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Background: Neuromyelitis optica spectrum disorders (NMOSD) are associated with recurrent episodes of 
optic neuritis and transverse myelitis, often resulting in high attack-related disability. Therapeutic apheresis 
has been recommended as a second-line treatment for steroid-refractory NMOSD. To assess the efficacy and 
safety of two apheresis techniques, lymphoplasmapheresis (LPE) and therapeutic plasma exchange (TPE), in 
refractory NMOSD and to provide a new treatment option for patients with refractory NMOSD. 
Methods: This retrospective study examined NMOSD patients who had undergone either LPE or TPE 
treatment between January 2015 and January 2018. The patients were monitored for improvements in 
disabilities, incidences of adverse reactions, and safety of the procedure over a one-year follow-up period. 
The primary outcome measures included changes in the visual outcome scale (VOS) score, the expanded 
disability status scale (EDSS), and the annualized relapse rate (ARR). 
Results: Neurological function and objective response rates were significantly improved in 76.5% of 
patients treated with LPE and 83.3% of patients treated with TPE. There were no significant differences 
in the two treatment groups (P=0.392). Similarly, there were no differences in the reduction in the relative 
relapse rate between the two groups (P=0.494). Adverse reactions, mostly of mild or moderate intensity, were 
recorded in 9.3% of procedures in 38% of patients. The most commonly observed adverse events (AEs) were 
similar between the two treatment cohorts. 
Conclusions: Patients treated with LPE showed improved neurological function comparable to that 
reported with TPE treatment. No superiority was shown for either of the apheresis techniques.
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Introduction

Neuromyelitis optica spectrum disorders (NMOSD) are 
a heterogeneous group of autoimmune inflammation-
mediated diseases characterized by demyelination and axonal 
injury in the central nervous system. Inflammatory lesions 
mainly affect the optic nerve and spinal cord, in addition to 
a possible influence on the brain stem and cerebrum (1,2). 
Serum aquaporin-4 immunoglobulin G antibodies (AQP4-
IgG) play a significant role in the pathogenesis of NMOSD. 
Acute episodes of NMOSD are currently managed by 
high-dose intravenous methylprednisolone pulse (IVMP). 
However, in clinical practice, some patients show poor 
response to high-dose IVMP or do not tolerate long-
term administration of methylprednisolone. Refractory 
NMOSD occurs when symptoms of acute relapse persist 
after IVMP administration. Numerous studies have 
demonstrated that therapeutic plasma exchange (TPE) 
is an effective treatment in the acute phase of NMOSD  
(3-9). TPE has been recommended by the American Society 
for Apheresis (ASFA) for NMOSD patients when IVMP 
therapy is unsuccessful (10).

In addition to the pathogenetic role of B cells and humoral 
immunity, activated AQP4-specific T cells are believed to 
play a critical role in the induction of NMOSD lesions (11). 
Therefore, theoretically, extracorporeal removal of circulating 
proinflammatory molecules and activated lymphocytes might 
be a therapeutic option. Lymphoplasmapheresis (LPE) 
is a combined technique that integrates both TPE and 
lymphocytapheresis, resulting in both pathogenic antibody 
removal and immunoregulation (12). In previous studies, 
lymphocytapheresis was shown to be efficacious in the 
treatment of autoimmune disorders including psoriasis 
vulgaris and multiple sclerosis (13,14). Recently, LPE 
was reported to be effective in patients with Guillain-
Barre syndrome by directly removing immunoglobulins, 
complements,  monocytes,  and fibrinogen, as well 
as regulating lymphocyte subsets in the peripheral  
blood (15). Indeed, LPE has been performed on patients 
with refractory NMOSD in our hospital since 2015 with 
positive results. 

This study examined the application of LPE in cases 
of refractory NMOSD. To the best of our knowledge, to 
date, there have been no published reports regarding the 
feasibility, effectiveness, or adverse events (AEs) of LPE 
treatment in patients with NMOSD. The goal of this single-
center retrospective study was to investigate the treatment 
benefits and safety profile of LPE and TPE in a similar 

cohort of patients with refractory NMOSD and provide 
a reference for effective NMOSD treatment in clinical 
practice. We present the following article in accordance 
with the STROBE reporting checklist (available at  
http://dx.doi.org/10.21037/apm-21-177).

Methods 

Patients

This was a retrospective single‐center study performed 
in the Chinese People’s Liberation Army General Hospital 
(PLAGH) from January 2015 to January 2018. The medical 
records of NMOSD patients who underwent either LPE 
or TPE were reviewed. Patients with complications such as 
other neurological diseases, patients who were withdrawn 
from treatment early due to thrombosis, and patients who 
were anti-AQP4 antibody negative or intolerant to the 
intervention treatment were excluded from this analysis. 
Patients with primary NMOSD following the definition 
suggested by the 2015 International Consensus Diagnostic 
Criteria were finally enrolled into this study (16).

All acute phase patients received preoperative first-line 
IVMP therapy and demonstrated poor therapy response 
rates. Therapeutic apheresis was followed by maintenance 
treatment consisting of oral prednisone that was tapered 
accordingly with a treatment course of 5 months and 
patients were counseled to take azathioprine, mycophenolate 
mofetil or rituximab for life at standard doses to prevent a 
recurrence. The expanded disability status scale (EDSS) and 
visual outcome scale (VOS) were applied to evaluate the 
response rate of treatment. All procedures performed in this 
study involving human participants were in accordance with 
the Declaration of Helsinki (as revised in 2013). This study 
was been approved by the Ethics Committee of the People’s 
Liberation Army General Hospital. All patients provided 
signed informed consent for treatment. 

Apheresis procedures

LPE and TPE were performed through peripheral veins 
using the Fresenius COM.TEC cell separator instrument 
with version 3.0 software (Fresenius Kabi AG, Bad 
Homburg vor der Höhe, Germany). During LPE, the thin 
white cell layer containing monocytes/lymphocytes was 
separated from the whole blood by procedures that enrich 
for mononuclear cells (MNCs). TPE was performed based 
on the lymphocytapheresis procedure. Approximately 
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(2–3)×109 lymphocytes were removed per procedure. The 
treatment course for both TPE and LPE comprised of five 
procedures every other day. During a TPE session, patients 
received 1.0–1.2 plasma volume exchanges with 10% 
albumin and plasma replacement fluid. Approximately 2,000 
to 3,500 mL of plasma were removed.

Prior to therapeutic apheresis, total plasma volume (TPV) 
was calculated based on height, weight, and hematocrit 
(HCT) using the following standard formula: TPV = 0.065 
× (1 − HCT) × weight (kg). In this study, 1 to 1.5 TPV was 
removed. Replacement fluid included plasma, 10% albumin 
solution, and normal saline, wherein plasma accounted for 
70% of the volume. The selection of replacement fluid was 
based on the patient’s coagulation function. In the apheresis 
procedures, fluid balance was 100%. Acid citrate dextrose 
(ACD) solution was used as an anticoagulant, and the 
anticoagulant ratio of ACD to whole blood was 1:12 to 1:16. 
All patients received 10% intravenous calcium gluconate 
during the procedures. According to the patient’s vascular 
condition, venipuncture or central venous catheterization 
was selected. 

Efficacy of treatment

The effectiveness of the treatment was quantified using 
standardized performance scales including the visual 
outcome scale (VOS) (Table 1) and the expanded disability 
status scale (EDSS) (17). Severity of impairment in the 
optic nerve and the spinal cord was rated with a scoring 
system including VOS and EDSS 48 hours before and 
after treatment. The best corrected visual acuity (VA) for 
both the right and left eye was assessed using the Snellen 

eye test chart or the international type visual acuity chart. 
For patients with myelitis lesions, physical disability was 
assessed using the EDSS. ∆VA and ∆EDSS (defined as VA 
score and EDSS score before apheresis minus the score of 
VA and EDSS after apheresis) were compared between the 
two groups of patients.

Relapse was clinically defined as the occurrence of a new 
neurological symptom 30 days after a previous relapse and 
an increase in the EDSS score by at least 1 point (9,18). The 
annualized relapse rates (ARR = total number of relapses/
disease duration) before the start of therapy and one year 
after therapy were computed for each group. During the 
one-year follow-up, visual acuity, stepping ability, and self-
care agency were assessed to determine the frequency 
of relapse. Furthermore, ∆ARR (defined as ARR before 
apheresis minus ARR in the first year) were assessed in both 
patient cohorts. 

Safety

Safety outcomes were primarily evaluated based on the 
reports of adverse reactions and clinical laboratory tests. All 
patients accepted screening for infectious diseases, hepatitis 
B surface antigen, hepatitis C virus antibody, and human 
immunodeficiency virus antibody. Cardiac function and vein 
conditions were assessed in each patient prior to treatment. 
Blood cell count, coagulation function, electrolyte levels, 
ionized calcium levels, and albumin/globulin concentrations 
were assessed before and after treatment. Electrocardiogram 
(ECG) and blood pressure were monitored during the 
procedures. All symptoms of adverse reactions to the 
apheresis procedure were recorded by the bedside nurse and 
evaluated by the transfusion physicians. 

Statistical analysis

In this study, measurement data of normal distribution 
were expressed as mean ± standard deviation (SD), and 
independent sample t-tests were used for two-group 
comparisons, and paired t-tests were applied for within-
group comparisons. Data with non-normal distribution 
were expressed as median and interquartile range 
[M(P25,P75)]. Comparison between two groups was 
performed by Mann-Whitney U test. Wilcoxon rank-sum 
test was applied for within-group comparison. Enumerated 
data between the treatment groups were conducted by 
frequency and proportion. Statistical comparisons between 
groups for categorical variables were performed by chi-

Table 1 Visual outcome scale 

Score Snellen chart (visual acuity)

0 20/20–20/25

1 Scotoma but better than 20/30

2 Visual acuity between 20/30 and 20/59

3 Visual acuity between 20/60 and 20/199

4 Visual acuity between 20/200 and 20/800

5 Child able to count fingers only 

6 Child with light perception

7 No perception of light

8 Unknown or unable to be assessed
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square (χ2) test. All statistical tests were performed using 
SPSS 20.0 (IBM Corp., Armonk, NY, USA) and P values 
<0.05 were considered statistically significant.

Results

Clinical demographics and characteristics 

During the 3-year study period, a total of 121 patients with 
NMOSD were admitted and treated with LPE or TPE. 
There were 3 patients with autoimmune encephalitis, 2 
patients with early termination of treatment due to venous 
thrombosis, and 4 anti-AQP4 antibody-negative NMOSD 
patients, all of whom were excluded from this analysis 
(Figure 1). 

Finally, 112 eligible patients with refractory NMOSD 
were enrolled into this retrospective study, and 34 of these 
patients received LPE, while 78 patients received TPE. The 
main demographic and clinical characteristics of the two 
treatment groups are shown in Table 2. 

Eighty-two point four percent of the patients in the 
LPE cohort were female, and the median age was 29 years. 
Most patients experienced more than 2 relapses, and 50% 
of patients relapsed 3 times or more. Acute attacks of optic 
neuritis were present in 88.2% of the patients at inclusion, 
and 11.8% of patients showed simultaneous presentation of 

both optic neuritis and severe acute attack myelitis. A total 
of 6 patients presented with prodromal symptoms preceding 
an attack of NMOSD. The median intervals from onset of 
NMOSD to the time of IVMP and therapeutic apheresis 
was 7 and 28 days, respectively.

The TPE and LPE cohorts were broadly comparable in 
demographic and most clinical characteristics at inclusion 
including age of onset, gender, etiology, type of attack at 
onset, and number of relapses. Before therapeutic apheresis, 
the 34 LPE patients experienced a mean of 1.5 relapses 
per year, while the 78 TPE patients showed a mean of 1.6 
relapses (Table 3). 

Therapeutic evaluation 

The overall rate of improvement in neurological function 
was 76.5% (26 of 34 patients) at the end of LPE treatment 
and 83.3% (65 of 78 patients) at the end of TPE treatment 
(P=0.392). The rate of visual improvement was 66.7% (28 
of 42 eyes) and 71.3% (72 of 101 eyes) for the LPE group 
and the TPE group, respectively (P=0.583, Table 3).

Figure 2 shows the pre- and post-therapy visual acuities 
in 42 eyes of the 34 LPE patients and 101 eyes of the 78 
TPE patients. The visual acuity significantly improved in 
both groups. The median differences in the visual acuity 

Patients with acute course of refractory NMOSD who 

underwent either LPE or TPE between 2015 and 2018 

(n=121)

 NMOSD patients treated with LPE 

(n=34)

 NMOSD patients treated with TPE 

(n=78)

Excluded:

• the ultimate diagnosis of 

autoimmune encephalitis (n=3)

• early termination of treatment due to 

thrombosis (n=2)

• anti-AQP4 antibody-negative 

NMOSDs (n=4)

Figure 1 A flow chart showing the patient selection process. NMOSD, neuromyelitis optica spectrum disorders; LPE, 
lymphoplasmapheresis; TPE, therapeutic plasma exchange; AQP4, aquaporin-4 immunoglobulin G antibodies.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6827054/figure/brainsci-09-00267-f001/
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Table 2 The demographic and clinical characteristics of 112 patients with NMOSD

Category
Median (inter-quartile range)/n (%)

P value
Total (n=112) LPE (n=34) TPE (n=78)

Age at onset [year] 33 [23–48] 29 [22–41] 33 [24–48] 0.282

Gender, n (%) 0.188

Male 13 (11.6) 6 (17.6) 7 (9)

Female 99 (88.4) 28 (82.4) 71 (91.0)

Abnormal autoimmune antibody, n (%)

ANA 36 (32.1) 8 (23.5) 28 (35.9) 0.198

Anti-SSA/Anti-SSB 30 (13.4) 7 (10.3) 23 (14.7) 0.369

ACL/A-β2-GPI 17 (7.6) 5 (7.4) 12 (7.7) 0.930

TG/TPO-Ab 31 (13.8) 13 (19.1) 18 (11.5) 0.131

Time from onset to IVMP [day] 7 [3–11] 7 [4–15] 7 [3–10] 0.291

Time from onset to apheresis [day] 27 [18–37] 28 [21–38] 25 [17–37] 0.680

Number of relapses, n (%) 87 (77.7) 29 (85.3) 58 (74.4) 0.201

Twice 32 (28.6) 12 (35.3) 20 (27.0)

Three times and up 55 (49.1) 17 (50) 38 (48.7)

Attack phenotypes, n (%)

Optic neuritis attacks 99 (88.4) 30 (88.2) 69 (88.5)

ON + spinal cord attacks 13 (10.6) 4 (11.8) 9 (11.6)

Central venous catheter, n (%) 26 (23.2) 4 (11.7) 22 (28.2)

NMOSD etiology, n (%)

No obvious incentive 83 (74.1) 28 (82.4) 55 (70.5) 0.188

Prodromal symptoms 29 (25.9) 6 (17.6) 23 (29.5)

URI 10 2 8

Bibitory 2 1 1

PP 3 1 2

Agitation 8 1 7

Exertion 6 1 5

ANA, antinuclear antibody; ACL, anticardiolipin antibody; A-β2-GPI, anti-β2-glycoprotein I; RF, rheumatoid factor; TG, anti-thyroglobulin 
antibodies; TPO, anti-thyroid peroxidase antibodies; AQP4-Ab, aquaporin-4 antibodies; IVMP, intravenous methylprednisolone pulse; ON, 
optic neuritis; CVC, central venous catheter; NMOSD, neuromyelitis optica spectrum disorders; URI, upper respiratory; PP, post-partum. 

scores in the LPE cohort before and after treatment was 5 
[4–5] and 4 [2–5], respectively (P<0.001, Figure 2A), and 5 
[5–6] and 4 [4–5], respectively for the TPE group (P<0.001, 
Figure 2B; Table 3).

The changes in the mean EDSS scores and the ARR 
between the LPE and TPE cohorts are presented in  
Figures 3 and 4. In the LPE group, the EDSS scores 

significantly decreased from a mean of 3.4 before treatment 
to 2.9 after the last treatment (P=0.002, Figure 3A). In the 
TPE cohort, the EDSS scores also dropped significantly 
from 4.5 to 3.6 (P=0.011, Figure 3B). 

Before treatment, patients with LPE had a mean of 1.5 
relapses per year. In the first year after LPE treatment, 26 
patients remained relapse-free, and the mean ARR was 0.6 
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Table 3 Treatment efficacy in patients who received LPE and TPE 

Characteristics Total LPE TPE P value

No. of patients 112 34 78

No. of affected eyes 143 42 101

No. of patients with disability improvement (%) 91 (81.3) 26 (76.5) 65 (83.3) 0.392

No. of eyes with visual improvement (%) 100 (69.9) 28 (66.7) 72 (71.3) 0.583

No. of relapse-free patients (%) 90 (80.4) 26 (76.5) 64 (82.1) 0.494

Pre-VA vs. post-VA, (median) 5 vs. 4 5 vs. 4 5 vs. 4

Pre-EDSS vs. post-EDSS 4.2 vs. 3.4 3.4 vs. 2.9 4.5 vs. 3.6

Pre-ARR vs. post-ARR 1.58 vs. 0.3 1.5 vs. 0.6 1.6 vs. 0.2

LPE, lymphoplasmapheresis; TPE, therapeutic plasma exchange; VA, visual acuity; EDSS, expanded disability status scale; ARR, 
annualized relapse rate.

Figure 2 The visual acuity scores pre- and post-therapeutic apheresis in NMOSD patients. (A) The visual acuity scores pre- and post-
therapeutic apheresis in NMOSD patients treated with LPE. (B) The visual acuity scores pre- and post-therapeutic apheresis in NMOSD 
patients treated with TPE. (C) A comparison of the change in visual acuity scores (∆VA) in the two treatment groups. ***P<0.001. NMOSD, 
neuromyelitis optica spectrum disorders; LPE, lymphoplasmapheresis; TPE, therapeutic plasma exchange; NS, no significant difference.

Figure 3 The expanded disability status scale (EDSS) scores pre- and post-therapeutic apheresis in NMOSD patients. (A) The expanded 
disability status scale (EDSS) scores pre- and post-therapeutic apheresis in NMOSD patients treated with LPE. (B) The expanded 
disability status scale (EDSS) scores pre- and post-therapeutic apheresis in NMOSD patients treated with TPE. (C) A comparison of the 
change in the EDSS scores (∆EDSS) in the two treatment groups. ***P<0.001. NMOSD, neuromyelitis optica spectrum disorders; LPE, 
lymphoplasmapheresis; TPE, therapeutic plasma exchange; EDSS, expanded disability status scale; NS, no significant difference.
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(P<0.001, Figure 4A). In patients treated with TPE, the 
ARR decreased from 1.6 to 0.2 (P<0.001, Figure 4B), and the 
reduced ARR occurred in 74 patients (95%), 64 of whom 
were relapse-free. The primary end points of the study 
including visual acuity score, EDSS score, and ARR did 
not significantly differ between the LPE and TPE cohorts 

(P=0.421, Figure 2C; P=0.236, Figure 3C; P=0.117, Figure 4C). 

Feasibility and safety 

The overall incidence of AEs was similar in the LPE cohort 
(27/247, 10.9%) and the TPE cohort (32/388, 8.2%). 
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A total of 112 patients were treated with 635 sessions of 
therapeutic apheresis and a total of 59 (27 in the LPE group 
and 32 in the TPE group) AEs were recorded. All AEs were 
mild to moderate in severity. No patients experienced severe 
adverse reactions such as mucosal swelling (angioedema), 
dyspnea, hypoxia, or shock. As shown in Table 4, the most 
common AEs were allergic reactions (43/635, 6.8% of all 
AEs), followed by vasovagal reactions (6/635, 0.9%), citrate 
toxicity (5/635, 0.8%), catheter-related thrombosis (4/635, 
0.6%), and hematoma (1/635, 0.2%). 

Table 5 shows the changes in laboratory indicators 
before and after therapy in the 2 treatment groups. Blood 
clotting time remained within the normal laboratory 
reference range throughout the treatment period. The 
hemoglobin, platelet counts, fibrinogen levels, total protein, 
and serum albumin, as well as serum calcium levels in both 
groups decreased significantly after treatment. The LPE 
cohort had significantly lower serum albumin and platelet 

counts compared to the TPE cohort. 

Discussion

In this retrospective single-center study, 88.4% of patients 
were female and the median age at onset was 33 years (range, 
22–38 years). A total of 112 Chinese patients were treated 
with 635 sessions of therapeutic apheresis. Both LPE and 
TPE were effective in the treatment of refractory NMOSD. 
Approximately 81.3% of the patients in this report achieved 
satisfactory improvement in neurological function. 

TPE treatment can be helpful in the recovery from acute 
attacks of NMOSD (grade 1B evidence II) (10). Out of 
the 78 patients receiving TPE treatment, 83.8% showed 
disability improvement, which is broadly consistent with 
the TPE response rates detected in other reports (19-21). 
Due to cost constraints, relevant tests were not conducted 
to determine the expression of AQP4-IgG after treatment.
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Figure 4 The annualized relapse rate (ARR) pre- and post-therapeutic apheresis in NMOSD patients. (A) The annualized relapse rate (ARR) 
pre- and post-therapeutic apheresis in NMOSD patients treated with LPE. (B) The annualized relapse rate (ARR) pre- and post-therapeutic 
apheresis in NMOSD patients treated with TPE. (C) A comparison of the change in the annualized relapse rate (∆ARR) in the two treatment 
groups. ***P<0.001. ARR, annualized relapse rate; NMOSD, neuromyelitis optica spectrum disorders; LPE, lymphoplasmapheresis; TPE, 
therapeutic plasma exchange; NS, no significant difference.

Table 4 AEs by severity, type, and frequency for the 112 patients with NMOSD who were treated with LPE and TPE 

Characteristics Total LPE TPE P value

No. of patients 112 34 78

No. of procedures 635 247 388

No. of people who incurred AEs 43 19 24

Frequency and type of AEs, n (%) 59 (9.3) 27 (10.9) 32 (8.2) 0.256

Allergic reactions grade 1 43 (6.8) 18 (7.3) 25 (6.4)

Citrate toxicity grade 1–2 5 (0.8) 4 (1.6) 1 (0.3)

Hematoma grade 1 1 (0.2) 1 (0.4) 0

Catheter-related thrombosis grade 1–2 4 (0.6) 0 4 (1.0)

Vasovagal reactions grade 2 6 (0.9) 4 (1.6) 2 (0.5)

AE, adverse events; NMOSD, neuromyelitis optica spectrum disorders; LPE, lymphoplasmapheresis; TPE, therapeutic plasma exchange.
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There is a high recurrence of NMOSD and this can lead 
to progressive disability. Within 5 years of disease onset, 
half of the individuals diagnosed with neuromyelitis optica 
(NMO) will require the use of a wheelchair or become 
functionally blind (22). Therefore, prevention of relapse is 
essential. It is widely accepted that NMOSD is mediated 
by humoral-immunity and B cells can enhance humoral 
immune responses and antigen presentation, produce pro- 
and anti-inflammatory cytokines, and immunoglobulin 
generation in the NMO (23). In addition, AQP-4 antibody 
production requires the help of T lymphocytes (24). Thus, 
we speculated that LPE may partially modify the function 
of the inflammatory network or eliminate immune cell 
clones non-specifically by removing the peripheral blood 
lymphocytes. Most importantly, this study demonstrated 
that LPE might have a beneficial clinical effect in patients 
with refractory NMOSD. First, LPE improved neurological 
disability (3.4 vs. 2.9, P<0.001) and significantly reduced 
the frequency of NMOSD relapses (1.5 vs. 0.6, P<0.001). 
In this study, 26 of 34 patients (76.5%) were relapse-
free after LPE treatment, and 76.5% showed improved 
neurological function. Second, the LPE procedure was 
feasible and well tolerated, with an AE rate of 10.9%. A 
study by Kim et al. demonstrated that rituximab therapy 
resulted in a strong reduction in ARR (2.4 vs. 0.1, P<0.001) 
and EDSS score (4 vs. 3, P<0.001) with a median treatment 
period of 67 months. Of the 100 patients, 70% were relapse  
free (25). AEs were experienced by 26% of patients 
including infusion-related reactions. However, none 
required discontinuation of treatment. Another study 
by Chen et al. reported that almost 72% of patients 
treated with tacrolimus were relapse-free (26). Although 

these studies demonstrated that immunomodulatory and 
immunosuppressive agents are effective, their efficacy can 
be limited by frequent adverse effects.

The apheresis technique is a relatively safe procedure 
with a low incidence of adverse reactions. Different types of 
AEs have different predisposing factors, mainly related to 
the type and volumes of replacement fluid, anticoagulant, 
and vascular access. A total of 59 AEs occurred among 
635 procedures (9.3%) in this current report. Most AEs 
reported were of mild-to-moderate intensity and occurred 
at similar frequencies in both the TPE and LPE cohorts. 
The most commonly observed AEs were allergic reactions, 
mainly involving cutaneous symptoms. The frequency of 
allergic reactions in the LPE and TPE group was 7.3% 
(18/247) and 6.4% (25/388), respectively. Most allergic 
reactions were associated with antibody development in a 
transfusion recipient specific to the donor protein or the 
patient’s allergic constitution, such as family history of 
asthma or individual history of hypersensitivity (27). In 
addition, multiple plasma exchanges can increase the risk 
of allergic reactions. Currently, antihistamines are most 
often used in the management of allergic reactions (28). 
Appropriate normal saline and albumin replacement of 
plasma can also reduce allergic reactions. In our study, 8% 
(5/59) of all AEs presented as citrate toxicity of moderate 
intensity including paresthesia, flushed sensation, nausea, 
and/or vomiting. Approximately 0.9% (6/635) of the 
apheresis procedures resulted in vasovagal reactions, mainly 
manifesting as pallor, weakness, dizziness, diaphoresis, 
nausea and/or vomiting, hypotension, and presyncope. 
Four catheter-related thrombotic events (0.6%) occurred 
in 26 patients with indwelling central venous catheters. No 

Table 5 Changes in the laboratory indicators before and after LPE or TPE treatment

Index
LPE (n=34) TPE (n=78)

pre-LPE post-LPE pre-TPE post-TPE

HGB (g/L) 129.76±13.45 124.59±14.26b 129.37±14.42 123.64±14.85b

PLT (×109/L) 221.50±50.00 155.79±44.28b 243.82±69.60 207.56±54.28bc

FIB (g/L) 2.55±0.70 1.92±0.47b 2.60±0.76 2.00±0.39b

TP (g) 62.37±7.36 53.11±5.70b 63.69±5.93 54.31±3.46b

ALB (g) 39.90±4.14 34.10±3.52b 39.93±3.62 36.12±2.38bc

Ca (mmol/L) 2.20±0.09 2.12±0.19a 2.18±0.14 2.12±0.10 b

LPE, lymphoplasmapheresis; TPE, therapeutic plasma exchange; HGB, hemoglobin; PLT, platelet counts; FIB, fibrinogen; TP, total protein; 
ALB, serum albumin; Ca, serum calcium. a, P<0.05; b, P<0.01 compared to before treatment in the same group; c, P<0.01 compared with 
the LPE treatment group after treatment.
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complications such as infection, bleeding, pneumothorax, 
and vessel puncture, developed in relation to central venous 
catheter placement.

Lymphocyte removal involves the separation and 
collection of white blood cells enriched for MNCs from 
whole blood using centrifugation‐based techniques. 
Due to the proximity of the platelet layer to the MNCs, 
platelet depletion can be a significant clinical concern (29). 
Accordingly, patients treated with LPE showed significantly 
lower platelet counts compared with patients treated with 
TPE. This suggested that patients with low platelet counts 
require particular consideration as they may warrant 
regular monitoring for blood cell count and avoidance of 
invasive manipulation during the LPE treatment. 

The present study included several limitations. First, this 
was a single-center retrospective study with a small number 
of LPE patients enrolled. In addition, the criteria for 
LPE or TPE treatment were based on the decision of the 
attending physicians. Consequently, selection biases cannot 
be ruled out. Furthermore, the follow-up period of one 
year was relatively short and the recurrence of AEs during 
long-term follow-up remains to be examined. Second, due 
to constraints of time and cost, this study did not assess 
whether changes in B and T cell numbers, and increased 
T suppressor function mediated the improvements in 
neurological function. Further studies are warranted to 
further elucidate the mechanisms involved.

Overall, the data demonstrated that both apheresis 
techniques could efficiently alleviate disability and reduce 
relapse over a one-year period and is therefore highly 
feasible for refractory NMOSD patients. Future prospective 
randomized controlled comparative trials will be beneficial 
to provide high-quality evidence to evaluate the treatment 
efficacy of LPE and TPE in NMOSD patients. 
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