms, this analysis 
aims to describe the current state of the overdose epidemic 
in RI and how overdose trends have changed over time.

METHODS

We obtained data from the Office of State Medical Exam-
iners (OSME) for accidental fatal overdoses that occurred 
in RI from January 1, 2023 to December 31, 2025. Manner 
of death (accident vs. suicide) and substances contributing 
to death are determined by the medical examiners based 
on their clinical judgement and consideration of autopsy 
results, toxicology testing, scene investigation, and med-
ical history. Demographic categories were combined to 
comply with the RI Department of Health (RIDOH) Small 
Numbers Policy. Decedent age was categorized as Less than 
25, 25–34, 35–44, 45–54, 55–64, and 65+. Decedents were 
grouped by ethnicity and race, with all Hispanic individuals 
captured as Hispanic or Latino and non-Hispanic individu-
als captured as Non-Hispanic Black, Non-Hispanic White, or 
Non-Hispanic, other race/unknown. Individuals who were 
non-Hispanic American Indian or Alaska native, Asian, or 
unknown race were classified as other race/unknown. Due 
to small numbers, rates were restricted to RI residents who 
were non-Hispanic Black, non-Hispanic White, or Hispanic 
or Latino. Population estimates were obtained from CDC 
WONDER by year, with 2024 estimates used to calculate 
2025 rates.4 

Overdoses were classified by drug type, including involv-
ing illicit drugs alone, prescription drugs alone, a combina-
tion of illicit and prescription drugs, or having unknown or 
missing drug type. More than one substance can contribute 
to cause of death, so substance categories are not mutually 
exclusive. Overdoses involving ‘Any Opioid’ is inclusive of 
overdoses caused by fentanyl, buprenorphine, methadone, 

and other opioids, while overdoses categorized as involving 
‘Any Stimulant’ is inclusive of overdoses involving cocaine, 
MDMA, and amphetamines. In addition to showing trends 
by year, substances contributing to cause of death were ana-
lyzed by age and race and ethnicity groups to help inform 
tailored prevention initiatives. 

Overdose location captures where the overdose took place, 
and not necessarily where the death occurred. Location was 
categorized as Private, Semi-Private, Public, and Unknown/
Missing. 

To assess statistical significance, we utilized chi square 
and Fishers exact tests. P-values <0.05 were considered  
statistically significant. Analyses were performed in SAS 
[Version 9.4]. 

RESULTS

From 2023 to 2025, a total of 952 fatal overdoses occurred in 
RI [Table 1]. In 2025, there were 219 individuals who expe-
rienced a fatal overdose, which is a 33.4% decrease com-
pared to 2024 (n=329), and 46% decrease compared to 2023 
(n=404). 

Similar to previous years, in 2025 most overdoses occurred 
among males (70%), non-Hispanic White individuals (72%), 
and people ages 35 to 64 (74%; Table 1). Compared to 2023, 
in 2024 the number of fatal overdoses declined across every 
age group except individuals aged 55–64, which saw a 15% 
increase. From 2024 to 2025, fatal overdoses declined or 
stayed the same across all age groups. While the rate of 
fatal overdoses declined among all race and ethnicity groups 
from 2023 to 2025, in 2025 the rate of overdose was highest 
among non-Hispanic Black residents (31.6 per 100,000) com-
pared to non-Hispanic White (16.5 per 100,000) and Hispanic 
or Latino (13.4 per 100,000) residents [Figure 1].

Overall, 87% of overdoses involved illicit drugs, either 
alone or in combination with prescription drugs [Table 2]. 
While the number of overdoses involving illicit drugs alone 
or a combination of illicit and prescription drugs decreased 
54% and 46% respectively from 2023 to 2025, fatal over-
doses involving prescription drugs alone increased 24%. In 
2025, opioids (73%) and stimulants (65%) were the leading 
substances contributing to death, with fentanyl contributing 
to 57% and cocaine contributing to 56%. When stratified 
by age, 100% of overdoses among individuals 25–34 years 
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Overdose 

Circumstances 

Overall

N=952

n (%)

2023

N=404 

n (%)

2024

N=329

n (%)

2025

N=219 

n (%)

p-value1

Drug Type

Illicit Only 540 (57) 257 (64) 165 (51) 118 (54) <0.0001±

Prescription 

Only

123 (13) 33 (8) 49 (15) 41 (19)

Combination 284 (30) 112 (28) 112 (34) 60 (27)

Unknown/

Missing

5 (<1) <5 <5 0

Substances Contributing to Death

Any Opioid 732 (77) 345 (85) 228 (69) 159 (73) <0.0001

  Fentanyl 627 (66) 314 (78) 189 (57) 124 (57) <0.0001

  Methadone 111 (12) 37 (9) 39 (12) 35 (16) 0.0400

  Buprenorphine 33 (3) 10 (2) 10 (3) 13 (6) 0.0687

Any Stimulant 612 (64) 252 (62) 217 (66) 143 (65) 0.5656

  Cocaine 556 (58) 234 (58) 199 (61) 123 (56) 0.5833

  Amphetamines 112 (12) 47 (12) 39 (12) 26 (12) 0.9942

Alcohol 214 (22) 77 (19) 89 (27) 48 (22) 0.0351

Antidepressants 141 (15) 49 (12) 56 (17) 36 (16) 0.1328

Benzodiazepines 129 (14) 49 (12) 48 (15) 32 (15) 0.5458

Antipsychotics 51 (5) 15 (4) 25 (8) 11 (5) 0.0651

Over the 

Counter 

39 (4) 13 (3) 17 (5) 9 (4) 0.4160

Kratom 6 (<1) <5 <5 <5 0.2305

Overdose Location2

Private 656 (69) 284 (70) 227 (69) 145 (66) 0.0190

Semi-Private 52 (5) 23 (6) 15 (5) 14 (6)

Public 106 (11) 30 (7) 40 (12) 36 (16)

Unknown/

Missing

138 (15) 67 (17) 47 (14) 24 (11)

Source: Office of State Medical Examiners. 1Chi-square test. 2Private included apart-

ment or residence, semi-public included hotel, motel, shelter, nursing home, hospi-

tal, prison, group home, assisted living, or treatment facility, while public included 

theater, concert, show, office, park, school, bar/restaurant, roadway, or cemetery.  

±Fishers exact test. Counts less than five are suppressed to comply with the Rhode 

Island Small Numbers Policy.

Decedent 

Demographic

Overall

N=952

n (%)

2023

N=404

n (%)

2024

N=329 

n (%)

2025

N=219

n (%)

p-value1

Sex

Male 670 (70) 280 (69) 231 (70) 159 (73) 0.6885

Female 282 (30) 124 (31) 98 (30) 60 (27)

Age Category

Less than 25 30 (3) 16 (4) 7 (2) 7 (3) 0.3555

25–34 143 (15) 68 (17) 45 (14) 30 (14)

35–44 246 (26) 113 (28) 79 (24) 54 (25)

45–54 231 (24) 96 (24) 82 (25) 53 (24)

55–64 227 (24) 78 (19) 90 (27) 59 (27)

65+ 75 (8) 33 (8) 26 (8) 16 (7)

Race/Ethnicity

Non-Hispanic, 

Black

94 (10) 36 (9) 33 (10) 25 (11) 0.3249

Hispanic or 

Latino

151 (16) 66 (16) 53 (16) 32 (15)

Non-Hispanic, 

White

690 (72) 297 (74) 239 (73) 154 (70)

Non-Hispanic, 

Other/

Unknown Race

17 (2) 5 (1) <5 8 (4)

Figure 1. Rate of accidental overdose deaths among Rhode Island residents, stratified by 

decedent race and ethnicity: January 1, 2023 – December 31, 2025. 

 

Source: Office of State Medical Examiners. Note: Population denominator based on CDC 

WONDER single-race population estimates for each year accessed May 28, 2026; 2024 estimate 

applied for 2025 rates. 
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Table 1. Demographic characteristics of individuals who died of an acci-

dental overdose in Rhode Island: January 1, 2023–December 31, 2025

Source: Office of State Medical Examiners. Note: Population denominator based on 

CDC WONDER single-race population estimates for each year accessed May 28, 

2026; 2024 estimate applied for 2025 rates.

Figure 1. Rate of accidental overdose deaths among Rhode Island  

residents, stratified by decedent race and ethnicity: January 1, 2023– 

December 31, 2025

Table 2. Substances that contributed to cause of death for individuals 

who died of an accidental overdose in Rhode Island: January 1, 2023–

December 31, 2025

old were opioid-involved, which gradually decreased as age 
groups increased, from 81% opioid-involved among individ-
uals 35–44, 74% among individuals 45–54, to 56% among 
individuals 55–64 (data not shown). When stratified by race/
ethnicity, 91% of Hispanic or Latino deaths involved opi-
oids, compared to 60% and 70% of non-Hispanic Black and 
non-Hispanic White individuals respectively. Of note, 88% 

of deaths among non-Hispanic Black individuals involved 
stimulants, compared to 59% among Hispanic or Latino 
individuals, and 64% among non-Hispanic White individuals  
[Figure 2].

Overall, most overdoses took place in a private setting 
(69%), followed by public (11%) and semi-private (5%)  
locations [Table 2]. 
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DISCUSSION

From 2023 to 2025, accidental overdose deaths in RI declined 
by 46%. Encouragingly, these declines were observed among 
all population groups. The declines observed in RI align with 
neighboring states who reported similar decreases in over-
dose deaths during this period, including Massachusetts, 
Maine, Connecticut, and Vermont.5-8

In response to the rising overdose deaths in RI and the 
highest number of overdose deaths ever recorded in 2022, 
the State of Rhode Island set a goal to reduce overdose 
deaths by 30% from 2022 to 2030 as a part of the RI 2030 
Action Plan.9 In 2025, RI experienced its third consecutive 
decrease in annual overdose deaths since its peak in 2022, 
with a 50% decrease in overdose deaths from 2022 to 2025, 
surpassing the State’s goal to reduce fatal overdoses by 30% 
by 2030. This is the lowest number of fatal overdoses that 
the state has experienced since 2012, when 183 individuals 
experienced an accidental overdose death.

Though there was an observed decrease in both the counts 
and proportion of overdoses caused by opioids, stimulants, 
fentanyl, and cocaine between 2023 and 2025, these sub-
stances remain a main concern and the driver of most fatal 
overdoses in the state. Of note, while declines were seen 
across most substances of concern and drug types, the pro-
portion and number of deaths involving prescription only 
drugs increased from 2023 to 2025. Additional surveil-
lance work should be performed to inform future preven-
tion efforts focused on reducing prescription involved fatal 
overdoses. 

In April 2026, the RI Kratom Act was passed, which 
allowed for the manufacture and sale of kratom products to 
individuals age 21 and older.10 Kratom is a product that can 
be ingested or injected to produce stimulant- or opioid-like 
effects.11 Kratom, as well as its alkaloids, mitragynine and 

Figure 2. Substances contributing to accidental overdose deaths in Rhode Island, stratified by 

decedent race and ethnicity: January 1, 2025 – December 31, 2025. 

 

Source: Office of State Medical Examiners. Note: Substance categories are not mutually 

exclusive; more than one substance can contribute to cause of death. 
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Figure 2. Substances contributing to accidental overdose deaths in 

Rhode Island, stratified by decedent race and ethnicity: January 1, 

2025–December 31, 2025

7-hydroxymitragynine (also known as 7-OH), do not have 
any approved therapeutic use by the Federal Drug Admin-
istration (FDA). Kratom products themselves pose health 
risks, including the potential for withdrawal, dependence, 
and death. Currently, the RI State Health Laboratories (SHL) 
only test for kratom and mitragynine, but do not test for the 
more potent 7-OH, which means that the potential impact 
of kratom on fatal overdose is likely underestimated. To 
determine the impact of legalization on overdose deaths, the 
health department will continue to monitor this substance 
over time, and the RISHL will be adding 7-OH testing in 2026.

While it is not possible to attribute the decline in overdose 
deaths to a single contributing factor, it is likely due to sev-
eral initiatives undertaken by RI’s community-based orga-
nizations and their dedicated staff with lived experience, 
healthcare professionals, municipalities, and government 
organizations to meet individuals where they are and pro-
vide free treatment/recovery options, naloxone, education, 
and basic needs services to individuals at risk of an overdose.
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(a) Cause of death statistics were derived from the underlying cause of death reported by physicians on death certificates.

(b) Rates per 100,000 estimated population of 1,097,379 for 2020 (www.census.gov)    

(c) Years of Potential Life Lost (YPLL).

NOTE: Totals represent vital events, which occurred in Rhode Island for the reporting periods listed above.  

Monthly provisional totals should be analyzed with caution because the numbers may be small and subject to seasonal variation.

Rhode Island Monthly Vital Statistics Report 

Provisional Occurrence Data from the Division of Vital Records

PUBLIC HEALTHVITAL STATISTICS 

JEROME M. LARKIN, MD  

DIRECTOR, RHODE ISLAND DEPARTMENT OF HEALTH 

COMPILED BY ZUHEIL AMORESE, DEPUTY STATE REGISTRAR

REPORTING PERIOD

VITAL EVENTS

SEPTEMBER 2024 12 MONTHS ENDING WITH SEPTEMBER 2024

Number Number Rates

Live Births 873 10,814 10.2*

Deaths 984 10,655 10.1*

 Infant Deaths 1 44 4.1#

 Neonatal Deaths 0 30 2.8#

Marriages 378 6,699 6.3*

Divorces 237 2,533 2.4*

* Rates per 1,000 estimated population

# Rates per 1,000 live births

REPORTING PERIOD

Underlying Cause of Death Category

MARCH 2024 12 MONTHS ENDING WITH MARCH 2024

Number (a) Number (a) Rates (b) YPLL (c)

Diseases of the Heart 203 2,337 213.0 2,630.0

Malignant Neoplasms 185 2,182 198.8 4,275.0

Cerebrovascular Disease 33 473 43.1 490.0

Injuries (Accident/Suicide/Homicide) 63 831 75.7 9,853.0

COPD 34 479 43.6 482.0

66A U G U S T  2 0 2 6   R H O D E  I S L A N D  M E D I C A L  J O U R N A L   R I M J  A R C H I V E S  |  A U G U S T  I S S U E  W E B P A G E  |  R I M S

http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2026-08.asp
https://www.rimedicalsociety.org


RHODE ISLAND MEDICAL SOCIETY

Why join RIMS? 

The Rhode Island Medical Society is 
your voice at the State House and in the 
community. In 2025, we secured wins on 
prior authorization, clinician wellness, 
and primary care funding—but this work 
depends on physician support. Without 
membership, RIMS cannot continue 
to advocate, educate, and protect the 
profession. Join or renew today—and 
consider getting involved in one of our 
committees. Together, we are stronger. 
The Rhode Island Medical Society is 
the only organization dedicated solely 
to advocating for physicians and their 
patients in our state. 

Our priorities 

RIMS focused on strengthening Rhode 
Island’s healthcare system, protecting 
physicians’ well-being, reducing admin-
istrative burdens, and improving access 
to care. Together with members, special-
ty societies, and partner organizations, 
we made significant progress on our top 
priorities.

The Rhode Island Prior Authorization 

Reform Act  (SB 168/HB 5120)
Eliminates prior authorization for admis-
sions, services, and procedures ordered 
by in-network primary care physicians  
in a three-year pilot.
Effective: October 1, 2025.
Status: Passed and signed
Sponsored by: Rep. Brandon Potter;  
Sen. Melissa Murray

Wins for providers

RIMS worked to secure and support key 
budget investments.

Medicaid primary care rate increase

Up to 100% of medicare rates  
Starting October 2025

Medicaid prior authorization pilot

Eliminates prior authorization for  
Medicaid for three years 
Starting October 2025

Physician loan repayment funding

Includes $200,000 in funding to recruit 
and retain clinicians

Health center funding

Sustained investments in FQHCs and 
community health

Health services funding assessment

$30Mannually for primary care and other 
critical programs

The Rhode Island Clinician Wellness  

and Support Act  (SB 695/HB 6036)
Recognizes RIMS’ Physician Health Pro-
gram in statute, strengthens confidenti-
ality protections, and updates licensing 
language to encourage clinicians to seek 
care without fear.
Status: Passed and signed
Sponsored by: Rep. John “Jay” Edwards; 
Sen. Bridget Valverde

“I’m Sorry” Bill  (H6210/S66)
Although not yet enacted, RIMS made 
significant progress this session on 
legislation to allow physicians to express 
sympathy or apologize after an adverse 
outcome without it being used as evi-
dence of liability. We met twice with  
the Rhode Island Association for Justice 
(trial lawyers) and reviewed their sug-
gested language—which we ultimately 
could not support—laying important 
groundwork for next session.
Sponsored by: Rep. Teresa Tanzi;  
Sen. Pamela Lauria

In 2025, RIMS members helped 

•	 Eliminate prior auth for PCP-ordered 
services (3-year Medicaid pilot)

•	 Secure fair Medicaid rates—up to 
100% of Medicare starting Oct. 2025

•	 Protect physician wellness with the 
Clinician Wellness & Support Act 

We’re not stopping here 

RIMS is fighting for the future of tele-
medicine, tackling workforce shortages, 
and reducing administrative burdens.

Click to join

https://rhodeislandmedicalsociety.

wildapricot.org/Join-us/
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S E P T E M B E R  2 4 ,  2 0 2 6

THE SQUANTUM ASSOCIATION
 
T I C K E T S

$125 / MEMBERS 
$150 / NON-MEMBERS

 

P R E F E R  T O  PA Y  B Y  C H E C K ?  
M A I L  B Y  A U G U S T  2 0 ,  2 0 2 6  T O : 

R H O D E  I S L A N D  M E D I C A L  S O C I E T Y 
C / O  2 0 2 6  C O N V I V I U M 
2 2 5  D Y E R  S T R E E T 
S E C O N D  F L O O R 
P R O V I D E N C E ,  R I  0 2 9 0 3

Join us as we present awards to recognize colleagues, inaugurate new 
leadership, and celebrate 214 years of organized medicine in Rhode Island.
Convivium celebrates the achievements of individual physicians as well  
as the collective strength of Rhode Island’s medical community. 

YOUR VOICE.  
YOUR PATIENTS.  
YOUR PROFESSION.

R E G I S T E R  T O D AY

https://www.eventbrite.com/e/rims-convivium-2026-tickets-1992586353422
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COMMENTARY

Bridging the Gap: Supporting Primary Care Pediatricians in  
the Management of Common Gastrointestinal Conditions
PRERANA BARANWAL, MD

Although the field of medicine is ultimately based in sci-
ence, the practice of medicine involves consideration of 
complex disease processes and sometimes even disagree-
ment amongst providers about the optimal management of 
a condition for a particular patient. However, when it comes 
to the subspecialty referral process, everyone is seemingly 
in agreement: it can be a frustrating and lengthy process for 
all parties involved, whether it be the patient, the primary 
care provider (PCP), or the subspecialty provider, regardless 
of subspecialty. 

As a pediatric gastroenterologist, I see this issue firsthand 
on a near-daily basis. Unfortunately, the demand for pedi-
atric gastroenterologists far exceeds the supply, which can 
lead to long wait times, uncertainty about next steps, and 
frustration. Most pediatric patients with gastrointestinal 
(GI) signs/symptoms are initially evaluated by their pedia-
trician or PCP. While many patients with GI complaints are 
(and should be) ultimately referred to pediatric gastroenter-
ology, some referrals are for conditions that can be partially 
or fully managed in the primary care setting with appropriate 
support. It is thus essential to strengthen the collaboration 
between pediatric gastroenterologists and PCPs to improve 
access to care for children with GI signs/symptoms. 

Challenges for the General Pediatrician/Primary Care 

Provider (PCP)

General pediatricians are usually the first point of contact 
for patients with GI signs/symptoms. As a result, they pos-
sess a unique opportunity to triage and initially manage, 
as appropriate, a patient’s signs/symptoms. However, gen-
eral pediatricians face a plethora of challenges in their daily 
work.1 Visit times are short, with 15 minute visits being 
exceedingly common—this too with the expectation of man-
aging the full, comprehensive care of a patient! Patients have 
varying levels of medical complexity and a diverse range of 
conditions that must be addressed by the PCP, often requir-
ing longer than the allotted visit time. Moreover, PCPs may 
have uncertainty about the diagnostic tests that would be 
appropriate to perform initial screening,2,3 and may feel they 
have limited access to subspecialty consultation. PCPs may 
feel pressured by caregivers of patients for an “immediate” 
answer, often leading to premature referral. All of these 
aspects of care compound and make it difficult for general 
pediatricians to manage common GI conditions in the pri-
mary care setting. Pediatric gastroenterologists hold an 
important role in helping support our generalist colleagues 

in managing common GI conditions, with the ultimate 
goal of improving access to care for patients with GI signs/
symptoms. 

Opportunities for Subspecialist Support

There are a variety of ways to strengthen the collaboration 
between pediatric gastroenterologists and PCPs. First, dis-
seminating knowledge about common GI conditions in 
easily digestible ways, including case-based discussions, 
can help provide clear, actionable guidance for PCPs.4 As a 
subspecialty we can provide simple algorithms for common 
GI problems, such as initial constipation management and 
initial workup of abdominal pain, as well as guidance for 
when a referral may be more urgently needed.4 Ideally, these 
algorithms can be provided in the form of CME lectures 
with virtual capabilities to allow for greater attendance, or 
brief lunch-time lectures with discussions between sub-
specialists and generalists (again, with virtual capabilities 
to allow for greater attendance). Additionally, promoting 
increased awareness about where to find easily accessible 
guidelines for common GI conditions, such as those created 
by the national pediatric GI organization, the North Amer-
ican Society for Pediatric Gastroenterology, Hepatology and 
Nutrition (NASPGHAN), can further help to disseminate 
knowledge about common GI conditions. 

Second, facilitating more collaborative communication 
between the pediatric GI provider and the generalist can 
help both parties to better understand how best to approach 
a specific patient’s individual needs.5 One practical exam-
ple of this is using electronic consults (“e-consults”), which 
may allow for an initial chart-based consultation by the 
subspecialist with follow-up recommendations given to the 
PCP (or alternatively, a recommendation that the patient be 
seen in-person by the GI team). Additionally, providing clear 
referral guidelines, and alarm signs/symptoms to look for, 
can help provide generalists with a guide as to the urgency 
of a referral. Ensuring ample communication from both 
PCPs and pediatric gastroenterologists to each other can 
help facilitate an open dialogue (especially in cases of uncer-
tainty) and help get the patient the care they need sooner.5 

Third, building educational partnerships early on in train-
ing (residency, fellowship) can help create a more collabo-
rative workforce. By providing trainees with a care model 
that allows for open communication between specialists 
and generalists, and which provides trainees with role mod-
els approaching care in this way, we can help educate the 
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next generation of physicians to accept open communica-
tion between providers as simply another aspect of their  
daily work.6,7  

Benefits for the Patient, Providers, and Healthcare System

More efficient access to appropriate care is beneficial for 
patients, providers (generalists and subspecialists), and the 
healthcare system. Patients receive faster management of 
common GI conditions. More collaborative communica-
tion between providers leads to not only more efficient use 
of subspecialty care, decreased wait times, and improved 
access to GI subspecialists, but also better continuity of 
care for each patient. Ultimately this leads to more efficient 
use of resources in the healthcare system. When generalists 
feel supported in managing common GI conditions, patients 
receive appropriate and timely care, while subspecialists 
remain available for more complex or uncertain cases. 

Looking Ahead

Strengthening the collaboration between pediatric gastro-
enterologists and general pediatricians is an opportunity 
for subspecialists and generalists alike to improve access to 
care for children with GI signs/symptoms. By increasing on- 
going educational efforts, promoting collaborative commu-
nication, and building educational partnerships early on in 
training, general pediatricians can feel empowered to man-
age common GI conditions, while ensuring that patients 
are able to obtain more timely access to specialized GI care 
when needed. 
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LETTER TO THE EDITOR

Accessibility of Over-the-Counter Naloxone in Providence, RI, Retail Pharmacies

RUBY J. GROVES; SONIYA G. K. CHAWLA; JOCELYN ANTONIO, MPH; TIA E. SANDERS; CAROLINE J. KISTIN, MD, MSc

Annually, over 100,000 Americans die from drug overdoses 
—most involving opioids.1

 

Naloxone, a life-saving opioid overdose-reversal medi-
cation, was approved by the United States Food and Drug 
Administration (FDA) for sale without a prescription in 
2023.2  To evaluate the impact of this ruling, we assessed 
the availability of over-the-counter (OTC) naloxone in all 
retail pharmacies in Providence, Rhode Island. Providence 
is the state’s largest city and has an overdose death rate sig-
nificantly higher than the state average.3 Given that Provi-
dence has been ranked among cities with the highest income 
inequality in the U.S., an analysis of naloxone availability 
at pharmacies in different neighborhoods is particularly 
relevant.4

  

During the summer of 2024, our study team visited all 
25 retail pharmacies in Providence and attempted to buy 
naloxone without a prescription. We recorded availability, 
price, naloxone location within the store, and what kind 
of help employees offered. Naloxone was available OTC 
at 21 of 25 pharmacies (84%), suggesting that the FDA’s 
approval has meaningfully expanded access [Figure 1]. CVS 
and Walgreens were more reliable in price and availabil-
ity, while independent pharmacies were inconsistent. The 
average cost of naloxone was $49.19 pre-tax, ranging from 
$34.99 to $104.87, which is a substantial cost barrier. Chain  
pharmacies ranged from $34.99 to $44.99.  

While expensive, naloxone was widely available OTC, 
which is helpful for people wishing to purchase anony-
mously (as there is no pharmacy record or bill). Pharma-
cists were knowledgeable and supportive, often providing 
instructions for use of naloxone, emphasizing its life-sav-
ing importance, and mentioning local community-based 
free naloxone resources. However, barriers remain. In over 
half of the pharmacies, naloxone was kept behind the front 
counter, requiring customers to ask for it. In practice, this 
may discourage purchase due to stigma or confusion. At 
35% of chain pharmacies, front-of-store staff did not know 
what naloxone was or where it was located. Some provided 
inaccurate information or questioned the buyer’s motiva-
tion—one asked if the buyer was “overdosing right now.” 
Stigma may remain a barrier to harm reduction and presents 
an opportunity for ongoing staff training to ensure a stigma- 
free environment. In many stores, the first employees 
who customers interact with are not pharmacists. If those 

employees do not know naloxone is available—or treat its 
purchase suspiciously—true customer access may be low.  

In Providence, OTC naloxone is widely available across 
the city. In addition to pharmacies, community organiza-
tions provide free naloxone and training on its use. Prevent 
Overdose RI is a state initiative to increase both education 
about and access to naloxone—a resource that can be shared 
with customers by pharmacy staff.5  In our study, we found 
that retail pharmacists are often already making these rec-
ommendations. Finally, naloxone saves lives, but it is not 
a cure for the opioid epidemic. True progress requires a 
harm-reduction network that includes integrated treatment, 
recovery, and educational services, in addition to overdose 
prevention. Future work may focus more on how retail 
pharmacies can be further integrated with other state and  
city-wide overdose prevention services. 

  

Figure 1. Availability of OTC naloxone in Providence, RI, pharmacies 

Green dots represent retail pharmacies where the study team member 

was able to purchase naloxone without a prescription. Red dots represent 

retail pharmacies where the study team member was unable to purchase 

naloxone without a prescription. Census tracts, according to 2020 census 

data, are overlaid in grey lines. 
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HERITAGE

Lucius F. C. Garvin, MD:  
1876 Centennial Perspective  
on Life, Liberty, Longevity    
MARY KORR 

RIMJ MANAGING EDITOR   

In March 1876, LUCIUS F. C. GARVIN, MD, presented a  
Centennial discourse at a meeting of the Rhode Island Medi-
cal Society, which was published in the Society’s Communica-
tions,1 [Image 1]. Dr. Garvin was 35-years-old and a member of 
the publications committee at the time he gave this address, in 
which he reflected on the lifespans and lifestyles of the signers 
of the Declaration of Independence and other notables of the 
era, comparing them to those of his own time 100 years later.

He began with a somber note. 
“The return of the historic and 

venerated date ’76 has led to a comparison of ourselves with our 
ancestors, not always, it must be confessed, to our advantage. 
The signers of the Declaration of Independence [Image 2], al-
most without exception, lived to a hale old age. Of the signers 
from Rhode Island, Stephen Hopkins reached seventy-eight; the 
other, William Ellery, expired in his arm-chair, without sickness 

Image 1. Cover image of the  

Communications of the Rhode Island 

Medical Society  [HAITHI TRUST1]

Image 2. Portraits & autographs of the signers of the Declaration of Independence  

[LIBRARY OF CONGRESS, OLE EREKSON, LITHOGRAPHER, CIRCA 1876. HTTPS://LCCN.LOC.GOV/2003666901]
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HERITAGE

or pain, while engaged in reading Cicero 
De Officüs, at the age of ninety-two.” 

Dr. Garvin also noted that Benjamin 

Franklin was made ambassador to France at 
70, governor of Pennsylvania at 79, mem-
ber of the Constitutional Convention at 
81, and “died in full possession of his fac-
ulties at 84.” Samuel Adams lived to be 82, 
John Adams, 90, and Thomas Jefferson, 83. 

In contrast, he recounted some of the  
recent deaths of notable persons in his day:  
Andrew Johnson, at the age of 67, Charles 

Sumner and Henry Wilson at 63, Horace 

Greeley at 62, Thomas A. Jenckes at 57, 
Orris S. Ferry at 53. “Most of these men 
during their later years were seriously dis- 
abled and frequently tortured by wearing 
chronic disease…Is such waste of the coun-
try’s best material a necessity? If it can be shown that the great 
men of America attained a more advanced age one hundred 
years ago than now, will it not go far to prove the present death 
rate excessive and needless?” 

He posited that “the disparity springs from a cause which is 
not beyond our discernment. We have learned to live shut up 
within doors more constantly and more completely than our fa-
thers. Now a journey to Washington occupies twenty-four hours 
in a crowded car, by day and night alike close and abominable. 
When John Adams went from his farm at Braintree to Phila-
delphia in 1775, by open conveyance, the trip with its stops at 
Hartford, New York, and Trenton, was a month’s vacation… 
Modern statesmen seem to have actually less hygienic wisdom 
than is contained in the old nursery rhyme:

  After breakfast, work awhile, 
After dinner sit and smile,  
After supper walk a mile…

Image 3. Amherst College archival photo of 

Lucius Garvin as a student, class of 1862 

[RHODE ISLAND HISTORY, MAY 19803]

In the essay, he eschewed that “corrup-
tion and incompetence in public life, which 
appears to be greater now than at any peri-
od within the history of the government, 
is attributable in no insignificant degree to 
eating and drinking, breathing and sleeping, 
working and playing improperly, and its 
remedy partially consists in a complete rev-
olution of our every-day habits of living.’’

Medical journey

Lucius Garvin, born in Tennessee to par-
ents originally from New England, entered 
Amherst College in 1859 and graduated in 

1862 [Image 3]. When the Civil War broke out, he enlisted in 
the Massachusetts Volunteer Infantry. The regiment was trans-
ported to North Carolina, where disease was rampant in the 
marshlands where they were quartered. Pvt. Garvin contracted 
malaria and spent months in the hospital, where he was given 
large doses of quinine, which impaired his hearing for the rest 
of his life, according to his induction bio at the RI Heritage Hall 
of Fame.2  

During this time, he decided to pursue a career in medicine, 
and entered Harvard Medical School, graduating in 1867. Fol-
lowing an internship in Boston, he set up a private practice in 
Pawtucket, where he had earlier apprenticed under SYLVANUS 

CLAPP, MD.3 
In 1876, the young Dr. Garvin accepted a position from the 

Lonsdale Company to set up a medical practice. Mills, machine 
shops, and blocks of workers’ homes engulfed the three towns 
of Lincoln, Cumberland, and Pawtucket along the Blackstone  

River [Images 4,5,6]. As company physician, he was 
on call 24/7. He saw patients at his home at 577 Broad 
Street in Lonsdale every day for two hours, where he 
also performed surgery. He made house calls on foot or 
by horse and buggy.

In 1869, he married LUCY WATERMAN SOUTH-

MAYD, MD, who was a graduate of the New England 
Female Medical College, and a physician and physiolo-
gy teacher at Mount Holyoke for a time. They were the  
parents of three daughters, one of whom, Florence, be-
came a well-known suffragette. Lucy Garvin died in 
1898. Nine years later, he married SARAH TOMLINSON, 
who had been blind since the age of six, and attended the  
Perkins School for the Blind. The couple had two sons.

Image 4. Exterior view of Lonsdale Company’s Bleachery 

in West Lonsdale

[RHODE ISLAND COLLECTION, PROVIDENCE PUBLIC LIBRARY. 

HTTPS://PROVLIBDIGITAL.ORG/ISLANDORA/OBJECT/PC7061]
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HERITAGE

It was the plight of the mill children which led him into 
the political arena, and eventually to the State House, where 
he served as governor from 1903–1905 [Image 7]. The annals 
of Rhode Island history and the RI Heritage Hall of Fame cap-
ture his accomplishments, as well as an article in the November 
2014 Heritage section of the Rhode Island Medical Journal.4

Image 6. Photo of Ann & Hope mill with railroad tracks and train station 

in the foreground. The mill’s tower features a clock and a sign that reads 

“Ann & Hope 1886”.

[RHODE ISLAND COLLECTION, PROVIDENCE PUBLIC LIBRARY.  

HTTPS://PROVLIBDIGITAL.ORG/ISLANDORA/OBJECT/VM0053D18]
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Image 7. Formal portrait of R.I. Gov. Lucius F. C. Garvin, MD, at the RI 

State House.

Image 5. Group portrait of child laborers at Lonsdale Company Bleachery

[RHODE ISLAND COLLECTION, PROVIDENCE PUBLIC LIBRARY.  

HTTPS://PROVLIBDIGITAL.ORG/ISLANDORA/OBJECT/VM013WC0541]

Dr. Garvin practiced medicine for more than 
half a century. He died suddenly at home on 
Oct. 2, 1922, at the age of 81, ascribed to heart 
disease. According to an article in the New York 
Times on his passing, he never owned an auto-
mobile and, “up to a few days ago he did his 
traveling by bicycle.”5

He, like the aforementioned signers of the 
Declaration, lived a long and productive life, 
and one could surmise, that despite his work-
load and political and civic endeavors, took his 
own advice from the rhyme he mentioned in his 
Centennial essay:

  After breakfast, work awhile, 
After dinner sit and smile,  
After supper walk a mile…       v
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IN THE NEWS

URI Trustees authorize next phase of  

public medical school development at  

the University of Rhode Island

KINGSTON–JUNE 26, 2026 — The University of Rhode Island Board of 
Trustees formally authorized the next phase of developing a public med-
ical school at the University, following the State of Rhode Island’s his-
toric investment of $5 million in startup funding approved by Governor 
DAN MCKEE and the Rhode Island General Assembly.

The  Board’s action authorizes University leadership to begin imple-
menting key elements of the medical school development process, in-
cluding conducting a national search for a founding dean, hiring a project 
manager and development officer, and initiating curriculum planning.

The vote marks a significant milestone in a multi-year effort to ad-
dress Rhode Island’s healthcare workforce challenges and strengthen  
access to care across the state. It follows the work of a Rhode Island Sen-
ate Special Legislative Commission that examined the state’s health-
care workforce needs, physician shortages, and the growing primary 
care crisis. After reviewing extensive data and hearing testimony from 
healthcare leaders and stakeholders, the commission recommended  
advancing the creation of a public medical school at URI.

That recommendation was further supported by an independent fea-
sibility study, which concluded that establishing a medical school at 
the University of Rhode Island is “both viable and necessary to meet 
the state’s pressing healthcare needs.” The study found that a public 
medical school would strengthen Rhode Island’s physician workforce, 
improve healthcare access, and help retain more medical talent within 
the state.

The study also projected substantial long-term economic benefits. At 
full maturity, the program is projected to generate $8.70 in economic re-
turn for every $1 invested—building on URI’s existing return of $17.39 
for every $1 invested by the state—reflecting the University’s role as a 
major driver of Rhode Island’s economy and workforce development.

URI President MARC PARLANGE said the board’s action launches an 
important new phase in the University’s efforts to address both Rhode 
Island’s healthcare needs and its long-term economic future. “The need 
for more physicians—particularly in primary care—has been well doc-
umented, and the healthcare challenges facing Rhode Island demand 
long-term solutions,” said Parlange. “Today’s action allows us to be-
gin building a stronger in-state pathway for future physicians while 
leveraging URI’s existing strengths in health education, research, and 
clinical partnerships. A public medical school has the potential to ex-
pand access to care, strengthen our healthcare workforce, attract talent 
and investment, and create lasting economic and societal benefits for  
Rhode Island.”

With the initial state investment now secured, URI will begin the 
next phase of planning and development, including recruiting leader-
ship, establishing operational structures, and beginning the curriculum 
and facilities design process. The University will continue working 
closely with healthcare providers, state officials, and community stake-
holders to advance the successful development of a public medical 
school that serves the needs of Rhode Island residents and helps secure 
the state’s healthcare future. v

Blue Cross & Blue Shield of Rhode 

Island seeks applications for its 

BlueAngel Community Health Grants

PROVIDENCE — Blue Cross & Blue Shield of Rhode Island 
(BCBSRI) will soon begin accepting applications from 
nonprofit organizations for its BlueAngel Community 
Health Grants. The grant funding for 2027 will support 
projects related to housing, food, maternal health, and 
youth mental health.

For more than 25 years, BCBSRI has invested in pro-
grams that help Rhode Islanders live healthier lives. 
The BlueAngel Community Health Grant program is a 
key part of BCBSRI’s commitment to improving health 
and well-being across Rhode Island by addressing the 
social and environmental factors that influence health. 
Through these investments, BCBSRI seeks to support 
community-driven solutions, address disparities, and 
help ensure all Rhode Islanders have the opportunity to 
live healthy lives.

Details are available at http://www.bcbsri.com/about/ 
blueangel. Applications will become available on Au-
gust 3 and must be submitted by 5pm on September 4.

“At BCBSRI, we know that health is shaped by much 
more than access to medical care,” said CAROLYN  

BELISLE, Vice President, Corporate Social Responsi-
bility. “The BlueAngel Community Health Grant pro-
gram allows us to partner with organizations addressing 
the issues Rhode Islanders tell us matter most—from 
housing and food security to maternal health and youth 
mental health. We are excited to connect with organi-
zations doing this important work and look forward to 
partnering with them to build healthier communities 
across Rhode Island.”

Guided by insights from the RI Life Index—BCBSRI’s 
partnership with the Brown University School of Pub-
lic Health—the 2027 grants will invest in these four  
priority areas: 
•	 Healthy Housing – Safe and affordable homes
•	 Healthy Food – Access to nutritious food
•	 Healthy Moms – Maternal health and well-being
•	 Healthy Mind  – Youth mental health and wellness

The 2027 BlueAngel Community Health Grant pro-
gram will provide: 
•	 Two years of funding (January 2027–December 2028)
•	 $100,000 annually
•	 Additional opportunities for organizational support 

and capacity-building resources

BlueAngel Community Health Grants are the corner- 
stone of BCBSRI’s community-investment activities and  
have contributed more than $8 million in funding to 
Rhode Island-based nonprofits since their inception. v
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CharterCARE Health first in Rhode Island to introduce 

multi-site breast tumor localization technology

Morton Hospital completes 100th Inspire® sleep apnea treatment

TAUNTON, MA — Morton Hospital has successfully completed 
its 100th Inspire® sleep apnea treatment, a significant milestone 
that highlights the hospital’s commitment to bringing innova-
tive, cutting-edge treatments to patients throughout Southeast-
ern Massachusetts. 

Inspire is an FDA-approved, implantable device for patients 
with moderate to severe obstructive sleep apnea who are un-
able to tolerate or benefit from CPAP therapy. Morton Hospital 
launched its program in 2023 under the leadership of AMEER 

SHAH, MD, otolaryngology specialist and director of the Inspire 
program, and IMAD BAHHADY, MD, pulmonary critical care 
and sleep medicine specialist and medical director of the hospi-
tal’s Center for Sleep Medicine. Since introducing the program, 
the hospital has helped dozens of patients achieve better sleep 
and improved quality of life. 

“Reaching our 100th Inspire implant is a remarkable mile-
stone and a testament to the trust our patients place in our 
team,” said Dr. Shah. “What makes this achievement especially 
meaningful is the collaboration behind every case. From patient 
evaluation and education to surgery and follow-up care, our  
success is made possible by an exceptional multidisciplinary 

team, including Dr. Bahhady and our Center for Sleep Medicine 
team, as well as our outstanding perioperative services staff. 
Their expertise, dedication, and commitment to patient care 
have helped us build a program that is truly changing lives.” 

As the first and only hospital in the Southeastern Massa-
chusetts region to offer Inspire therapy, Morton Hospital has 
become a destination for patients seeking advanced treatment 
for sleep disorders. According to Inspire’s clinical data, Morton 
Hospital’s program currently ranks #1 in the northeast and #4 in 
the country for patient outcomes, including patient satisfaction 
rates and reduction in sleep events per hour post procedure. 

“This milestone represents much more than a number,” 
said JILL O’BRIEN, MD, Morton Hospital’s chief medical of-
ficer. “It reflects our commitment to bringing advanced, highly 
specialized care to the communities we serve. Morton Hospi-
tal continues to invest in innovative programs that improve 
access to cutting-edge treatments close to home. Completing 
our 100th procedure demonstrates both the growth of our clin-
ical capabilities and our dedication to meeting the evolving  
healthcare needs of our community.” v

Dr. Ayana Allard-Picou with the Scout MD 

technology. (CharterCARE Health)

PROVIDENCE — The CharterCARE Health 
of Rhode Island Breast Health Program is 
the first in Rhode Island, and one of the 
first in New England, to offer surgeons 
the advantage of wireless localization 
technologies to identify and distinguish 
up to four separate tumors using different 
imaging reflector types.

AYANA ALLARD-PICOU, MD, FACS, 
Director of the CharterCARE Breast 
Health Program at Roger Williams Medi-
cal Center, successfully completed sever-
al procedures recently.

Scout MD allows surgeons to identify 
and distinguish up to four separate breast 
tumors, allowing for more minimal, 
breast preservation surgery. This imaging 
technology uses unique reflector shapes 
and radar signals to allow for precise 
navigational planning and surgery. Scout 
MD eliminates the need for traditional 
wire localization which, in turn, gives 
surgeons greater flexibility in breast con-
serving procedures.

Dr. Allard-Picou commented, “We are 
excited to bring the new Scout MD tech-
nology to Roger Williams Medical Cen-
ter and to offer our breast cancer patients  
access to the latest advances in breast 
localization technology. This system al-
lows us to accurately identify and remove 
breast tumors while providing greater 
flexibility for complex breast cancer op-
erations. Most importantly, it reflects our 
ongoing commitment to providing our 
patients with high-quality, state-of-the-
art cancer care close to home.”

CharterCARE CEO JEFF LIEBMAN 
stated, “Acquisition of this advanced im-
aging technology is one of the first capi-
tal investments we have made under our 
new not-for-profit ownership structure. 
This initiative is also representative of 
our continued commitment to offering 
the latest cancer care to patients in the 
Rhode Island”.

Dr. Allard-Picou also credited the col-
laborative effort in implementing this 

new technology, specifically team mem-
bers from the breast center, breast radiol-
ogy, surgical oncology, surgical services, 
supply chain, and hospital leadership. v
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New blood-based biomarkers predict when ALS symptoms will emerge  

and biological samples from people who 
are at significantly elevated genetic risk 
for ALS but have not yet progressed, or 
phenoconverted, to the disease. While 
this cohort is unique, permitting the ex-
amination of presymptomatic ALS, recent 
studies suggest that findings from Pre- 
fALS are likely relevant to the broader  
population.

In 2017, an analysis of 10 Pre-fALS par-
ticipants who had developed symptoms 
showed that neurofilament light chain 
(NfL), a structural protein in neurons, 
spiked in their blood in the months pre-
ceding ALS phenoconversion.

As more study participants have begun 
showing symptoms or signs of disease, 

ations of proteins could predict future 
risk of phenoconversion. They settled on 
a select panel of 19, including NfL, that 
maximized predictive accuracy across 
time horizons ranging from six months 
to five years. The researchers demonstrat-
ed that, with data on these 19 proteins, 
their predictive models could estimate a 
patient’s onset within less than two years 
of the actual time that they showed signs 
of disease.

They also produced similar results us-
ing data from the UK Biobank, which, 
despite some limitations, is more repre-
sentative of the general population than 
the genetically predisposed cohort of 
Pre-fALS.

“With preventative gene-targeting treat- 
ments now becoming available, there is a 
particularly urgent need for reliable bio-
fluid-based signatures that indicate near-
term onset in individuals that carry ALS 
risk genes,” said AMY BANY ADAMS, 

PhD, acting director of NIH’s National 
Institute of Neurological Disorders and 
Stroke (NINDS).

Tofersen, a drug approved for symptom-
atic ALS, is currently being evaluated as 
a preventative therapeutic in pre-sympt-
moatic ALS through ATLAS, a clinical 
trial designed by Benatar in partnership 
with the company Biogen. ATLAS will 
test whether starting treatment shortly 
before symptoms appear could avert or 
delay the onset of ALS.

“This is all possible because of the 
members of the carrier community who 
believe in our mission of preventing ALS 
and have supported and participated in 
our research. It has been one of my life’s 
greatest privileges to give something 
back,” Dr. Benatar said.

This research was supported by NIH 
through NINDS grants R01NS105479 and 
U54NS092091. v
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BETHESDA, MD — Months to several years 
before amyotrophic lateral sclerosis 
(ALS) symptoms arise, levels of certain 
blood proteins may dramatically shift.  
Researchers analyzed data from the long- 
running, National Institutes of Health 
(NIH)-funded Pre-symptomatic Familial 
ALS (Pre-fALS) study, to identify a line-
up of key proteins that may predict the 
emergence of clinically manifest ALS. By 
anticipating the arrival of symptoms, in-
vestigators could intervene with preven-
tative therapies before the irreversible 
motor neuron damage that is character- 
istic of ALS sets in.

“If someone carrying an ALS-associ-
ated genetic variant had asked me in the 

past when they would become symptom-
atic, I would have struggled to provide a 
reasonable estimate,” said senior author 
MICHAEL BENATAR, MD, PhD, a pro-
fessor of neurology and public health sci-
ences at the University of Miami. “These 
biomarkers give us a far better idea of the 
timing, allowing us to estimate the time 
to symptom onset with an average error 
of about 18 months. That’s something we 
can work with.”

For nearly 20 years, the Pre-fALS study, 
led by Dr. Benatar and JOANNE WUU, 

ScM, research associate professor of neu-
rology and public health sciences at the 
University of Miami, has collected data 

new opportunities to search for other 
pre-symptomatic ALS biomarkers have 
emerged.

Now, the investigators applied a 
high-throughput protein, or proteomic, 
analysis method called Olink to plasma 
samples from 137 study participants, 
33 of whom had demonstrated clinical 
manifestations of ALS or frontotemporal 
dementia. Having collected data on the 
levels of more than 5,000 proteins, the 
team identified 92 whose levels differed 
in people before they eventually showed 
symptoms.

Using machine-learning techniques,  
the authors tested how various combin- 
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Brain immunity may undergo a major midlife overhaul 

BETHESDA, MD — A National Institutes of Health (NIH)-funded 
study indicates that the immune cell landscape of the hippo-
campus, a brain region critical for learning and memory, rapid-
ly undergoes substantial remodeling beginning in midlife. This 
previously unrecognized shift suggests a potential mechanism 
by which aging may contribute to chronic neuroinflammation 
commonly observed in neurodegenerative disease.

“Aging is the single largest risk factor for dementia, but our 
understanding of how it drives 
disease is still incomplete,” 
said RICHARD HODES, MD, 
director of NIH’s National In-
stitute on Aging (NIA). “This 
previously hidden microglial 
shift, now uncovered by in-
novations in technology and 
thinking, may be an import-
ant clue to help us complete 
the puzzle.”

Using advanced single-cell 
analysis techniques, a collab-
orative team of researchers 
from the University of Cal-
ifornia, San Diego, the New 
York Genome Center and the 
University of California, Ir-
vine, analyzed postmortem 
hippocampal tissue from 40 
neurologically healthy adults 
ranging in age from 20 to 95 years. The findings suggest that the 
brain’s primary immune cells, called microglia, progressively 
decline between approximately 50 and 75 years of age, becom-
ing replaced by cells with elevated inflammatory signatures and 
other features resembling characteristics of peripheral blood- 
derived immune cells.

These results call into question the longevity of microglia 
which emerge during embryonic development, which scientists 
have long thought renew throughout the human lifespan.

To investigate how aging affects the human brain at an un-
precedented resolution, the researchers applied traditional mea-
sures of gene expression alongside more advanced techniques 
to analyze the genome’s 3D architecture and array of chemical 
modifications, called the epigenome.

“Gene expression tells us what a cell is doing today, but epi-
genetic signatures preserve information about where a cell came 
from,” said first author NATHAN ZEMKE, PhD, director of sin-
gle-cell genomics at the UC San Diego Center for Epigenomics. 
“By combining these approaches, we uncovered a major shift 

in the identity and lineage of immune cells in the aging human 
brain’s immune cells that gene expression data alone would not 
have revealed.”

Their findings also indicated that cells known to maintain 
the protective blood-brain barrier deteriorated with age. And 
across many brain cell types, aging accompanied a widespread 
and coordinated disruption of genome architecture.

“The progressive structural disruptions were closely linked to 
shifts in gene regulation and 
cell identity, potentially re-
vealing a fundamental feature 
of aging in the human brain,” 
said BING REN, PhD, a corre-
sponding author of the study, 
scientific director and CEO of 
the New York Genome Cen-
ter, and professor of genetics 
and development at Columbia 
University. 

Future studies will investi-
gate the mechanisms driving 
the loss of resident microglia 
and determine whether the 
newly identified immune-cell 
transition contributes direct-
ly to Alzheimer’s disease and 
other age-related neurological 
disorders.

“Understanding these cellu-
lar transitions may provide new opportunities to develop inter-
ventions that preserve brain function and reduce vulnerability 
to neurodegenerative disease,” said XIANGMIN XU, PhD, pro-
fessor and director of Center for Neural Circuit Mapping at UC 
Irvine, and a corresponding author of the study.

NIH supported this research through NIA grants 
R01AG067153 and R01AG082127 and the NIH Common Fund 
4D Nucleome (4DN) program grant 1U01DA052769. This 
study is part of a collection of 4DN-supported papers published 
in Science and Science Advances that offer unprecedented in-
sight into how the human genome’s 3D organization influences  
development, aging, and a host of diseases. v
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Appointments

Julie Abilheira, RN, MS, appointed 

President of Brown University Health’s 

Massachusetts hospitals

PROVIDENCE — Brown Uni-
versity Health has appointed 
JULIE ABILHEIRA, RN, MS, 
as president of its Massachu-
setts hospitals, Morton Hos-
pital in Taunton and Saint 
Anne’s Hospital in Fall Riv-
er. In her new role, Abilheira 
will lead strategic, clinical, 
and operational priorities for 
both hospitals, with a focus 

on advancing Brown Health’s integrated care 
model, enhancing service excellence, and ex-
panding access to care. 

Abilheira brings more than 25 years of health-
care leadership experience to the position. Most 
recently, she served as senior vice president of 
clinical services, overseeing medicine, cancer, 
radiation oncology, and dermatology services at 
Brown University Health. 

“I am deeply honored to have the opportunity 
to serve as president of two vibrant and vital com-
munity hospitals,” said Abilheira. “I have been 
incredibly impressed by the talent, compassion, 
and dedication of the physicians and staff at both 
hospitals. Their commitment to the patients and 
families they serve is truly unmatched, and I look 
forward to supporting them as we continue to 
build on the strong foundations already in place 
throughout our communities.”

Working alongside Abilheira will be HEIDI 

TAYLOR, who has expanded her leadership re-
sponsibilities and now serves as chief operations 
officer and chief financial officer for Brown Uni-
versity Health’s Massachusetts hospitals. Taylor, 
who previously served as president and vice pres-
ident of finance at Morton Hospital, brings more 
than 30 years of healthcare leadership experience 
in finance and operations. v

Julia A. Katarincic, MD, named 

President of University Orthopedics, 

Chief of Orthopedics for Brown 

University Health, and Chair of the 

Department of Orthopaedics at Brown

EAST PROVIDENCE — University Orthopedics re-
cently announced that JULIA A. KATARINCIC, 

MD, has been named President of University Or-
thopedics. In addition, Dr. Katarincic has been 
appointed Chief of Orthopedics for Brown Uni-

versity Health and Chair of the Department of Orthopaedics at The Warren 
Alpert Medical School of Brown University.

A nationally recognized hand surgeon and respected physician leader, Dr. 
Katarincic has been an integral part of University Orthopedics for many 
years. She previously served as chief of the practice’s Hand and Wrist Center, 
chaired the organization’s Operations Committee, and has been a member of 
the Executive Committee. A dedicated educator, she has also received mul-
tiple Teacher of the Year awards for her commitment to mentoring the next 
generation of orthopedic surgeons.

“Dr. Katarincic has earned the respect of her colleagues through her col-
laborative leadership style, thoughtful decision-making, and unwavering 
commitment to excellence in patient care, education, and research,” said 
University Orthopedics Chief Operating Officer MICHELLE R. DEROCHE. 
“Her deep understanding of our organization and our mission makes her 
exceptionally well positioned to lead University Orthopedics into its next 
chapter.”

The leadership transition also marks an opportunity to recognize the 
extraordinary contributions of EDWARD AKELMAN, MD, who, over the 
past decade, has served as President of University Orthopedics, Chair of the  
Department of Orthopaedics at The Warren Alpert Medical School of Brown 
University, and Chief of Orthopedics for Brown University Health.

During Dr. Akelman’s tenure, University Orthopedics expanded into 
Massachusetts, recruited outstanding physicians and advanced practice pro-
viders, broadened its specialty orthopedic services, and continued its com-
mitment to exceptional patient care, innovation, education, and research. 
He’ll remain with University Orthopedics as a physician, focused on the  
patient care he’s always loved.

“It is truly an honor to follow in Dr. Akelman’s footsteps,” said Dr. Kata-
rincic. “Over the years, Ed has been a mentor, colleague, and friend whose 
vision and leadership have helped shape University Orthopedics into one of 
the region’s premier orthopedic practices. I am deeply grateful for his guid-
ance and look forward to building on the strong foundation he has created 
while continuing our unwavering commitment to exceptional patient care, 
education, and research.”

Dr. Katarincic earned her Bachelor of Arts in mathematics from Dart-
mouth College and her Doctor of Medicine degree from the University of 
Pittsburgh School of Medicine. She completed her internship and orthopedic 
surgery residency at Rhode Island Hospital and a fellowship in Hand and  
Microvascular Surgery at Mayo Clinic. She is board-certified by the Ameri-
can Board of Orthopaedic Surgery, with a Certificate of Added Qualification 
in Surgery of the Hand. v
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Appointments

Gerontological Society of America names 

URI professor Nekehia Quashie, PhD, 

among its newest fellows

KINGSTON — NEKEHIA QUASHIE, PhD, assistant 
professor of public health in the University of Rhode 
Island’s College of Health Sciences, has been named a 
fellow by the Gerontological Society of America for her 
outstanding contributions to the field of gerontology.

Fellow status is the highest category of the organiza-
tion’s membership. Only about 50 professionals nation-

wide are selected for the distinction annually. Quashie was chosen in the category 
of Behavior and Social Sciences.

“This is the ultimate recognition of my scholarly contributions to research on 
aging and more broadly, my professional service to the field of gerontology,” said 
Quashie.

The new fellows will be recognized at the Gerontological Society of America’s 
annual meeting in National Harbor, Maryland from Nov. 4-7. Quashie has been a 
member of the Society since 2015, after completing her PhD in sociology from the 
University of Utah in 2014.

“In addition to presenting at the annual conference, I have gladly served the orga-
nization in multiple ways, from reviewing abstracts submitted for the conference 
to organizing and leading writing groups that support early scholars—from doctoral 
students to junior faculty—to advance our research agendas,” said Quashie.

Quashie is currently an associate editor for the Journal of Gerontology: Social 
Sciences, one of the flagship journals of the organization. v

Bethany Gentilesco, MD, 

named senior associate dean for 

inclusive community at Brown

PROVIDENCE — BETHANY GENTILESCO, 

MD, associate professor of medical sci-
ence and of medicine, clinician educator, 
at the Warren Alpert Medical School of 
Brown University, has been appointed the 
senior associate dean for inclusive com-
munity, effective August 1.

A native of New York, Dr. Gentilesco 
earned her undergraduate degree at Am-
herst College and medical degree at Joan 
and Sanford I. Weill Medical College of 
Cornell University in 2001. After resi-
dency training at Stanford University, she 
began her career as an academic hospital-
ist and joined the Brown faculty in 2007.

In addition to serving as an associate 
residency program director for the De-
partment of Medicine, Dr. Gentilesco 
chairs the department’s Diversity, Equity, 
and Inclusion Committee. Her ongoing 
scholarly projects focus on the teaching 
of race and racism in medical training and 
she completed the Brown Advocates for 
Social Change and Equity (BASCE) fel-
lowship. In 2024, she received the Men-
torship Award in Diversity and Equity at 
The Warren Alpert Medical School.   

As senior associate dean for inclusive 
community, Dr. Gentilesco will serve as  
the primary leader of the Office of Be-
longing, Equity, Diversity, and Inclusion 
within the Division. v

Recognition

South County Hospital designated  

with a Silver Plus Achievement Award

WAKEFIELD — South County Hospital has been recognized by The American Heart 
Association and American Stroke Association for continued success in using the 
Get With The Guidelines® program. This award reflects a commitment to using the 
most up-to-date evidence-based treatment guidelines to improve patient care and 
outcomes in our community.

South County Hospital was named a Silver Plus Achievement Award Hospital 
with Target: Type Two Diabetes, Honor Roll.

“South County Hospital is committed to improving patient care by adhering 
to the latest treatment guidelines,” said PETER F. GRAVES, MD, MBA. “Get 
With The Guidelines helps our teams put proven science into practice every day.  
Research shows this approach can support better recovery, with the ultimate goal 
of helping people live longer, healthier lives.”

Get With The Guidelines brings the expertise of the American Heart Association 
and American Stroke Association into hospitals nationwide, helping ensure patient 
care is aligned with the latest research- and evidence-based guidelines. Get With 
The Guidelines - Stroke is an in-hospital program designed to improve stroke care 
through consistent adherence to these guidelines, which can minimize long-term 
effects of stroke and help prevent death. v
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Recognition

Brown University Health hospitals recognized 

for exceptional stroke treatment

PROVIDENCE — Four Brown University Health hospitals have 
been nationally recognized for providing exceptional pa-
tient care and outcomes by The American Heart Association 
(AHA).   

Rhode Island Hospital, The Miriam Hospital, Newport 
Hospital and Saint Anne’s Hospital have all received the pres-
tigious Get With The Guidelines®-Stroke GOLD PLUS Qual-
ity Achievement Award. The award recognizes programs that 
demonstrate commitment to ensuring stroke patients receive 
the most appropriate treatment according to nationally recog-
nized, research-based guidelines, ultimately leading to more 
lives saved and reduced disability.

All four hospitals also received AHA’s Target: Type 2 Diabe-
tes Honor Roll designation for demonstrating they met qual-
ity measures with over 90% compliance for the prior year.

“As Rhode Island’s only Joint Commission-certified Com-
prehensive Stroke Center, we know that every second counts 
when it comes to stroke care,” said MELISSA HARMON, 

MSN, RN, ASC-BC, manager of the Comprehensive Stroke 
Program at Rhode Island Hospital. “Our teams are committed 
to delivering rapid, high-quality care that gives patients the 
best possible chance for recovery.”

“We strive to provide exceptional care to our patients 
each day, and we are grateful to be recognized by the AHA 
again this year for the high-quality care that we provide to 
our stroke patients,” said KAREN SCHAEFER, MSN, APRN, 

AGCNS-BC, ASC-BC, FCNS stroke program manager for The 
Miriam Hospital and Newport Hospital.  “Early stroke detec-
tion and treatment are key to improving survival, minimiz-
ing disability and accelerating recovery times. Get With The 
Guidelines helps us ensure patient care is aligned with the 
latest research- and evidence-based guidelines.”

Additionally, the hospitals were honored for:

•	 Rhode Island Hospital received the AHA’s Target: Stroke 
Honor Roll Advanced Therapy and Target: Stroke Honor 
Roll Elite Plus designations, in addition to Advanced 
Therapy and AHA’s Target: Type 2 Diabetes Honor Roll.

•	 The Miriam Hospital received AHA’s Target: Stroke  
Honor Roll Elite Plus as well as the AHA’s Target:  
Type 2 Diabetes Honor Roll designations.

•	 Newport Hospital received AHA’s Target: Stroke Honor 
Roll designation and AHA’s Target: Type 2 Diabetes  
Honor Roll.

•	 Saint Anne’s Hospital received AHA’s Target: Type 2  
Diabetes Honor Roll. V

Kent Hospital earns American Heart Association 

Stroke Gold Plus recognition 

WARWICK — Kent Hospital has received the American Heart As-
sociation’s Get With The Guidelines®-Stroke Gold Plus quality 
improvement award with Target: Type 2 Diabetes Honor Roll. 
This award is for Kent’s commitment to ensuring people ex-
periencing stroke receive timely, appropriate treatment based 
on nationally recognized, research-based guidelines, ultimately 
helping to save lives and reduce disability.

“Earning the Get With The Guidelines®-Stroke Gold Plus 
recognition is a testament to our Kent Hospital team’s unwav-
ering dedication to life-saving care,” said CAROLYN JACKSON, 
President and COO, Kent Hospital. “This achievement starts 
the very moment a patient enters our doors, driven by the rap-
id, expert responses of our Emergency Department staff who 
work seamlessly with our stroke specialists to deliver critical 
treatments when every second counts. By consistently meeting 
these high national benchmarks, we are ensuring that our com-
munity members receive the most advanced, evidence-based 
care precisely when they need it most.”

Kent Hospital also received the American Heart Associa-
tion’s Target: Type 2 Diabetes™ Honor Roll award. Target: Type 
2 Diabetes aims to ensure patients with Type 2 diabetes, who 
might be at higher risk for complications, receive the most up-
to-date, evidence-based care when hospitalized due to stroke. v

Roger Williams Medical Center receives  

Get With The Guidelines®-Stroke Gold Plus

NORTH PROVIDENCE — Roger Williams Medical Center has re-
ceived the American Heart Association’s Get With The Guide-
lines®-Stroke Gold Plus quality achievement award, the highest 
recognition, for its commitment to ensuring people experi-
encing stroke receive timely, appropriate treatment based on 
nationally recognized, research-based guidelines, ultimately 
helping to save lives and reduce disability.	

“Roger Williams and CharterCARE Health of RI are commit-
ted to improving patient care by adhering to the latest treat-
ment guidelines,” said JEFF LIEBMAN, CharterCARE CEO.  
“Get With The Guidelines helps our teams put proven sci-
ence into practice every day. Research shows this approach 
can support better recovery, with the ultimate goal of helping 
people in Providence and surrounding communities live longer,  
healthier lives.”

He credited the work of the hospital’s stroke committee un-
der the leadership of GAYLE REBOVICH, MD, Director of the  
Division of Neurology; CANDY WRAY, RN, Nurse Manager 
of the ED, and RACHEL BERNIER, Clinical Quality Coordi-
nator. The committee included SHELLI HARDING, SARAH 

KONECNIK, TRACEY CASALA, MICHELLE SOLITRO-FITZ-

GERALD, ANATOLY KAZAKIN, MD, MEGAN LEVIGNE,  
RUSSELL DAVIS, KARA LEFEBVRE, ELIZABETH GREENE. v
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Recognition

Blue Cross & Blue Shield of Rhode Island recognized as 2026 World’s Top Disability Inclusive business

PROVIDENCE — Blue Cross & Blue Shield 
of Rhode Island (BCBSRI) has been recog-
nized as a World’s Top Disability Inclu-
sive Business for its performance on the 
2026 Disability Index®. The designation 
marks the fifth consecutive year BCBSRI 
has achieved a top score.  

This recognition reflects BCBSRI’s 
progress towards building a workplace 
where all employees can contribute and 
drive long-term success. Companies scor-
ing at the highest proficiency levels earn 
recognition as World’s Top Disability In-
clusive Businesses. 

Disability Index is the world’s leading 
independent benchmarking tool for eval-
uating corporate disability inclusion and 
is used by hundreds of leading companies 
across the globe. 

“Our leadership and associates are ded-
icated to building a workplace where ev-
eryone feels supported and valued,” said 
CAROLYN BELISLE, Vice President of 
Corporate Social Responsibility. “This 
honor recognizes that commitment and 
motivates us to use insights from our Dis- 
ability Index scores to continue advanc-
ing our inclusion efforts.” 

BCBSRI’s top score reflects its compre-
hensive array of programs and policies 
that support a culture of accessibility and 
belonging, including:  

The Disability Inclusion Network, an 
employee business resource group that 
promotes and provides guidance on ac-
cessibility and inclusion for people with 
disabilities and impairments.  

Project SEARCH, an internship pro-
gram based at BCBSRI that prepares high 
school students with intellectual or devel-
opmental disabilities for post-graduation  
employment.  

Grants and in-kind support for com-
munity organizations that serve people 
with disabilities  

Inclusive workplace policies and prac-
tices, including hiring, recruitment, and 
retention efforts, and initiatives that 
promote physical, digital, and systemic 
accessibility. 

A highly active supplier engagement 
program that encourages engagement 
with disability-owned businesses. v
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EDWARD R. FELLER, MD, 80, of Provi-
dence, passed away unexpectedly on July 21, 
2026, at his residence. He was the devoted 
husband of the late Wendy (Levins) Feller, 
a beloved actress and member of the Rhode 
Island theater community. Their remarkable 
and vibrant relationship could light up a room.

Born in Brooklyn, New York, a son of the late Abraham and 
Emma “Ginny” (Tannenbaum) Feller, Dr. Feller had been a res-
ident of Providence since 1978.

He earned a bachelor’s degree from the University of Pennsyl-
vania in 1967 and his medical degree from New Jersey Medical 
School in 1973. He completed a residency in internal medicine 
in 1975 at McGill University Royal Victoria Hospital, Montreal, 
and his fellowship in gastroenterology in 1977 at the Massachu-
setts General Hospital.

Dr. Feller was Clinical Professor of Medical Science at the 
Warren Alpert Medical School of Brown University for over 40 
years. He previously served as Co-Director of the Community 
Health clerkship and as Director of the Division of Gastroenter-
ology at The Miriam Hospital. He was Co-Editor-in-Chief of the 
Rhode Island Medical Journal from 2018 to 2021.

Throughout his career, Dr. Feller was passionate in his com-
mitment to medical students and their education. He mentored 
generations of medical students who were devoted to him. He 
received the Faculty Award for Teaching on 14 occasions, and 
he was awarded the Senior Citation, Alpert Medical School of 
Brown University’s highest honor seven times. Dr. Feller also 
authored or co-authored well over 100 journal articles, book 
chapters, and op-eds, the majority of which involved collabora-
tions with medical students.

In his personal life, Dr. Feller was an avid ultramarathon run-
ner, completing 50-mile and 100-mile races in the wilderness. 
He was also a connoisseur of the arts, with a deep appreciation 
for theater, music, and literature. Finally, he loved his family 
and his friends.

Dr. Feller is survived by his two children, Dr. Alexander  
Arthur Feller of Manhattan and Dr. Sophie Claire Feller of Los 
Angeles; his brother, Dr. Joseph Feller; his nephews, Dr. Ross 
Feller, Dr. Reid Feller, and Jonathan Shecter; and his niece, Jane 
Saul (Shecter). He also leaves behind his treasured companion, 
his Goldendoodle Oliver.

Funeral services for Dr. Feller were held on July 27, 2026, 
at Temple Beth El, 70 Orchard Ave., Providence, with burial 
in Swan Point Cemetery. Memorial contributions in Dr. Fell-
er’s honor may be made to: the Warren Alpert Medical School 
of Brown University, Division of Advancement: https://bbis. 
advancement.brown.edu/bbphenix/giving/biomed

To share a memory, visit: https://www.dignitymemorial.com/ 
obituaries/providence-ri/edward-feller-12976546 v

Obituaries

CHARLES “BUD” BERNARD KAHN, MD, 87, passed 
away on June 29, 2026. He was the beloved husband 

of the late Susan (Segal) Kahn; they were married for almost 54 
years before her passing in 2020. 

He graduated from the University of Col-
orado for both undergraduate and medical 
school, where he was first in his medical 
school class. He completed his residency at 
the Brigham & Women’s Hospital and fellow-
ship at the Deaconess Hospital in Boston. 

Dr. Kahn served as a major in the Army and worked at the Jos-
lin Clinic in Boston, before founding the state’s largest diabetes 
and endocrinology practice. Over his 50-plus years of medical 
practice, he was a clinical professor at Brown University Medi-
cal School, the first physician elected chairman of The Miriam 
Hospital Board of Trustees, a member of the Lifespan Board of 
Trustees, President of the Rhode Island Medical Society, and 
volunteer and Physician of the Year at the Rhode Island Free 
Clinic. He also volunteered at the Moi University School of 
Medicine in Eldoret, Kenya, four times and served on the Board 
of Trustees at the Wheeler School.

He was an avid photographer, golfer, skier, runner and loved to 
travel. Most importantly, he was a beloved member of the com-
munity and an amazing husband, friend, father, and grandfather.

He is survived by his son, Maxwell Kahn, and his wife Deb-
orah Weinswig of New York, NY; his daughter, Sheri Kahn of 
Wellesley, MA; his sister, Susan Gersten; and his grandchildren, 
Ezra, Zahava, and Madeleine “Maddy” Kahn. He was prede-
ceased by his sister, Vicki Ross.

Contributions in his memory may be made to Rhode Island 
Free Clinic, Development Office, 655 Broad Street, Providence, 
RI 02907 or to Temple Emanu-El. 

Arrangements are in the care of Sugarman-Sinai Memorial 
Chapel, Providence. For condolences, visit: www.sugarman- 
sinai.com v

JAMES F. PADBURY, MD, 78, passed away 
suddenly in June. He graduated from UCLA 
Medical School and completed an internship 
and chief residency at UCSF/Zuckerberg San 
Francisco General, and a pediatric residency 
at Boston Children’s Hospital. He then joined 
Harbor-UCLA Medical Center where he rose 

to Professor of Pediatrics and Chief of the Neonatal Division. 
He joined Brown University’s Warren Alpert Medical School  
in 1995. Over the next 25 years, he served as pediatrician-in-chief 
at Women & Infants. Under his leadership, Women & Infants 
became a premier neonatal program and opened the nation’s 
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largest single family room NICU in 2009—a model he cham-
pioned as expanding neonatology mission from quality of life, 
with care tailored to each infant. 

He held continuous National Institutes of Health funding for 
over 40 years and led major advances in our understanding of ad-
renergic receptor biology in the newborn, placental epigenetics, 
and the genomics of preterm birth. He chaired the Human 
Embryology and Developmental Study Section at the Nation-
al Institutes of Health (NIH), and as Principal Investigator of 
the NIH Center of Biomedical Research Excellence (COBRE) in 

OBITUARIES

Perinatal Biology at Brown, where he helped many early career 
investigators launch independent research.

After leaving Brown and returning to California, he joined the 
Pediatric Faculty at UCSF.

He is survived by his wife Mary, and their four children: Mor-
gan, wife Katie; Timothy, wife Marissa; Kate, husband Andrew, 
and Colin, wife Tabor, and five grandchildren, as well as many 
friends, colleagues and the families whose lives he touched.

His family will spread his ashes sailing to Catalina were he 
ran many marathons and raced his sailboat. v
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