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All-trans retinoic acid (ATRA) induced intracranial hypertension in a patient with
acute promyelocytic leukemia

John J Chen, MD, PhD; Elliott H Sohn, MD; Michael Wall, MD; Mathew J Thurtell, MD
Chief complaint: Headaches and decreased vision in the left eye

History of Present lliness:

The patient is a 19-year-old male who presented to the Ophthalmology clinic at UIHC for 1 month
follow-up of newly diagnosed acute promyelocytic leukemia (APL) with leukemic retinopathy in the left
eye. He was initially diagnosed with APL 1 month prior and started on all-trans-retinoic acid (ATRA) and
Idarubicin (anthracycline chemotherapy) induction therapy. One day after diagnosis, he was seen in the
Ophthalmology clinic at UIHC because of decreased vision in the left eye that he had noted for several
days before the diagnosis of APL. He was found to have a large preretinal macular hemorrhage in the
left eye, presumed to be due to profound thrombocytopenia and disseminated intravascular coagulation
secondary to the underlying APL (Figure 1). The optic nerves were unremarkable at this examination.

He did not have a history of trauma.

Figure 1. Large preretinal macular hemorrhage in the left eye, presumed to be due to profound
thrombocytopenia and disseminated intravascular coagulation secondary to the underlying APL

For one week prior to follow-up, he was having intermittent headaches and transient visual
obscurations. He also noticed a pulsatile intracranial sensation, but no pulsatile tinnitus.

Of note, on the day of follow-up, he was on day 41 of the 45-day course of ATRA-induction therapy and
had already completed Idarubicin induction therapy.

Past Ocular History: Non-contributory

Past Medical History: Non-contributory



Medications: ATRA (day 41 of 45 induction therapy). Recently completed Idarubicin (anthracycline
chemotherapy) course of induction therapy. Acyclovir for HSV prophylaxis.

Allergies: penicillin, cephalosporin

Family History: Aunt with lymphoma. Grandmother died from an unspecified type of cancer.
Social History: Non-contributory

Review of systems: see HPI

Ocular exam:

* Visual Acuity:
o Right eye (OD): 20/20
o Lefteye (0S): CFat3ft
*  Pupils: 6mm in dark and 3mm in light with a 0.6 log RAPD OS
* Extraocular movements: Full
* Confrontation visual fields: Full OD, central scotoma OS
* Intra-ocular pressure: 11 mmHg OU
* External: Normal
¢ Slit Lamp Exam:
o Lid/Lashes: Normal
Conjunctiva/Sclera: Clear and quiet
Cornea: Clear
Anterior Chamber: Deep and quiet
Iris: Normal
Lens: Clear
Vitreous: Clear
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Figure 2. Retinal nerve fiber layer hemorrhages radiating from the discs
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Figure 3. Optical coherence topography demonstrates marked thickening of the peripapillary retinal
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Figure 4. GVFs revealed enlarged blind spots and a central scotoma in the left eye

Dilated Fundus Exam:

There was grade Il optic disc edema OU with possible grade IV disc edema OD. There were also retinal
nerve fiber layer hemorrhages radiating from the discs (Figure 2).

The macula of the left eye had preretinal hemorrhage over the fovea and extending inferonasally
toward the inferotemporal arcades. There were exudates superotemporal to the fovea.

The periphery was normal.

Ancillary Tests:

Optical coherence topography demonstrated marked thickening of the peripapillary retinal nerve fiber
layer OU (Figure 3).

Goldmann Visual Fields (GVF) revealed enlarged blind spots and a central scotoma in the left eye (Figure
4).

Discussion:

Acute promyelocytic leukemia (APL) is a relatively rare form of acute myelogenous leukemia (AML)
accounting for 5-15% of cases of AML (Ribeiro, 2006). The average age of onset is 40 years old, but APL
can also be seen in the pediatric population. APL is caused by a balanced reciprocal translocation
between chromosome 17 and chromosome 15, t(15;17)(g22;921), which results in the fusion of the a-
retinoic acid receptor gene on chromosome 17 to the PML gene on chromosome 15 (Diverio et al.,
1995). This abnormal PML/RAR a fusion protein leads to APL by blocking the retinoic acid-mediated
differentiation in myeloid cell lines, leading to arrest of leukocyte differentiation at the promyelocyte
stage. APL often presents clinically with hemorrhagic diathesis and coagulopathy, and can present with
retinal hemorrhages due to profound anemia and thrombocytopenia. The treatment for APL has been
revolutionized with the use of all-trans-retinoic acid (ATRA). ATRA is able to differentiate promyelocytes
into mature granulocytes in patients with APL (Elliott et al., 1992). ATRA is highly effective in inducing
remission in patients with APL, with rates of remission from 80-94% (Huang et al., 1988; Selleri et al.,
1996).

ATRA is often started immediately in patients diagnosed with APL to control coagulopathy, even before
the diagnosis is confirmed by genetic testing. The dosing for ATRA therapy was traditionally 45 mg/m?
per day divided twice a day, but may be effective at a lower dose of 25 mg/m? per day in pediatric
patients (de Botton et al., 2004; Ortega et al., 2005; Testi et al., 2005). The lowest effective dose is
desirable because of the potential side effects, including retinoic acid syndrome and ATRA-associated




intracranial hypertension. Retinoic acid syndrome can present within the first 21 days of therapy and is
characterized by fever, hypotension, respiratory distress, acute renal failure, hepatic dysfunction,
cerebral infarction, and myocardial infarction. Treatment with dexamethasone at 10mg twice a day
should be started at the earliest sign (Sanz et al., 2009).

Intracranial hypertension secondary to ATRA was initially documented in 5 of 9 pediatric patients
treated with ATRA at 45 mg/m? per day (Mahmoud et al., 1993). It has since been the subject of many
case reports, predominantly in pediatric patients receiving an ATRA dose of 45 mg/m?” per day or more,
but also occasionally in young adults (Colucciello, 2003; Naderi et al., 1999; Yeh et al., 2006). As in
idiopathic intracranial hypertension, these patients have signs and symptoms of intracranial
hypertension, including headache, pulsatile tinnitus, transient visual obscurations, ophthalmoplegia, and
occasionally visual loss, but have no other identified cause for intracranial hypertension (Corbett and
Mehta, 1983). The diagnosis is supported by an elevated opening pressure of >250 mm H20 during
lumbar puncture (see IIH eyerounds by Dr. Pham and Dr. Wall). Intracranial hypertension associated
with ATRA usually presents between 3 to 17 days after onset of ATRA therapy, but there have been case
reports of patients developing symptoms 6 months after onset of ATRA therapy (Mahmoud et al., 1993;
Yeh et al., 2006).

The exact frequency of ATRA-induced intracranial hypertension is not known because the majority of
instances are reported in small case reports, but recent larger studies suggest that approximately 10% of
pediatric patients undergoing ATRA induction may develop intracranial hypertension. In a recent study
with ATRA induction at 45mg/m? per day for APL, 5 of 31 children developed signs and symptoms
compatible with intracranial hypertension, which improved when reducing the dose to 25mg/m? per day
(de Botton et al., 2004). Testi and colleagues noted intracranial hypertension in 10 of 107 pediatric
patients treated with ATRA at a dose of 25mg/m?” per day (Testi et al., 2005).

The pathophysiology of ATRA-induced intracranial hypertension is unknown, but is likely related to
intracranial hypertension due to vitamin A toxicity. Hypervitaminosis A associated with intracranial
hypertension was first described by Gerber and colleagues in 1954 and is now a well described
association (Gerber et al., 1954; Libien and Blaner, 2007). Other forms of vitamin A, such as isotretinoin
(Accutane) have also been found to be associated with intracranial hypertension (Fraunfelder et al.,
2004; Roytman et al., 1988). Interestingly, recent studies have found increased levels of unbound
retinol in the cerebrospinal fluid (CSF) of patients with idiopathic intracranial hypertension that did not
receive vitamin A supplementation (Tabassi et al., 2005; Warner et al., 2007). It has been suggested that
forms of vitamin A, such as ATRA, may cause overstimulation of RAR a receptors in the central nervous
system, resulting in increased intracranial pressure by impairing CSF absorption (Visani et al., 1996a;
Visani et al., 1996b). It has been speculated that an age-related decrease in these receptors may
contribute to the higher incidence of ATRA-induced intracranial hypertension in the pediatric population
(Visani et al., 1996b).

While intracranial hypertension should be high on the differential for any patient that develops
headache while undergoing ATRA therapy for APL, other etiologies include ATRA-induced headache
without intracranial hypertension, intracranial hemorrhage, leukemic involvement of the meninges, and
bacterial/infectious meningitis. 10-20% of pediatric patients undergoing ATRA therapy develop severe
headache without evidence of intracranial hypertension (de Botton et al., 2004; Testi et al., 2005).
Patients with ATRA-induced intracranial hypertension must also be differentiated from patients with
infiltrative optic neuropathy with meningeal involvement causing intracranial hypertension. However,
these patients will often present with unilateral optic nerve involvement, decreased vision, RAPD, and



poor color vision (Guirgis and Lueder, 2003). Patients with APL are coagulopathic and at risk for
intracranial hemorrhage. Lastly, these patients are immunocompromised and are susceptible to
opportunistic meningitides, which can also present with headache and optic disc edema.

In patients that develop ATRA-induced intracranial hypertension, cessation of ATRA treatment or halving
the dosage usually leads to the resolution of intracranial hypertension within 1-2 months, including
resolution of headache and disc edema (Colucciello, 2003; Yeh et al., 2006). In some patients that
develop intracranial hypertension early in the course of ATRA therapy, symptoms of intracranial
hypertension, including optic disc edema and headache, can be managed with acetazolamide to allow
continued ATRA therapy (Guirgis and Lueder, 2003; Machner et al., 2008). In addition, repeat lumbar
punctures have been used to manage the symptoms of intracranial hypertension during continued ATRA
therapy until induction of marrow remission (Decaudin et al., 1997; Naderi et al., 1999).

Diagnosis: ATRA-induced intracranial hypertension in the setting of APL. In addition, he had preretinal
macular hemorrhage in the left eye due to profound thrombocytopenia and disseminated intravascular
coagulation associated with APL.

Course:

Our patient was already on day 41 of a 45-day course of ATRA-induction therapy, with a recent bone
marrow biopsy showing excellent response to ATRA. The patient had headache and enlarged blind
spots, but no other visual compromise. Therefore, the decision was to stop ATRA without the need for
therapeutic lumbar puncture or acetazolamide. On one week follow-up, the disc edema had mildly
improved. Subsequent evaluation at 2.5 weeks demonstrated marked improvement, with grade 1 optic
disc edema and no symptoms of intracranial hypertension (Figure 5).

Figure 5. Marked improvement, with grade 1 optic disc edema and no symptoms of intracranial
hypertension

After testing revealed complete morphologic, cytogenetic, and molecular remission of the APL, he was
started on consolidation therapy, which includes short cycles of arsenic chemotherapy with ATRA. After
his first 2 week cycle of consolidation therapy, he had a recurrence of headache and worsening of the
disc edema to grade 2. After stopping the ATRA, the symptoms again resolved. Because the patient will
be required to be on intermittent ATRA therapy for the next two to three years during consolidation and




maintenance therapy for APL, it was decided to administer oral acetazolamide, 500 mg bid, during the
next cycle of ATRA therapy. The most recent follow-up after his second round of consolidation therapy
consisting of arsenic and ATRA plus prophylactic acetazolamide revealed no disc edema and the patient
had no symptoms of pulsatile tinnitus or headache. In addition, the preretinal hemorrhage in his left
eye has continued to improve. His most recent VA was 20/20 OD, 20/30 OS with a residual 0.3 log RAPD
0S. We plan to administer prophylactic oral acetazolamide in conjunction with all future ATRA therapy.

Differential Diagnosis: intracranial hemorrhage, ATRA-induced headache, optic nerve infiltration by APL,
meningeal leukemic infiltration, solid tumor, bacterial/infectious meningitis.

Epidemiology: APL accounts for 5-15% of AML. In the US, there is an annual incidence of 1000 cases.
The average age of APL at diagnosis is 40 years. The frequency of ATRA-induced idiopathic intracranial
hypertension is around 10% in the pediatric population and is rarer in adults.

Symptoms: Headaches, pulsatile tinnitus, transient visual obscurations, visual loss

Signs: Bilateral optic disc edema. Visual field defects, including enlarged blind spot, nasal nerve fiber
bundle and arcuate defects, and generalized constriction. Unilateral or bilateral sixth nerve palsies.
Increased opening pressure on lumbar puncture (>250 mmH20). No signs of a mass, meningeal process,
or venous sinus thrombosis on neuro-imaging, although there may be signs suggesting raised
intracranial pressure, such as empty sella, optic nerve sheath unfolding, and transverse venous sinus
stenosis.

Treatment: Cessation or dosage reduction of ATRA. If ATRA needs to be continued, acetazolamide can
be used to treat the symptoms of intracranial hypertension. Some patients can be treated with
symptomatic lumbar punctures until induction of marrow remission.
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