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Abstract: Cerebral glucose hypometabolism (CGHM) involves reduced brain glucose uptake on FDG-PET imaging and occurs in 
neurological and systemic diseases. Its reversibility remains uncertain. We describe a 40-year-old man with reversible global CGHM 
associated with cryptogenic organizing pneumonia (COP) and COVID-19. His neurocognitive symptoms improved rapidly following 
steroid-induced hyperglycemia, with FDG-PET demonstrating complete CGHM resolution after two months. His medical background 
included primary refractory transformed follicular lymphoma diagnosed 30 months earlier, managed with multiple treatment regimens 
including CAR-T therapy. After post-CAR-T relapse, combination therapy with polatuzumab vendotin, bendamustine, and obinutuzu
mab achieved complete remission, which was maintained when CGHM developed. This case establishes that CGHM can be temporary 
and reversible, highlighting a previously unrecognized pathway through which systemic illness may produce neurocognitive impairment. 
The rapid cognitive recovery coinciding with steroid-induced hyperglycemia and COP treatment is significant. Additional investigation 
is warranted to determine CGHM’s significance in diverse pathological conditions and determine therapeutic interventions. 
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Introduction
Positron emission tomography with [18F]fluoro-2-deoxy-D-glucose (FDG–PET) is a well-established functional imaging 
modality for lymphoma staging and assessment of treatment response.1 Cerebral glucose hypometabolism (CGHM) is 
defined as a significant decrease in glucose uptake in the brain on FDG-PET. It has been associated with neurological 
disorders such as neurodegenerative disorders as well as non-neurological systemic diseases including malignancies, 
hypoglycemic encephelopathy, depressive pseudodementia, and COVID-19 infection.2–7 MRI studies of the brain have 
shown cerebral changes in cases of neurodegenerative disorders with CGHM indicating neuronal damage and loss.2 

However, cerebral changes are not consistently shown by MRI in patients with CGHM associated with non-neurological 
systemic diseases indicating the absence of neuronal damage or loss. The underlying mechanism of CGHM associated 
with non-neurological diseases is likely related to increased systemic glucose uptake acting as a glucose sink or 
interference with glucose uptake by neurons via immunological mechanisms. Association of CGHM with aggressive 
B cell lymphomas in the absence of CNS involvement is well-known.3 CAR-T therapy used for hematologic malig
nancies has also been associated with CGHM which represents a novel mechanism for neurotoxicity.8 As CGHM 
associated with non-neurological systemic diseases is not typically associated with cerebral involvement or damage, it is 
potentially reversible. An anecdotal report suggests clinical resolution of CGHM-associated neuro-psychiatric manifesta
tions with glucose supplementation.9 We report a case of transient and reversible CGHM associated with severe systemic 
inflammation secondary to COP and COVID-19 based on clinical as well as radiologic evidence.
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Case
The patient is a 40-year-old male with history of primary refractory, transformed follicular lymphoma (tFL) diagnosed in 
July 2021. He did not achieve complete remission following the initial treatment with six cycles of chemoimmunotherapy 
with R-CHOP (rituximab, cyclophosphamide, doxorubicine, vicristine, and prednisone). He went on to receive main
tenance rituximab therapy but had rapid progression. Repeat biopsy of a lymph node showed findings consistent with 
tFL. He was treated with two cycles of obinutuzumab and ICE (ifosfamide, carboplatin, and etoposide) without 
significant response. He had CAR-T therapy without major cytokine release syndrome (CRS) or immune effector cell- 
associated neurotoxicity syndrome (ICANS) in January 2023. FDG-PET in Feb and April 2023 showed complete 
response. Unfortunately, FDG-PET in September 2023 showed a major relapse.

He had two cycles of polatuzumab vendotin, bendamustine, and obinutuzumab in September and October 2023. The 
treatment was interrupted by COVID-19 infection with severe cough and shortness of breath and imaging findings consistent 
with pneumonia. He remained persistently positive for COVID-19 with no major improvement in respiratory symptoms. 
Early December 2023, he developed neurocognitive manifestations including confusion, poor memory, difficulty concen
trating, difficulty with speech, and low mood. He described his status as having severe brain fog. FDG-PET in 
December 2023 showed no evidence of lymphoma but showed new bilateral lung opacities and global CGHM (Figure 1). 
Blood glucose on the day of FDG-PET was 143 mg/dl. Oxygen saturation was 100%, and he was intermittently febrile up to 
103 . C-reactive protein was exceptionally elevated at 168 (<5.0 mg/L). He underwent pulmonary consultation with 
bronchoscopy and bronchoalevolar lavage given the findings of bilateral lung opacities. Bacterial, fungal, and mycobacterial 
cultures were negative. Pneumocystis, cytomegalovirus, histoplasma, and blastomyces PCR testing was negative. 
Aspergillus antigen, legionella culture, nocardia stain, acid fast smear, and fungal smear were negative. Given the negative 

Figure 1 Reversible global cerebral hypometabolism on serial 18F-FDG PET. Whole body maximum intensity projection (MIP) and 3-D surface rendering of brain 18F-FDG 
uptake of man with refractory transformed follicular lymphoma and reversible cerebral glucose hypometabolism. At time of initial 18F-FDG PET imaging shown, the patient 
was noted to be in complete remission approximately one year after CAR-T and systemic targeted therapy but had developed COVID-19 pneumonia as shown on the18F- 
FDG MIP (red arrows) (A). 3-D 18F-FDG PET brain metabolism surface rendering using dedicated imaging software (GE AW server 3.2 with Cortex ID, MIM Neuro, 
version 7.2.7) shows relatively normal visual global metabolism (B) and no focal or global hypometabolism when compared to age and gender matched normal cohort in the 
database (B*). Three months later, the patient presented with confusion and impaired memory in conjunction with worsening COVID-19 associated cryptogenic organizing 
pneumonia (COP) as seen on whole body imaging (red arrows) and no evidence of recurrent lymphoma (C). 3-D 18F-FDG PET brain surface rendering at that time 
demonstrated visual evidence of severe global cerebral hypometabolism (D) and statistical hypometabolism when compared to aged-normalized controls (D*). Subsequently, 
patient was started on prednisone with rapid reversal of his neurocognitive symptoms and subsequent 18F-FDG PET demonstrated resolution of pulmonary inflammation 
(E) and return to baseline normal brain metabolism (F) and aged-normalized control comparison (F*).
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infectious work up and clinical presentation, a final diagnosis of cryptogenic organizing pneumonia (COP) was made likely 
related to COVID-19, lymphoma, and lymphoma treatments. He was initiated on high-dose prednisone resulting in 
hyperglycemia with glucose going up as high as 407 mg/dl. The patient and the spouse reported rapid clearing of his 
neurocognitive symptoms within a few days after initiation of prednisone. He was initiated on insulin for steroid-induced 
hyperglycemia. The clearance of neuro-cognitive symptoms happened before the initiation of insulin. FDG-PET in 
February 2024 showed complete resolution of CGHM, improvement in pulmonary findings, and no evidence of lymphoma. 
He was further treated for COP with prednisone, mycophenolate mofetil, and IVIG with significant improvement in his 
respiratory status. FDG-PET in June 2024 showed resolution of hypermetabolic ground glass opacities, no evidence of 
lymphoma, and no evidence of CGHM (Figure 1). He had an unrelated donor allogeneic stem cell transplant soon after. At 
the time of writing, lymphoma remains in complete remission. He has not had any recurrence of neuro-cognitive symptoms. 
COP remains under control with low-dose prednisone and mycophenolate mofetil.

Discussion
Our report is likely the first report in literature clinically and radiologically capturing the transient and reversible nature 
of CGHM associated with a systemic non-neurologic disease state. We hypothesize the CGHM in our patient is likely 
secondary to severe systemic inflammation secondary to COP and COVID-19. While lymphoma is known to cause 
CGHM, this was felt less likely in this case, as the patient was in complete remission at the time of diagnosis with 
CGHM. CAR-T therapy has been associated with CGHM.8 However, it was performed about 11 months before the 
CGHM. Previous studies examining patients 2 to 12 months post-CAR-T therapy have generally not detected significant 
long-term neurotoxicity or cognitive impairment from CAR-T therapy, suggesting CRS and ICANS appear shortly after 
treatment.10 As such, CAR-T therapy is likely non-contributory in our patient. Moreover, FDG-PET scans performed 
around the time of CAR-T therapy did not show any evidence of CAR-T therapy related to CGHM.

Basic molecular mechanisms of CGHM have not been definitively elucidated. In neurological disorders such as 
neurodegenerative disorders, brain tumors, neurotoxic treatments such as brain radiation, CGHM is likely related to 
neuronal damage and loss.2,11 A different mechanism is likely playing a role in CGHM associated with non-neurologic 
systemic diseases. The mechanism is possibly immunologic via cytokines and inflammatory mediators interfering with 
glucose uptake by neurons. Immune cells especially innate immune cells have been shown to express GLUT-3 which is 
also utilized by neurons for glucose uptake.12 Aggressive malignant lymphocytes have been shown to express GLUT-3.13 

Thus, CGHM may develop secondary to the increased systemic glucose utilization created by severe inflammation and 
aggressive lymphomas. In CAR-T therapy setting, we have found a direct correlation between CGHM and ICANs 
suggesting that CGHM is likely immunologically mediated.8 Neurologic symptoms including alterations in cognition, 
smell and taste impairment, headache, and seizure are prevalent in patients with COVID-19.14 In a cohort of hospitalized 
COVID-19 patients who developed neurologic symptoms, FDG-PET demonstrated predominant frontoparietal hypome
tabolism in 10 of 15 patients.15 The authors postulate that systemic cytokine-related inflammation leads to cortical 
dysfunction and cerebral hypometabolism.15 In our patient, our hypothesis is that CGHM is likely secondary to shunting 
of glucose created by severe systemic inflammation associated with COP and COVID-19.

In terms of therapeutic interventions for CGHM associated with systemic diseases, treating the associated systemic disease 
is likely important. The resolution of CGHM in our patient is likely due to resolution of severe systemic inflammatory state. 
Moreover, glucose supplementation may be important. Rapid resolution of neurocognitive manifestations in our patient with 
the onset of steroid-induced hyperglycemia is quite interesting in that glucose supplementation can potentially help. Our group 
previously published a case in which neuro-psychiatric manifestations of lymphoma associated CGHM resolved with 
aggressive glucose supplementation even in the face of relentless progression of lymphoma.9 Corticosteroids may have 
additional utility in the treatment of CGHM by modulating immune pathways through anti-inflammatory effects. It is also 
important to consider that the timing of corticosteroid treatment may have been coincidental, and the acute COVID-19 
infection could have resolved independently. A reported case of post-acute COVID-19 described persistent cognitive deficits 
with corresponding abnormalities in brain glucose metabolism on FDG-PET, suggesting that CGHM may reflect prolonged or 
incomplete recovery after infection.6 In contrast, our patient experienced rapid clinical and radiographic resolution, supporting 
the notion that CGHM can also be transient and reversible in acute systemic illness.
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In conclusion, we suggest that CGHM represents a novel mechanism for neuro-cognitive manifestations in various systemic 
disease states. With more widespread use of FDG-PET, more cases of CGHM may become detected. From neuroradiology 
standpoint, detailed attention to the metabolic activity in the brain is necessary to diagnose CGHM. Standardized FDG-PET 
criteria for CGHM should be established. We demonstrated resolution of CGHM in this case with improvement in neurocog
nitive symptoms with corticosteroid treatment. It is not clear whether the reversal of CGHM was due to hyperglycemia or 
suppression of inflammation. Further research with collaboration across multiple institutions would be necessary to better 
understand CGHM.

Ethics Statement
This report describes a single clinical case and does not constitute human subjects research; therefore, Institutional 
Review Board approval was not required. In accordance with institutional policy at the Mayo Clinic, additional approval 
for publication of this case report was not required. Written informed consent for publication of case details and images 
was obtained from the patient.

Disclosure
The authors report no conflicts of interest in this work.
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