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Abstract: Hemophagocytic lymphohistiocytosis (HLH) is a life-threatening hyper-inflammatory dis-
order that occurs due to immunologic dysregulation. HLH can be primary (hereditary) or secondary
to infections, autoimmune diseases, immune deficiencies, metabolic diseases, drugs, or malignan-
cies. Lymphoid neoplasms mostly accompany malignancy-associated HLH. We present a case of a
12-year-old boy with a history of precursor B lymphoblastic leukemia (B-ALL), who subsequently
developed chemotherapy-induced acute myeloid leukemia (t-AML). The patient was admitted for
febrile neutropenia and initial laboratory tests revealed hemophagocytic lymphohistiocytosis (HLH).
The hospital course was complicated by multiple infections and septic shock. The patient received
several broad-spectrum antimicrobials, dexamethasone, as well as a pericardial drain to drain the
hemorrhagic pericardial effusion. Despite intervention, the patient expired, and an autopsy was
performed. We provide a synopsis of the main autopsy findings.

Keywords: therapy-induced acute myeloid leukemia; hemophagocytic lymphohistiocytosis; hemor-
rhagic pericardial effusion

1. Introduction

Hemophagocytic lymphohistiocytosis (HLH) is a life-threatening hyper-inflammatory
disorder that is due to immunologic dysregulation. The diagnosis of HLH is based on
standard criteria proposed by Henter et al. in 2004 (Table 1) [1]. According to the stan-
dard diagnostic criteria proposed in 2004 by Henter et al., diagnosis can be made either
based on molecular studies or based on clinicopathologic criteria where five out of eight
points need to be met. HLH can be divided into two groups: primary (hereditary) and
secondary [2,3]. Primary HLH is often observed in childhood in association with a mul-
titude of genetically heterogeneous disorders and it is typically triggered by common
infections [4]. The secondary form can occur at any age and typically occurs subsequent
to immunosuppression, such as that seen in malignancy [5]. Malignancy-associated HLH
is further subdivided into the malignancy-triggered form and chemotherapy-associated
HLH [6]. In chemotherapy-associated HLH, direct cytotoxic effects, secondary infection,
or the hyper-inflammatory state of the treatment serve as the initiating triggers [3]. More
often, both forms of malignancy-associated HLH overlap when therapy is involved, and
the exact trigger may not be able to be identified. Malignancy-associated HLH is typically
associated with lymphoid neoplasms and leukemias, although its occurrence in association
with solid tumors can be seen as well [2,3].
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Table 1. Diagnostic criteria of hemophagocytic lymphohistiocytosis. Adapted from the standard
diagnostic criteria proposed in 2004 by Henter et al. HLH-2004 [1].

Diagnosis Is Established If One of Either (I) or (II) Is Fulfilled

(I) Molecular diagnosis consistent with HLH
(II) Clinicopathologic criteria for HLH fulfilled (5 out of the 8 criteria shown below)
1. Fever ≥ 38.5 ◦C for ≥ 7 days
2. Splenomegaly ≥ 3 finger breadth below the left subcostal margin
3. Cytopenias affecting ≥ 2 of 3 lineages in peripheral blood

• Hemoglobin < 9 g/L
• Platelets < 100 × 109/L
• Absolute neutrophil count < 1.0 × 109/L

4. Hypertriglyceridemia and/or hypofibrinogenemia
• Fasting triglycerides ≥ 265 mg/dL, Fibrinogen ≥ 1.5 g/L

5. Hemophagocytosis in the bone marrow or spleen or lymph node
6. Low or absent NK cell activity (according to the local laboratory reference)
7. Ferritin ≥ 500 µg/L
8. Soluble CD25 (sIL-2 receptor) ≥ 2400 U/mL

Herein, we present a case of a 12-year-old boy with a history of precursor B lym-
phoblastic leukemia (B-ALL), who subsequently developed chemotherapy-induced acute
myeloid leukemia (t-AML). The patient was admitted for febrile neutropenia. Physical
examination and initial laboratory tests yielded a diagnosis of hemophagocytic lympho-
histiocytosis (HLH). The hospital course was complicated by multiple infections (herpes
simplex virus (HSV)-1 stomatitis, right parotiditis, bilateral myositis, left lower leg fasciitis
and phlebitis, and fungal lung infection) and septic shock. The patient also developed
hemorrhagic pericardial effusion and expired approximately 1-month post admission. An
autopsy was performed at Mount Sinai Medical Center.

2. Case Presentation
2.1. Clinical History

This is a case of a 12-year-old boy with a history of precursor B lymphoblastic leukemia
(ALL) diagnosed at around the age of 5 years, who subsequently developed chemotherapy-
induced acute myeloid leukemia (t-AML) with 5q deletion and monosomy 7 at age of
11 years (approximately 11 months prior to the current presentation). The patient had
a history of treatment with anthracycline chemotherapy. He was admitted for febrile
neutropenia. The patient had no known allergies and procedural history of insertion of
tunneled centrally inserted central venous access device with subcutaneous port.

Vital signs on admission showed a temperature of 99.7 ◦F (37.6 ◦C), heart rate of
118 bpm, blood pressure (BP) of 89/49 mmHg, respiratory rate of 18 breaths/minute,
and SpO2 98%. His body mass index (BMI) was 30.34 kg/m2 (height 166.25 cm, weight
83.85 kg). Physical examination on admission showed hepatosplenomegaly. The patient’s
blood group was O+. Laboratory results showed pancytopenia with a critically low white
blood cell (WBC) count of 600 per µL (reference range 4800–10,800 per µL) and a differential
as follows: 3.6% neutrophils (reference range 38.0–74.0%), 73.2% lymphocytes (reference
range 27.0–47.0%), 21.4% monocytes (reference range 6.0–10.0%), 0.0% eosinophils (refer-
ence range 1.0–4.0%), and 0.0% basophils (reference range 0.0–1.0%). Red blood cell (RBC)
count was low at 1.93 million per µL (reference range 4.5–5.3 million per µL), hemoglobin
5.7 g/dL (reference range 13.5–17.5 g/dL), hematocrit 16.2% (reference range 37.0–49.0%),
mean corpuscular volume (MCV) 83.9 fL (reference range 78.0–110.0 fL), mean corpuscular
hemoglobin (MCH) 29.5 pg (reference range 25.0–31.0 pg), mean corpuscular hemoglobin
concentration (MCHC) 35.2 g/dL (reference range 32.0–36.0 g/dL), and red blood cell
distribution width (RDW) 15.0% (reference range 11.5–14.5%). The patient also had throm-
bocytopenia with a platelet count of 110,000 per µL (reference range 150,000–500,000 per µL).
Prothrombin time (PT) was high at 28.1 s (reference range 11.6–15.4 s), international nor-
malized ratio (INR) 2.61, and partial thromboplastin time (PTT) > 200 s (reference range
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22.8–38.2 s). In addition, ferritin level was raised at 4770 µg/L (reference range 9–125 µg/L).
Levels of interleukin (IL)-6 (>400 pg/mL; reference range ≤ 1.8 pg/mL), soluble CD25/sIL-
2R (5615 U/mL; reference range 137–838 U/mL), and transaminases were elevated as well.
Collectively, the history of fever, splenomegaly, and laboratory findings of pancytopenia,
hyperferritinemia (≥500 µg/L), and high soluble CD25 (≥2400 U/mL) yielded the diagno-
sis of hemophagocytic lymphohistiocytosis (HLH) with at least five of the eight diagnostic
criteria of HLH being met [1] (Table 1).

The hospital course was complicated by herpes simplex virus (HSV)-1 stomatitis from
an ulcer at the tip of the tongue. On day 3 of admission, the patient developed worsening
fevers, difficulty breathing, and right cheek swelling and erythema with computed tomog-
raphy (CT) of the neck showing right parotiditis. Creatine kinase (CK) trended up, peaking
at 3340 IU/L (reference range 30.0–150.0 IU/L) on day 7 of admission. Magnetic resonance
imaging (MRI) of the lower extremities showed bilateral myositis (mild on right and severe
on left), fasciitis of the left lower leg, and possibly left lower extremity phlebitis.

Simultaneously, the patient developed worsening tachycardia, hypotension, and
respiratory distress. An echocardiogram showed cardiomegaly and severely depressed
biventricular ejection fraction of 33% with worsening pericardial effusion and no significant
improvement with vasoactive support or stress hydrocortisone. A pericardial drain was
placed yielding hemorrhagic fluid; the patient was intubated and put on venoarterial
extracorporeal membrane oxygenation (VA-ECMO) for 3 days.

During hospitalization, the patient had recurring hemorrhagic pericardial effusions.
He required multiple blood transfusions, including packed RBCs, fresh frozen plasma (FFP),
platelets for hemoglobin < 7 g/dL and platelets < 10,000 per µL, and aggressive diuretics
for fluid overload, causing him hypocalcemia and hypokalemia. The patient required
frequent electrolyte replacement and a calcium drip. He received one dose of Tocilizumab
(humanized monoclonal antibody against IL-6 receptor) on day 15 and continued to receive
dexamethasone for HLH management.

On day 35 of admission, procalcitonin peaked at 334.090 ng/mL (reference range 0.000–
0.100 ng/mL) and the patient was transferred to the pediatric intensive care unit (PICU)
for concerns of septic shock (blood cultures grew Prevotella melaninogenica bacteria) in the
setting of HLH and airway compromise. He also had a fungal infection of the lungs. For
sepsis, he was initially treated with daptomycin, acyclovir, voriconazole, and meropenem,
and was given HAT therapy (hydrocortisone, ascorbic acid, and thiamine). Meropenem was
continued for Prevotella treatment and micafungin was given prophylactically (switched
from voriconazole due to AKI).

The patient’s condition was acutely decompensated requiring escalating doses of
vasopressors for blood pressure support. He had an acute episode of altered mental status
and respiratory failure requiring sedation and paralysis for endotracheal intubation. During
this episode, he had an acute change in cardiac rhythm with an electrocardiogram (EKG)
showing sinus tachycardia, intraventricular conduction delay, ST-segment, and T-wave
abnormalities, compatible with myocardial injury. His troponin trended up to 9.70 ng/mL
(reference range 0.00–0.08 ng/mL) and an echocardiogram was obtained showing the
increased density of the effusion along the left ventricular (LV) free wall, trivial anterior
effusion, and depressed LV systolic function, suggestive of tamponade physiology. The
patient expired on day 36 of admission and the autopsy was performed on postmortem
day 5.

2.2. Autopsy Findings
2.2.1. Cardiovascular System

Examination of the cardiovascular system showed cardiomegaly (451 g; range
128–336 g [7]) with a fatty epicardium. There was a white synthetic pericardiocentesis
catheter in place in the pericardial sac. The pericardial sac had extensive and diffuse
hemorrhagic fibrinous and fibrous adhesions, hemorrhage and clotted blood, fibrinous
exudates (at least 300–400 cc), hemophagocytosis and reactive mesothelial hyperplasia,
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involving predominantly the anterior wall of the LV. Pericardial fibrous adhesions were
also seen between the epicardium and diaphragm (Figure 1). The native coronary arteries,
bilateral cardiac chambers, and cardiac valves were grossly and microscopically unremark-
able. The aortic arch, ascending aorta, descending aorta, and aortic bifurcation was also
unremarkable.
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Figure 1. Heart and pericardium. (A,B) Gross images of the heart and cut surface of the LV showing 
cardiomegaly and extensive and diffuse hemorrhagic fibrinous and fibrous adhesions (black arrow), 
hemorrhage and clotted blood, and fibrinous exudates. (C) Microscopic image of the LV myocar-
dium showing myocyte hypertrophy, diffuse interstitial fibrosis, AML cell infiltrates (red arrow), 
and hemophagocytosis (200× magnification). 

There was biventricular hypertrophy; the LV maximum thickness measured 2.2 cm 
(normal average: 1.5 cm) and the right ventricle (RV) measured 1.1 cm (normal average: 
0.5 cm) in maximum thickness. Microscopically, myocyte hypertrophy and diffuse inter-
stitial fibrosis were seen. Notably, there were acute myeloid leukemic (AML) infiltrates 
associated with hemorrhage and necrosis extensively involving the pericardial fibroadi-
pose tissue, epicardium, and myocardium including the left ventricle, right ventricle, and 
interventricular septum (supporting immunohistochemical (IHC) stains were positive for 
myeloperoxidase (MPO), while negative for CD117). The posteromedial and anterolateral 
papillary muscles showed sparse AML infiltrates with patchy fibrosis and features con-
sistent with remote ischemic changes. 

Figure 1. Heart and pericardium. (A,B) Gross images of the heart and cut surface of the LV showing
cardiomegaly and extensive and diffuse hemorrhagic fibrinous and fibrous adhesions (black arrow),
hemorrhage and clotted blood, and fibrinous exudates. (C) Microscopic image of the LV myocardium
showing myocyte hypertrophy, diffuse interstitial fibrosis, AML cell infiltrates (red arrow), and
hemophagocytosis (200× magnification).

There was biventricular hypertrophy; the LV maximum thickness measured 2.2 cm
(normal average: 1.5 cm) and the right ventricle (RV) measured 1.1 cm (normal average:
0.5 cm) in maximum thickness. Microscopically, myocyte hypertrophy and diffuse inter-
stitial fibrosis were seen. Notably, there were acute myeloid leukemic (AML) infiltrates
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associated with hemorrhage and necrosis extensively involving the pericardial fibroadi-
pose tissue, epicardium, and myocardium including the left ventricle, right ventricle, and
interventricular septum (supporting immunohistochemical (IHC) stains were positive for
myeloperoxidase (MPO), while negative for CD117). The posteromedial and anterolat-
eral papillary muscles showed sparse AML infiltrates with patchy fibrosis and features
consistent with remote ischemic changes.

2.2.2. Respiratory System

Examination of the respiratory system showed bilateral serosanguineous pleural
effusion (20 cc on the right and 220 cc on the left). There were fibrinous adhesions between
the left lung lobes and the chest wall, pleura, and pericardium. The left lung weighed 480 g
and the right lung 730 g (normal range, left: 64–624 g, right: 100–668 g, [7]). Moderate to
severe bilateral pulmonary congestion and edema was noted and most pronounced in the
right lower lobe, with pleural hemorrhages and petechiae.

On microscopic examination, there were intravascular AML infiltrates involving all
lobes as well as diffuse intra-alveolar hemorrhages (Figure 2). Special stains for Grocott
methenamine silver (GMS) and periodic acid-Schiff with diastase (PAS-D) were nega-
tive and failed to reveal evidence of fungal organisms. The subcarinal lymph nodes
were enlarged (up to 2.2 cm in the greatest dimension) and showed AML infiltrates and
hemophagocytosis (Figure 3).
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phages engulfing RBCs and hemosiderin are referred to with black circles (H&E, 400× magnifica-
tion). (B) Hemophagocytosis cells were positive for Prussian blue iron stain (400× magnification). 

  

Figure 3. Microscopic image of subcarinal lymph nodes. (A) Hemophagocytosis cells with
macrophages engulfing RBCs and hemosiderin are referred to with black circles (H&E, 400× magnifi-
cation). (B) Hemophagocytosis cells were positive for Prussian blue iron stain (400× magnification).

2.2.3. Gastrointestinal System

The abdomen revealed a dry peritoneum. There was hepatomegaly (liver weighed
2700 g; normal range: 638–1782 g [7]) with diffuse, severe steatosis and portal, septal and
focal bridging fibrosis (stage 3 fibrosis) (Figure 4). Supporting special stains were positive
for reticulin and trichrome. Patchy, mild intrahepatocytic iron deposition (supporting
special stain was positive for Prussian blue) and mild lymphocytic portal infiltrates were
noted. The stomach, pancreas, and gallbladder showed autolysis. The cystic duct, hepatic
duct, common bile duct, and pancreatic duct were all probe patent. The large and small
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bowel were grossly unremarkable, and the appendix was located in its normal anatomic
position in the right lower abdomen.
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Figure 4. Gross and microscopic images of the liver. (A) Gross image of the liver. (B) Microscopic
image of the liver showing diffuse, severe steatosis with portal, septal and focal bridging fibrosis
(stage 3 fibrosis) (100× magnification).

2.2.4. Genitourinary System

Both kidneys appeared pale with extensive autolysis and scattered cortical petechiae.
Otherwise, there were no significant gross or microscopic findings. The right kidney
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weighed 220 g and the left kidney 240 g (normal range, right: 60–150 g, left: 62–152 g [7]).
The patient had a micropenis (2.6 cm in length) and a bifid scrotum with small testicles.

2.2.5. Hematopoietic System

The patient had splenomegaly (490 g; reference range: 32–228 g [7]) with AML infil-
trates involving the red pulp. There was also depletion of the white pulp and hemophagocy-
tosis (supporting special stain was positive for Prussian blue) (Figure 5). The bone marrow
was normocellular and showed AML infiltrates and hemophagocytosis (Figure 6).
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Figure 5. Microscopic images of the spleen. (A) AML infiltrates (H&E, 400× magnification). (B) AML
cells were positive for myeloperoxidase (MPO) stain (400× magnification). (C) Hemophagocytosis
cell with a macrophage engulfing an RBC are referred to with black circle (H&E, 400× magnification).
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Figure 6. Microscopic images of the bone marrow showing hemophagocytosis, referred to with black
circles (H&E, 400× magnification).

2.2.6. Endocrine System

The right and left adrenal glands were grossly and microscopically unremarkable
except for autolysis. The peri-adrenal fat showed hemorrhage and focal AML infiltrates.
The thyroid gland also showed intravascular AML infiltrates and cystically dilated colloid-
filled follicles.

2.2.7. Central Nervous System

The patient’s fresh brain weighed 1310 g (reference range for the chronological age of
12 years: 1117–1657 g [7]). There was a yellow discoloration of the convex left temporal and
parietal surfaces of the brain suggesting an extensive, organized, remote left temporal and
parietal subdural hematoma (13 × 9 cm). Additionally, left lateral anterior cranial fossa
subdural hematoma (2 × 1.4 cm) and left parietal posterolateral epidural hematoma (2.4 ×
1.3 cm) with clotted blood were seen. There were also scattered subdural hemorrhages in
the sella turcica and right lateral temporal lobe (up to 1 cm) (Figure 7). The falx cerebri also
had a few attached fragments of clotted blood. Microscopically, mild hypoxic–ischemic
changes and vascular congestion were present. Nevertheless, no AML infiltrates were seen.

2.2.8. Cultures

Postmortem lung tissue cultures were negative for fungus or bacterial organisms.
No acid-fast bacilli were seen. Postmortem blood cultures were positive for enterococcus
faecium and pseudomonas putida group.
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and parietal surfaces of brain suggesting an extensive left temporal and parietal subdural hematoma
(13 × 9 cm). (B) Base of skull (floor of the cranial cavity) showing scattered hematomas and clotted
blood (black arrows).

3. Discussion

Hemophagocytic lymphohistiocytosis (HLH), also known as a hemophagocytic syn-
drome, is a life-threatening hyper-inflammatory systemic disorder characterized by fever,
pancytopenia, splenomegaly, and the presence of hemophagocytosis in the bone marrow,
liver, and lymph nodes [1]. It was first described in 1939 by Scott and Robb-Smith, who
referred to it as histiocytic medullary reticulosis [8]. HLH is due to immunologic dys-
regulation where there is abnormal or impaired function of the natural killer (NK) cells
and cytotoxic T lymphocytes (CTL), leading to an excessive and uncontrolled immune
response [9,10]. The diagnosis of HLH is based on standard criteria proposed by Henter
et al. in 2004 [1]. HLH can be either primary (hereditary) or secondary [2,3]. The former
is associated with a wide array of genetically heterogeneous disorders and is typically
triggered by common infections [4]. The latter typically occurs after some form of immuno-
suppression such as occurs with malignancy [5]. Malignancy-associated HLH is typically
associated with lymphoid neoplasms and leukemias, although solid tumors may serve
as the inciting malignancy as well [2,3]. Our case is that of secondary HLH occurring in
the setting of t-AML. The patient presented with febrile neutropenia and was found to
have hepatosplenomegaly on physical examination. During hospitalization, the patient
developed multiple infections and septic shock. Laboratory tests supported the diagnosis
of HLH. The patient had hemorrhagic pericardial effusion, deteriorated, and eventually
expired. Autopsy findings revealed AML cell infiltrates and hemophagocytosis in the heart,
pericardial effusion, lungs, lymph nodes, spleen, and bone marrow tissues.

Acute lymphoblastic leukemia (ALL) is the most common pediatric cancer, repre-
senting over one-third of all pediatric cancer diagnoses [11]. The annual incidence of
pediatric ALL in the United States is approximately 3.4 cases per 100,000 children, with
the peak incidence occurring in children aged 2-to-5 years and tapering off with increas-
ing age [11,12]. A similar incidence appears worldwide [13]. ALL is a malignancy of
bone marrow lymphocytes characterized by the uncontrolled proliferation of abnormal
immature cells, which ultimately replace the normal bone marrow with dysfunctional
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cells and their progenitors [14,15]. This results in lymphocytopenia, recurrent infections,
pallor, easy bruising and bleeding, bone pain, muscle pain, hepatosplenomegaly, and/or
lymphadenopathy [11].

The prognosis of ALL remains largely linked to the patient’s age. Approximately
90% of patients aged 1-to-10 years achieve long-term survival, with life expectancy de-
creasing to 40–50% in adolescents and young adults [16]. The exact age at which the
prognosis markedly worsens is not clear. ALL affects white children more than black
children and shows a slight male predominance [17,18]. The cause of ALL remains largely
unknown [19–23]. There have been no established links between environmental expo-
sure, ionizing radiation, and viral exposure. While some cases of the disease have been
associated with genetic disorders and congenital immunodeficiencies, this link remains
insignificant [23].

In contrast to the lymphocytic hyper-proliferation seen in ALL, acute myeloid leukemia
(AML) is a neoplasm resulting in the malignant transformation of hematopoietic stem cells
and progenitor cells, which eventually leads to an uncontrolled proliferation of abnormal
cells [24]. The symptoms of AML are very similar to ALL and include easy bruising and
bleeding, fever, malaise, muscle pain, bone pain, hepatosplenomegaly, and lymphadenopa-
thy [25]. A high degree of suspicion must be exercised in order to make the diagnosis of
HLH [25]. One key difference between the development of ALL and AML is that several
known factors are associated with the development of AML including radiation, exposure
to environmental toxins and drugs, as well as genetic mutations and syndromes [26,27].
While there appears to be an association with these variables, the exact connection is still
unknown since the majority of people with these factors do not develop AML [26,27].

As with ALL, little is known regarding the exact etiology of AML in most patients.
However, there are several types of AML in which a clear antecedent is identified, and
these are considered genetically distinct from de novo AML [28]. Therapy-related AML
(t-AML) can occur following treatment with cytotoxic chemotherapy, radiation therapy,
anthracyclines, and topoisomerase-II inhibitors [28,29]. Topoisomerase-II inhibitors alone
account for approximately 6.8% of all AML cases [29]. In our case, there is documentation
that the patient received anthracycline chemotherapy and eventually developed t-AML.
T-AML has a delayed presentation after exposure to the inciting therapy, which ranges
from 1 to 7 years post-exposure, depending on the treatment modality or chemotherapeutic
agent used [27,29–31]. The presence of t-AML portends an independently increased risk
of death as compared to de novo AML [29]. Additionally, in contrast to de novo AML,
patient age seems to have a direct impact on the prognosis of t-AML, with younger patients
achieving worse clinical outcomes that include death [29].

Nearly all patients with HLH eventually develop multi-organ involvement, primar-
ily of the liver, CNS, cardiovascular system, respiratory system, kidneys, and skin [2,32].
Hepatitis is extremely common and presents as elevated liver enzymes (AST, ALT, GGT),
lactate dehydrogenase (LDH), and bilirubin [2,32]. Hepatic dysfunction and disseminated
intravascular coagulopathy can also result in elevated triglycerides and impaired coagula-
tion [2,32,33]. Common histopathological findings of the liver among patients with HLH
include sinusoidal dilatation, hepatocellular necrosis, endothelialitis, and steatosis [34,35].
In our case, the liver was enlarged and showed diffuse, severe steatosis with portal, septal
and focal bridging fibrosis.

Neurologic findings are very common and can present as altered mental status,
seizures, or ataxia [2,36]. Bleeding is common due to a combination of hepatic dysfunction,
thrombocytopenia from bone marrow dysfunction, or abnormal platelets [2,33], which
explains the extensive, scattered hemorrhages and subdural and epidural hematomas we
found in our patient. Renal dysfunction may present as hyponatremia and can progress
to renal failure requiring dialysis [37]. Severe cardiac dysfunction can occur due to ei-
ther hyper-inflammation or drug toxicity [2]. In our case, a critical complication that
the patient experienced was repetitive hemorrhagic pericardial effusions, which recurred
despite continuous drainage. On autopsy, the pericardial sac had extensive and diffuse
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hemorrhagic fibrinous and fibrous adhesions, hemorrhage, and clotted blood, as well as
fibrinous exudates, which showed the presence of hemophagocytosis. There were also
AML infiltrates associated with hemorrhage and necrosis that extensively involved the
pericardial fibroadipose tissue, epicardium, and myocardium. Skin manifestations in HLH
vary and can present as a rash, edema, erythema, petechiae, or purpura [37]. Our patient
had no significant skin findings. Respiratory involvement manifests as an urgent need for
ventilation and indicates acute respiratory distress-like syndrome from worsening HLH or
infection [37]. Our patient developed a fungal infection of the lungs during the course of
hospitalization. He was intubated and put on V-ECMO. Autopsy findings demonstrated se-
vere bilateral pulmonary congestion and edema. Importantly, intravascular AML infiltrates
were found involving all lung lobes bilaterally.

While infection and inflammation tend to be noticed and treated, HLH remains highly
undiagnosed due to the lack of available testing for immune system dysregulation and
impaired activation that occurs in this rare disorder [2]. Consequently, the mortality rate is
as high as 50% for HLH patients when only supportive care is provided [2]. These patients
often die from overwhelming infection, uncontrolled hyper-inflammation, and multi-organ
failure. Being cognizant of and maintaining a high index of suspicion in patients with
known risk factors coupled with prompt diagnosis and immediate implementation of
aggressive supportive therapy is imperative in the management of this condition. HLH
is often accompanied by a viral infection, most commonly Epstein-Barr virus (EBV), cy-
tomegalovirus (CMV), herpes simplex virus and other herpes viruses, parvovirus, measles
virus, influenza virus, and HIV [38]. Less frequently, HLH can be seen in conjunction with
a concomitant bacterial, parasitic, or fungal infection [4,38]. In patients with a history of
anti-TNF therapy who subsequently develop HLH, surveillance for bacterial infections is
strongly recommended [39].

Similar to other types of HLH, malignancy-associated HLH is often accompanied by
an acute infectious trigger [3]. One study detected—using PCR—the presence of BK virus
in 54%, HHV-6 in 33%, EBV in 28%, CMV in 24%, adenovirus in 17%, and parvovirus-type
B in 17% in malignancy-associated HLH patients with a hematologic malignancy [3]. When
associated with a malignancy, HLH is more immediately life-threatening than the malig-
nancy itself [40–42]. The treatment of HLH consists of corticosteroids and/or intravenous
immunoglobulins along with targeted antimicrobial therapy. However, the overall prog-
nosis remains poor in all affected patients regardless of age [40–42], with a mortality rate
exceeding 50% as shown in one study [43]. There appears to be a strong association between
malignancy-associated HLH and adult AML and ALL, with detection of HLH in up to 18%
and 4% of these cases, respectively [3]. However, the incidence of malignancy-associated
HLH in pediatric AML and ALL cases is currently unknown and remains a topic of interest.

4. Conclusions

In conclusion, early diagnosis of HLH is essential and should be considered in patients
with AML who present with pancytopenia. While infection and inflammation tend to be
noticed and treated, HLH remains frequently underdiagnosed due to the lack of testing for
immune system dysregulation and impaired activation because of the rarity of the disorder.
Diagnostic vigilance and prompt implementation of treatment are vital for the management
of HLH.
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