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Abstract: Systemic lupus erythematosus is an autoimmune disease affecting all organs of the body.
It has a higher incidence in women and can affect the central nervous system (CNS) in 10% to
20% of cases. Any structure in the CNS can be involved, resulting in a varied and often complex
symptomatology. CNS lupus vasculitis is an even rarer manifestation characterized by small vessel
inflammation that can result in vessel thrombosis and necrosis. We present the case of a 31-year-old
woman with a history of systemic lupus erythematosus and Sjogren’s syndrome who was treated
at our institution for an acute exacerbation of lupus complicated by CNS lupus vasculitis. This
case was particularly challenging due to concurrent bacteremia and a travel history that broadened
the differential diagnosis widely, thus requiring our input as infectious disease consultants. CNS
lupus vasculitis is a diagnosis of exclusion that requires a high level of clinical suspicion to arrive
at a prompt diagnosis paired with aggressive management to guarantee good outcomes. In this
report, we share our stepwise approach to this challenging case in a didactic manner to benefit
trainees and independent infectious diseases providers who may encounter similar clinical scenarios
in their practice.
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1. Introduction

Systemic lupus erythematosus (SLE) is an autoimmune disease characterized by a chronic course
with acute exacerbations affecting multiple organ systems [1]. A “textbook” SLE presentation
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includes a malar rash, fevers, arthralgias, and positive serologies. However, lupus syndromes are
heterogeneous and can overlap significantly, thus delaying a diagnosis [2].

Similarly, the central nervous system (CNS) can be affected as part of a systemic lupus syndrome
or in isolation [3]. Nonspecific symptoms can include headaches, fatigue, or depression, while
potentially more serious presentations include seizures, strokes, intracranial hemorrhages, and cranial
nerve involvement [4]. Myelitis, peripheral neuropathy, and autonomic neuropathy are less common
but can lead to significant morbidity [5].

CNS lupus vasculitis (CNSLV) is a rarer presentation in which small vessels and capillaries
are affected [6]. Clinical syndromes include meningitis, ischemia (stroke), intracranial hemorrhage,
and transient ischemic attacks (TIAs) [7]. CNSLV is mediated by immune complex deposition
in terminal vasculature, resulting in endothelial dysfunction, thrombosis, vessel wall damage, and
capillary leakage. Antiendothelial cell antibodies are the primary autoantibodies associated with this
condition. Still, other antibodies, including antineutrophil cytoplasmic antibodies, antiphospholipid,
and anti-double-stranded DNA, have been reported [8]. Their binding can independently induce
endothelial cells to upregulate their adhesion molecules and to release cytokines and chemokines,
thus recruiting inflammatory cells to the vessel wall.

In addition, these autoantibodies will activate the complement cascade, further exacerbating
the pro-inflammatory, prothrombotic, and pro-adhesive effects on endothelial cells. Activation of this
inflammatory cascade leads to upregulation of coagulation factor production and results in thrombosis,
neutrophil sequestration, and vessel wall necrosis. Peripheral lupus serology is positive in 80% to
100% of patients with CNSLV [8]. However, normal inflammatory markers and quiescent lupus do not
exclude underlying CNS vasculitis [3].

Cerebrospinal fluid (CSF) examination does not allow for direct diagnosis of CNSLV but helps
exclude infection or other mimickers [9,10]. Furthermore, it can reveal auto-antibodies, though these
must be interpreted with caution as they can be present in patients without underlying pathology [8].
The CSF profile will show pleocytosis that is most often mononuclear cell predominant, protein
elevation that does not typically exceed 100 mg/dL, and an increased IgG index without oligoclonal
bands [11]. CSF glucose levels can be normal or decreased but are usually higher than those found
in CNS infections [10,12]. CSF microbial stains and cultures should be negative unless a concurrent
infection exists [7,10,11]. The CSF/serum albumin ratio may be altered due to endothelial involvement
and disruption of the blood—brain barrier (BBB) [4].

The gold standard for diagnosing CNS lupus vasculitis is a meningeal and brain biopsy, although
these are seldom carried out due to the inherent risks and limited sensitivity [6,13,14]. Characteristic
pathology findings include leukocytoclastic vasculitis, characterized by diffuse mononuclear cell
infiltration across the vessel wall with fibrinoid necrosis, 1gG, and complement deposition [11,15].
However, the diagnosis can be made without a biopsy by combining clinical features, appropriate
imaging findings, and diagnostic studies. Magnetic resonance imaging (MRI) is the most sensitive
noninvasive study for CNSLV [7,16,17]. Although this technique can reveal vessel wall thickening,
beaded appearance, and intramural contrast uptake when large- and medium-sized vessels are
involved, it cannot, however, detect small-vessel involvement [17,18]. Similarly, small-vessel disease
is beyond the resolution of conventional angiography, and a normal angiogram is not uncommon in
the presence of biopsy-proven disease [18,19].

2. Case Description

A 31-year-old female with a past medical history of uncontrolled SLE, Sjégren’s, and anemia of chronic
disease presented to the rheumatology clinic with acute chest pain, abdominal pain, and dyspnea.
This patient was diagnosed with SLE approximately 9 months before the index hospitalization and
was initially treated with prednisone; she later transitioned to hydroxychloroquine and methotrexate.
Her most recent regimen was hydroxychloroquine and azathioprine. During the month prior to her visit
to the rheumatology clinic, the patient had been nonadherent with herimmunosuppressive therapy and
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pursued naturopathic remedies in her native Ecuador. Since then, she developed oral ulcers leading
to poor oral intake, punched-out digital ulcers, fevers, arthralgias on the upper and lower extremities,
and left ankle swelling.

She was subsequently transported from the rheumatology clinic to the Emergency Department
with notable vitals of a blood pressure of 90/52, heart rate of 114, temperature of 103.1°F, respiratory
rate of 18, and an oxygen saturation of 95% on 2 L of oxygen via nasal cannula. Her initial labs
upon admission were significant for hyponatremia, transaminitis, anemia, coagulopathy, elevated
creatinine kinase, abnormal markers of SLE disease activity, and hematuria (Tables 1-5). Blood
and urine cultures were drawn. An electrocardiogram demonstrated sinus tachycardia but no other
abnormalities. Computed tomography scans of the chest, abdomen, and pelvis showed scattered
pulmonary nodules measuring up to 0.8 centimeters and located bilaterally, multiple enlarged left
axillary lymph nodes, a hepatic cyst, and thickened bladder walls with mucosal ulcerations. There
was no evidence of pulmonary embolism, vascular occlusions, dissection, or aneurysms on the
echocardiogram or vascular Dopplers. The patient was started on 2 L of Ringer’s lactate, intravenous
(IV) ceftriaxone and vancomycin, multiple doses of IV hydromorphone, and 2 g of calcium gluconate.

Table 1: Complete Metabolic Panel

Serum labs Value Reference range
Sodium 120 mmol/L 137-147 mmol/L
Potassium 4.6 mmol/L 3.4-5.3 mmol/L
Chloride 93 mmol/L 99-108 mmol/L
CO, 17 mmol/L 22—29 mmol/L
Anion gap 10 units 8-16 units
Urea nitrogen (BUN) 8 mg/dL 8—21 mg/dL
Creatinine 0.56 mg/dL 0.65-1.00 mg/dL
BUN/Creatinine ratio 14.3 8.0-25.0 ratio
eGFR >90 mL/min/1.73 sq m.)
Glucose 88 mg/dL 60—99 mg/dL
Calcium 7.1 mg/dL 8.7-10.7 mg/dL
Calcium (adjusted) 8.5 mg/dL 8.7-10.7 mg/dL
Total protein 6.0 g/dL 6.0-8.2 g/dL
Albumin 2.2 g/dL 3.5-5.0 g/dL
Bilirubin total 0.7 mg/dL 0.2-1.3 mg/dL
Alkaline phosphatase 424 U/L 30-125 U/L
ALT 125 U/L 0—-40 U/L
AST 419 U/L 3—-44 U/L

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CO,, carbon
dioxide; eGFR, estimated glomerular filtration rate.
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Table 2: Cardiac Labs

Serum labs Value Reference range
Brain natriuretic peptide (BNP) 34 pg/mL 0-100 pg/mL
Creatinine kinase (CK) 672 U/L 10-205 U/L
Troponin | 0.09 ng/mL 0.00-0.09 ng/mL

Table 3: Complete Blood Count and Coagulation Parameters

Serum labs Value Reference range
White blood cells (WBC) 7.68 K/uL 4.00-10.00 K/uL
Red blood cells (RBC) 3.28 M/uL 4.00-5.20 M/uL
Hemoglobin 9.3 g/dL 12-16 g/dL
Hematocrit 27.60% 37.0-47.0%
MCV 84.1fL 82.0-103.0 fL
MCH 28.4 pg 26.0-34.0 pg
MCHC 33.7 g/dL 30.0-37.0 g/dL
RDW 14.30% 11.5-14.5%
Platelet count 280 K/uL 150-399 K/uL
PT 10.2 seconds 9.5-13.2 seconds
INR 0.96 0.98-1.26

Abbreviations: INR, international normalized ratio; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular
hemoglobin concentration; MCV, mean corpuscular volume; PT, prothrombin time; RDW, red cell distribution width.

Table 4: Pertinent Autoimmune Markers

Serum labs Value Reference range
aPTT 34.9 seconds 23.0-33.0 seconds
CRP 114.8 mg/L 0.0-8.0 mg/L

RF 16 1U/mL 0-29 IU/mL

ANA screen Positive Negative

Anti-Sm 3.1 0-0.9 Ab index
Anti-RNP/Sm 2.2 0-0.9 Ab index
SSA >8.0 0-0.9 Ab index
SSB 0.5 0-0.9 Ab index

Anti-dsDNA >300 IU/mL 0—4.0 IU/mL
C3 36 mg/dL 88—203 mg/dL

Abbreviations: Ab, antibody; ANA, antinuclear antibody; aPTT, activated partial thromboplastin time; C3, complement
component 3; CRP, C-reactive protein; dsDNA, double-stranded DNA; RF, rheumatoid factor; RNP, ribonucleoprotein; SSA,
Sjogren’s-syndrome-related antigen A; SSB, Sjogren’s-syndrome-related antigen B; Sm, Smith.
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Table 5: Urinalysis

Component Value Reference range
Color Yellow Not applicable
Clarity Turbid Clear
Specific gravity 1.025 1.002-1.030
pH 6.5 5.0-8.0
Protein (mg/dL) 100 <20
Glucose (mg/dL) Normal <30
Ketones 60 Negative
Bilirubin Negative Negative
Blood 3+ Negative
Nitrite Negative Negative
Urobilinogen (mg/dL) Normal <2
Leukocyte esterase (Leu/uL) 500 Negative
Red blood cells 63 0-5/hpf
White blood cells >182 0-5/hpf
Bacteria Few None
Squamous epithelial cells 129 0-5/hpf

On the second day of admission, blood and urine cultures showed growth of Pseudomonas
aeruginosa. Antimicrobials were changed to piperacillin-tazobactam, and the patient was restarted
on hydroxychloroquine. Next, cultures were repeated to rule out an acute infectious process before

initiating prednisone therapy for suspected SLE exacerbation.

On the third day of admission, she rapidly began to decompensate and became hypotensive with
obtundation. Given the concern of septic embolization in the context of bacteremia, she underwent
an MR of the brain, which showed a multitude of foci with restricted diffusion and surrounding edema,

as seen in Figure 1.
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Figure 1: MRI T2 axial flair sequence showing numerous punctate to small foci of restricted diffusion with surrounding edema in the supra
and infratentorial brain parenchyma. Few of these lesions demonstrate subtle rim enhancement. Mild mass effect without midline shift or other
intracranial herniation. A few scattered micro hemorrhagic foci are observed.

Given this new clinical change and concerning imaging findings, the patient’s antibiotic regimen
was changed to vancomycin and meropenem to broaden coverage. At this point in the admission,
antimicrobial susceptibilities for the Pseudomonas aeruginosa isolate were not yet available, and it
was suspected it could be an extended-spectrum -lactamase producer. Although the patient became
hemodynamically stable, her altered mentation persisted, and she underwent a lumbar puncture (LP)
on the fourth day of admission. CSF findings were significant for white blood cell (WBC) count of 450
u/L (reference range 0—10 u/L), glucose level of 13 mg/dL (reference range 45-70 mg/dL), protein
level of 80 mg/dL (reference range 7.0—-35.0 mg/dL), and an opening pressure of 33 cm of water
(Table 6). The antibiotic regimen was further broadened by adding amphotericin and ampicillin to cover
fungal etiologies and Listeria monocytogenes empirically. However, CSF stains showed no organisms,
cultures showed no growth, and amphotericin was discontinued. At the time, the possibility of negative
CSF cultures due to prior antibiotic therapy was considered, but the overall constellation of findings
was still thought less likely to represent infection. Subsequent blood cultures showed no growth.
Given this negative infectious workup, it was suspected that the patient's CNS symptomatology was
more likely due to her SLE rather than an infectious cause, and she was placed on a 5-day course of
1 g of intravenous methylprednisolone daily.

Table 6: Initial Cerebrospinal Fluid (CSF) Analysis on Day 4 of Admission

CSF labs Value Reference range
Glucose 13 mg/dL 45—70 mg/dL
Protein 80 mg/dL 7-35 mg/dL
Opening pressure 33 cm H,O 6-25 cm H,O
White blood cells 450 u/L 0-10 u/L

Despite the patient being started on steroids, her neurologic status continued to decline; she
could now not follow commands. She was transferred to the medical intensive care unit for supportive
care on day 5 of admission. Stroke workup and repeat brain MRI were negative, with no additional
changes from prior imaging noted. Computed tomographic angiography (CTA) of the brain was
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also performed, which demonstrated no abnormalities in the cerebral vasculature (Figure 2). A
fluoroscopic angiogram was deferred, given that the patient had developed an acute kidney injury
and hyperkalemia, and the yield for small vessel vasculitis would be low. Furthermore, continuous
electroencephalogram monitoring demonstrated no epileptiform discharges. Neurology consultation
determined that the next best course of action would be to start the patient on a 5-day course
of plasmapheresis due to high suspicion of CNSLV. On day 6 of admission, she was started on
plasmapheresis treatment of 5 sessions per day every other day for 1 week.

Figure 2: (A,B) CTA brain showing mild irregularities involving M1 segments and right middle cerebral artery bifurcation without vessel occlusions
or stenoses within the cerebral vasculature from a posterior (A) and superior-oblique (B) views.

Once the patient’s condition had markedly stabilized and susceptibilities became available
(Table 7), carbapenem therapy for Pseudomonas bacteremia was discontinued, and she completed
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her antibiotic course with oral levofloxacin. The source of the bacteremia was believed to be secondary
to bladder translocation in the setting of genital and bladder mucosal ulcerations. Her urine cultures
grew the same organism with the same susceptibility pattern. Three days into plasmapheresis
treatment, she continued to have fluctuations in cognition despite baseline improvement. Due to the
persistence of this waxing and waning level of alertness, a repeat LP was conducted on day 11 of
admission (Table 8). The CSF results at that time demonstrated glucose 38 mg/dL (reference range
45-70 mg/dL), protein 63.7 mg/dL (reference range 7.0-35.0 mg/dL), WBC 1 (reference range 0-10
cells/uL), red blood cell count 32 (reference range 0 cells/uL), and no oligoclonal bands were detected.
Once again, CSF bacterial and fungal cultures did not demonstrate the growth of any organisms, and
polymerase chain reaction (PCR) results for herpes simplex virus and varicella—zoster virus (VZV)
were negative as well. Given her time in Ecuador, other diagnostic possibilities were considered,
including tuberculous meningitis and Strongyloides hyperinfection syndrome. However, results for
tuberculosis CSF PCR, stool ova and parasites, and Strongyloides serologies were negative. She
regained full mentation 2 days later while continuing the methylprednisolone and plasma exchange.
She became cognitively intact, able to follow commands, and alert and oriented to person, place,
and time.

Table 7: Antibiogram Demonstrating Various Susceptibilities of Pseudomonas Aeruginosa

Minimum inhibitory concentration

Antibiotic Interpretation (mcg/mL) Units
Amikacin Susceptible <=8 mcg/mL
Cefepime Susceptible <=2 mcg/mL
Ceftazidime Susceptible <=1 mcg/mL
Gentamicin Susceptible 2 mcg/mL
Levofloxacin Susceptible <=1 mcg/mL
Meropenem Susceptible <=1 mcg/mL
Piperacillin/tazobactam Susceptible <=8 mcg/mL
Tobramycin Susceptible <=2 mcg/mL
Table 8: Cerebrospinal Fluid (CSF) Analysis on Day 7 of Admission
CSF labs Value Reference range
Glucose 38 mg/dL 45—70 mg/dL
Protein 63 mg/dL 7-35 mg/dL
White blood cells 1u/L 0-10 u/L
Red blood cells 32 u/lL 0 u/L

Based on this patient’s clinical course with improvement on SLE-targeted therapy, the diagnosis
of CNSLV was made, and the plan moving forward was to treat the patient with an initial dose of
cyclophosphamide of 750 mg followed by monthly infusions, tapering oral prednisone to 50 mg once
daily. Trimethoprim—sulfamethoxazole was started as prophylaxis against Pneumocystis jirovecii
pneumonia. Hydroxychloroquine 200 mg orally was restarted for SLE, and the patient continued care
in the outpatient setting. Two months after this hospitalization, the patient was experiencing mild hair
loss due to cyclophosphamide therapy but otherwise was doing well.
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3. Discussion

SLE is an autoimmune condition that may affect the CNS. CNSLV is a manifestation of SLE that
can present with neuropsychiatric symptoms [7]. It is typically present in the context of other SLE
symptomatology at diagnosis [20]. Furthermore, it should be noted that neuropsychiatric symptoms
could occur due to SLE itself, medications, or another comorbid condition [20]. However, before
instituting immunosuppressive therapy for CNSLV, it is imperative to rule out infections. Not only
are these patients more susceptible to infections, but lupus therapies can severely exacerbate an
infectious process and result in life-threatening complications [21].

As infectious diseases consultants, we evaluated this patient and had to comment on the
possibility of septic emboli as the cause of her presentation. In addition, we had to comment on the
safety of conservative management with antibiotics aimed at an infection or aggressive management
with corticosteroids targeting an inflammatory process.

Overall, this patient’s initial presentation stood out for very prominent features of acute SLE that
were evident on the exam, including a malar rash, digital ulcerations, arthritis, uveitis, and bleeding
oral and genital ulcers. In addition, laboratory workup revealed highly abnormal lupus disease activity
markers and signs of visceral involvement, such as hepatitis, carditis, and nephritis. Imaging findings
also revealed involvement of the lungs, vasculature, and bladder. In this context, we understood the
patient to be in a florid lupus crisis and at high risk for involvement of her CNS.

However, the concurrent Pseudomonas bacteremia posed an additional clinical challenge.
Gram-negative rod bacteremia is a serious entity that can lead to septic shock and death, particularly
in immunocompromised patients [22]. This patient was highly susceptible to infections and poor
outcomes. It was evident that antibiotic therapy was indicated for treating the bacteremia, but whether
the bacteremia was causing CNS disease was unclear. We assessed that this patient was at a low
risk of endocarditis given the short duration of her bacteremia, the absence of prosthetic materials,
and the lack of suggestive findings on transthoracic echocardiography (TTE). We also considered the
possibility of preceding nonbacterial thrombotic endocarditis (marantic or Libman-Sacks) as a potential
nidus for secondary bacterial endocarditis to develop or as the primary event resulting in metastatic
spread to the brain [23]. However, this patient had no apparent primary tumors on the imaging survey
and the TTE did not suggest a marantic vegetation. Finally, we understood the organism to be very
seldom associated with native valve endocarditis or cerebral septic emboli in a non-1V drug user [24].

Also, under consideration as a source of the bacteremia was Strongyloides hyperinfection
syndrome (SHS). The patient was originally from Ecuador and had been there recently, where
she could have become infected with the organism. SHS can be associated with overwhelming
Gram-negative sepsis, shock, respiratory failure, and death [25]. However, SHS is most associated
with chronic steroid use. This patient had not been on any therapy for her SLE, including
corticosteroids, and lacked other features, such as peripheral eosinophilia. Other differentials included
neurosyphilis, CNS tuberculosis, cryptococcosis, endemic fungal infections, and angioinvasive mold
infections, though these were considered less likely and were eventually ruled out. Magnetic
resonance venography ruled out septic thrombosis of the cavernous sinuses.

When assessing the brain imaging studies, i.e., MRI, MRA, and MRV we observed a symmetry
of cerebral involvement that was very selective to the white matter and a vascular distribution that
included both anterior and posterior cerebral vascular territories. Additionally, all lesions appeared
to be in the same stage of evolution and showed very similar amounts of perilesional edema with
little-to-no rim enhancement. None had undergone central necrosis or showed an air-fluid level.
Finally, no mycotic aneurysms were present on MRA or CTA. These findings are atypical for septic
emboli in the CNS [26]. There was no meningeal enhancement or sinus disease to suggest a chronic
meningitic process or contiguous spread from a parameningeal source.

Further, we found it atypical for abacterial infection to cause such widespread CNS disease
without other systemic signs of metastatic infection. These expected findings include florid bacteremia,
readily identifiable organisms in the CSF, more cerebral edema on MRI, and appreciable vegetations
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on echocardiogram. We are aware that TTE has known limitations in sensitivity, and a vegetation that
has already embolized may no longer be apparent on a heart valve [27]. Still, the overall constellation
of findings pointed away from an infectious etiology and was more consistent with CNS involvement
by lupus.

The safest and most appropriate course of action was to continue antibiotic therapy. However,
even while this patient was on antibiotics, the possibility of fatal complications was real if we failed to
treat an underlying inflammatory process. As she continued to worsen, we decided to initiate high-dose
corticosteroid therapy and begin management for presumed CNS lupus involvement. The negative
CSF stains and cultures reassured us, but antibiotics were continued.

Once we began therapy for SLE, the patient showed remarkable improvement. At least initially,
corticosteroids can also mediate the improvement of infections by reducing inflammation. As more
diagnostic data became available, we felt more confident in our diagnosis. Interpretation of the CSF
was challenging due to the very low glucose level, which was concerning for infection. However,
hypoglycorrhachia is not specific to infection and is reported in association with inflammatory and
other noninfectious processes in the CNS [12].

In this case, we consulted with our neuroradiology and neuroimmunology colleagues. The
possibility of CNSLV became apparent given the clinical picture, laboratory findings, and suggestive
imaging studies. No published American College of Rheumatology diagnostic criteria exist for this rare
condition, but the diagnosis can be made based on noninvasive studies [11,16]. While leptomeningeal
or cerebral biopsy remains the gold standard, this was not feasible in this patient initially, given her
coagulopathy. Once treatment was instituted and the patient improved, we again considered obtaining
a biopsy. The yield at this time would have been even lower due to therapy, and the information would
not have changed our management approach. Therefore, we decided to forgo a biopsy. Finally,
although angiography is essential for diagnosing vascular disease of large- and medium-sized vessels,
it cannot detect small-vessel vasculitis [14,19].

For treatment, plasmapheresis and steroids helped the patient initially, and she did well on
maintenance therapy consisting of cyclophosphamide and continued steroids [28]. CNSLV therapy
can vary but usually includes corticosteroids and plasmapheresis, followed by immunosuppressive
agents such as azathioprine and cyclophosphamide [11,16]. Rituximab is a monoclonal antibody
that targets the cluster of differentiation (CD)-20 marker on B cells through antibody-dependent
cell-mediated cytotoxicity [29,30]. While the synthesis of new antibodies is abrogated, previously
circulating antibodies are preserved. This drug has been used successfully as a steroid-sparing agent
in CNSLV and lupus cerebritis [31,32]. The prognosis of CNS involvement in SLE can vary, but its
morbidity and mortality are higher than in patients without CNS involvement [33,34]. Morbidity in
neuropsychiatric lupus stems from strokes, seizures, aseptic meningitis, psychosis, myelopathy, and
optic neuritis [35]. Ensuring an early and accurate diagnosis of CNSLV and starting treatment as early
as possible is the best way to ensure good patient outcomes.

4. Conclusions

CNSLV is a rare condition that can result in severe morbidity and mortality. Its presentation can
coincide with or mimic infections of the CNS. Therefore, we hope to contribute to the current literature
and help infectious diseases clinicians regarding how to approach and navigate such a case. Early
diagnosis and management will minimize adverse patient outcomes.
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