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Abstract

Background Guillain-Barré syndrome (GBS) is an autoimmune disease that affects the peripheral nervous system
leading to motor, sensory, and sometimes autonomic manifestations. Therapeutic plasma exchange (TPE), which
involves the selective removal of pathological molecules, such as auto-antibodies, from plasma, has proven to be safe
and effective in adults with GBS. However, its application in pediatric patients lacks sufficient evidence. This study aims
to evaluate the efficacy and safety of TPE in pediatric patients with severe GBS, in a low-resource setting.

Methods This is a single-center retrospective study of 36 GBS patients aged between 2 and 13 years. A total
of 122 TPE sessions were administered, with a median of four sessions per patient. A human albumin solution
was the exchange fluid in all the sessions. Clinical improvement was evaluated through general examination
and muscle power assessment using the Medical Research Council (MRC) scale.

Results All patients showed clinical improvement upon treatment with TPE. The grade of power in the upper
extremities increased from a mean of 1.7 + 1.1 at the peak of illness to 3.7 + 0.9 at discharge, indicating an increase

of 20+ 1.1 (95% Cl, 1.6 to 2.4, p< 0.001). Alternatively, in the lower extremities, it increased from 1.2 + 1.1t0 2.5 £ 0.8,
indicating a significant rise of 1.4 £ 0.8 (95% Cl, 1.1 to 1.6, p< 0.001). There was a significant improvement in the cra-
nial, autonomic, and respiratory functions among all patients. Half of the patients were available for follow-up

and showed full recovery, with six of them still exhibiting minimal residual deficits. TPE-related complications were
mostly mild or moderate, with tachycardia, hypotension, and mild anemia being the most common. However, serious
complications occurred in three of the patients, necessitating the discontinuation of the treatment in two of them.
There was no mortality related to TPE in this study.

Conclusions TPE shows promise in treating pediatric GBS. In this study, TPE was associated with the recovery of neu-
rological functions, yielding positive outcomes with only minimal residual deficits. However, balancing its benefits
with potential risks requires careful clinical judgment and rigorous monitoring to ensure patient safety and optimize
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outcomes. TPE was a more cost-effective and accessible option than IVIG in this financially restricted, low-income

setting.
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Background

Guillain-Barré syndrome (GBS) is an autoimmune neu-
rological disorder where the nervous system is attacked
by the immune system. Molecular mimicry is thought to
be the leading hypothesis to explain such cross interac-
tions; however, the exact mechanism and pathophysiol-
ogy are still scarce. With poliomyelitis widely eradicated,
GBS is considered the most common cause of flaccid
paralysis in infants and children. The incidence among
children under the age of 15 ranges from 0.34 to 1.34 per
100,000. It typically occurs after a viral or bacterial infec-
tion with microorganisms, such as Campylobacter jejuni
and Epstein-Barr virus [1-6].

The disorder manifests as an acute, progressive, sym-
metrical, usually ascending flaccid paralysis accompanied
by weak or absent tendon reflexes. Additionally, diffuse
pain is a common symptom among GBS patients, which
can sometimes delay the accurate diagnosis [4, 5]. Other
manifestations of GBS may include signs of autonomic
dysfunction such as cardiac arrhythmia and blood pres-
sure fluctuations. Cranial nerves involvement is fairly
common, presenting as bulbar weakness characterized
by dysphagia, difficulty handling secretions, sialorrhea,
hoarseness, and dysphonia [7]. Most patients require
hospitalization, and up to 30% of them may require inva-
sive ventilation at some point [8].

The clinical progression of GBS follows three distinct
phases: the acute phase, which ranges from hours to
weeks and is characterized by the onset and develop-
ment of symptoms; the plateau phase, with varying dura-
tion, during which symptoms cease to progress; and the
recovery phase, which spans from months to years [4, 6].
GBS was long thought to be a single disorder, but later
investigations showed that GBS consists of several phe-
notypically similar disorders depending on the target
affected by the inflammatory response. These variants
include acute inflammatory demyelinating polyradiculo-
neuropathy (AIDP), where the myelin sheath is affected;
acute motor sensory axonal neuropathy (AMSAN); and
acute motor axonal neuropathy (AMAN), where the axon
itself is affected rather than the myelin sheath. Addition-
ally, Miller Fisher syndrome (MFS) is another subtype of
GBS. It presents itself as rapidly evolving ataxia, areflexia,
and ophthalmoplegia, usually with little or no weakness
[4,7,9].

Therapeutic plasma exchange (TPE) and intravenous
immunoglobulin (IVIG) are two treatment options that

have been recommended by the American Academy of
Neurology [10] for treating GBS patients. TPE is the pro-
cess by which pathological molecules, such as antibodies
and immune complexes, are selectively removed from
the plasma [11-13]. It has been found to be a safe and
effective treatment for various neuroimmunological dis-
eases, including GBS, and has proven to be superior com-
pared to supportive care alone. This was well established
in adults with GBS, based on moderate quality evidence
in the Cochran’s Database of Systemic Reviews [14], as
well as in many previous studies [15-20]. Furthermore,
the American Society for Apheresis (ASFA) strongly rec-
ommends the use of TPE as a primary treatment for GBS
(category I Grade 1A) [21]. Conversely, IVIG is acknowl-
edged as an effective first-line treatment for GBS, with
some studies suggesting comparable efficacy to TPE [22—
25]. Some studies even advocate for IVIG over TPE due
to its enhanced convenience, ease of administration, and,
at times, better outcomes, particularly seen in pediatric
patients [3, 10, 18, 19, 26-28].

However, the use of TPE in pediatric cases is often
based on experience extrapolated from adult clinical
practice, lacking randomized controlled trials assessing
its safety and efficacy in this demographic [12, 18, 19,
29-31]. Moreover, the application of TPE in pediatric
patients presents distinct challenges due to their smaller
size, lower blood volume, higher incidence of adverse
events, lack of cooperation, and more frequent techni-
cal problems concerning vascular access [12, 18, 30, 31].
Lastly, managing GBS in low-income countries presents
numerous challenges and obstacles, including limited
availability of treatment options and specialized diagnos-
tic procedures, as well as the potential for uncommon
complications related to GBS or TPE.

This article presents findings regarding the safety and
efficacy of TPE in pediatric patients diagnosed with GBS,
in a low-income setting.

Methods

Patients and study population

This retrospective study was conducted by reviewing past
records of 36 patients diagnosed with GBS at the Chil-
dren’s University Hospital in Damascus, Syria, admitted
between March 2015 and March 2017. During that time,
Syria was classified as a low-income country due to the
ongoing civil war and economic restrictions. Each patient
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demonstrated an acute onset of progressive, symmet-
ric flaccid paralysis with hypo- or areflexia. Diagnosis of
GBS relied on clinical observations and was subsequently
validated through cerebrospinal fluid (CSF) analysis and
electrophysical studies, after ensuring the absence of
poliomyelitis through culture confirmation.

The choice of treatment at the hospital during the study
period-whether IVIG, TPE, or supportive care-was influ-
enced by the availability of IVIG and the financial situa-
tion of the patient’s family (i.e., whether they could afford
IVIG). IVIG was the first-line treatment for pediatric
GBS in our hospital. Patients who could not afford IVIG
were treated with TPE. Notably, no patient diagnosed
with GBS during this period received only supportive
care, even those with mild symptoms. This selection pro-
cess may introduce a potential socioeconomic bias in the
study.

TPE procedure

A total of 122 TPE sessions were performed, with a mini-
mum of one and a maximum of five sessions per patient,
all of which were conducted on Spectra Optia apheresis
machine (Manufacturer TERUMO BCT). The TPE kit
was primed with 4% human albumin (H.A) solution; with
normal saline solution (NS); or with screened, group spe-
cific, and cross-matched packed red blood cells diluted
with saline; depending on the hematological status of the
patient. Nadler’s formula [13, 30, 32] was used to calcu-
late each patient’s whole blood volume. The exchange
fluid used during each session consisted of 4% H.A
solution in NS. Units of fresh frozen plasma (FFP) were
infused during TPE sessions if the patient had developed
coagulation factors deficiency. Additional normal saline
solution was infused to patients who developed hypoten-
sion during the procedure. On average, 0.7-1.4 times of
plasma volume (PV) was exchanged (Table 1).

The rate of blood flow ranged from 10 to 55 ml/min-
ute, contingent upon the patient’s weight and blood
volume. The duration of each procedure varied from
26 to 136 minutes, with a mean of 89.3 + 35.0 minutes,

Table 1 The amount of plasma volume removed and
exchanged, as well as the amount of ACD used for each group of
patients during the plasmapheresis procedures

Age (Years) Number PVremoved PV exchanged ACD used
of patients

2-4 3 8383 758.6 1233

5-7 10 988.5 8718 157.8

8-10 1 1316.9 1160.06 2124

11-13 9 1660.9 1460.7 2844

PV plasma volume, ACD acid-citrate dextrose
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depending upon the amount of plasma exchange. Acid
citrate dextrose (ACD) was used as the anticoagulant.
ACD to whole blood ratio was maintained between
1:12 and 1:15. To prevent citrate toxicity, intravenous
dextrose plus calcium glocunate were administered at
a dose of one ml/kg each. Vascular access was estab-
lished using either a peripheral needle or a central vain
catheter, the choice depended on the patient’s clinical
condition.

Throughout each session, pulse rate, respiratory
rate, blood pressure, and blood oxygen saturation were
closely monitored. Any adverse events occurring dur-
ing or after each session were documented and sub-
jected to analysis. Whole blood count, renal function
tests, coagulation tests (including prothrombin time
(PT) and activated partial thromboplastin time (aPTT))
were assessed before and after each session, along with
blood potassium, sodium, and calcium concentrations.

The evaluation of clinical improvement was based
on neurological, respiratory, and autonomic examina-
tion. Additionally, muscle power was evaluated using
the Medical Research Council (MRC) scale (Table 2)
[33]. A comprehensive comparison of the findings was
conducted at three distinct time points in the disease
progression: upon admission, at the peak of illness, and
upon discharge. The “peak of illness” was defined as the
stage characterized by the most severe status of neuro-
logical and respiratory signs and symptoms.

However, due to substantial variations in hospi-
talization duration among patients, clinical findings
at discharge may not accurately reflect the impact
of treatment on the rate of clinical improvement. To
address this, a comprehensive time-dependent evalua-
tion of patients’ symptoms and health status was con-
ducted. This was done by measuring the time required
to restore normal functionality of different parts of the
nervous system affected by GBS. The time intervals
between the onset of symptoms and the return to nor-
mal functions were determined for respiratory; cranial

Table 2 The Medical Research Council scaling system used for
grading the muscle power in the extremities

Muscle power grade  Description

No contraction

Flicker or trace contraction

Active movement, with gravity eliminated
Active movement against gravity

Active movement against gravity and resistance

U A W N = O

Normal power
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nerves; reflexes in the upper and lower extremities; and
autonomic functions.

Statistical analysis

Demographic and clinical data were subjected to descrip-
tive statistics, incorporating measures such as (mean *
1 standard deviation (SD)), median, range, and percent-
ages. A two-tailed ¢-test for two samples, assuming une-
qual variances, was done to assess the mean duration of
hospitalization in patients who required mechanical ven-
tilation versus those who did not. Furthermore, a two-
tailed paired ¢-test, with a 95% confidence interval (95%
CI) was used to compare the muscle power grades before
and after treatment. Statistical significance was attrib-
uted to differences with a p value less than 0.001. The
entire data analysis process was carried out using Micro-
soft Excel for Windows, version 2016.

Results

Demographic and clinical characteristics

An overview of the demographic and clinical characteris-
tics of the study cohort is provided in (Table 3). The study
involved 36 patients, consisting of 20 boys (56%) and 16
girls (44%), with a male-to-female ratio of 1.25/1. The age
range was 2 to 13 years, with a mean age of 8.3 + 2.9 years
and a median age of 8 years.

Lumbar puncture was performed in all patients early
after admission (within the first week of symptoms
onset). CSF analysis revealed albuminocytologic dissoci-
ation in nine patients (25%), characterized by an elevated
CSF protein concentration (>0.45 g/L), with a normal
leukocyte count (< 10 cells per mm?). The remaining 75%
exhibited normal CSF analytes. However, lumbar punc-
ture was repeated in five of the remaining patients after
the first week of symptoms onset, and CSF analysis in
those patients showed albuminocytologic dissociation.
Hence, in total, 14 patients (39%) exhibited this posi-
tive finding. Electromyography (EMG) was conducted
in the majority of patients (31 patients). The results were
consistent with GBS in all of them; however, a defined
GBS variant was reported in only 13 patients. Of these,
10 patients had the AMAN variant, one patient had the
AIDP variant, and two patients had a mixed variant of
both AMAN and AIDP. EMG was not performed in the
remaining five patients.

The time interval between the onset of neurological
symptoms and hospital admission ranged from the same
date of admission to 10 days, with a mean of 3.6 + 2.2
days. Regarding antecedent infection, upper respiratory
tract infections were the most common. It was reported
in 19 patients (53%), preceding hospital admission by a
mean of 9.5 + 8.3 days. Gastrointestinal infections were
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Table 3 Demographic and clinical characteristics of the patients

Parameter n =36 (%)
Age (years)

Range 2-13
Mean + SD 83+29
Gender

Male 20 (56%)
Female 16 (44%)
M/F ratio 1.25/1
GBS variant

AMAN 10 (28%)
AIDP 1 (3%)
Mixed 2 (6%)
Undefined 23 (63%)
Treatment

TPE only 29 (81%)
IVIG and then TPE 3 (8%)
TPE and then IVIG 4(11%)
Number of TPE sessions per patients

1 1 (3%)

2 9 (25%)
3 4 (11%)
4 19 (53%)
5 3(8%)
Antecedent infection

Upper respiratory infection 19 (53%)
Gastrointestinal infection 11 (31%)
Required invasive ventilation

Yes 15 (42%)
No 21 (58%)

reported in 11 patients (31%), occurring 12.2 + 9.1 days
before admission. Of the remaining six patients (16%),
none exhibited any antecedent infection. However, one
patient experienced fever preceding the onset of neu-
rological symptoms, with no defined respiratory or gas-
trointestinal infection. Additionally, one patient had a
previous diagnosis of GBS, and had undergone treat-
ment with IVIG, resulting in complete recovery. Another
patient had been diagnosed with autoimmune polyendo-
crine syndrome, characterized by multiple autoimmune
disorders, such as type 1 diabetes mellitus, and autoim-
mune thyroiditis, among others.

Treatment regimens and procedures

All 36 patients received a total of 122 TPE sessions, with
a median of four sessions per patient (range: 1-5). The
time interval between consecutive sessions ranged from
1 to 4 days, with a median of 2 days. However, one ses-
sion was performed after a 6-day gap due to the cancel-
lation of the intervening session, attributed to hemolysis
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in the blood bag that was intended to be infused during
that cancelled session. Plasmapheresis was initiated on
an average of 6.1 + 2.5 days after the onset of symptoms
(range: 1 to 11 days, median: 6 days). TPE was the sole
treatment for 29 patients; three patients received IVIG
before TPE, with one patient dying from septic shock;
and four patients received IVIG after TPE, with two tran-
sitioning from TPE to IVIG after two TPE sessions due to
complications associated with plasmapheresis.

Clinical observations during hospitalization
The hospitalization duration varied widely among
patients, ranging from 5 to 131 days, with a median of
15 days (38.5 + 38.6 days) (Fig. 1). The time from symp-
toms onset to peak symptoms spanned 1 to 15 days (6.2
+ 3.2 days). During their hospital stay, 19 patients (53%)
developed pneumonia, 10 patients (28%) had urinary
tract infection, and seven patients (19%) had sepsis. A
substantial majority, 22 patients (61%) were admitted to
the pediatric intensive care unit (PICU), and their PICU
stay ranged from 5 to 128 days (48.9 + 43.1 days, median
37 days). Among the PICU admissions, 15 patients (42%)
required invasive mechanical ventilation, with 12 of them
(33%) undergoing tracheostomy. Ventilation-acquired
pneumonia (VAP) was identified in 15 patients (42%).
Throughout PICU stay, 15 patients (42%) developed lobar
or lobular atelectasis, and 17 patients (47%) experienced
acid-base disturbances due to respiratory failure, ventila-
tor-driven hyperventilation, or serum electrolytes distur-
bances. These conditions necessitated additional medical
and supportive care.

We compared the patients who required mechanical
ventilation, to those who did not, in terms of the duration
of hospitalization. The mean duration of hospitalization

Non-mechanical Ventilation Group

140

120

100

Days

0 2 4 6 8 10 12 14 16
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in the non-mechanical ventilation group was found to be
significantly shorter than that for the mechanical ventila-
tion group (13.1 + 7.9 versus 73 * 36.5 days, p< 0.001).

Disease course

Peripheral nerves examination

The detailed comparative analysis is presented in
(Table 4). Generalized muscle pain emerged as a promi-
nent symptom, affecting 20 patients (56%) upon admis-
sion, and escalating to 33 patients (92%) at the peak of
illness. By the time of discharge, 19 patients (54%) con-
tinued to experience pain, but it was manageable with
the aid of medications. Apart from pain, sensory involve-
ment, manifested as numbness, was observed in only
one patient (3%) on admission and at peak of illness, but
resolved by the time of discharge.

Upon admission, 33 patients (92%) were non-ambu-
latory, with three patients (8%) capable of walking only
with assistance. At the peak of illness, the number of
patients losing the ability to walk increased to 35 (97%),
leaving one patient still able to walk with assistance. Fol-
lowing treatment and at discharge, three patients (9%)
were able to walk independently, and seven patients
(20%) regained the ability to walk with assistance; the
remaining patients were still unable to walk.

Sphincters dysfunction was identified in four patients
(11%) upon admission, leading to either incontinence or
retention. At the peak of illness, an additional patient
developed sphincters dysfunction, but all five patients
regained normal sphincters function by the time of dis-
charge after receiving treatment.

Neurological examination of the upper limbs revealed
a significant improvement in upper limb reflexes upon
discharge comparing to the peak. Specifically, at the
peak of illness, 58% and 36% of patients demonstrated

Mechanical Ventilation Group

18 20 22 24 26 28 30 32 34 36 38

Patients

Fig. 1 Duration of hospitalization (in days) for all 36 patients with GBS, categorized into two groups: those who required mechanical ventilation
(n=15) and those who did not (n = 21). Patients in the mechanical ventilation group had significantly longer hospital stays with high variances,

reflecting the increased severity of their condition
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Table 4 A detailed comparison of the peripheral nerves examination findings between admission, peak and discharge

Peripheral nerves examination

At admission no. total n =36

At peak no. total n =36 At discharge no. total

n=352
Pain 20 33 19
Ability to walk
Unable to walk 33 35 25
Able to walk with assistance 3 1 7
Able to walk without assistance 0 0 3
Sensory involvement 1 1 0
Sphincters dysfunction 4 5 0
Power grading U. limbs L. limbs U. limbs L. limbs U. limbs L. limbs
0/5 2 2 4 5 0 0
1/5 7 21 13 24 0 5
2/5 8 5 10 3 3 14
3/5 13 7 8 4 1 10
4/5 6 1 1 0 14 4
5/5 0 0 0 0 7 2
2 Excluding the deceased patient
mNormal mWeak  Absent mNormal mWeak Absent
100% 100%
17%
319
80% % 80%
58% 60%
82 i)
5 60% & 60% 1 83%
] 54 100%
S 40% S 40% -
R R
20% 20% -
0% 0% - _ 0%
At admission At peak At discharge At admission At peak At discharge
(A) Disease course (B) Disease Course

Fig. 2 Comparison in the reflexes of the extremities between admission, peak of illness, and discharge; A upper limbs; B lower limbs

absent and weak reflexes, respectively (Fig. 2A). In
contrast, at discharge, 49% of patients regained nor-
mal reflexes, with only 17% still experiencing absent
reflexes. Conversely, the neurological manifestations
of the disease exhibited more pronounced effects in
the lower limbs, resulting in absent reflexes across all
36 patients at the peak of illness. At discharge, however,
there was a notable shift, with reflexes returning to nor-
mal in only one patient (3%), and registering as weak in
13 patients (37%) (Fig. 2B).

Furthermore, there was also a significant improve-
ment in the grade of power in the upper extremities

upon discharge. The grade of power increased from a
mean of 1.7 + 1.1 at the peak of illness to 3.7 £ 0.9 at
discharge, indicating an increase of 2.0 + 1.1 (95% CI,
1.6 to 2.4, p< 0.001) (Fig. 3).

Simultaneously, the grade of power increased signifi-
cantly, ascending from a mean of 1.2 + 1.1 at the peak of
illness to 2.5 + 0.8 at discharge. This increase amounted
to a statistically significant rise of 1.4 + 0.8 (95% CI, 1.1 to
1.6, p< 0.001) (Fig. 4).



Ali et al. BMC Pediatrics (2024) 24:818

= U. limbs power grade at peak
m U. limbs power grade at discharge

1

Power grades

16
14

12

10
0 1

)

(A

D

No. of patients
oo

o N b

Page 7 of 15

5
45
4
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3
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2
15
1
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0
(B) At admission

3.71

Mean of power grades

At peak At discharge

Fig. 3 The improvement in muscle power of the upper limbs. A Describes the power grades in all patients at discharge compared to peak; B
Describes the improvement in the mean of power grades from admission to discharge. The error bars indicate one standard deviation

mL. limbs power grade at peak
mL. limbs power grade at discharge

25
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0
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215
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(A)

Power grades

2.54

Mean of power grades
N

(B) At admission At discharge

At peak

Fig. 4 The improvement in muscle power of the lower limbs. A Describes the power grades in all patients at discharge compared to peak; B
Describes the improvement in the mean of power grades from admission to discharge. The error bars indicate one standard deviation

Table 5 Cranial nerve examination findings at admission, peak
and discharge

Cranial nerve At admission no. At peak no. At discharge
examination (n=36) (n=36) no. (n =359
Dysphagia 13 15 1
Dysphonia 3 6 1
Nystagmus 2 5 1
Hoarseness 15 22 4
Sialorrhea 6 13 0
Facial Palsy 0 1 1
Gag reflex
Normal 35 32 35
Absent 1 4 0

2 Excluding the deceased patient

Cranial nerve examination

Hoarseness and dysphagia emerged as the predominant
cranial nerve dysfunctions on admission, affecting 42%
and 36% of patients, respectively (Table 5). At the peak of
illness, these percentages increased to 61% for hoarseness
and 42% for dysphagia. Additionally, sialorrhea became
a common symptom, observed in 36% of patients. While
nystagmus, dysphonia, and facial palsy were also present,
their occurrence was less frequent. Upon discharge, there
was a significant improvement in cranial nerves func-
tion for the majority of patients. Only six patients (17%)
did not achieve full recovery, with four patients (11%)
still exhibiting hoarseness. Furthermore, gag reflex was
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Table 6 Autonomic findings at admission, peak and discharge

Autonomic dysfunction  Atadmission At peak At discharge

no.(n=36) no.(n= no. (n = 35%
36)
Cardiac arrhythmias 5 15 0
Hypertension 3 1
Urinary retention 4 1
Hypotension 1 0

2 Excluding the deceased patient

Table 7 Respiratory findings at admission, peak and discharge

Respiratory findings At admission At peakno. Atdischarge
no. (n = 36) (n=36) no. (n = 359

Ability to breathe

Normal 28 17 35P

Weak (dyspnea) 5 7 0

Inability to breathe 3 13 0

Cyanosis 0 4 0

2 Excluding the deceased patient
b Five of these patients were still experiencing mild dyspnea

absent in only four patients (11%) at the peak of illness,
but returned to normal by the time of discharge.

Autonomic findings

Upon admission to the hospital, autonomic dysfunc-
tion was observed in ten patients (28%), and this num-
ber increased to 17 patients (47%) at the peak of illness.
Cardiac arrhythmias were the most common, affecting
15 patients (42%) at the peak of illness (Table 6). Addi-
tionally, hypertension (22%), urinary retention (19%), and
hypotension (11%) were present at the peak of illness.
Upon discharge, nearly all patients had regained normal
autonomic functions, with only two individuals exhibit-
ing autonomic dysfunction. One patient had hyperten-
sion, while the other experienced urinary retention.

Respiratory findings

Upon admission, respiratory muscles were affected in
eight patients (22%) (Table 7). Five patients (14%) had
dyspnea, and three patients (8%) had entirely lost the
ability to breathe.

Subsequently, during the peak of illness, more than half
of the patients (56%) developed respiratory compromise.
Among them, 13 patients (36%) entirely lost the ability to
breathe, and seven patients (19%) experienced dyspnea.
Consequently, 15 patients required invasive mechanical
ventilation. At discharge, all patients (n = 35, 100%) suc-
cessfully restored normal respiratory function, achieving
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optimal oxygen saturation in ambient air without the
need for respiratory support. Notably, five patients (14%)
reported lingering mild dyspnea.

Time required to regain normal functions
The duration to regain normal respiratory function
proved to be the most prolonged (Fig. 5). Among the 20
patients with respiratory compromise, 19 achieved nor-
mal respiratory function within a mean of 56.0 + 37.4
days (range: 5 to 132 days, median: 47 days), with the

50

40

30

20

10

Median time in days
o

0 ($) i 1)
s ¢ £ I, 3
5 5 S 5¢ £
.E_C c OC ;2 g
o — += O = -}
3': © S S = - O — o
o o = 0 © Q o = © =
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T3 © 0 TS © 4 E =
W =] — o=
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o — —_ _ .= Z
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P4 € z z
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Fig. 5 The median time required to achieve normal functionality

of the different parts of the nervous system affected by GBS. The
function of the extremities is described by the time required to regain
only normal reflexes in the upper limbs, and either normal or weak
reflexes in the lower limbs

exception of the patient who unfortunately died before
regaining the ability to breathe normally.

This is followed by the time required to regain normal
cranial nerves function. Of the 24 patients experiencing
cranial nerves dysfunction at the peak of their illness, 18
fully regained normal cranial nerves function within a
mean of 38.4 + 34.3 days (range: 8 to 129 days, median:
26.5 days). However, six patients were discharged with
some degree of cranial nerves dysfunction.

For the 17 patients with autonomic dysfunction, 14
patients fully regained normal autonomic function within
a mean of 20.4 + 14.1 days (range: 1 to 48 days, median:
19 days), while two patients did not fully recover, and one
patient passed away before regaining normal autonomic
function.

For the upper limbs, only the time required to regain
normal reflexes was considered in calculations, whereas
for the lower limbs, both weak and normal reflexes were
taken into account. This decision was made because
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upper limb reflexes was restored to normal in 13 patients,
but the lower limb reflexes was restored to normal in
only one patient. Hence, the time required for the return
of normal upper limb reflexes ranged from 7 to 77 days,
with a mean of 26.1 + 23.6 days, and a median of 14 days.
Conversely, 14 patients regained weak or normal lower
limb reflexes in a mean of 35.7 + 36.9 days (range: 7 to
105 days, median: 15.5 days), highlighting the variability
in recovery times between upper and lower limb reflexes.

Plasmapheresis complications

TPE was found to be generally safe when applied in this
cohort of pediatric patients, and it is routinely performed
in our hospital, despite the challenges associated with its
application. However, some adverse events occurred dur-
ing or after plasmapheresis sessions, including a few that
were serious and life-threatening. We will describe the
details of these complications next.

Complications during plasmapheresis procedures
Throughout the course of 122 TPE sessions, complica-
tions were observed in 47 sessions (39%) involving 29
patients (81%). Tachycardia emerged as the most preva-
lent complication, occurring in 24% of sessions, followed
by hypotension at 13%. Other observed complications
included hypoxia (6%), and other less frequent complica-
tions, which are illustrated in (Fig. 6).

Notably, these complications were severe in two
patients during their second session, prompting the
discontinuation of plasmapheresis and a transition
to IVIG. The first patient experienced complications
such as hypertension, tachycardia, hypoxia, acidosis,
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10%

% sessions

5%

0%

Tachycardia Hypotension

Complications during the procedures
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and hypercalcemia, while the second patient encoun-
tered hypotension with hemodynamic instability,
along with tachycardia, seizures, hypoxia, acidosis, and
hypercalcemia.

Complications following plasmapheresis procedures

An examination of patients’ medical records yielded
valuable insights into clinical observations and labora-
tory test outcomes following each plasmapheresis ses-
sion, albeit with some sessions lacking documentation
of certain laboratory tests. Complications were evident
after a total of 70 TPE sessions (57%), impacting 31
patients. Anemia was the most common complication,
observed in 31 sessions (25%). This was managed by the
transfusion of packed red blood cell units as deemed
necessary.

Moreover, prolonged PT and aPTT were observed fol-
lowing 30 sessions (25%) and 10 sessions (8%), respec-
tively. Anomalous coagulation test results prompted the
transfusion of FFP units. A total of 16 FFP units were
transfused after 11 different TPE sessions, including one
FFP unit administered during a patient’s final plasma-
pheresis session. Furthermore, hypokalemia occurred
after 13 sessions (11%), hypocalcemia after 10 sessions
(8%), and hypotension after six sessions (5%). Hypocalce-
mia was managed through oral calcium administration.
Additional, albeit milder, complications are detailed in
(Fig. 7).

In a specific case, a patient developed pulmonary
edema accompanied by hypoxia and periorbital edema
shortly after their second plasmapheresis session. Arte-
rial blood oxygen saturation dropped to 60%, classifying

Hypoxia Bradycardia / Allergic  Hypocalcemia /

reactions / Seizures/  Hypokalemia /

Nausea and vomiting Hypercalcemia /
Siahlorrhea /

Tachypnea

Fig. 6 Complications that occurred during the plasmapheresis procedures, presented as the percentages of the sessions out of the total sessions.
In some sessions, there was more than one complication. The total number of sessions is 122 sessions
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the incident as an anaphylactic shock, necessitating
manual ventilation using an AMBO bag. Subcutaneous
adrenaline administration and intravenous furosemide
were used to treat the patient, along with the transfusion
of one unit of FFP. In a separate incident, a central venous
catheter was erroneously inserted into the right femoral
artery instead of the intended vein, resulting in subse-
quent cellulitis in the affected area.

One patient passed away 65 days after admission to
the hospital, and after receiving four TPE sessions. There
was a 48-day time lapse between the patient’s last plas-
mapheresis session and date of death; thus, the cause
of death could not be attributed to plasmapheresis. The
determined cause of death was septic shock arising from
severe VAP.

Follow-up evaluation

Upon discharge, the patients were recommended to
undergo continued physical therapy, as they did not
achieve a full recovery at the hospital. Communication
was established with the parents of 18 of the patients
(50%). We could not reach out to the rest of the patients
because of contacting problems. Since the patients were
admitted to this referral hospital from different regions,
it was not feasible to coordinate with the multiple medi-
cal centers that handled the follow-up. The follow-up
data was obtained by asking parents about changes that
occurred four to six years before the conduct of this
study. Hence, all the information is just estimations
from the parents, and is not based on accurate medical
approach.

30%
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15%
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5%
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Following consultations with the parents, it was
revealed that the duration of physical therapy varied
widely, spanning from 2 to 64 months post-discharge,
with a median duration of 12 months for each patient.
Meanwhile, the timeline for regaining the ability to walk
with assistance ranged from 0.3 to 12.6 months after the
onset of symptoms (mean duration of 5.8 months), while
achieving independent walking took between 0.5 and
18.6 months (mean duration of 9.2 months). One of the
patients included in the above statistics, faced a car acci-
dent 20 days post-discharge, resulting in hip and lower
extremity fractures that delayed their physical therapy
and overall recovery. Moreover, six patients (17%) did not
achieve full recovery and exhibited a mild residual disa-
bility, including abnormal gait, general muscle weakness,
or foot drop.

Discussion

The availability of advanced plasmapheresis machines
and various types of central venous catheters has encour-
aged the adoption of TPE in pediatric neuroimmuno-
logical diseases. There is ongoing debate about whether
TPE or IVIG is superior in terms of efficacy and safety in
treating pediatric GBS. Notably, TPE has demonstrated
effectiveness comparable to, or even surpassing, IVIG,
while also proving to be more cost effective. This asser-
tion aligns with findings reported from numerous previ-
ous case series and cohort studies [2, 11, 29, 30, 34, 35]. A
recent systematic review by Nandeesha et al stated that
TPE could have a slight advantage over IVIG, particularly
in the pediatric group, although it carries a marginally
higher risk of adverse reactions [36]. This retrospective
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Fig. 7 Complications that occurred after the plasmapheresis procedures, presented as the percentages of the sessions out of the total sessions. In
some sessions, there was more than one complication. The total number of sessions is 122 sessions
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study investigates and delves into the efficacy and safety
of TPE in the management of severe GBS in pediatric
patients, with the objective of providing valuable insights
for potential inclusion in future larger-scale trials.

Our study encompassed 36 patients aged between 2
and 13 years (median 8 years), undergoing a total of 122
TPE sessions as a treatment for GBS. The number of TPE
sessions per patient was influenced by several factors,
including the initial response to treatment, the finan-
cial ability of the patients’ families to afford albumin and
TPE kits, the occurrence of adverse events, and concerns
related to the vulnerability of the central venous line. TPE
was administered as the sole therapeutic intervention in
81% of the cases, while in the remaining 19%, it was used
in conjunction with IVIG. Males were affected more than
females (M/F = 1.25/1), proving to be consistent with
prior studies that demonstrate a slight predominance of
GBS in males [1, 37-40].

While CSF analysis was primarily conducted within the
initial week of symptoms onset, albuminocytologic disso-
ciation was evident in only 25% of patients. This contrasts
with some studies reporting higher percentages (above
75%) in pediatric patients early in the disease course [1,
34, 37, 41]. Other studies suggest that normal CSF results
may be observed within one week after symptoms onset
[2, 4, 7, 9], which correlates with our findings in the six
patients who had lumbar puncture repeated and may
explain the results in our study. This warrants further
investigations for future work to determine the optimal
timing for diagnostically informative CSF analysis, at
which it would serve as a good diagnostic test for GBS.

The AMAN variant (28%) prevailed over AIDP (3%)
among our patients, aligning with findings reported by
previous studies in China, Japan, Thailand, Central and
South America [1, 37, 42]. However, AIDP was more
prevalent among children in North America, Europe,
Egypt, Taiwan, and Iran [7, 34, 39, 40, 43]; and also
among adults [19, 44]. This variation in the incidence of
different GBS variants among pediatric patients based on
geographical aspects has not been fully explained, and
requires further investigation [34, 42]. Given that only
about one-third of the patients included in this study
had defined GBS variants, the results obtained from this
study may not accurately represent the prevalence of
each variant within our region; thus, additional studies
are required to establish and determine regional trends.

The lack of resources and financial restrictions at the
time of the study limited the availability of further diag-
nostic investigations, including bacterial and viral panels
for preceding infections, brain and spinal magnetic reso-
nance imaging, nerve and muscle biopsies, and auto-anti-
body titers.
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The patients involved in this study reached the peak
of illness in 6.2 + 3.2 days, akin to previous studies [7,
43, 45]. However, our cohort of patients exhibited more
severe GBS symptoms, in terms of respiratory manifesta-
tions, compared to other previous reports. That is, 61%
of patients were admitted to PICU and 42% required
invasive mechanical ventilation due to pulmonary failure.
This is higher than reported by many previous studies [1,
26, 34, 37, 39, 46], yet aligns with two others [12, 45], and
is lower than results obtained from one [40]. Mechani-
cal ventilation was almost always accompanied by VAP
among our patients, which further worsened the respira-
tory function, necessitating extended PICU and hospital
stays; additional supportive care, including multiple anti-
biotic treatment regimens; and also delaying full recov-
ery in numerous cases. This high incidence of pneumonia
can be traced to lack of logistical assets and infrastruc-
ture of the hospital due to the economic manifestations
of the civil war in Syria. This study occurred in a time of
low supplies and capabilities which made the hospital
more vulnerable to spreading of bacteria and other path-
ogens. In addition, the high number of patients arriving
every day to the hospital was too high as it was one of
very few hospitals still in business at that time, which
made sticking with standard dis-infection procedures
and guidelines so hard.

Furthermore, 97% of patients in this study were unable
to walk when they reached the maximal deficit at the
peak of illness, signifying a high disability score (4 or
higher on the GBS disability scale established by Hughes
et al. [8]). This contrasts with lower figures reported in
many previous pediatric studies [1, 7, 26, 40, 43].

Other clinical features of GBS in our cohort of patients
were similar to most previous studies [1, 7, 26, 34, 40, 47].

Factors such as the need for mechanical ventilation,
cranial nerve involvement, the axonal subtype of GBS,
and a disability score exceeding 3 were consistently
linked to poorer outcomes and/or slower recovery in
children with GBS across numerous reports [1, 7, 19, 20,
23, 40, 48].

Despite the severity of the disease, clinical improve-
ment in all neurological functions was well established
in our patients after plasma exchange. This includes the
one deceased patient, who had regained normal cranial
nerves function and showed some improvement in motor
functions prior to their death. This contrasts with studies
where some patients failed to respond at all to TPE treat-
ment [12, 15, 30].

All mechanically-ventilated patients regained nor-
mal respiratory function at discharge. This excludes
one patient who succumbed to septic shock in the
PICU. Studies have highlighted the superiority of TPE
over IVIG or conservative therapy, particularly in
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mechanically ventilated patients, by reducing the length
of mechanical ventilation [35, 41, 45]. Furthermore, Saad
et al. reported that the need for mechanical ventilation
was lower in patients treated with TPE compared to IVIG
[34]. Although the median duration of hospitalization in
our study aligned with a study by Jansen et al. [45], mean
hospital and PICU stays (38.5 and 48.9 days, respec-
tively) exceeded those in pediatric patients treated with
IVIG or TPE [3, 26, 34, 35, 40, 45]. This can be attributed
to the higher severity of the disease, the occurrence of
other pathologies, and the higher incidence of mechani-
cal ventilation-related complications among our patients.
Hence, if we compared the mean duration of hospi-
talization in the patients who did not require mechani-
cal ventilation (13.1 days), we would find similar results
in the same previous studies. Furthermore, the critical
condition of patients admitted to the PICU may have
contributed to the development of critical illness poly-
neuropathy, potentially worsening neurological function,
delaying weaning, and extending rehabilitation. However,
the confirmation of such diagnosis was not established by
further investigations. This suggests that higher caution
should be prompted in children who require intubation
to enhance prognosis and shorten hospital stays.

The GBS disability score established by Hughes et al.
[8], while widely employed, may lack sensitivity to detect
clinically meaningful differences, as it mainly assesses the
ability to walk, which reflects the function of the lower
extremities. It does not evaluate upper limb motor func-
tions, nor cranial, autonomic, or sensory functions, and
has large steps between the grades [26, 49]. Thus, in this
study, the MRC scoring system was used to evaluate
motor functions in both upper and lower extremities.
All the patients showed an improvement of at least one
grade of power. However, the improvement was more
profound in the upper limbs compared to the lower
limbs. The mean increase in grade of power in the upper
limbs among the patients in this study was slightly higher
than that reported by Vikrant et al. among adult patients
treated with TPE [44], but it was slightly lower in the
lower limbs compared to that in the same study. Sixty
percent of our patients exhibited a grade-4 or grade-5
improvement in the upper limbs which is higher than
reported by Gajjar et al. [30]. Further studies are needed
to assess the efficacy of TPE using the MRC scale for a
more precise measurement of power improvement.

Furthermore, careful analysis was conducted to deter-
mine the duration necessary for the restoration of indi-
vidual normalcy in cranial, autonomic, and respiratory
functions. This additional investigation was undertaken
to enhance our evaluation of TPE efficacy in expediting
and speeding the recovery process, marking a pioneering
effort as this study is the first to do so.
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Long-term outcomes revealed full recovery in most
patients available for follow-up, with only 17% exhibit-
ing minimal residual deficits that may impact daily life
functions. This indicates a better outcome among our
patients compared to other reports in which IVIG was
the treatment [26, 40, 46], and also compared to what
was observed in other studies in which TPE or other
therapies were applied [19, 29]. Overall, 92% of the
patients who were available for follow-up achieved inde-
pendent ambulation within 1 year after disease onset,
with a median time of 8.7 months. Comparable findings
were reported by Chaweekulrat and Sanmaneechai in
IVIG-treated patients [1] though the same study along
with some others reported shorter duration for achiev-
ing independent walking [7, 41]. Chaweekulrat and San-
maneechai found that the axonal subtype of GBS and a
disability score higher than 3 were associated with longer
duration for independent walking, which may explain the
results in this study.

In this investigation, complications associated with
TPE primarily manifested as mild or moderate adverse
events, indicating that the procedure is generally safe for
pediatric patients. The two most common complications
during the procedure were tachycardia (24%) and hypo-
tension (13%), with mild anemia (25%) emerging as the
most frequent post-procedural complication. Hypoten-
sion was the most common complication seen during
TPE sessions in one recent study [50]. Nevertheless, elec-
trolyte disturbances, such as hypocalcemia and hypoka-
lemia, were the predominant complications observed in
two studies [29, 51], with incidence rates reported simi-
lar to ours. Comparatively, our study revealed a higher
overall incidence of complications in our patient cohort
when contrasted with studies in children [12, 29, 30, 34].
However, our findings align closely with those reported
by Michon et al. and Eyre et al. [31, 51]. Despite certain
studies showing no major or life-threatening complica-
tions among pediatric cases subjected to TPE treatment
[12, 29, 30, 34, 45], our study identified serious compli-
cations in three patients (8% of the patients, and 2.5% of
the sessions). Two incidents necessitated termination of
plasmapheresis, while the third involved an anaphylac-
tic shock occurring two hours post-session. The latter
was effectively managed without discontinuation of the
treatment.

The French Cooperative Group has advocates for the
use of albumin as the replacement fluid in plasmaphere-
sis, which is preferred over FFP due to a higher incidence
of adverse and allergic reactions associated with the lat-
ter [52]. This is also recommended by some studies [18,
45, 53]. While our study supported this recommenda-
tion by demonstrating fewer allergic reactions with albu-
min, it unveiled a notable drawback. The use of albumin
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was linked to a depletion of clotting factors, resulting
in abnormal coagulation test results (prolonged PT and
aPTT), constituting the second most common post-pro-
cedural complication (25% for the prolongation of PT)
observed in our study. Despite this, no clinical signs of
bleeding disorders were observed. This required replen-
ishment of the clotting factors by transfusing FFP units.
Close monitoring of coagulopathies should be considered
when using albumin as a replacement fluid, particularly
in pediatric cases.

Notably, no mortality attributable to TPE was recorded
within our patient cohort, which is a trend consistent
with several previous studies involving pediatric cases
[12, 18, 29, 30, 45]. A comprehensive retrospective study
involving 186 pediatric patients undergoing apheresis for
various indications, reported a mortality rate of 1%, but
with no clear attribution to the procedure [31].

Limitations

This study had several limitations, primarily the absence
of a comparison group (i.e., patients with GBS who were
treated with IVIG or supportive care alone). Further-
more, we acknowledge the presence of a potential soci-
oeconomic bias in the selection of treatment option, as
the treatment selection was influenced by the patients’
financial ability to afford IVIG. This could have affected
the comparability of outcomes between groups and may
limit the generalization of our findings. Additionally,
only 36% of the patients had defined GBS variants, lim-
iting our ability to establish a relationship between spe-
cific variants and the severity of the disease in our cohort.
Limited resources restricted the availability of additional
diagnostic tests, potentially complicating the exclusion
of other conditions in the differential diagnosis of GBS.
The follow-up process also had significant limitations.
Only 50% of the patients were available for follow-up,
and the follow-up was not based on a standardized medi-
cal approach. Instead, it relied on reports from parents
whose children continued physical therapy at various
centers across the country. Moreover, the follow-up data
was not derived from saved medical records but rather
from the parents’ recollections, which may have intro-
duced substantial bias into the results.

Conclusion

Therapeutic plasma exchange emerges as a potentially
promising treatment for GBS in pediatric patients. It may
accelerate the restoration of normal neurological func-
tions, yielding favorable outcomes, often with only mild
residual deficits. In terms of its safety in children, TPE is
generally safe and can be applied as a first-line treatment
for GBS. This means that it can substitute IVIG in that
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concern. However, this procedure can occasionally be
associated with life-threatening complications, such as
anaphylaxis or sever hemodynamic instability, alongside
several milder adverse events. Consequently, extra care
and diligent attention to safety considerations is essential
when implementing TPE in pediatric patients. In terms
of cost, TPE was more cost-effective and accessible than
IVIG, considering that this study took place in a low-
income country facing financial restrictions.
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