


Case Study
CEFTRIAXONE-INDUCED IMMUNE HEMOLYSIS: CLINICAL INSIGHTS FROM A CASE

ABSTRACT
Background: Ceftriaxone is a widely used cephalosporin antibiotic, but rarely, it may cause drug-induced immune hemolytic anemia (DIHA), a potentially life-threatening adverse reaction. Prompt recognition is essential to prevent morbidity, particularly in patients with comorbidities and concurrent surgical needs.
[bookmark: _GoBack]Case Presentation: We describe a 63-year-old male with a history of hypertension, diabetes mellitus, and prior ischemic stroke, who presented with left hip and wrist pain following a fall. Imaging revealed a closed intertrochanteric fracture of the left femur and a closed distal radius fracture. During hospitalization, while on ceftriaxone therapy, the patient developed a sudden hemoglobin drop (12.4 g/dL to 7.0 g/dL), reticulocytosis, elevated LDH, and hyperbilirubinemia, consistent with hemolysis. Coombs test was negative. Ceftriaxone-induced hemolysis was suspected, and the drug was discontinued. Supportive care with blood transfusions stabilized his condition. On 2nd January 2025, he underwent closed reduction and internal fixation (CRIF) of the femur and open reduction and internal fixation (ORIF) of the radius. Postoperative recovery was uneventful, and hemoglobin levels gradually improved with close monitoring.
Conclusion: This case emphasizes the importance of early identification of ceftriaxone-induced hemolysis in patients presenting with unexplained anemia during therapy. Timely drug withdrawal, supportive care, and coordinated perioperative management can lead to favorable outcomes.
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INTRODUCTION:
Drug-induced immune hemolytic anemia (DIIHA) is a rare but serious complication, most often linked to antibiotics such as cefotetan, ceftriaxone, and piperacillin/tazobactam. Ceftriaxone, a third-generation cephalosporin widely prescribed for both treatment and prophylaxis of bacterial infections due to its broad-spectrum activity and generally favorable safety profile, has been identified as a leading cause. Affected patients typically experience an abrupt decline in hemoglobin, accompanied by laboratory evidence of hemolysis, including reduced haptoglobin, elevated lactate dehydrogenase (LDH), and increased bilirubin. The direct antiglobulin test (DAT) is usually positive. Clinically, ceftriaxone-induced DIIHA may present as acute hemolysis with rapid progression to severe anemia and hemodynamic compromise if not promptly managed. The condition is associated with a high risk of organ failure and mortality rates exceeding 30%, with children often exhibiting more severe manifestations than adults 1-2. The pathogenesis of ceftriaxone-induced hemolysis is immune mediated, involving drug-dependent antibodies that bind to red blood cells, activate complement, and trigger intravascular hemolysis. Although uncommon, the condition carries a high mortality rate, particularly in adults with comorbidities 3. Clinical features include sudden onset anemia, reticulocytosis, elevated bilirubin, and increased lactate dehydrogenase (LDH) levels, while Coombs test results may vary 4. Fracture management in elderly patients requires careful perioperative planning, especially when complicated by unexpected hematologic events. Balancing the urgency of surgical fixation with the stabilization of hemolysis represents a clinical challenge. Here, we describe the case of a 63-year-old male with intertrochanteric femur and distal radius fractures who developed ceftriaxone-induced hemolysis during hospitalization. This report underscores the importance of vigilance in identifying antibiotic-related hemolysis and highlights the effectiveness of early drug withdrawal and supportive care in preventing adverse outcomes.
CASE PRESENTATION:
A 63-year-old male was admitted to the emergency department on 26th December 2024 following a fall at home. He presented with pain, swelling, and restricted mobility of the left hip and wrist, both exacerbated by movement. His past medical history was significant for hypertension, type 2 diabetes mellitus, and ischemic stroke 13 years earlier. He was on regular medications including Amlodipine (5 mg), Metformin (1000 mg), Clopidogrel (75 mg), and Ecospirin AV (75/20 mg). He had no known drug allergies or prior surgical history. On admission, his vital signs were stable. Table 1 highlighted that patient was moderately built with pallor and stable vitals. Musculoskeletal examination revealed pain with restricted movements at the left wrist, hip, knee, and elbow, while neurovascular status remained intact. Cardiovascular, respiratory, abdominal, and CNS examinations were unremarkable.
Laboratory parameters revealed that hemoglobin: 12.4 g/dL, PCV: 37.5% and random blood sugar: 141 mg/dL. Radiographs confirmed a closed intertrochanteric fracture of the left femur and a closed distal radius fracture of the left wrist. Prophylactic intravenous ceftriaxone was initiated. Clinical Course During hospitalization, a sharp decline in hemoglobin was noted, dropping to 7.0 g/dL by 29th December. Reticulocyte count was elevated (4.8%), suggesting compensatory marrow response. Further investigations demonstrated elevated LDH (447.03 U/L) and hyperbilirubinemia (3.5 mg/dL) by 3rd January 2025, consistent with hemolysis. Surprisingly, both direct and indirect Coombs tests were negative. The table 2 shows a sharp fall in hemoglobin after starting ceftriaxone, with reticulocytosis, elevated LDH, and hyperbilirubinemia indicating hemolysis. Despite a negative Coombs test, the close temporal relation and improvement after stopping ceftriaxone support drug-induced hemolysis. 
Given the close temporal relationship with ceftriaxone administration and absence of other identifiable causes, drug-induced hemolysis was suspected. Ceftriaxone was discontinued on 31st December. Supportive management included packed red cell transfusions, strict monitoring of renal and hepatic function, and maintenance of hemodynamic stability. On 2nd January 2025, once hemoglobin was stabilized, the patient underwent surgical interventions: Closed reduction and internal fixation (CRIF) of the intertrochanteric fracture using PFN/PFNA. Open reduction and internal fixation (ORIF) of the distal radius fracture with plate fixation. Perioperative analgesia was managed with intravenous tramadol (50 mg) and adjunct medications. Postoperative recovery was uneventful, with gradual improvement in hemoglobin levels and resolution of pallor and weakness.
TABLE 1: EXAMINATION FINDINGS
	System/Region
	Findings

	General Examination
	Moderately built and nourished, pallor present

	Vital Signs
	BP: 130/70 mmHg
Pulse: 84 bpm
SpO₂: 98%
Urine output: 1100 ml

	Left Wrist
	Pain, restricted flexion and extension

	Left Hip
	Painful and restricted flexion, extension, abduction, and adduction

	Left Knee
	Painful and restricted flexion and extension

	Left Elbow
	Painful, restricted internal and external rotation

	Neurovascular Status
	Intact; palpable radial pulse; sensations preserved across dermatomes

	Cardiovascular
	S1 and S2 normal

	Respiratory
	Bilateral normal vesicular breath sounds

	Abdominal
	Soft, non-tender

	CNS
	No focal neurological deficits



TABLE 2: LABORATORY INVESTIGATIONS
	Date
	Hemoglobin (g/dL)
	PCV (%)
	RBS (mg/dL)
	Reticulocyte Count (%)
	LDH (U/L)
	Bilirubin (mg/dL)
	Coombs Test

	26 Dec 2024 (Admission)
	12.4
	37.5
	141
	–
	–
	–
	–

	29 Dec 2024
	7.0
	–
	–
	4.8
	–
	–
	–

	31 Dec 2024 (Ceftriaxone stopped)
	–
	–
	–
	–
	–
	–
	–

	3 Jan 2025
	7.6
	–
	–
	–
	447.03
	3.5 (↑) (NR ≤ 3.2)
	Negative
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Figure 1: Laboratory trends during hospitalization
The Figure 1 shows the laboratory trends during hospitalization:
· Hemoglobin: A steep decline from normal (≈12 g/dL) on admission to around 7 g/dL, with gradual stabilization after ceftriaxone withdrawal.
· Reticulocyte count: Marked increase, indicating bone marrow response to hemolysis.
· LDH: Sharp spike during the episode, consistent with hemolysis, followed by normalization.
SOME RELATED CASE STUDIES:
Guleria et al. (2013) described a 60-year-old woman with community-acquired pneumonia who developed severe hemolysis after the first dose of ceftriaxone, with her hemoglobin falling from 9.6 g/dL to 5.5 g/dL. She showed clinical improvement following discontinuation of ceftriaxone and administration of a blood transfusion 5.
Sandeep Kumar et al. (2020) reported a 62-year-old woman with type 2 diabetes who developed diabetic ketoacidosis and a urinary tract infection, treated with IV insulin and ceftriaxone. Five days into ceftriaxone therapy, she developed hemolytic anemia, evidenced by a drop in hemoglobin, elevated bilirubin, and LDH, with no other cause identified. Ceftriaxone was discontinued, switched to imipenem, and she received one unit of RBCs. Her hemoglobin and labs gradually normalized, and she fully recovered by day 40 6.
Jaslyn Maurer et al. 2023 reported the case of a 59-year-old Korean woman with a history of hypertension, hyperlipidemia, and diabetes, and no known drug allergies, who was receiving ceftriaxone for pyelonephritis in an outpatient parenteral antimicrobial therapy (OPAT) unit. Several days after starting the antibiotic, she was hospitalized with laboratory findings indicative of hemolysis. All abnormalities resolved after ceftriaxone was discontinued and ertapenem therapy was initiated 7.
Zhang et al. (2025) reported a 54-year-old woman who developed hemolysis following intravenous ceftriaxone for a respiratory infection. Clinicians should promptly recognize signs of CIHA—fatigue, pallor, nausea, vomiting, and trunk pain—and discontinue ceftriaxone, with laboratory tests aiding in confirming the diagnosis 8.
DISCUSSION:
Ceftriaxone, a third-generation cephalosporin introduced in 1984, is widely prescribed across multiple specialties due to its broad-spectrum activity and favorable pharmacokinetics. While generally well tolerated, adverse reactions such as urticaria, rash, pruritus, and exanthema occur in approximately 3% of patients. Rarely, ceftriaxone has been implicated in drug-induced immune hemolytic anemia (DIIHA), a potentially fatal complication. The first case was reported in 1991 by Garratty 9 et al. in a 52-year-old woman, which was also the first fatal cephalosporin-induced hemolytic anemia. Subsequent pediatric cases, including a 24-month-old boy with sickle cell disease (1995) and a 16-year-old girl (1999), highlighted the severe and sometimes fatal course of ceftriaxone-induced hemolysis. More than 130 drugs have been associated with DIIHA, with antibiotics and platinum-based chemotherapeutics being the most common culprits. Among antibiotics, second- and third-generation cephalosporins account for the majority of cases. In Garratty’s analysis, cefotetan was the leading cause, followed by ceftriaxone, which is notable for its more severe and often fatal outcomes, particularly in children. The clinical presentation of DIIHA is often nonspecific, primarily reflecting the severity of anemia, with common symptoms including fatigue, dizziness, dyspnea, and jaundice. Physical examination may show pallor, jaundice, hepatosplenomegaly, or lymphadenopathy. Laboratory findings typically demonstrate a sudden drop in hemoglobin (<7 g/dL), mild leukocytosis, and, in prolonged cases, elevated reticulocyte count and mean corpuscular volume. Markers of hemolysis such as lactate dehydrogenase, indirect bilirubin, and haptoglobin are usually raised, and peripheral blood smears may show poikilocytosis, schistocytes, spherocytes, anisocytosis, or polychromasia. In this case, the patient exhibited fatigue and dyspnea, with labs showing leukocytosis, reticulocytosis (3.26%), and an increased mean corpuscular volume (from 95.6 fL to 103.5 fL), while imaging revealed splenomegaly 8-10.
The immunopathogenesis of DIIHA involves the production of either drug-dependent or drug-independent antibodies 13-14.
· Drug-dependent antibodies (commonly induced by ceftriaxone and piperacillin) react with red blood cells (RBCs) only in the presence of the drug. These may be IgG or IgM, forming immune complexes that activate complement, leading to acute intravascular hemolysis.
· Drug-independent antibodies (seen with agents such as fludarabine, methyldopa, and some penicillins) act as autoantibodies against RBCs without the presence of the drug, typically IgG-mediated, leading to extravascular hemolysis.
Mechanistic classifications include 11-12:
1. Drug adsorption (hapten type): e.g., penicillin, where the drug binds covalently to RBC membranes.
2. Immune complex formation: e.g., ceftriaxone, where drug–antibody complexes adhere to RBC membranes and activate complement.
3. Membrane modification: where drugs alter RBC antigens.
4. True autoantibody induction: where drugs stimulate antibodies against native RBC antigens (e.g., methyldopa).
The condition usually presents with sudden pallor, weakness, dyspnea, abdominal or back pain, and may progress to shock or cardiopulmonary arrest. Laboratory findings include a rapid fall in hemoglobin, reticulocytosis, elevated indirect bilirubin, raised lactate dehydrogenase (LDH), and peripheral smear evidence of hemolysis. The Direct Antiglobulin Test (DAT) is typically positive for complement (C3) and sometimes IgG. However, DAT-negative results have been reported, possibly due to rapid clearance of antibody- or complement-coated RBCs during massive hemolysis, underscoring that a negative DAT does not exclude the diagnosis. Ceftriaxone-induced hemolysis has been reported more frequently in pediatric patients, especially those with underlying hematologic or immune disorders such as sickle cell anemia or HIV. Prior exposure to ceftriaxone may predispose to a more severe reaction, although this is not consistently observed in adults. Immediate withdrawal of ceftriaxone is the cornerstone of treatment, along with supportive care, including blood transfusions, cardiopulmonary monitoring, and renal/hepatic function assessment. Transfusions are generally considered safe since the antibodies are drug-dependent. In severe or refractory cases, plasmapheresis may be employed to remove circulating drug-dependent antibodies. Patients should ideally be monitored in intensive care, given the risk of rapid progression to multi-organ failure 1-7.
CONCLUSION:
This case highlights the importance of recognizing ceftriaxone-induced hemolysis as a potential cause of acute anemia in hospitalized patients. Early identification, immediate discontinuation of the offending drug, and supportive care can prevent severe complications. Clinicians should remain vigilant when prescribing cephalosporins, particularly in patients with multiple comorbidities.
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