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Case Report: Heavy metal poisoning and acute liver failure following use of a folk remedy in a child with a burn
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Introducion: Folk remedies for the treatment of burns are widely used in China, often due to the belief that they can prevent scarring. However, these remedies may contain complex and unregulated ingredients that can worsen wound conditions, increase infection risk, and lead to systemic heavy metal poisoning.



Methods: We report the case of a 1-year-and-8-month-old boy with a burn injury who received treatment with a folk remedy. This treatment led to worsening wound edema and hospital admission. The child developed acute liver failure, requiring plasma exchange and surgical debridement. Laboratory analyses of blood, urine, wound samples, and the folk remedy identified high levels of heavy metals, including chromium, nickel, tin, and lead.



Results: The toxicological risks associated with the heavy metal content in folk remedies significantly contributed to the patient's condition. Following standardized medical treatment, liver enzyme levels and coagulation function returned to normal, and the child made a full recovery after 37 days.



Conclusion: This case highlights the serious health risks associated with the use of folk remedies in burn management, particularly the potential for wound aggravation and systemic heavy metal poisoning. Clinicians should maintain a high index of suspicion for heavy metal toxicity and apply early, targeted interventions. Furthermore, the optimization of treatment experience for heavy metal poisoning is crucial to improving outcomes for children affected by such exposure, and providing valuable insights for future cases.
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Introduction

Folk remedies, also referred to as ancestral secret formulas, play a unique and significant role in the treatment of burns in China. Many Chinese families firmly believe that these remedies, passed down through generations, have miraculous effects-particularly in preventing scarring. Despite widespread efforts to promote public awareness of proper burn first aid, approximately 20% of children with burn injures are still treated with folk remedies rather than standardized medical care (1).

The complex and potentially toxic nature of these remedies often results in secondary injuries associated with burns, including fever, increased wound severity, and infection (2, 3). This case report aims to alert clinicians to the risk of systemic heavy metal poisoning due to the transdermal absorption of these remedies through damaged skin, in addition to local wound complications. This often-overlooked aspect of burn management warrants greater attention to ensure comprehensive and effective care.



Case report

A 1-year-and-8-month-old boy sustained a burn injury to his left lower limb from an electric heating pot four days before admission. His parents applied a local folk remedy for treatment, but the wound showed no improvement and instead became increasingly red and swollen within six hours. Apart from left lower limb swelling, the child exhibited no other symptoms such as fever. He was subsequently admitted to Jinan Central Hospital.

Initial treatment consisted of cefalosporin antibiotics and a 120 ml plasma transfusion over three days. However, the child's condition did not improve. He experienced recurrent fever, with a maximum temperature of 39.3°C. The fever was not accompanied by respiratory or gastrointestinal symptoms, convulsions, altered consciousness, or other complaints. On physical examination, the child was conscious but exhibited reduced responsiveness. There were three scattered ecchymotic lesions on the face, and extensive black eschar was noted on the burn wound of the left lower limb, with marked swelling. Capillary refill time was normal, and there were no signs of cyanosis or nail bed pallor. Cardiopulmonary and abdominal examinations were unremarkable, with no hepatosplenomegaly. Neurological examination revealed no abnormalities, including no hyperreflexia and a negative Babinski sign. Laboratory investigations revealed markedly elevated liver enzymes: alanine transaminase (ALT) at 3,890 U/L, aspartate transaminase (AST) at 3,208 U/L, and lactate dehydrogenase (LDH) at 2,462 U/L. Coagulation tests showed severe dysfunction, with a prothrombin time (PT) of 92.7 s, international normalized ratio (INR) of 8.0, activated partial thromboplastin time (APTT) of 296.4 s, and fibrinogen level of 1.31 g/L. Based on clinical findings, a diagnosis of acute liver failure was made, and the child was urgently transferred to the pediatric intensive care unit (PICU) of our hospital for further treatment.

Upon transfer, the child appeared lethargic, and the burn wound on the left lower limb was covered with black eschar (Figure 1). Follow-up laboratory tests showed worsening liver dysfunction, with blood ammonia levels at 231 μmol/L, ALT at 6,529 U/L, AST at 4,348 U/L, LDH at 2,784 U/L, and fibrinogen decreased to 0.95 g/L-consistent with severe liver failure. Treatment included liver-protective agents (ammonium glycyrrhizinate and cysteine), plasma exchange (PE), and fibrinogen supplementation to correct coagulopathy. During this period, the child experienced recurrent hypokalemia and hyperammonemia. Potassium chloride was administered to manage hypokalemia, and appropriate measures were taken to reduce ammonia levels. Once coagulation parameters improved significantly, surgical debridement of the eschar was performed to reduce the risk of ongoing toxin absorption from the wound.


[image: Figure 1]
FIGURE 1
The patient's first operation. (A,B) Preoperative examination revealed necrosis of the skin and soft tissue in the left lower limb, presenting as dry gangrene with a thick layer of black, powdery necrotic tissue on the surface. (C) Upon removal of the necrotic tissue, the underlying fatty layer was exposed. (D) The wound was subsequently covered with an acellular dermal matrix (ADM) for further management and healing.


Samples of urine, blood, and topical agents from the wound were collected preoperatively, intraoperatively, and postoperatively for toxicological analysis. The results revealed the presence of several heavy metals, including chromium (Cr), nickel (Ni), tin (Sn), lead (Pb), and mercury (Hg). Notably, both blood and urine showed elevated concentrations of Ni and Sn. The composition of heavy metals matched that of the applied folk remedy, strongly suggesting it as the source of toxicity and the likely cause of the child's acute liver failure. Due to limited sample availability and urgent clinical circumstances, only heavy metal screening was conducted on the folk remedy. Other chemical constituents were not analyzed in detail (Table 1).


TABLE 1 Detection of metallic elements in blood, urine, and tissue.
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Blood tests on postoperative days 1 and 3 demonstrated significant reductions in the levels of Ni, Sn, and lead. Subsequently, blood potassium levels stabilized, and liver enzyme levels gradually normalized. Serial laboratory data are summarized in Table 2, demonstrating the dynamic changes in liver function, coagulation profile, blood ammonia, and serum potassium throughout the course of hospitalization and treatment. The child was discharged after 37 days of hospitalization in stable condition. A two-year follow-up was conducted to evaluate physical growth, developmental milestones, and cognitive function. Results indicated normal height, weight, and neurodevelopmental status, with no apparent differences compared to children of the same age.


TABLE 2 Serial laboratory parameters during hospitalization.
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Discussion

In children, the dermis is thinner and the vascular network is more abundant, resulting in increased skin permeability and a larger surface area of absorption. This absorption is further enhanced when the skin is compromised, rendering children more vulnerable to toxin absorption, particularly from topical remedies. Furthermore, as hepatic and renal functions are still immature in young children, their ability to metabolize and eliminate toxins is reduced, increasing the risk of systemic toxicity. Therefore, special caution should be exercised regarding drug toxicity and adverse effects when applying topical agents to the wounds of children with burns.

This case highlights the risks of heavy metal poisoning associated with folk remedies used in burn treatment, emphasizing their complex and unpredictable composition-especially the presence of toxic metals. The toxic effects of these substances should not be underestimated. Clinicians should maintain a high index of suspicion for heavy metal poisoning to prevent irreversible damage to the liver, kidneys, and nervous system. Early recognition and intervention are essential to preventing acute toxicity associated with heavy metal.

Studies have shown that heavy metals accumulate in the liver in a specific order, typically Pb > cadmium (Cd) >Ni > Cr (4). When the concentration of heavy metals exceeds physiological thresholds, they pose a significant health risk. Concurrent exposure to multiple heavy metals-such as lead, Cr, arsenic (As), mercury (Hg), Ni, and Cd-has been associated with hepatotoxicity. In the case presented, heavy metals including Cr, Ni, Sn, lead, and Hg were detected in the wound, with their composition matching that of the applied topical remedy. Elevated concentrations of Ni and Sn in blood and urine samples suggest that these metals may have been the principal contributors to systemic toxicity.

The hepatotoxic effects of Ni primarily involve the disruption of biochemical processes, leading to systemic toxicity. Ni can compromise cell membrane integrity, reflected in elevated serum levels of alkaline phosphatase (ALP), ALT, AST, and LDH. Histopathological findings in experimental models include hepatic necrosis and inflammatory cell infiltration (5, 6). These are consistent with the clinical manifestations observed in this case. The patient's liver function tests showed significant elevations in ALP, ALT, AST, and LDH. Histopathological examination of skin tissue from the affected left lower limb revealed superficial dermal collagen fiber degeneration and necrosis, accompanied by bacterial infiltration (both rod-shaped and cocci) within the necrotic zones and around hair follicles. In addition, there was marked infiltration of neutrophils and histiocytes in the deep dermis and subcutaneous fat, providing further evidence of inflammation and tissue injury likely caused by heavy metal toxicity.

Sn poisoning can manifest with clinical symptoms such as persistent hypokalemia, liver injury, hyperammonemia, and metabolic acidosis; in severe cases, it may lead to toxic encephalopathy (7, 8). In this child, recurrent episodes of hypokalemia and hyperammonemia were observed following admission. Through comprehensive management—including potassium chloride supplementation, PE, and surgical debridemen—the patient's serum potassium levels gradually stabilized, indicating that the treatment regimen was effective in mitigating Sn toxicity.

Lead is a well-established neurotoxin, with chronic exposure particularly detrimental in children. According to the Centers for Disease Control and Prevention (CDC), a blood lead level of ≥3.5 μg/dl in children is considered elevated. Although the patient's blood lead level was detectable in this case, it remained within the normal range (9). Nevertheless, even low-level exposure may impair growth and neurodevelopment, including cognition, behavior, hearing, and language skills. At the two-year follow-up, the child's growth parameters and cognitive development were within normal limits, with no apparent deficits compared to age-matched peers. However, long-term long-term monitoring remains essential to assess for latent toxic effects.

Cr is both an essential trace element and a potential toxicant. Cr(III) plays a critical role in the metabolism of proteins, lipids, and carbohydrates (10); however, Cr(VI) can induce DNA modifications and disrupt cellular regulatory processes, ultimately leading to hepatic injury (11). In this case, elevated Cr levels were detected in both the affected skin and the applied folk remedy. Although a transient increase in urinary Cr was observed intraoperatively, Cr was undetectable in the patient's preoperative and postoperative urine and blood samples. We speculate that the folk remedy led to localized Cr deposition within the wound; however, whether systemic absorption occurred and contributed to hepatic injury remains to be determined.

Although As, Cd, Hg, and thallium were not detected in this study, their potential health risks warrant attention. These metals accumulate in critical organs (e.g., liver, kidneys, lungs) and induce toxicity through shared mechanisms, including oxidative stress, glutathione depletion, and mitochondrial dysfunction (12). For instance, Cd and Cr cross the placenta, posing developmental risks, while Hg disrupts cellular membranes and sulfhydryl-dependent enzymes, potentially exacerbating hepatocellular injury (13). Thallium, a potent neurotoxin, mimics potassium to impair mitochondrial integrity and apoptosis regulation. Despite these risks, the exact molecular pathways of thallium toxicity remain poorly characterized, necessitating further mechanistic studies (14, 15).

One limitation of this study is the lack of a complete compositional analysis of the folk remedy, which could have provided more insight into the specific agents responsible for toxicity. However, the detection of multiple heavy metals strongly suggests a potential link between the remedy and the observed liver injury.

While clinical reports on acute liver injury caused by folk remedies—particularly those involving heavy metal poisoning and chelation therapy—remain scarce, our case highlights the potential severity of such toxicity in children (16). Existing literature on pediatric liver failure, however, supports the effectiveness of PE and PICU-based comprehensive treatment (17, 18). PE serves as a critical adjunctive therapy by removing both free and albumin-bound toxins, including aromatic amino acids, ammonia, endotoxins, indoles, and phenols, thereby aiding hepatic recovery (19). In this case, the temporal association between folk remedy application and symptom onset, along with the exclusion of alternative causes, strongly suggested a direct toxic etiology. The timely initiation of PE, combined with aggressive supportive care and surgical debridement, contributed to the restoration of coagulation function and elimination of the toxic source, culminating in a favorable outcome. This experience underscores the need for heightened awareness of folk remedy-related hepatotoxicity and the importance of early intervention in similar cases.

Pediatric acute liver failure is a rapidly progressing condition with a high mortality rate ranging from 24% to 53%. Early recognition is vital to prevent complications and improve outcomes (20, 21). Upon diagnosis, immediate supportive care should be initiated, regardless of the underlying etiology. This case illustrates the potential severity of heavy metal poisoning and acute liver injury associated with folk remedies, especially in children, who are particulary vulnerable. Heavy metals such as Ni and Sn can impair hepatic and systemic functions through various toxicological pathways. The patient's condition was successfully reversed through timely PE, symptomatic management, and surgical intervention.



Conclusion

This case highlights the urgent need to raise public awareness about the potential hazards of folk remedies and encourages healthcare providers to remain vigilant regarding possible heavy metal poisoning in similar scenarios. Additionally, it underscores the importance of optimizing treatment strategies for heavy metal toxicity. Early identification and intervention can significantly improve outcomes for children and offer valuable insights for the diagnosis and management of similar cases in the future.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by The Medical Ethics Committee of the Children's Hospital Affiliated to Shandong University is affiliated to the Children's Hospital Affiliated to Shandong University (Jinan Children's Hospital). The studies were conducted in accordance with the local legislation and institutional requirements. The human samples used in this study were acquired from a by- product of routine care or industry. Written informed consent for participation was not required from the participants or the participants' legal guardians/next of kin in accordance with the national legislation and institutional requirements. Written informed consent was obtained from the minor(s)' legal guardian/next of kin for the publication of any potentially identifiable images or data included in this article.



Author contributions

BN: Writing – original draft, Writing – review & editing. JX: Writing – review & editing. WJ: Writing – review & editing. XL: Writing – review & editing. LZ: Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by the Natural Science Foundation of Shandong Province (Grant No. ZR2024QH132).



Acknowledgments

Special thanks to all authors who contributed to the research.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Yu Q, Xiao YQ, Hu XY, Xia ZF. Cognitive level of first aid knowledge regarding small area burn among 2 723 child caregivers in Shanghai: a cross-sectional survey and analysis. Zhonghua Shao Shang Za Zhi. (2019) 35:198–204. doi: 10.3760/cma.j.issn.1009-2587.2019.03.007

2. Assous MV, Schwartz Y, Ben-Chetrit E. An unforeseen complication of a folk remedy for joint pain. Med Mal Infect. (2018) 48:374–5. doi: 10.1016/j.medmal.2018.03.004

3. González JA, Griffith E, Chen-Camaño R, Henao-Martínez AF, Franco-Paredes C, Ortega Y, et al. Severe cutaneous reaction caused by rubbing the toad Rinella horribilis as a folk remedy in rural Panama. Travel Med Infect Dis. (2023) 52:102539. doi: 10.1016/j.tmaid.2022.102539

4. Renu K, Chakraborty R, Myakala H, Koti R, Famurewa AC, Madhyastha H, et al. Molecular mechanism of heavy metals (Lead, Chromium, Arsenic, Mercury, Nickel and Cadmium) – induced hepatotoxicity—a review. Chemosphere. (2021) 271:129735. doi: 10.1016/j.chemosphere.2021.129735

5. Cempel M, Janicka K. Distribution of nickel, zinc, and copper in rat organs after oral administration of nickel(II) chloride. Biol Trace Elem Res. (2002) 90:215–26. doi: 10.1385/BTER:90:1-3:215

6. Sidhu P, Garg ML, Dhawan DK. Protective role of zinc in nickel induced hepatotoxicity in rats. Chem Biol Interact. (2004) 150:199–209. doi: 10.1016/j.cbi.2004.09.012

7. Du Y. Acute trimethyltin poisoning caused by exposure to polyvinyl chloride production: 8 cases. Am J Med Sci. (2021) 362:92–8. doi: 10.1016/j.amjms.2021.02.010

8. Wang YM, Gao SJ, Yu YY, Liu L, Meng J. Three cases of occupational acute trimethyltin chloride poisoning. Zhonghua Lao Dong Wei Sheng Zhi Ye Bing Za Zhi. (2023) 41:546–9. doi: 10.3760/cma.j.cn121094-20220414-00195

9. Walter K. What is lead poisoning? JAMA. (2023) 329:1040. doi: 10.1001/jama.2023.1543

10. Pavesi T, Moreira JC. Mechanisms and individuality in chromium toxicity in humans. J Appl Toxicol. (2020) 40:1183–97. doi: 10.1002/jat.3965

11. Xiao F, Feng X, Zeng M, Guan L, Hu Q, Zhong C. Hexavalent chromium induces energy metabolism disturbance and p53-dependent cell cycle arrest via reactive oxygen species in L-02 hepatocytes. Mol Cell Biochem. (2012) 371:65–76. doi: 10.1007/s11010-012-1423-7

12. Li S, Ding Y, Niu Q, Xu S, Pang L, Ma R, et al. Lutein has a protective effect on hepatotoxicity induced by arsenic via Nrf2 signaling. Biomed Res Int. (2015) 2015:315205. doi: 10.1155/2015/315205

13. Feng Y, Wang F. Mercury poisoning. N Engl J Med. (2022) 387:1888. doi: 10.1056/NEJMicm2202896

14. Osorio-Rico L, Santamaria A, Galván-Arzate S. Thallium toxicity: general issues, neurological symptoms, and neurotoxic mechanisms. Adv Neurobiol. (2017) 18:345–53. doi: 10.1007/978-3-319-60189-2_17

15. Cvjetko P, Cvjetko I, Pavlica M. Thallium toxicity in humans. Arh Hig Rada Toksikol. (2010) 61:111–9. doi: 10.2478/10004-1254-61-2010-1976

16. Ying X-L, Xu J, Markowitz M, Yan C-H. Pediatric lead poisoning from folk prescription for treating epilepsy. Clin Chim Acta. (2016) 461:130–4. doi: 10.1016/j.cca.2016.07.024

17. Beran A, Mohamed MFH, Shaear M, Nayfeh T, Mhanna M, Srour O, et al. Plasma exchange for acute and acute-on-chronic liver failure: a systematic review and meta-analysis. Liver Transpl. (2024) 30:127–41. doi: 10.1097/LVT.0000000000000231

18. Deep A. Plasma exchange in pediatric acute liver failure-more questions than answers. Pediatr Crit Care Med. (2023) 24:874–7. doi: 10.1097/PCC.0000000000003318

19. Maiwall R, Bajpai M, Singh A, Agarwal T, Kumar G, Bharadwaj A, et al. Standard-volume plasma exchange improves outcomes in patients with acute liver failure: a randomized controlled trial. Clin Gastroenterol Hepatol. (2022) 20:e831–54. doi: 10.1016/j.cgh.2021.01.036

20. Samanta A, Poddar U. Pediatric acute liver failure: current perspective in etiology and management. Indian J Gastroenterol. (2024) 43:349–60. doi: 10.1007/s12664-024-01520-6

21. Mishra S, Pallavi P. Diagnosis and management of pediatric acute liver failure: ESPGHAN and NASPGHAN 2022. Indian Pediatr. (2022) 59:307–11. doi: 10.1007/s13312-022-2498-1



OPS/images/fped-13-1531744-g001.jpg





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Case Report: Heavy metal poisoning and acute liver failure following use of a folk remedy in a child with a burn

		Introduction



		Case report



		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher's note



		References



















OPS/images/cover.jpg
?frontiers ‘ Frontiers in Pediatrics

Case Report: Heavy metal
poisoning and acute liver failure
following use of a folk remedy in

a child with a burn





OPS/images/fped-13-1531744-t001.jpg
Test element
Black eschar (mg/kg)

Chromium
554.28

Nickel
61290

Arsenic | Cadmium Tin Thallium | Lead | Mercury

Folk Prescription (mg/kg)

21629

44344

Urine sample 1 day before surgery (mg/L)

<20

148.02

Intraoperative urine sample (mg/L)

13284

137.79

Urine sample 1 day after surgery (mg/L)

<20

17.83

Urine sample 3 days after surgery (mg/L)

<20

75.81

Blood sample 1 day after surgery (mg/L)

<20

27381

Blood samples 3 days after surgery (mg/L)

<20

44.22

i e i Daikces sarair coulil el bie dulactd das 4 aoegidition






OPS/images/fped-13-1531744-t002.jpg
Date| LDH ALT AST Ammonia PT INR | Fibrinogen | K+ (mmol/L)
(umol/L) (g/L)

Key clinical
events

Admission

After 1st PE

After 2nd PE

Postoperative day 1

After 3rd PE

Postoperative day 5

Recovery phase

Discharge








OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





