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A B S T R A C T   

There is limited literature on managing chronic lead exposure from non-removable sources such as lead frag-
ments. In this case report, we present the complexities and clinical considerations involved in treating an elderly 
patient who sustained a comminuted knee fracture due to a gunshot wound, complicated by retained lead 
fragments. This case highlights the absence of comprehensive guidelines for managing chronic lead exposure 
when complete fragment removal is impractical. It also emphasizes the importance of a multidisciplinary 
approach to decision-making, while considering patient autonomy in such unique clinical scenarios.   

1. Introduction 

Lead poisoning may result from acute or chronic exposure to lead, 
leading to its body accumulation. Such exposure can be occupational, 
environmental, or accidental. The prevalence of occupational lead 
poisoning (e.g., fumes released during the melting process of lead or 
during battery manufacturing) in the Western world ranges from 10 to 
20 cases per 100,000 individuals, although can significantly vary based 
on the geographic location [1,2]. In contrast, environmental lead 
poisoning can be insidious and stem from common sources such as 
lead-based paint, cosmetics, tap water contaminated by lead pipes, 
airborne emissions (especially in areas still using leaded gasoline), and 
the systemic release of lead from retained bullets. Lead can be absorbed 
through various routes, including the respiratory, gastrointestinal, 
dermal, and osteoarticular systems [3,4]. 

The United States Centers for Disease Control and Prevention (CDC) 
has established an upper limit for blood lead level (BLL) at 10 μg/dL and 
3.5 μg/dL for adults and children, respectively [5,6]. However, the 
World Health Organization (WHO) asserts that there is no safe level of 
lead exposure and recommends identifying and quickly addressing the 

source of exposure for individuals with BLLs exceeding 5 μg/dL [3,5,6]. 
It has been demonstrated that BLL is correlated with the duration of 

exposure and the severity of intoxication, with symptoms being more 
likely and severe in adults with BLLs exceeding 80 μg/dL. Early recog-
nition of symptoms, such as headache, disorientation, weakness, poor 
appetite, vomiting, constipation, abdominal and joint pain, and anemia, 
can help to quickly manage and limit the severity and neurological 
consequences of lead poisoning [3,5]. 

Concerning lead poisoning resulting from retained projectiles or 
fragments of bullets, the likelihood of toxicity is generally low when the 
fragments are situated within soft tissue, as they tend to become 
encapsulated and isolated by scar tissue formation. Conversely, some 
studies have shown that intra-articular lead fragments, in particular, 
should be removed due to the potential for metal degradation and 
increased absorption through the synovial [2,4,5]. 

To date, the management of retained lead fragments primarily in-
volves surgical removal or chelation therapy. In adults, indications for 
initiating chelation therapy include a BBL exceeding 45 μg/dL (with a 
stronger recommendation when BLL > 100 μg/dL) or the presence of 
severe encephalopathy at any BLL [3,5]. 
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Lead chelation should start with dimercaprol (BAL), followed by 
another dose of BAL four hours later, along with either succimer (meso- 
2,3-dimercaptosuccinic acid, DMSA, if oral administration is feasible) or 
CaNa2-EDTA (if intravenous infusion is necessary). DMSA promotes 
urinary excretion of the metal and antagonizes enzymatic inhibition [6, 
7]. While BAL treatment is gradually phased out, one of the other 
chelating agents is continued, typically for a duration of five days. 
Thereafter, chelation therapy should be discontinued due to declining 
urinary lead excretion and continued chelator usage is associated with 
increased risk of adverse drug reactions [2,6,7]. Indeed, the utilization 
of chronic chelation therapy is hindered by potential toxicity, dimin-
ished long-term effectiveness, and insufficient evidence [3,6]. To our 
knowledge, no certain information concerning chronic treatment of 
bullets that cannot be surgically removed is available. We present the 
case of a patient with a not-surgically removable source of lead. 

2. Case report 

An 81-year-old man presented to the Emergency Department with a 
firearm injury, resulting in significant tissue loss and complex commi-
nuted fracture of the right knee (Fig. 1 and Fig. 2), which occurred 
accidentally during a hunting expedition. His medical background 
comprises a pacemaker implantation for atrial fibrillation, a vascular 
prosthesis to treat aortic aneurysm, and hypertension. 

At the initial assessment, he did not report pain, weakness, nor any 
other significant symptoms associated with lead intoxication. Labora-
tory tests did not show significant alterations in the blood cell count or 
transaminase levels, but there was an impairment in renal function 
indicated by a creatinine level of 1.59 mg/dL and an estimated 
glomerular filtration rate (eGFR) of 40 mL/min/1.73 m2 (Table 1). 
Conventional X-rays confirmed an extensive traumatic component, 
including a comminuted patellar fracture with involvement of both 
adjacent joint surfaces (Fig. 1). Numerous lead pellets were evident, 
extending from the supracondylar region to the whole leg. No radio-
logical signs of chronic lead intoxication were found. An urgent surgical 
stabilization of the right knee bridge was performed with an external 
fixator. Only one month later, a BLL test revealed lead intoxication, with 
a BLL of 55.2 µg/L. This prompted communication with our poison 
control center (PCC), which recommended initiating chelation therapy 
alongside surgical removal of the fragments. Three weeks later, the 
patient underwent a surgical intervention to partially debride the 
wound, followed by knee arthroplasty. Complete surgical removal of all 
lead fragments was not feasible, fragments were numerically reduced in 
postoperative radiographic images, but they were still present in sig-
nificant amounts (Fig. 3). The option of limb amputation was discussed 
with the patient, who emphatically declined the procedure. The surgery 
had been successful, and there was a high likelihood of functional re-
covery. The sole rationale for considering amputation was to reduce the 
lead burden. 

Few days later, the patient exhibited ideomotor slowing and slurred 
speech. Consequently, the medical team recontacted our PCC. We 
promptly visited at the patient’s bedside and observed that, in the 
interim, the neurological pathologic signs had already resolved. We 
noted that chelation therapy had not yet started due to challenges in 
sourcing the recommended medications. The neurological symptoms 
experienced by the patient were very non-specific and could be related 
to a wide differential diagnosis in an elderly patient. The fact that they 
resolved spontaneously suggest that another cause may have been the 
instigator of these symptoms. Therefore, considering the patient’s age, 
the absence of lead intoxication symptoms, and the presence of irre-
trievable lead fragments, a conservative approach was adopted and 
chelation therapy was neither initiated nor further prescribed. The pa-
tient was scheduled for close follow-up, including bimonthly blood tests 
and clinical reassessments through both home monitoring and outpa-
tient visits. Serial follow-up lead concentrations and clinical exams have 
revealed gradual (spontaneous) decrease in BLL with a plateau around 
35–40 µg/L eight months after the accident, and no documentation of 
any signs or symptoms of lead poisoning. The patient remains fully 
autonomous and active, and the follow-up is ongoing. Ad vitam follow- 
up using telemedicine support was planned, with in-person ambula-
tory or outpatient visits as necessary. 

3. Discussion 

While numerous case reports of lead intoxication have been docu-
mented in the medical literature, there remains a paucity of cases 

Fig. 1. Radiographies at first evaluation in the Emergency Department.  

Fig. 2. Photography of the wound (right knee) before the surgical intervention 
of debriding, followed by knee arthroplasty. 
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Table 1 
Relevant patient’s laboratory tests during hospitalization and home monitoring.  

Date Requesting 
Department 

WBC 
(10^9/L) 

RBC 
(10^12/L) 

Hb 
(g/L) 

MCV 
(fL) 

HCT 
(L/L) 

Platelets 
(10^9/L) 

D-Dimer 
(μg/L) 

Creatinine 
(mg/dL) 

eGFR Sodium 
(mmol/L) 

Potassium 
(mmol/L) 

BUN 
(mg/dL) 

AST 
(U/L) 

ALT 
(U/L) 

Lead 
(μg/dL) 

10/ 
29/ 
22 

ICU Admission 5.7 3.74 120 92.5 0.35 102 1470 1.59 40 144 4.6 19 18 15 - 

11/ 
26/ 
22 

Traumatology - - - - - - - - - - - - - - 55.2 

12/ 
23/ 
22 

Orthopedics 7.7 4.49 138 92.4 0.41 284 - - - - - - - - 53.3 

01/ 
24/ 
23 

Orthopedics Ϯ 15.5 3.51 105 89.7 0.31 200 - 1.30 51 133 4.8 16 - - - 

01/ 
31/ 
23 

Orthopedics - - - - - - - - - - - - - - 37.3 

03/ 
08/ 
23 

Orthopedics - - - - - - - - - - - - - - 44.5 

05/ 
10/ 
23 

General 
practitioner 

9.1 4.96 164 100.0 0.50 290 - 1.35 49 - - 32 22 59 37.7 

08/ 
02/ 
23 

General 
practitioner 

9.8 4.90 160 92.2 0.48 265 - 1.35 49 - - 30 29 37 39.8 

Abbreviations: ALT = Alanine Aminotransferase; AST = Aspartate Aminotransferase; BUN = Blood Urea Nitrogen; Hb = Hemoglobin; eGFR = estimated glomerular filtration rate (CKD-EPI equation); HCT = Hematocrit; 
ICU = intensive care unit; MCV = Mean Corpuscular Volume; RBC = Red Blood Cells; WBC = White Blood Cells 
Ϯ One day post-surgery 
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specifically addressing firearm injuries involving retained intra-articular 
lead fragments or multiple spread fragments. In instances of knee or 
intradiscal lead fragment retention, case reports have documented the 
implementation of chelation therapy alongside surgical removal, even in 
scenarios where peak BLL were relatively lower [8,9]. In another case, a 
20-year-old male with gunshot wounds, characterized by multiple 
radiopaque fragments distributed across the left chest and inner arm, 
was precluded from undergoing bullet removal surgery due to the 
extensive surgical dissection required. Consequently, chelation therapy 
utilizing DMSA was initiated, culminating in a decrease in BLL from 24.0 
to 13.3 μg/dL following seven treatment courses [10]. In general, there 
is no consensus on how to handle cases of multiple scattered fragments 
leading to chronic exposure. The symptoms can range from being 
asymptomatic to posing an increased risk of severe outcomes [11,12]. 

In the presented case, the patient sustained a severe firearm injury 
resulting in substantial tissue loss and a complex comminuted fracture of 
the right knee. A conservative strategy supplemented by close moni-
toring was elected, taking into account the patient’s age, surgical risks, 
and overall asymptomatic status, leading to the decision to forgo che-
lation therapy. This case report raises several clinical considerations. 
Primarily, it highlights the substantial variation in lead intoxication 
symptoms contingent upon individual and circumstantial factors. 
Remarkably, our patient remained nearly asymptomatic throughout the 
ongoing follow-up period, and he exhibited only neurological symptoms 
several weeks following the incident and the detection of elevated BBL. 
This delayed symptom manifestation may carry considerable implica-
tions for lead intoxication diagnosis and management, potentially 
causing patients to remain unaware of their lead exposure until symp-
toms become overt. 

Another pivotal consideration pertains to the initial absence of lead 
toxicity assessment, despite the presence of numerous lead pellets 
within the patient’s body. This highlights the challenge in recognizing 
cases of lead intoxication, particularly when symptoms are either absent 
or mild. The implementation of targeted tests such as BLL analysis as-
sumes paramount significance in identifying such cases. Lastly, 
emphasis is placed on the value of a multidisciplinary approach in 
clinical decision-making. In this specific scenario, the involvement 
extended beyond orthopedic specialists, toxicologists, and the general 
practitioner, encompassing both the patient and their family. The pa-
tient’s choice to decline amputation in favor of adopting a conservative 
approach to lead fragment management accentuates the delicate bal-
ance between optimal medical choices and patient autonomy in deci-
sion-making. 

In summary, the medical literature lacks extensive documentation on 

lead intoxication from retained firearm fragments in joints. As such, a 
multidisciplinary approach, which includes patient choice, is essential 
for monitoring and treatment decisions. Notably, chelation therapy 
should not be mandatory. 
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