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Abstract
Objective: To introduce and evaluate a modified version of the “zipper method”—a treatment strategy alternating intravenous
immunoglobulin (IVIG) and plasma exchange (PLEX) first reported for 9 pediatric cases of Guillain-Barré syndrome in 2018—for
treatment of severe immune-mediated neurologic disorders in children.
Methods: The modified zipper method comprised longer intervals between PLEX-IVIG cycles (48 hours instead of 24 hours),
more cycles (7-10 instead of 5), a consistent plasma volume exchange (instead of the original multistep approach), and variable
infusion times for IVIGs (4-8 hours). The modified zipper method was applied as an individual treatment approach once standard
therapy failed. The follow-up ranged from 6 months to 2 years. Cases were analyzed retrospectively. Disease severity was mainly
quantified by the Guillain-Barré syndrome disability score.
Results: Four children (9-15 years) with (1) Miller-Fisher syndrome, (2) Bickerstaff brainstem encephalitis, (3) common Guillain-
Barré syndrome, and (4) severe acute disseminated encephalomyelitis were treated by the modified zipper method. Results for
duration of mechanical ventilation (median of 12 days, interquartile range [IQR] 8-16), hospital stay (median of 23 days, IQR 22-
24), and time to unaided walking (median of 22 days, IQR 21-37) outperformed previous studies with IVIG/PLEX alone or IVIG+
PLEX combinations unlike the zipper method.
Conclusion: The modified zipper method is associated with a low mortality, a short mechanical ventilation time, a short hospital
stay, and an excellent outcome in children with severe Guillain-Barré syndrome or acute disseminated encephalomyelitis. Our
regimen is streamlined for applicability. Results emphasize its robust effectiveness as an option for therapy escalation in severe
neuroimmunologic diseases. Now, multicenter trials are needed to evaluate this novel treatment strategy.
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Introduction
Although concepts of autoimmunity are long established for
diseases such as multiple sclerosis or myasthenia gravis, we
are only beginning to understand autoantibody-driven pro-
cesses as a driving force behind many more neurologic disor-
ders. This applies to both Guillain-Barré syndrome and acute
disseminated encephalomyelitis, 2 postinfectious, immune-
mediated neurologic diseases characterized by rapid-onset and
progressive clinical course. Acute disseminated encephalomy-
elitis is a demyelinating CNS disorder with polyfocal neuro-
logic deficits and encephalopathy, showing a general
predilection to early childhood (prevalence 0.3-0.6:100 000).1

Guillain-Barré syndrome is defined by peripheral neuropathy
with progressive symmetrical muscle weakness and sensory
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loss, may occur at any age, and is the most common cause of
acute flaccid paralysis in children (prevalence 1-2:100 000).2,3

Acute disseminated encephalomyelitis typically progresses
fulminantly, as patients develop ataxia, impairment of speech,
optic neuritis, seizures, and further symptoms within days.
Characteristic magnetic resonance imaging (MRI) findings are
multifocal confluent and asymmetrically distributed cerebral
and spinal T2 hyperintensities. Severe courses needing inten-
sive care treatment are reported for 15% to 25% of the cases.
The outcome of acute disseminated encephalomyelitis is gener-
ally favorable with full recovery of most children within weeks.
However, long-term cognitive deficits affecting attention,
verbal processing, and behavior have been observed, and the
mortality rate is 1% to 3%.4

The clinical presentation of Guillain-Barré syndrome—and
overlap syndromes within the Guillain-Barré syndrome spec-
trum like Miller-Fisher or Bickerstaff brainstem encephalitis
—is more heterogeneous in distribution and severity of neuro-
logic deficits. Although some patients experience spontane-
ously resolving discrete paresis only, others develop paralysis
of limb muscles ascending to respiratory, oropharyngeal,
facial and oculomotor weakness, autonomic dysfunction, and
neuropathic pain within days.5–7 Overall, 25% of the patients
develop severe phenotypes with respiratory insufficiency
requiring invasive mechanical ventilation.5–7 The majority of
Guillain-Barré syndrome patients though experience a slow
spontaneous recovery. Nonetheless, many children develop
chronic fatigue and/or pain, 20% remain unable to walk 6
months after treatment, and 2% to 10% die during the course
of disease.8–11

Both Guillain-Barré syndrome and acute disseminated
encephalomyelitis spectrum diseases often show prodromal
infectious symptoms. In Guillain-Barré syndrome, two-thirds
follow an infection of the respiratory or gastrointestinal tract,
predominantly with Campylobacter jejuni. Most likely as a
result of molecular mimicry, these infections trigger the devel-
opment of anti-ganglioside antibodies (eg, anti-GM1/GQ1b)
and other antibodies targeting myelin. They direct an immune
reaction toward peripheral nerves causing demyelination and
axonal damage.12,13 Given this autoimmune cascade, for more
than 30 years treatment of Guillain-Barré syndrome focuses
on the neutralization of autoantibodies through intravenous
immunoglobulin (IVIG) application and/or their removal
through plasma exchange (PLEX).14,15 Less is known concern-
ing causative links to preceding infections in acute disseminated
encephalomyelitis. However, since the discovery of anti–
myelin oligodendrocyte glycoprotein (anti-MOG) antibodies,
now detected in half of the cases, an autoimmune partly
antibody-driven etiology is presumed, justifying the current
first-line therapy with high-dose corticosteroids.16 IVIG and
PLEX treatment is administered second-line in cases of
severe or steroid-unresponsive acute disseminated encephalo-
myelitis but has only been described in single reports or small
case series.4,17,18

In Guillain-Barré syndrome, both IVIG and PLEX have been
proven effective,8,9 and taken separately are able to reduce the

disease duration, accelerate recovery, and improve the patients’
outcome in motor function—particularly when the treatment is
started immediately.8,9,19 Nevertheless, the outcome of patients
with severe Guillain-Barré syndrome remains unsatisfactory,
and mortality is high even in children.6 Therefore, therapeutic
regimens have been modified for years in terms of dosage, dura-
tion, and order of the 2 medications. Yet, data remain inconclu-
sive, and further randomized controlled studies are largely
missing, especially for children. Although some studies favor
PLEX particularly for severe cases20 to reduce the duration of
mechanical ventilation,21 others comparing PLEX and IVIG
could not show significant advantages of one over the
other.22,23 A treatment with PLEX and IVIG in sequential com-
bination, with one modality following the other, did not seem
superior to one substance alone,24 and the introduction of
immunoadsorption did not change this picture.25,26

A novel treatment strategy referred to as the “zipper method”
was reported in a small cohort of 9 pediatric Guillain-Barré syn-
drome patients in 2018. The authors claimed that this strin-
gently alternating IVIG and PLEX approach reduced
mortality, mechanical ventilation duration, and overall hospital
stay and improved the motor function outcome.27 Although this
approach appeared promising in the treatment of children with
Guillain-Barré syndrome, no follow-up studies were published.
Here, we present our experience in the treatment of 4 children
with severe neuroimmunologic diseases (Guillain-Barré syn-
drome spectrum, acute disseminated encephalomyelitis)
treated with a modified version of the original zipper method.

Material and Methods
Subjects
We analyzed retrospectively the electronic and paper-based
medical files of 4 children, aged 9-15 years, with neuroimmuno-
logic disease requiring intensive care treatment and who were
treated with a modified version of the original zipper method.
The children were admitted to our hospital between February
2019 and June 2020 because of severe Guillain-Barré syndrome
spectrum disease (n= 3) or acute disseminated encephalomyeli-
tis (n= 1). Diagnostic workup included clinical examination,
cranial and spinal MRI with contrast, electrophysiological
investigations, cerebrospinal fluid analysis, and extended
infectiology and autoimmunology studies. A follow-up period
ranging from 6 months to 2 years was documented and included
intensive care unit treatment, time on the regular ward, and
rehabilitation period. Disease severity and clinical course
were quantified by applying the Guillain-Barré syndrome dis-
ability score, a widely used scoring system to assess the func-
tional status of patients with Guillain-Barré syndrome.28 It
considers motor function with a focus on the patient’s ability
to walk. Guillain-Barré syndrome disability scores were
assigned to modified Rankin Scores.29 For the outcome mea-
sures of days of mechanical ventilation, duration of hospital
stay, and time to unaided walking, median values and
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interquartile ranges (IQRs) were calculated. All patients and
their caregivers provided written informed consent.

Treatment Protocol According to the Zipper Method
All patients were treated with a modified version of the original
zipper method. According to the classic protocol, PLEX starts
immediately after the diagnosis of Guillain-Barré syndrome is
established. The first PLEX removes 1.5 times the patient’s
plasma volume and replaces it with 5% albumin. Immediately
afterward, 0.4 g/kg IVIG must be administered. An infusion
time is not specified. Twenty-four hours after the end of the
IVIG infusion, a second PLEX removes 1 time the plasma
volume. During the third cycle, fluid replacement is performed
with fresh-frozen plasma because of the risk of hypofibrinoge-
nemia. The cycles of PLEX and subsequent IVIG should be
repeated 5 times within 7 days.

Deviating from the original protocol, our modified zipper
method mainly comprised (1) a longer interval of 48 hours
between 2 PLEX sessions, (2) 7 to 10 instead of 5 cycles, and
(3) a consistent plasma volume exchange of 1.5 times for
every cycle. In addition, IVIG infusions were administered at
a dose of 0.4 g/kg and variable infusion times (4-8 hours) and
fluid replacement in most cases was conducted with fresh-
frozen plasma rather than albumin. Details are stated in the
results section. In all 4 cases, the modified zipper method was
not initiated immediately after a diagnosis was established,
but rather after initial treatment failed. It was applied as an indi-
vidual treatment approach once the indication for PLEX,
including the catheter placement, was made due to the severe
clinical course. All caregivers gave informed consent.
Treatment failure was defined as ongoing disease progression
despite treatment. Initial treatment prior to the modified
zipper method was 3 of 4 cases carried out in the hospitals
that patients were admitted to prior to transfer to center. In 1
case (patient 1), this treatment deviated from standard of care
(treatment with intravenous [IV] steroids instead of IVIG).

During the time of this study, further 15 patients with
Guillain-Barré syndrome (cases with less disease severity,
without mechanical ventilation) and 4 patients with acute dis-
seminated encephalomyelitis (milder cases, MOG-negative)
were successfully treated in our hospital with standard therapy.

Results
Patient 1.
A 15-year-old previously healthy boy presented with general
muscle weakness and double vision, which had developed on
the same day. Within 7 hours, he was no longer ambulatory.
Physical examination on admission revealed trochlearis, abdu-
cens and facial nerve palsies, areflexia of upper and lower
extremities, and fast-progressing paralysis and dysphagia.
Within 3 hours after admission, he required orotracheal intuba-
tion and mechanical ventilation. A tracheostomy was performed
4 days later. The cranial and spinal MRIs with contrast were

unremarkable. Cerebrospinal fluid analysis showed normal
cell count, elevated protein levels, and a highly positive titer
of antiganglioside M1 IgM. Extended screening for infectious
diseases detected a positive serology for C jejuni.
Electrophysiological studies including visual and brainstem
auditory evoked potentials revealed involvement of the optic
nerve and brainstem. Repeated nerve conduction studies indi-
cated a progressive axonal neuropathy. Based on these findings,
we diagnosed a Guillain-Barré syndrome/Miller-Fisher overlap
syndrome, subtype of acute motor axonal neuropathy (Table 1,
Supplemental Table 1).

After an unsuccessful initial treatment with a 3-day course of
IV methylprednisolone (1 g/kg/d), which is not the standard
treatment, the patient was transferred to our hospital. Because
of the rapid progression at our center, we initiated the modified
zipper method. After the second cycle, disease progression
stopped, from the fifth treatment cycle onwards motor function
improved slowly, and we were able to end the treatment after 7
cycles. Associated autonomous symptoms including arterial
hypertension and mild neuropathic pain were controlled with
amlodipine (0.1 mg/kg/d, oral) and pregabalin (4 mg/kg/d,
oral), respectively. A ventilator-associated pneumonia was
treated with antibiotics, and the patient was successfully
weaned to a home care ventilator after 12 days. When trans-
ferred to rehabilitation after 21 days in the intensive care unit,
the abducens nerve palsy was still present. The patient was
able to move his head with elimination of gravity (2/5) and
elicit contractions in the upper (1/5) but not lower (0/5) extrem-
ity muscles. During rehabilitation, respiratory support was
weaned and terminated after 30 days, and the patient could be
decannulated after further 13 days. He was discharged ambula-
tory, but with persistent muscle weakness 50 days after the
onset of symptoms. Six months later, he was symptom-free,
and no relapse occurred 2 years later (Table 2).

Patient 2.
A 15-year-old girl with an unremarkable medical history was
presented with a 4-day history of impaired consciousness, head-
ache, unsteady gait, fever, lymphadenopathy, and tonsillitis.
Clinical examination revealed splenomegaly and reduced
muscle strength. A lumbar puncture revealed profound albumi-
nocytologic dissociation but was negative for anti-ganglioside
antibodies. When empiric virostatic and antibiotic treatment
had been started, we detected a primary infection with
Epstein-Barr virus. In addition, a first MRI revealed a mild cyto-
toxic lesion of the corpus callosum without contrast enhance-
ment, that is, discrete signal changes in the splenium as a
result of a cytokinopathy29 (Figure 1A). Nerve conduction
studies were consistent with an acute demyelinating polyneur-
opathy. Within 3 days, the patient developed ascending
flaccid paralysis up to tetraplegia, pain, areflexia, reduced vig-
ilance, and respiratory exhaustion. We started mechanical ven-
tilation on the third day after admission. At that time, a
follow-up MRI revealed progressive nonenhancing signal alter-
ations in the thalamus, internal and external capsula, basal
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ganglia, cerebellum, and pontine tegmentum as well as diffuse
supra- and infratentorial cortical swelling (Figure 1A′). To treat
cerebral edema, IV dexamethasone (0.3 mg/kg/d) was adminis-
tered for 2 weeks. Based on all findings, we diagnosed the
Guillain-Barré syndrome subtype of acute inflammatory
demyelinating polyradiculoneuropathy subtype DD anti-
ganglioside-negative Bickerstaff brainstem encephalitis associ-
ated with primary Epstein-Barr virus infection (Table 1,
Supplemantal Table 1).

One week after symptom onset, we initiated 7 cycles of the
modified zipper method. Symptoms resolved rapidly and the
patient was extubated after the fourth cycle. In a follow-up
MRI 14 days after initiation of the zipper method, edema and
signal alterations had resolved, and the patient was transferred
to a regular ward. While muscle reflexes remained slightly
reduced, no residual paralysis was observed. Twenty days
after the first cycle of modified zipper method the patient
regained full motor function. She was discharged home after
25 days of hospital treatment.

Altogether, the long-term outcome was very favorable.
While the patient still noticed a minimal reduced ability to con-
centrate on the day of discharge, a neurocognitive evaluation 3
months post symptom onset was unremarkable. She was still
symptom-free at a follow-up evaluation 9 months post
symptom onset (Table 2).

Patient 3.
A 12-year-old previously healthy female presented with a 7-day
history of bilateral dysesthesia in her feet, bilateral ascending
muscle weakness of her legs, and diurnal enuresis. An upper
respiratory tract infection with fever was reported 7 days prior
to symptom onset. Physical examination revealed flaccid bilat-
eral symmetric paralysis of the lower extremities, slurred
speech, and beginning dysphagia. MRI revealed signs of cervi-
cal and lumbar polyradiculitis (Figure 1B). Cerebrospinal fluid
analysis demonstrated considerable albuminocytologic dissoci-
ation without detection of anti-ganglioside antibodies. Together
with the results of a nerve conduction study (considerable
slowing and prolonged distal motor latency), the patient ful-
filled the criteria for the Guillain-Barré syndrome subtype
acute inflammatory demyelinating polyradiculoneuropathy
(Table 1, Supplemental Table 1).

An initial 3-day course of IVIG (1 g/kg/d) initiated 3 days
after admission did not prevent disease progression with com-
plete tetraplegia, arterial hypertension and severe neuropathic
pain. While blood pressure was controlled with oral propranolol
(1.5 mg/kg/d) and nifedipine (0.5 mg/kg/d), pain proved to be
therapy refractory after several attempts with various regimens
including oral gabapentin (50 mg/kg/d), amitriptyline (1 mg/kg/
d) and carbamazepine (7.5 mg/kg/d), continuous infusion of
esketamine (0.1 mg/kg/hours) and topical treatment with lido-
caine 5% ointment. An acquired pneumonia was treated suc-
cessfully with clarithromycin. Despite early respiratory
support via non-invasive ventilation (NIV) and a cough assist
device to clear secretion, dysphagia and dyspnea progressed

to respiratory insufficiency. The patient required orotracheal
intubation followed by tracheostomy 14 days after admission.
Follow-up MRI showed progressing polyradiculitis, with con-
trast enhancement of now all spinal and most cranial nerves
(III, V-VII, IX-XI) (Figures 1B-B’’). Thus, therapy was inten-
sified by 10 courses of our modified zipper method. In doing
so, the motor function slowly improved starting from second
cycle, and neuropathic pain – therapy refractory at the begin-
ning – resolved after 8 cycles. Respiratory support was
weaned to NIV and high-flow nasal cannula (HFNC) 7 days
and terminated 14 days after starting the first cycle. After 21
days on the intensive care unit, the patient was decannulated
and transferred to a rehabilitation center. After 25 days of reha-
bilitation, the patient was discharged without clinical findings.
She was symptom-free 6 months after start of the disease but
lost to follow-up afterwards (Table 2).

Patient 4.
A 9-year-old boy without pre-existing conditions developed
rapid progressing fatigue, weakness, confusion, and reduced
consciousness after a 3-day episode of fever and vomiting.
Neuroimaging revealed large multifocal and confluent demyeli-
nating T2 hyperintense lesions with contrast uptake (periven-
tricular, juxtacortical, striatocapsular and thalamic, cerebellar,
in the brainstem and spinal cord) (Figures 1C, C’).
Cerebrospinal fluid analysis demonstrated normal cell count
and lactate and protein levels but showed type 2 oligoclonal
bands. An acute disseminated encephalomyelitis was
suspected.

Initial treatment with a 5-day course of IV methylpredniso-
lone (30 mg/kg/d) followed by 5 days of IVIG (0.4 g/kg/d)
could not prevent further deterioration with vision loss, somno-
lence, general increase in muscle tone up to full rigor, and
severe agitation. Electrophysiological studies including visual
and somatosensory evoked potentials as well as nerve conduc-
tion studies detected a demyelinating neuropathy. EEG demon-
strated encephalopathy with diffuse slowing, but no
epileptiform discharges. Results of further analyses for anti-
neuronal autoantibodies in cerebrospinal fluid and serum
including MOG antibodies were negative, and extended screen-
ing for infections was unremarkable (Table 1, Supplemental
Table 1). We thus intensified immunosuppressive therapy by
7 courses of our modified zipper method. Rigor and spasticity
were treated with oral baclofen (1.5 mg/kg/d). Agitation
was controlled with IV lormetazepam (3 µg/kg/h), oral cloni-
dine (4 µg/kg/d), and oral chloralhydrate (100 mg/kg/d).
Autonomous symptoms including arterial hypertension and
neuropathic pain were treated with enalapril (0.2 mg/kg/d,
oral) and gabapentin (30 mg/kg/d, oral), respectively. Neither
respiratory nor circulatory support were necessary. We initiated
our modified zipper method protocol. Starting with the third
course of PLEX and IVIG, the patient showed improvement
in vigilance and motor function as well as a decrease in spastic-
ity and pain. He began to communicate, was alert, and could
see, swallow, and eat again. After 10 days on the intensive
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care unit and 5 cycles, the patient had improved significantly
and could be transferred to a regular ward, where sedative
and analgesic medication were tapered and discontinued suc-
cessfully. Although a follow-up MRI showed an improvement
of signal alterations, electrophysiological results still demon-
strated a neuropathy. Therefore, oral immunomodulatory
therapy with mycophenolate mofetil (20 mg/kg/d) and predni-
sone (0.2 mg/kg/d) was started after completing 7 courses of
the modified zipper method.

Thirty days after his first symptoms, the patient was trans-
ferred to rehabilitation, where he continued to improve. After
a further month, muscle strength was partly regained (3-4/5).
The boy could sit without help and communicated
age-appropriately. Forty-five days after starting the first cycle
of zipper method, most of the MRI lesions had improved con-
siderably, but a supratentorial, posttreatment cerebral atrophy
remained. Because of residual spasticity, oral baclofen
(1.5 mg/kg/d) was continued, and an intention tremor of the
upper extremities was controlled with oral tetrabenazine
(1.25 mg/kg/d). New dystonic paroxysms were successfully
controlled with levetiracetam (20 mg/kg/d, oral). Six months
after the first symptoms, enalapril, baclofen, and prednisone
were tapered, whereas treatment with tetrabenazine, levetirace-
tam and immunomodulation with mycophenolate mofetil was
continued. The patient was ambulatory, and motor impairments
were limited to a tremor and a more rapid exhaustion on phys-
ical exertion. He remained without seizures. The main concern
was a cognitive impairment, particularly with decrease in pro-
cessing speed and a reduced performance of working memory
and attention. The patient attended school regularly but with
poor performance.

Thirteen months after the initial episode, the patient experi-
enced severe ataxia and MRI showed new contrast-enhancing
lesions. Again, MOG antibodies were negative. The relapse
was controlled with a 5-day course of IV methylprednisolone
(30 mg/kg/d). Currently, differential diagnoses include acute
disseminated encephalomyelitis relapse, or multiphasic dissem-
inated encephalomyelitis,4 and multiple sclerosis. A therapy
escalation to rituximab is under discussion (Table 2).

Discussion
A novel treatment strategy for severe Guillain-Barré syndrome
referred to as zipper method, a strict alternating application
regimen of PLEX and IVIG, was presented in 2018 by Kesici
et al.27 Here, IVIG was administered immediately after every
PLEX with a 24-hour interval from the end of an IVIG infusion
to the next PLEX session. Started at an early stage of disease,
PLEX would not only remove autoantibodies from the
plasma but also control hypercytokinemia, decrease leukocyte
degranulation, and inhibit macrophage activation and phagocy-
tosis. IVIG after each PLEX would block the antibodies’ Fc
receptors, inhibit complement activation, and neutralize new
autoantibodies, shifted from tissue to plasma and regenerated
in a rebound because of its clearance during PLEX. Because
of assumed antibody kinetics,30 a 24-hour interval was set for

achieving this synergistic effect. Applied to 9 pediatric patients,
this treatment regimen resulted in an excellent outcome and was
claimed to function as a promising immunomodulation strategy
for various indications and scenarios.

Application of Modified Zipper Method to Various
Neuroimmunologic Diseases
Here we report the treatment of 4 patients with severe and pro-
gressing neuroinflammatory conditions with a modified version
of the original zipper method. In doing so, we also extended the
indication for this novel therapy regimen. Although the original
report restricted the zipper method to acute motor axonal neu-
ropathy, the subtype for which an antibody-mediated autoim-
munity is most accepted (molecular mimicry), we applied it
to patients covering the whole spectrum of Guillain-Barré syn-
drome.31–33 This included 1 acute inflammatory demyelinating
polyradiculoneuropathy subtype, which is the most common
entity in children, usually antibody-negative and with an
often more favorable outcome compared to acute motor
axonal neuropathy,34 1 Guillain-Barré syndrome/Miller-Fisher
overlap syndrome of acute motor axonal neuropathy subtype
with proven C jejuni infection and anti-GM1 antibodies, and
1 Bickerstaff brainstem encephalitis overlap associated with
Epstein-Barr virus infection. Beyond Guillain-Barré syndrome,
we also applied it to a very severe case of acute disseminated
encephalomyelitis. In 3 of 4 cases, symptoms of a prodromal
infection were reported and in 2 of 4 cases, we found serologic
proof for an acute infection. In 3 of 4 cases, MRI revealed
abnormalities (eg, extended polyradiculitis, confluent cortical/
white matter T2 hyperintensities) typical for Guillain-Barré
syndrome and acute disseminated encephalomyelitis, respec-
tively (Figure 1A to C). In all cases (4/4), electrophysiological
studies showed alterations expected in Guillain-Barré syndrome
or acute disseminated encephalomyelitis (see below). A signifi-
cant albuminocytologic dissociation was detected in all
Guillain-Barré syndrome cases (3/3), whereas no characteristic
antineuronal antibody (eg, MOG) was found in the patient with
acute disseminated encephalomyelitis.

Although different in clinical presentation and diagnosis, all
4 cases showed a similar fulminant deterioration, fast progres-
sion, and developed a severe clinical course. Time from onset
of prodromal symptoms to admission was 1 to 7 days, time
from admission to intensive care unit transfer ranged from
some hours (patient 1) to 10 days (patient 4). The indication
for intensive care unit treatment was tetraplegia and respiratory
failure in all Guillain-Barré syndrome cases (3/3), and reduced
vigilance, dysphagia, and rigor in the patient with acute dissem-
inated encephalomyelitis, as well as autonomic dysregulation in
3 of 4 cases (Table 1). The electrophysiologic findings empha-
size the severity of neuropathy. In patient 1, nerve conduction
studies on disease nadir revealed neuropathy with axonal
damage on upper and low extremities consistent with acute
motor axonal neuropathy. Patient 2 showed a mild demyeli-
nated neuropathy of the lower extremities. In patient 3, we
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found the full picture of severe acute inflammatory demyelinat-
ing polyradiculoneuropathy with demyelinating neuropathy in
upper and lower extremities and several nerves that were
already nonresponsive. In patient 4, subtle signs of demyelinat-
ing neuropathy in the lower extremities were detected
(Supplemental. Table 1).

Modification of the Original Zipper Method
Apart from extending the zipper method to indications beyond
acute motor axonal neuropathy type Guillain-Barré syndrome,
we also extended but simplified the original protocol to make
it easier to use, more flexible and less logistically challenging.
In short, treatment was carried out with longer intervals
between 2 cycles, a higher number of cycles, consistent
plasma volume exchange, and variable IVIG infusion times.
In detail, PLEX – IVIG cycles were administered at the more
common 48-hour interval between 2 PLEX sessions rather
than 24 hours between the end of an IVIG infusion and start
of the next PLEX session. Although longer intervals are well
established in PLEX protocols for various indications,9,33,35,36

we found no data supporting the precise 24-hour alternation
proposed in the original protocol and did not consider it neces-
sary for the synergistic effect of alternating both modalities.
Given our experience with the treatment of other severe neuro-
immunologic diseases using PLEX, we prolonged the regimen
by performing at least 7 cycles instead of 5 and extending their
number up to 10. As IVIG infusion time was not specified in the
original protocol, we allowed variation of 4-8 hours because of
the duration of other intensive care unit treatments. PLEX ses-
sions were run with a consistent plasma volume exchange (1.5×
or maximum 2.5 L of exchange) rather than the original zipper
method approach that involved an initial plasma volume
exchange of 1.5×, followed by 1.0× in following sessions.
Volume replacement was carried out either with fresh-frozen
plasma (in 3/4 cases) or albumin (in patient 4). IVIG was toler-
ated well in all 4 patients, and PLEX was performed without
dialysis-related incidents such as circulatory problems, bleed-
ing, or imbalances in electrolytes or IG levels. Despite the
expanded procedure, no catheter-associated complications,
for example, bloodstream infections, occurred (Table 2,
Supplemental Figure 1).

Clinical Course Under Modified Zipper Method
Despite initial attempts with standard therapeutic approaches
(courses of IV methylprednisolone and IVIG alone) in all but
1 patient who received IV prednisolone, all 4 patients showed
rapid deterioration. Rather than escalating the therapy to
PLEX, we chose to apply our modified zipper method as an
individual treatment regimen. It was initiated on average 5
days after admission and 9 days following symptom onset.
This is in contrast to the rapid application of the original
zipper method as primary treatment 1 day after admission and
on average 3 days following symptom onset.

Under the modified zipper method, disease progress was
halted in all patients. First clinical effects were seen early
after the first to third cycle, and further immediate improvement
became evident until the sixth to seventh round—except for
patient 3. In the latter, we prolonged the treatment because of
ongoing significant benefit after the seventh cycle. Despite a
long disease course, as expected especially for Guillain-Barré
syndrome, the eventual outcome turned out positive in all 4
cases. The duration of mechanical ventilation amounted to 21
days in patient 1 (tracheal cannula, switch to home respirator
after 12 days, weaning on continuous positive airway pressure
and high-flow nasal cannula after 18 days, decannulation after
43 days), 14 days in patient 3 (tracheal cannula, weaning on
continuous positive airway pressure and high-flow nasal
cannula after 7 days, decannulation after 25 days), and only
10 days in patient 2 (endotracheal intubation, extubation after
10 days, weaning on high-flow nasal cannula for 3 days).
Patient 4 did not develop respiratory failure. The duration of
intensive care unit stays varied from 10 to 22 days. An inpatient
rehabilitation of 3-4 weeks followed in 3 of 4 cases. The
patients’ overall functional status was assessed via
Guillain-Barré syndrome disability score and modified Rankin
Score. On admission, all 4 patients were bedridden with a mod-
ified Rankin Score of 5 due to progressing flaccid paralysis
(except for patient 4), and a Guillain-Barré syndrome disability
score of 3-5. Deterioration during the first days after admission
resulted in a Guillain-Barré syndrome disability score of 4-5 on
disease nadir. At the end of 7 to 10 cycles of zipper method,
Guillain-Barré syndrome disability score still amounted to
3-5. Although patients could be discharged from the intensive
care unit because of a controlled respiratory situation and
resolved autonomic dysfunction, flaccid paralysis only
improved with delay, and 3 of 4 patients were still severely
impaired in motor function. After rehabilitation, a
Guillain-Barré syndrome disability score of 0-1 revealed the
favorable outcome and an almost complete restitution of
motor function in all patients. The ongoing improvement with
latency after completion of the modified zipper method treat-
ment was reached without further immunosuppressive therapy
—except for patient 4, where because of the different diagnosis,
a long-term immunomodulation with mycophenolate mofetil
was started (Table 2, Figure 1D).

Robust Effectiveness of the Modified Zipper Method
As Kesici et al,37 we could only relate our outcome data with
previous studies on treatment of Guillain-Barré syndrome in
adults, as there are limited randomized controlled trials in chil-
dren, which mostly comprise mild cases. In our first experience
with the modified zipper method, patients needed mechanical
ventilation for a median of 12 days (IQR 8-16 days) and
could be discharged from the hospital after a median of 23
days (IQR 22-24 days). Time to unaided walking, representa-
tive for the neurologic outcome and functional status of the
patients, was a median of 22 days (IQR 21-37 days)
(Table 3). In comparison, adult patients treated with IVIG or
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PLEX alone needed mechanical ventilation for a median of 26
or 29 days, were discharged after a median of 53 or 63 days, and
were able to walk again unaided after a median of 49 or 51 days,
respectively.24 For patients treated with a combination of IVIG
and PLEX in a sequential regimen, it was a median of 18 days
on mechanical ventilation, a median of 51 days in the hospital,
and a median of 40 days to unaided walking.24,27 Our data are
within the same range as that reported for the original zipper
method, with mechanical ventilation time of 7 days, discharge

from the hospital after 18 days, and unaided walking after 24
days (mean values, no standard deviation reported). Both our
patients and the original series in Kesici et al showed a rela-
tively rapid gain in motor function (Figure 1D) and eventually
had an excellent outcome, whereas in previous studies, after 48
weeks 13% to 17% of the patients were still unable to walk
unaided. Moreover, in previous studies, hospital-acquired
infections during intensive care unit treatment were most
often responsible for the high mortality in severe

Figure 1. Imaging studies and clinical course of 4 patients treated with the modified zipper method. (A) The diffusion-weighted image of
patient 2 shows a cytotoxic lesion of the corpus callosum, 3 days later followed by widespread T2 hyperintensities (axial T2-weighted image, A′)
in the basal ganglia and thalami (white arrowheads) as well as in the posterior limb of the internal capsule and in the external capsule (black
arrowheads). (B) The postgadolinium sagittal T1-weighted image of patient 3 demonstrates thickening and enhancement of the cauda equina
(asterisk). Fourteen days later, enhancement of most cranial nerves was found, exemplified by the trigeminal (B′, arrowheads) and facial nerves
(B′′). (C) Axial T2-weighted image of patient 4 at admission with large confluent hyperintensities (arrowheads) that show inhomogeneous and
incomplete enhancement (sagittal T1-weighted image postgadolinium, C′). (D) Clinical course during and after treatment quantified by
retrospective assessment of the GBS disability score at multiple time points on intensive care unit, regular ward, and during rehabilitation.
Duration of the modified zipper method is marked by horizontal bars matching the dotted lines in grayscale that indicate the course of each
patient. GBS, Guillain-Barré syndrome.
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Guillain-Barré syndrome.24 In contrast, the respirator-
associated pneumonia in 2 of our 4 patients was easily con-
trolled, and as in Kesici et al, none of our patients died. This
also might reflect a faster stabilization of the respiratory situa-
tion by the modified zipper method.

Conclusion
Because of its retrospective design, the heterogeneity of
patients, and the lack of controls, our study holds several limi-
tations. With only 4 patients, it comprises a small and highly
heterogenous series of severe pediatric immune-mediated neu-
rologic disorders. In this mixed group, the modified zipper
method was applied as individual treatment approach once
initial therapy failed. As a consequence, each patient received
different initial therapeutic attempts of various duration prior
to the application of the modified zipper method, which
started from different time points after symptom onset, accord-
ingly. This, in particular, deviates from the original report by
Kesici et al, comprising a more homogenous cohort that imme-
diately received the zipper method as the only treatment.
Therefore, a direct correlation between the novel treatment
regimen and clinical improvement was more obvious,
whereas in our study overlapping effects between initial
therapy and the modified zipper method cannot be excluded
despite the rapid stop of disease progression in all patients.

Despite these limitations, in summary, our data support the
effectiveness of the modified zipper method. Similar to the orig-
inal zipper method, the modified regimen, streamlined and
simpler to use, still appears to lower mortality, reduce time on
mechanical ventilation, and shorten hospital stays, altogether
leading to an excellent outcome in children with severe
Guillain-Barré syndrome. However, because our study was
not powered to be able to draw firm conclusions on outcome
measures, it rather represents a first experience with the
zipper method in another cohort, providing some external vali-
dation to the original report from Kesici et al.

In addition, we showed, that this novel treatment strategy
can be applied safely and effectively not only in acute motor
axonal neuropathy subtype but also in severe cases of acute
inflammatory demyelinating polyradiculoneuropathy, overlap

syndromes within the Guillain-Barré syndrome spectrum, and
even other autoantibody-driven conditions like acute dissemi-
nated encephalomyelitis. A current case report about success-
fully treating chorea in a child with systemic lupus
erythematosus using zipper method38 further indicates a
robust effectiveness of the zipper method as an option for
therapy escalation in a further scenario.

A proper evaluation of the method remains difficult because
most previous studies are outdated. Therefore, it is hard to
assess certain parameters like days of hospital stay or even mor-
tality today. Randomized controlled trials investigating, for
example, whether to prefer immunoadsorption to PLEX in
cases of antibody-driven etiology, are missing, and despite its
persistently high mortality, there is no consensus on treatment
strategies for children with severe Guillain-Barré syndrome or
acute disseminated encephalomyelitis. Thus, after its introduc-
tion in 2018 by Kesici et al and our data supporting its effective-
ness in another limited number of patients, it now needs
prospective studies or registry data—for example, the new
German registry for therapeutic apheresis in pediatric dialysis
facilities39—with cohorts large enough to challenge the zipper
method and evaluate its possibilities.
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Table 3. Outcome After Original and Modified Zipper Method Compared to Previously Published Treatment Strategies Including PLEX and
IVIG.a

PLEX23 IVIG23 PLEX+ IVIG23

ZIPPER method

Original26 Modified

Days of mechanical ventilation; original zipper: mean;
previous data and “modified”: median (IQR)

29 (14-57) 26 (15-45) 18 (10-56) 7 12 (8-16)

Days of hospital stay, without rehab; original zipper: mean;
previous data and “modified”: median (IQR)

63 (28-124) 53 (21-135) 51 (24-117) 18 23 (22-24)

Days to unaided walking; original zipper: mean; previous data
and “modified”: median (IQR)

49 (19-148) 51 (20-164) 40 (19-137) 24 22 (21-37)

Abbreviations: IQR, interquartile range; IVIG, intravenous immunoglobulin; PLEX, plasmapheresis.
aPrevious data by Group PEG-BST24 and Kesici et al.27 Mean values in Kesici et al27 were reported without standard deviation.
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