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Abstract 

Back ground and Objective: Both plasmapheresis and intra venous immunoglobulin (IVIG) are effective 
for Guillain-Barré syndrome (GBS) but differ in cost and ease of administration. The aim of this study 
was to evaluate and compare clinical outcome after treatment with IVIg and plasmapheresis in patients 
with various GBS subtypes and assess their cost effectiveness. Methods: Thirty seven consecutive 
GBS patients, recruited from May 2008 to September 2012, from Department of Neurology, Yashoda 
hospital Hyderabad, underwent detailed clinical and electrophysiological assessment. Patients randomly 
received either IVIG or plasmapheresis. Outcome was measured using change in mean motor power 
and Hughes grade at discharge. Effectiveness and duration of hospital stay was compared with cost 
effectiveness of both therapies. Results: Out of 37 patients; men were 23 (62.1%), mean age was 
42.3 +14.1 years. Electro physiologically acute inflammatory demyelinating neuropathy (AIDP) was 
most common (56.7%). Nineteen patients (51.3%) received IVIG and plasmapheresis was done in 18 
(48.6%). Cost of plasmapheresis was significantly lower (mean USD 2,584.5 versus USD 4,385.3) 
(p=0.01).  At discharge, significant and similar improvement was noted in both groups although 
duration of hospital stay was longer in plasmapheresis group Three patients (2 in plasmapheresis and 
one in IVIG group) died. 
Conclusion: In developing countries, plasmapheresis may be a better option in treatment of GBS.     
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INTRODUCTION

Guillain-Barré syndrome (GBS) is an autoimmune 
disease of peripheral nervous system, causing 
progressive weakness and areflexia. It is a major 
cause of acute neuromuscular paralysis and 
causes respiratory failure requiring ventilator 
support in approximately 25% with a mortality 
rate of 4-15%.1-3 The annual incidence of GBS 
is 1.3–4 per 100,000 all over the world.1,4,5 Men 
are approximately 1.5 times more affected than 
women.6 
 The most frequent subtype in North America 
and Europe is acute inflammatory demyelinating 
polyradiculoneuropathy (AIDP), which accounts 
for 90% of all GBS cases in these regions.7  In 
Asia, South America, and Central America, 
however, the axonal variants of GBS [Acute motor 
axonopathy (AMAN) and Acute motor sensory 

axonopathy (AMSAN)]  account for 30% to 47% 
of cases.7-9 In 1980s, plasma exchange was found 
to be effective10,11 and in 1990s, efficacy was also 
demonstrated for intravenous immunoglobulin 
(IVIG) in patients with GBS.12,13 Most studies done 
in the West have shown equal efficacy of both 
treatment modalities. The American Academy 
of Neurology practice guidelines has recommend 
either IVIG or plasmapheresis for GBS  patients 
with severe disease who have restricted mobility.14 

In comparison to plasmapheresis, although IVIG 
is more expensive, it is easier to administer and 
is safer in patients with  autonomic disturbances. 
The aim of the present study was to evaluate the 
clinical features and outcome of patients with GBS  
subtypes who received IVIG and plasmapheresis, 
and their cost effectiveness. Very limited data is 
available in India on this important issue.  
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METHODS

The study was conducted from May 2008 to 
September 2012, at Department of Neurology, 
Yashoda Hospital, Hyderabad; a referral center 
from South India. This study was approved by 
the institutional ethics committee.   
 Data for the study was collected through 
personal interviews of patients by a trained 
research fellow, review of medical records, 
physical and neurological examination done 
by neuro-muscular specialist or senior neuro-
physician. 
 Further classification into subtypes AIDP, 
AMAN and AMSAN, was carried out on 
the basis of clinical and electrophysiological 
criteria. Electrophysiological examinations were 
performed within 3 weeks of the onset of illness in 
all patients by a neuro muscular specialist. Nerve 
conduction studies with evaluation of median, 
ulnar, common peroneal, tibial and sural nerves 
were performed in all. Needle electromyogram 
(EMG) was done in at least two proximal and two 
distal limb muscles, for assessment of denervation 
and motor unit action potential changes, in 
all patients. Patients were classified as having 
axonal or demyelinating subtype based on the 
electrodiagnostic criteria given by Hadden et al.15 
AMSAN was diagnosed based on criteria by Rees 
et al.16 CSF examination was done in 34 (91.8%) 
patients.   
 All patients were selected randomly to receive 
either IVIG or plasmapheresis in 1:1 ratio. Before 
starting the treatment, every patient was explained 
about the risks and benefits of treatment and 
consent was taken. Most patients with autonomic 
disturbances were excluded. Only patients with 
isolated tachycardia, persistent hypertension, 
fluctuations in heart rate less than 30 beats / min 
over 24 hours, and blood pressure fluctuations 
of less than 20/10 mm Hg over 24 hours were 
included. The plasmapheresis regimen consisted 
of removal of a total of 200 -250mL/kg of 
plasma over five to eight cycles, on daily basis. 
Most patients received five cycles. One patient 
received 8 cycles of smaller volumes of 600ml 
as there was initial difficulty in achieving higher 
plasmapheresis from the antecubital vein and on 
the third cycle had to be stopped intermittently as 
patient developed mild itching. The replacement 
fluid was 5% albumin in 15 patients and fresh 
frozen plasma in 4 patients. In many patients 
treatment was initiated through the antecubital 
veins, while few required an internal jugular 
venous access. The IVIG regimen was 0.4 g/kg 
per day for 5 consecutive days.

 On admission, the muscle power was recorded 
using the Medical Research Council (MRC) sum 
score.17 Lumbar puncture (LP) was performed in 
the first or second week of admission of hospital 
(depending on patient’s condition) by a senior 
neurologist.
 We used Hughes grade scale for assessing 
functional motor deficits.18 This was as follows: 
0: healthy; 1: the patient has minor symptoms 
and signs and is able to run; 2: the patient is able 
to walk 5 meters across an open space without 
assistance, but is unable to run; 3: the patient 
is able to walk 5 meters with assistance only; 
4: patient is chairbound/ bed bound; 5: patient 
requires ventilation and 6: patient is dead.  

Cost analysis 

We analyzed the cost of both regimens in all 
patients. We calculated the overall cost incurred 
(expenditure) during hospitalization, which 
included the cost of hospital stay, (including ICU 
care with ventilator support), other auxiliaries 
including urine catheter, central venous catheter, 
infusion pumps and medications.

Statistical analysis

Statistical analysis was performed using Statistical 
Package for the Social Sciences, Version 16 (SPSS, 
Inc., Chicago, IL, USA). Mean, standard deviation 
and Chi-squire test were performed. p value was 
considered significant if less than 0.05.

RESULTS  

In this study, 21 (52.5%) patients with GBS 
received IVIG and 19 (47.5%) plasmapheresis.   
There were 13 males (61.9%) in IVIG group 
and 12 males (63.1%) in plasmapheresis group. 
Mean age and age range were comparable in 
both groups. Clinical features were also similar 
in both groups. Limb weakness was noted in all. 
Distal weakness, more than proximal was the 
most common presentation. Preceding histories 
of fever, cough and diarrhea were noted in 42%, 
31% and 16% in plasmapheresis group and 55%, 
44% and 22% in IVIG group respectively. Similar 
distribution of electrophysiological subtypes was 
seen in both IVIg and plasmapheresis groups. 
AIDP was most common followed by AMAN 
and AMSAN. CSF examination was done in 36 
patients (90%) and mean CSF protein level was 
110.6 ± 12.4 mg/dl (range, 18-450 mg/ dl). Mean 
length of stay was different in both the groups 
with a significantly higher number of days in 
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plasmapheresis group compared to IVIG group 
(p=0.001) (Table1). 
 There was no significant difference in the 
complications in both the groups. Ventilator 
support was needed in 9 (42.8%) patients in 
the IVIG group, and 7 (36.5%) patients in the 
plasmapheresis group. Hypotension developed in 
3 (14.2%) patients in IVIG group and 5 (26%) 
patients in plasmapheresis group (Table 2). 
 Clinical outcome -- mean MRC sum score at 
onset and at time of discharge -- in IVIG group 
were 21.3+ 7.83 and 42.1+ 16.3 (p <0.0001); 

and  in plasmapheresis group were 23.8 +11.9 
and 38.6 +18.4 (p <0.0001) respectively. 
 Hughes grade of 0 was noted in 23.8% of 
plasmapheresis and 21% of IVIg groups at 30 
days follow up, which improved to 66.6% of 
plasmapheresis and 76.4% of IVIg at 180 days 
follow up. There was no significant difference in 
outcome at discharge or at follow up at 30, 60, 180 
days and 1 year between both groups (Table 3).  
 The cost of hospital care for plasmapheresis 
group at mean+2SD in USD (2,584.5+ 2210.3) 
was significantly lower than the IVIG group 
(4,385.3+1971.8)(p=0.01) (Table 4)

Table 1: Baseline data of the study subjects 

 Parameters IVIG Plasmapahresis p value
  (n=19) (n=18)
    

Men 12 (61.9%) 11 (63.1%) NS

Age range (years ) 7-70 18-70 

Mean age (SD) 41.6±12.4 43.4±13.1 NS

Hypertension  7 (36.8%) 3 (16.6%) NS

Diabetes  3 (15.7%) 4 (22.2%) NS

Smoker 4 (21%) 2 (11.1%) NS

Alcoholics  4 (21%) 3 (16.6%) NS

Mean length of staying in hospital days  15.1 +2.2 20.5 +2.9 0.001

Clinical features

Distal>proximal 8 (42.1%) 7 (38.8%) NS

Distal=proximal 7 (36.8%) 6 (33.3%) NS

Distal<proximal 4 (21%) 5 (27.7%) NS

Facial weakness 6 (31.5%) 7 (38.8%) NS

Bulbar weakness 6 (31.5%) 8 (44.4%) NS

Extraocular weakness 6 (31.5%) 3 (16.6%) NS

Sensory loss 8 (42.1%) 10 (55.5%) NS

Proprioceptive loss 4 (21%) 5 (27.7%) NS

History  of fever 8 (42.1%) 10 (55.5%) NS

Cough 6 (31.5%) 8 (44.4%) NS

Sore throat   3 (15.7%) 4 (22.2%) NS

Diarrhea 7 (36.8%) 3 (16.6%) NS

Disease progression at hospital  1 (5.2%) 2 (11.1%) NS

Electrophysiological grouping

AIDP(56.7%) 11 (57.8%) 10 (55.5%) NS

AMAN (18.9%) 3 (15.7%) 4 (22.2%) NS

AMSAN(24.3%) 5 (26.3%) 4 (22.2%) NS

NS, not significant; AIDP, acute inflammatory demyelinating polyradiculoneuropathy; AMAN, acute motor axonopathy; 
AMSAN, acute motor sensory axonopathy
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Table 4: Cost effectiveness of outcome 

Parameters IVIG Plasmapheresis p value

Mean Treatment cost in USD  3,005.5±1115.8 1,508.6±1411.9 0.001

Mean cost of other expenditures in USD    1,382.6±1069.6 1,121.6±1058.6 0.82

Mean total cost  in USD  4,385.3±1971.8 2,584.5±2210.3 0.01

Table 2: Complications and outcome of Guillain-Barré syndrome syndrome in treatment groups

Out come IVIG Plasmapheresis (n=18) p value
 (n=19) 

Complications

Ventilator support 8 (42.1%) 6 (33.3%) NS

Infections 8 (42.1%) 9 (50%) NS

Hypotension 3 (15.7%) 5 (27.7%) NS

Death 1 (5.2%) 2 (11.1%) NS

Clinical outcome 

Muscle strength  (mean MRC sum score)  20.8+ 7.4 22.1 +11.1 NS
at admission  

Muscle strength  (mean MRC sum score) 41.5+ 14.7 37.9 +17.3 NS 
at discharge  

NS, not significant; MRC, Medical Research Council

Table 3: Clinical status outcome at 30 days, 60 days, 120 days, 180 days and 365 days

 Hughes 30 days  60 days 180 365 days
 grade (n=37) (n=33) (n=33) (n=29) 

  Plasma- IVIG Plasma- IVIG Plasma- IVIG Plasma- IVIG
  pheresis (n=19) pheresis (n=17) pheresis (n=17) pheresis (n=15)
  (n=18)   (n=16)  (n=16)  (n=14)

 0 5 (27.7%) 4 (21%) 8 (50%) 9 (52.9%) 12 (75%) 13 (76.4%) 13 (92.8%) 14 (93.3%)

 1 5 (27.7%) 6 (31.5%) 3 (18.7%) 3 (17.6%) 2 (12.5%) 2 (11.7%) 1 (7.2%) 1 (6.7%)

 2 3 (16.6%) 6 (31.5%) 4 (25%) 4 (23.5%) 1 (6.2%) 2 (11.7%) 0 0

 3 1 (5.5%) 2 (10.5%) 1 (6.2%) 1 (5.8%) 1 (6.2%) 0 0 0

 4 1 (5.5%) 0 0 0 0 0 0 0

 5 1 (5.5%) 0 0 0 0 0 0 0

 6 2 (11.1%) 1 (5.2%) 0 0 0 0 0 0

DISCUSSION 

The demographic parameters of our patients are 
similar to previous studies. In our study   men 
were more significantly affected with GBS. 
Similar results were noted in Taiwan.19   GBS is 
an autoimmune disease, postulated to be caused 
by mechanism of molecular mimicry after an 
infection.20 Prior history of infection was seen 

in 68% in our study which included upper 
respiratory tract infection in 38%, diarrhea in 27% 
and non specific fever in 2%. Similar prevalence 
of infection preceding GBS has been reported 
previously from India21 and rest of the world.7,22 
The role of infections by Campylobacter Jejuni, 
Cytomagalovirus (CMV), Epstein-Barr virus 
(EBV) and Mycoplasma pneumoniae in causing 
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GBS is well established and the infective agent 
may determine the electrophysiological subtypes 
of GBS.23  In our study, we observed diabetes 
mellitus in 30% and alcohol consumption in 25% 
of patients. Though they have been proposed as 
risk factors for GBS in previous reports24,25, its 
possible associations with GBS are limited by 
the lack of a normal cohort.
 In the present study we established that AIDP 
(56.7% of all patients) was the most common 
variant of GB syndrome. Similar reports were 
noted in other studies from Malaysia (74.2 %)26, 
India (60%)27, Israel (63%)28, Pakistan (46%)29, 
Japan (36%).30 Lower proportion of AIDP have 
been described in China (24%)31 and Bangladesh 
(24%).32 The second most prevalent subtype was 
AMSAN (24.3%) in our study. Similar finding was 
also seen in Israel (15%)28, and Bangladesh (11%) 32,
whereas the Japanese had very low prevalence 
of AMSAN (1–4%).33,34 AMAN constituted 
17.5% of our patients. This prevalence is similar 
to studies from the West.15,16,28,34,36   This is  in 
contrast to China31 and other Asian countries.29,30,32 
AMAN was the commonest subtype of GBS 
reported from North China.31 The difference 
could be partly accounted by variations in the 
environmental factors, pathogenic mechanisms, 
genetic susceptibility, other triggering factors 
like different infections operating in different 
populations. The electrophysiological features 
evolve over time and may be fallacious in early 
stages of the disease. Serial recordings in a 
previous study have shown change of diagnosis 
in 24% of patients.36 This may be due to the 
fact that in early AMAN, reversible conduction 
failure mimicking demyelinating neuropathy 
can occur which may erroneously lead to the 
diagnosis of AIDP.37 These anomalies in the 
electrophysiological diagnosis may play a major 
role in false interpretation of the prevalence of 
subtypes in various regions of the world.   
 We observed that mean CSF protein levels 
were elevated in all patients with GBS  (mean 
CSF 110.6+ 12.4). The results were comparable 
with other studies by Corston et al,38, Chio  et 
al.39 and Khan.40 Several reports have attributed 
the increase in CSF protein concentration in GBS 
from the breakdown of the blood CSF barrier.41-46

Alternatively an inflammatory reaction might 
occur in the choroid plexus and disturb the 
transport processes.47-51      
 In both IVIG and plasmapheresis groups, the 
outcomes were similar in the improvement of 
muscle strength and Hughes grade, which is in 
agreement with previous reports.52,53 However 

some studies have found that in children with 
GBS on mechanical ventilator, plasmapheresis 
is better than IVIg.54

 In our study we found no difference in 
the complications between the two groups, in 
contrast to other studies where risk of infections 
and hypotension were more in plasmapheresis  
group.55-57 In our study, one patient had difficulty in 
maintaining venous access in the plasmapheresis 
group and had developed an allergic reaction. 
The use of fresh frozen plasma carries a risk 
of developing infections and allergic / immune 
reactions with increased risk of developing 
transfusion related lung injury (TRALI), acute 
respiratory distress syndrome (ARDS) and death.58 
In the present study, there was no TRALI seen. 
However, our sample size was small, and hence 
the low risk of complications in plasmapheresis 
may be by chance. 
 In our study we noted plasmapheresis group 
had a significant longer hospital stay compared 
to IVIG group. This was attributed to the hospital 
working system. Our transfusion medicine team 
preferred to start plasmaphersis in the morning 
after all the investigations were obtained and 
venous access was achieved. Hence the treatment 
usually started after 2-3 days of hospital stay, as 
compared to IVIG group. There were two patients 
in the plasmaphersis group who had other reasons 
for prolonged stay. One patient was given 8 
cycles of small volume plasmapheresis over 10 
days, and the other patient developed sepsis and 
had a prolonged hospital stay of more than one 
month.
 In the present study, mortality rate was 8.1% 
(two patients in plasmapheresis group and one 
patient in IVIG group). All the mortalities required 
ventilator support and developed sudden cardiac 
arrhythmias. Similar reports were noted from 
Iran59, and Taiwan.60 Dias-Tosta and Kuckelhaus61 

reported a mortality of 5.4% in pediatric GBS. 
However, in most studies from the West, the 
mortality rate was reported as 3%.11, 62 
 On evaluation of the cumulative cost, IVIG 
was more expensive than plasmapheresis. The 
treatment cost for IVIG was USD 4,250-5,300, 
and it was USD 2,600-4,100 for plasmaphersis, 
which was similar to the West.63, 64 This evaluation 
included the cost of the procedure, but also the 
hospital cost including the treatment for co-morbid 
infections and intensive unit care. However, IVIG 
is easier to administer and is associated with fewer 
days of hospital stay in our patients. There was no 
difference between the two groups in effectiveness 
or rate of  improvement. 
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 In conclusion, this is the first randomized 
study from India assessing efficacy and cost 
effectiveness of the two treatment groups, 
IVIG and plasmaphersis. AIDP was the most 
common subtype of GBS. Men were slightly 
more affected. CSF in most patients showed 
elevated protein. Mortality rate was 8.1%. 
Both IVIG and plasmapheresis were equally 
effective. In plasmapheresis group, although 
mean duration of hospital stay increased, both 
had similar complications. However a small 
sample size may have precluded this study from 
identifying all the complications associated with 
plasmaphersis, such as line related sepsis and 
autonomic disturbances. IVIG was more expensive 
than plasmapheresis in our study. Due to cost 
effectiveness, plasmapheresis can be a preferred 
treatment option for GBS in low socioeconomic 
countries like India. A larger study in the future 
can confirm the findings.
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