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Abstract
Intravenous immunoglobulin therapy is FDA approved for
the immune-mediated peripheral nerve disorders GuillainBarre syndrome, chronic inflammatory demyelinating polyneuropathy, and multifocal motor neuropathy. Immunoglobulin therapy has been used increasingly with significant
efficacy in the treatment of patients with disabling autoimmune forms of dysautonomia, which are most often small
fiber (autonomic and/or sensory) polyneuropathies. It is recognized by most who treat these disorders, however, that
patients with autonomic dysfunction treated with intravenous immunoglobulin therapy develop aseptic meningitis
or severe lingering headache more frequently than other pa-
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tient populations when this therapy is dosed in the traditional fashion. We discuss our combined 27 years of experience with the use of immunoglobulin and other immune
modulatory therapy in patients with autoimmune small fiber
polyneuropathy.
© 2019 S. Karger AG, Basel

Background

Dysautonomia is an umbrella term referring to any
disorder associated with dysfunction of the autonomic
nervous system. The autonomic nervous system begins in
the brain, descends into the spinal cord, and then out to
the small fiber autonomic nerves that innervate every organ, gland, and blood vessel in the body. There are many
different mechanisms by which dysautonomia may arise,
but there has been increasing evidence and awareness
that it may be immune-mediated in some patients. Autoimmune autonomic dysfunction may be central, for exJill R. Schofield, MD
Center for Multisystem Disease
8101 E. Lowry Blvd. Suite 250
80230 Denver, CO (USA)
E-Mail jill.schofield @ ucdenver.edu

ample, in multiple sclerosis [1], or it may be peripheral
due to an immune-mediated small fiber polyneuropathy
(SFPN). SFPN may manifest clinically as postural tachycardia syndrome, orthostatic intolerance, orthostatic hypotension, inappropriate sinus tachycardia, gastrointestinal dysmotility, complex regional pain syndrome, and/or
neurogenic bladder [2]. In some patients, dysautonomia
may occur in association with primary antineuronal autoimmunity, including antibodies to the adrenergic and
muscarinic receptors, ion channels, the ganglionic acetylcholine receptor, the NMDA receptor, antibodies against
the N-type or P/Q-type voltage gated calcium channels
(Lambert-Eaton Syndrome), and others [3]. In other patients, it may occur in the context of systemic autoimmune disease [3, 4], and autonomic neuropathy may be
the initial manifestation of Sjogren syndrome [5] or the
antiphospholipid syndrome [6], which may coexist. Dysautonomia may also occur in association with most other
autoimmune diseases, including some cases of Hashimoto thyroiditis [4], rheumatoid arthritis, [7] spondyloarthropathy [8], lupus [9], systemic sclerosis [10], celiac disease [11], inflammatory bowel disease [12], myasthenia
gravis [13], and multiple sclerosis [1]. Indeed, it has been
hypothesized that autonomic dysregulation may be involved in the etiopathogenesis of systemic autoimmunity
as a result of the complex interactions between the immune system and the autonomic nervous system [14].
We recommend the use of the present protocol when administering IVIg to patients with any of these autoimmune forms of dysautonomia to reduce the likelihood of
significant side effects. The only potential downside of
our more gradual protocol is that the response may be
delayed compared to traditional dosing, but these are
chronic conditions.
Intravenous immunoglobulin (IVIg) is efficacious in
the treatment of immune-mediated neuropathies, and it
is FDA approved for the treatment of Guillain-Barre syndrome, chronic inflammatory demyelinating polyneuropathy, and multifocal motor neuropathy. The earliest
report in the medical literature demonstrating the benefit
of IVIg therapy in a patient with dysautonomia was published in the Lancet in 1996 [15]. The patient was a
23-year-old man with “a pure dysautonomic variant” of
Guillain-Barre syndrome; he was treated with IVIg with
dramatic clinical improvement. Three similar reports
quickly followed [16–18]. In 1999, Dupond et al. [19] reported on the dramatic efficacy of IVIg in a patient with
dysautonomia and Sjogren syndrome. This was the first
reported description of autonomic involvement in Sjogren syndrome. In 2013, Oaklander et al. [20] reported on

the efficacy of immune modulatory therapy in children
with SFPN. Ninety-eight percent had clinical evidence of
dysautonomia–cardiovascular, gastrointestinal, sudomotor, and/or urological. Thirty-three percent had an
underlying autoimmune disease, and 89% had 1 or more
serological marker(s) suggestive of immune dysregulation. Fifteen patients were given a trial of immune modulatory therapy with IVIg and/or steroids, and 12 patients
(80%) demonstrated improvement. In 2014, Flanagan et
al. [21] reported 23 patients with GI dysmotility that was
presumed to be autoimmune, either because there was a
comorbid autoimmune disorder, a family history of autoimmunity, or a serological abnormality suggesting autoimmunity. Nineteen of 23 patients had extraintestinal
autonomic abnormalities. All patients were treated with
a trial of immune modulatory therapy with 6–12 weeks of
IVIg and/or methylprednisolone. Seventeen of 23 patients (74%) improved subjectively and most also demonstrated objective improvement in autonomic testing.
Most recently, Liu and Schofield separately reported 2
large retrospective case series in the use of IVIg in patients
with autoimmune or “apparently autoimmune” SFPN
with similar response rates of approximately 80% [2, 22].
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Discussion

Aseptic Meningitis and Severe Prolonged Headaches
The efficacy of IVIg therapy in a subset of patients with
dysautonomia who have evidence for autonomic neuropathy by skin biopsy and/or quantitative sudomotor axon
reflex testing in the context of autoantibodies that have
been reported in association with autonomic dysregulation is recognized by most who treat this problem and
randomized controlled studies of the use of IVIG in this
population are underway [23]. It is also anecdotally recognized by most who treat these patients that this subpopulation of patients develops aseptic meningitis or severe lingering headaches significantly more often than
other patient populations when IVIg is dosed in the traditional fashion, that is, 1–2 g/kg given over 2–5 days.
Indeed, some of these patients have experienced such severe headaches or aseptic meningitis that they have refused another trial of the therapy. Giving intravenous hydration before and/or after the IVIg infusion and dividing
the total monthly dose into weekly infusions, which allows for a much slower infusion rate, are usually well tolerated in these patients, and we have observed significantly fewer issues when a graded protocol is followed. A
gradual uptitration of the rate with subsequent infusions
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allows the dosing frequency to be decreased eventually to
monthly in the majority of patients. A suggested protocol
for initiating IVIg in patients with autoimmune dysautonomia is provided in Table 1. We estimate that at least
75% of our patients with autoimmune dysautonomias experience at least mild headache with the use of IVIg, even
with the dosing modifications suggested in the present
manuscript. We believe that most of these patients would
experience either aseptic meningitis or severe prolonged
headache with IVIg dosed in the traditional fashion.
Aseptic meningitis is an uncommon complication of
IVIg given for other immune-mediated conditions. Two
large retrospective studies have reported an incidence of
aseptic meningitis of 0.6–1% in IVIg-treated patients [24,
25]. Interestingly, another smaller study noted that 50%
of their patients with a history of migraine developed
aseptic meningitis compared to 4% of patients without a
migraine history [26]. Migraine is a common comorbidity in patients with dysautonomia. The reason for the
common occurrence of aseptic meningitis in patients
with autonomic dysfunction and/or migraine is not
known. One possible explanation is that it may occur due
to IVIg-induced mast cell activation. This suspicion
comes from the fact that mast cell activation syndrome is
a frequent comorbidity in patients with dysautonomia,
and these patients not infrequently have acute mast cell
type reactions during IVIg infusions, including flushing,
hives and other rashes, pruritus, and chest pain that are
rapidly responsive to diphenhydramine. Furthermore,
the aseptic meningitis is responsive in most patients to
antihistamines, steroids, and nonsteroidal agents, each of
which has mast cell inhibitory properties. Aseptic meningitis manifests clinically as severe headache, neck pain/
stiffness, nausea/vomiting, and sometimes fever. The onset is typically toward the end of the day of infusion and
up to 5 days following the IVIg infusion. Cerebral spinal
fluid will usually show a lymphocytic predominant pleocytosis, but a dysautonomic patient presenting with these
symptoms within a few days of an IVIg infusion is much
more likely to have drug-induced aseptic meningitis than
infectious meningitis, and lumbar puncture and empiric
antibiotics/antivirals may be avoided in most patients
with this self-limited problem. Dexamethasone up to
10 mg (or equivalent) intravenously that may be followed
by a few day oral taper and/or intravenous fluids often
help symptomatically when the symptoms of aseptic
meningitis are severe. It should also be noted that nonsteroidal anti-inflammatory medications can rarely cause
aseptic meningitis, and this is more likely in patients with
autoimmune disease. This should be considered in a pa306
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tient receiving a stable, previously well-tolerated dosing
regimen of IVIg without aseptic meningitis who later develops this complication. IVIg-induced aseptic meningitis/prolonged headache does not usually occur idiosyncratically, but rather it may occur when the infusion is
given too quickly and without adequate hydration. The
optimal rate of infusion may be different from patient to
patient and can usually be determined by trial and error.
Less severe headache and nausea (typically distinct from
the patient’s usual symptom complex) occur frequently
with a time course similar to aseptic meningitis in dysautonomia patients treated with IVIg. Slowing the rate of
infusion, decreasing the dose given with each infusion,
increasing intravenous hydration, and/or the use of
scheduled nonsteroidal anti-inflammatory agents, histamine 1 receptor blockers, and/or acetaminophen beginning several hours before the infusion and continuing for
a few days afterwards is usually effective in this context.
Premedication with steroids is also effective; however,
steroids are usually used as a last resort due to their greater risk profile compared with the other options which are
effective for most patients. It is also helpful for the patient
to increase their oral hydration the day of and for a few
days after the infusion. Triptans and dihydroergotamine
may also be efficacious for these symptoms. Regarding
brand of immunoglobulins, it has been our anecdotal experience that Privigen and Flebogamma are associated
with more side effects in this patient population than
other brands.
Thrombosis
Of note, despite all patients having autoimmune disease (a recognized thrombotic risk factor), we have not
had any patient develop a thrombotic event using this
specific protocol (over 100 patients total), including
many patients with antiphospholipid antibodies with or
without prior thrombotic events. However, all of the patients with persistent positivity for 1 or more antiphospholipid antibodies were treated with at least aspirin and
some were treated with anticoagulation and/or antiplatelet therapy. One patient did develop superficial
thrombophlebitis on antiplatelet therapy. This patient
was switched from aspirin to apixaban and subsequent
infusions were well-tolerated. We have treated patients
who had a thrombotic event prior to receiving IVIg and
1 patient who had a thrombotic event using a standard
IVIg protocol at another center. None of these patients
was on antithrombotic therapy at the time of their clotting event and all did well with IVIg given with maintenance antithrombotic therapy. The risk of continuing
Schofield/Chemali

Table 1. Sample protocol for the use of intravenous immunoglobulin in patients with autoimmune small fiber polyneuropathy

Premedications

– Methylprednisolone 60 mg intravenously (or equivalent) before the first infusion only; occasionally,
patients will need steroids with subsequent infusions due to severe mast cell activation that can be
triggered by immunoglobulin therapy.
– Cetirizine 10 mg orally before every infusion may be used up to 3 or 4 times daily for 2–3 days
post-infusion for patients who develop prolonged post-infusion headaches. Other histamine-1
receptor blocking agents that are commonly used include fexofenadine, loratadine, and
diphenhydramine.
– Ibuprofen (or other nonsteroidal anti-inflammatory) 400 mg orally before infusion and 2–3 times
daily for 2–3 days post-infusion for patients who develop prolonged post-infusion headaches.
– Acetaminophen may be used for patients unable to take nonsteroidal anti-inflammatory agents.

Patients with documented
or suspected mast cell
activation syndrome

Intravenous immunoglobulin therapy can trigger mast cell activation. This may manifest in
any way that mast cell activation can manifest, but most commonly patients present with flushing,
pruritus, hives, or other rashes. Chest pain rapidly responsive to intravenous diphenhydramine
(25–50 mg), and gastrointestinal symptoms are also common. Preparation in a glass bottle as
opposed to a plastic bag can reduce reactions. Some patients with severe mast cell activation
syndrome take up to 8 doses of a histamine 1 receptor blocker on the day of infusion and for
2–3 days after. Liberal dosing of histamine-2 receptor blockers, such as famotidine 20 mg twice
daily or ranitidine 150 mg twice daily, on the day of infusion can also be helpful. Occasionally,
patients will require pretreatment with steroids as above.

Product

Anecdotally, Privigen and Flebogamma seem to be associated with more post-infusion side
effects in this patient population. There can be variation in side effects with different products in
individual patients, so if there are severe side effects, it is worth considering a trial of a
different product.

Preinfusion

One liter normal saline over 1 h, warmed to body temperature for patients with severe autonomic
dysregulation and/or mast cell activation syndrome as temperature change is often a trigger for
mast cell activation. If needed, a second liter can be given at the end of the IVIg infusion for
patients with prolonged headaches despite the above treatments, those with a tendency toward
thrombotic events or those who experience chest pain due to blood hyperviscosity produced by
IVIg. Note that intravenous fluids should not run concomitantly with the IVIg due to the risk of
precipitation of the antibody molecules.

Dose

The starting dose should be 1 g/kg every 28 days. The monthly dose should not change, only the
infusion schedule.
0.25 g/kg weekly × 4 infusions within 28 days then
0.33 g/kg approximately every 10 days × 3 infusions within 28 days then
0.50 g/kg approximately every 14 days × 2 infusions within 28 days then
0.75 g/kg approximately every 21 days × 1–2 infusions then
1.0 g/kg approximately every 28 days thereafter.
Patients may advance to the next dosing schedule after 2 infusions if there are not severe
post-infusion symptoms. Patients with significant post-infusion symptoms may not tolerate
advancing to the next dosing interval. A continuous rate is used for the whole infusion. For
the first infusion, the rate of infusion should be 3 g per h or the slowest possible rate that will allow
completion of the infusion within the infusion staff hours. With subsequent infusions, if the patient
tolerated the first infusion without severe headaches or other issues, the rate may be increased by 1 g
per h per infusion. For example, for the 2nd infusion, use a rate of 4 g per h. For subsequent infusions,
continue to increase the continuous rate as tolerated by 1 g per h per infusion. If the patient develops
post-infusion headache or other symptoms, initiate a histamine 1 receptor blocker 2–4 times daily
and a nonsteroidal anti-inflammatory agent on a scheduled basis starting the morning of the infusion
and continuing for 2–3 days post infusion. If the patient has significant side effects despite scheduled
antihistamine and nonsteroidal therapy, then add 1 L of normal saline over 1 h at the end of the
immunoglobulin infusion. If the patient still develops significant symptoms despite the above
measures, then return to the prior infusion rate and dosing schedule and consider switching to
subcutaneous immunoglobulin.
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IVIg with the addition of antithrombotic therapy in these
patients must be weighed against the risk of not treating
their disabling illness.
IVIg Dosing, Response Rate, and Duration
of Therapy
As noted in Table 1, our starting dose of IVIg in patients with autoimmune autonomic neuropathy is 1 g/kg/
monthly (administered in weekly divided doses). If there
is not progressive improvement to a goal of at least 80%
of pre-illness functional level by approximately 6–9
months of therapy, then a trial of increasing the dose incrementally up to a maximum of 2 g/kg monthly to determine if there is an incremental benefit is worthwhile as
some patients do better with a higher dose. Most of our
patients respond optimally to a dose of 1–1.5 g/kg/monthly (average approximately 1.3 g/kg/monthly). Using this
protocol, patients may begin to see clinical improvement
after an average of 6 weeks of therapy (range 2–12 weeks)
[2]. The improvement is usually gradual. For example,
the patient may notice that their “bad days” are less bad
and/or their “good days” are more good. They may then
note that they have fewer bad days and more good days
and that in general they are able to tolerate more intensive
endeavors than they were before. Improvement often
continues very slowly over 6–12 months and may continue for up to 2 years. This may be due to the expected
slow regeneration of the small fiber neurons. If there is no
improvement after 4–6 months of continuous therapy,
the treatment should be stopped.
While patients with an acute infection-induced immune-mediated autonomic neuropathy may be effectively treated with 1–2 courses of IVIg [27], patients with a
more gradual and progressive disease onset in association
with systemic autoimmunity almost always require a longer duration of therapy that may be indefinite. This is
analogous to many other systemic autoimmune diseases,
such as rheumatoid arthritis, autoimmune hepatitis, and
multiple sclerosis, which often require lifelong therapy.
While this has not yet been studied in autoimmune autonomic neuropathy, all but one of our patients who has
experienced an interruption of therapy (for insurance or
other reasons) experienced a return to their prior baseline
or in some cases worse than their prior baseline (in patients who were treated earlier in their course). For all of
these patients, however, the duration of treatment was
less than 1 year. Dr. Liu, however, has reported 16% of
their patients were eventually able to stop IVIg [22]. Dependence on IVIg can be assessed by gradually reducing
the dosing interval, for example, from every 4 weeks to
308

Eur Neurol 2018;80:304–310
DOI: 10.1159/000498858

every 5 weeks to every 6 weeks and so on. If there is clinical worsening, the plan should be to resume the therapy
at the previously effective dose for at least another year
before considering another trial of reducing the dosing
interval. Approximately 50% of patients with chronic inflammatory demyelinating polyneuropathy are eventually able to stop IVIg therapy, but some patients require
several years of therapy.
Our experience with the use of IVIg in patients with
autoimmune autonomic neuropathy matches that which
has been reported by Oaklander and Flanagan with a response rate of approximately 75–80%. Many patients improve by 80–90% of their pre-illness level of functioning.
It is very important for patients with orthostatic intolerance to optimize and maintain lifestyle measures, including regular strengthening and aerobic exercise, optimal
salt and fluid intake, compression stockings, and elevation of the head of the bed. Some responsive patients are
able to eventually decrease the doses or even discontinue
their dysautonomia-specific therapies, for example,
fludrocortisone or beta blockers, following a successful
response to immune modulatory therapy. Others do better if they maintain some or all of their autonomic medications.
Subcutaneous Immunoglobulin Therapy
For patients with significant symptoms from IVIg despite the above measures or for patients with venous access issues, transition to subcutaneous immunoglobulin
(SCIg) therapy should be considered, as it is better tolerated by many patients. SCIg therapy has been used successfully for many years in patients with immune deficiency syndromes, and increasing data have shown that it
may also be effective for autoimmune disease [28]. The
administration of the higher doses required to treat autoimmune disease is technically more difficult, however, requiring more subcutaneous infusion sites and more frequent infusions than is required for patients with humoral immunodeficiency syndromes.
Other Immune Modulatory Agents
Importantly, failure to respond to IVIg does not preclude a response to other immune-modulatory therapies. Alternative therapies for patients with autoimmune autonomic neuropathy include pulse high-dose
steroids or chronic steroid therapy with a prolonged taper, rituximab, therapeutic plasma exchange, and oral
immune modulatory agents (e.g., mycophenolic acid or
azathioprine), and some patients require combination
therapy. As with IVIg, therapeutic plasma exchange
Schofield/Chemali

used in this context must also be given on a chronic basis, with the exchange interval determined by the duration of response to the initial 5 treatments. For example,
if there is improvement for 14 days, then a dosing interval of therapeutic plasma exchange of every 7–10 days
may be considered. Usually other immune modulatory
agents, for example, rituximab, are then started with the
goal of eventually terminating the therapeutic plasma
exchange, which is not an attractive long-term option,
recognizing that the optimal time to response to rituximab and other therapies in immune-mediated neurological disorders may require 1 year or even longer of
therapy. For nonresponsive patients, it is also important
to consider whether there may be other important comorbidities that may be seen in conjunction with autoimmune dysautonomia that are not being addressed, including diabetes mellitus or prediabetes, vitamin D, B1,
or B12 deficiency or vitamin B6 toxicity or deficiency,
the presence of an M-protein, underlying mast cell activation syndrome, chronic infection, median arcuate ligament syndrome, spinal fluid leak, Chiari I malformation and/or cranio-cervical instability, and mitochondrial cytopathies.
Insurance Coverage of Immunoglobulin Therapy for
Autoimmune SFPN
Since autoimmune SFPN is not currently an FDA-approved indication for IVIg, insurance approval usually
requires a prior authorization. We have found it helpful
to write a detailed letter summarizing the rationale and a
summary of peer-reviewed articles available to date demonstrating efficacy. Oftentimes, a peer-to-peer discussion
with an insurance company physician is also required.
Comparing autoimmune SFPN to the other peripheral
immune-mediated neuropathies that are FDA-approved

indications for IVIg has been an effective strategy. We
have also found it useful to explain that the ability to diagnose SFPN has lagged behind the ability to diagnose the
large fiber neuropathies, which has led to fewer completed studies to date. We have also found it helpful to note
that there are randomized controlled trials underway investigating the efficacy of IVIg in patients with immunemediated SFPN, to explain that patients with autoimmune dysautonomia represent only a subset of all patients with dysautonomia and to request IVIg as a 4–6
month trial to be continued only if there is significant
symptomatic improvement.
Conclusions

Intravenous immunoglobulin therapy has emerged as
an effective therapy in patients with autoimmune forms
of dysautonomia, but when dosed in the traditional fashion, it is not as well tolerated in this patient population as
it is in most other patients. Modifying the infusion protocol, however, allows most patients to tolerate this therapy with only mild to moderate side effects. SCIg therapy
is an excellent alternative option for patients who have
significant side effects from IVIg despite dosing modifications or for patients with venous access issues. Other
treatments that are worth considering include plasma exchange, rituximab, steroids, and other oral immune modulatory agents.
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