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Abstract
Background: Surgery is a potential trigger of Guillain-Barré syndrome (GBS), a disorder which leads to an
autoimmune-mediated attack of peripheral nerves. The present study was designed to explore clinical features of
post-surgical GBS compared with those of general GBS in order to provide better clinical advice to patients
undergoing surgery.
Methods: The medical records of GBS patients who were seen at 31 tertiary hospitals in southern China between
January 1, 2013 and September 30, 2016 were retrospectively analyzed. Post-surgical GBS was defined as symptoms
of GBS within 6 weeks after surgery. Clinical features of post-surgical GBS are described and are compared with
general GBS.
Results: Among the 1001 GBS patient cases examined in this study, 45 (4.5%) patient cases exhibited symptoms of
GBS within 6 weeks of undergoing surgery. Within this group, 36 (80.0%) patients developed initial symptoms of
limb weakness. The average interval between surgery and symptom onset was 13.31 days. The most common type
of surgery which triggered GBS was orthopedic surgery, followed by neurological surgery. Compared to general
GBS, post-surgical GBS was characterized by a higher proportion of severe patients (Hughes functional grading
scale (HFGS) score ≥ 3) upon admission and at nadir, higher HFGS scores at discharge, and longer hospital stays.
Post-surgical GBS patients also had a significantly higher frequency of the acute motor axonal neuropathy subtype
(37.9 vs. 14.2, respectively; P = 0.001).
Conclusion: Surgery is probably a potential trigger factor for GBS, especially orthopedic surgery. Infections
secondary to surgery may play a role. The possibility of preceding (post-operative) infections was not excluded in
this study. Clinical presentation of post-surgical GBS is characterized by a more severe course and poorer prognosis,
and should be closely monitored.
Trial registration: chicTR-RRc-17,014,152.
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Background
Guillain-Barré syndrome (GBS) is an immune-mediated
acute polyradiculoneuropathy which is characterized by
rapidly progressive muscular weakness and hyporeflexia
or areflexia [1]. Antecedent infections 6 weeks prior to
symptom onset are present in approximately 2/3 of GBS
patients [2]. In addition, non-infectious factors such as
vaccinations, trauma, and surgery have been reported as
possible triggers of GBS. Several case reports have also
described the occurrence of GBS following cardiac
surgery, gastrointestinal surgery, neurological surgery,
orthopedic surgery, and laparoscopic prostatectomy [3–
15]. Gensicke et al. reported that the incidence of GBS
after surgery was significantly higher than for GBS triggered by infection or vaccine [16]. Thus, surgery has
been identified as a potential risk factor for GBS [17]. In
a study conducted by Li et al., all nine patients exhibited
an axonal, rather than demyelinating, form of neuropathy [18]. Moreover, Hocker et al. reported that postsurgical GBS was more common in patients with an
active malignancy [19]. Among 17 post-surgical GBS
patients and 66 non-surgical GBS patients in another
study, the former group exhibited severe motor dysfunction and poor prognosis [20]. However, previous studies
have been limited by small sample sizes. As a result, the
clinical features of post-surgical GBS are not well understood. Thus, it remains unclear whether post-surgical
GBS results in a more severe course or poorer prognosis
compared with GBS triggered by other risk factors. It is
also unclear whether patients should be more concerned
about particular types of surgery.
To date, these considerations have not been explored systematically in a large cohort of GBS
patients. Therefore, we conducted a multicenter retrospective study to explore the clinical features of postsurgical GBS and to identify those that provide an
early clinical warning or could indicate the need for
early intervention.
Methods
Patients

The medical records of consecutive patients hospitalized
with a diagnosis of GBS in 31 representative tertiary
hospitals, located in 14 provinces in southern China, between January 1, 2013 and September 30, 2016 were
retrospectively analyzed [21]. Three neurologists and 12
well-trained GBS team members at the Department of
Neurology, Renmin Hospital of Wuhan University
(Wuhan, China), were involved in the confirmation of
diagnosis for each GBS patient [21]. Details regarding
those members are described in our previous study [21].
The patients who met the established clinical criteria of
Asbury and Cornblath (1990) [22] were included in this
study. For the patients whose diagnosis was in doubt, a
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comprehensive consideration of both clinical presentation and ancillary data was made before including their
medical records for analysis. Patients who received an alternative diagnosis of weakness and those who abandoned examination and treatment within 5 days after
admission were excluded [21]. Details regarding clinical
data extraction and analysis are described in our previous study [21].
This study was approved by the Ethics Committee of
Renmin Hospital of Wuhan University. The need for informed consent was waived.
Variables

Clinical data that were collected included patient age,
gender, antecedent infections, history of diabetes mellitus and hypertension, initial symptoms, Hughes functional grading scale (HFGS) score upon admission, time
between surgery and symptom onset, type of surgery,
cerebrospinal fluid, HFGS score at nadir, duration of
hospitalization, HFGS score at discharge, requirement
for mechanical ventilation, modality, electrodiagnostic
subtypes, and treatment. Electrodiagnostic criteria proposed by Hughes [23] (see online Supplementary Table)
were used to define GBS subtypes in patients with available electrophysiological data. Post-surgical GBS was defined as symptoms of GBS within 6 weeks after surgery.
Clinical features of post-surgical GBS were recorded
and compared with clinical features of GBS without recent surgery.
Evaluation of disease severity and short-term prognosis

HFGS score [24], a widely accepted scale of disability for
GBS, was applied. This scale includes: grade 0, healthy;
grade 1, minor signs or symptoms of neuropathy but
capable of manual work; grade 2, able to walk without
support of a stick but incapable of manual work; grade
3, able to walk with a stick, appliance, or support; grade
4, confined to bed or chair bound; grade 5, requiring
assisted ventilation; grade 6, death due to GBS. A severe
form of disease was defined as an HFGS score above or
equal to 3 upon admission or at nadir, while a good
short-term prognosis was defined as an HFGS score less
than 3 at discharge.
Statistical analysis

Statistical analysis was performed by using SPSS V.25.0
software (IBM, West Grove, PA, USA). Categorical data
were reported as proportions. Continuous data exhibiting a normal distribution were presented as mean ±
standard deviation (SD) and were analyzed with
Student’s t-test. Continuous data not exhibiting normal
distribution were reported as median and interquartile
range (IQR) values and were analyzed with the MannWhitney U-test or the Wilcoxon signed rank test. Chi-
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square and Fisher exact tests were used to determine
whether differences in proportions were significant. Pvalues less than 0.05 were considered significant.

Results
The medical records of 1001 GBS patients were examined in this retrospective study. These cases involved
601 males and 400 females with a mean age of 51.48 y.
Forty-five (4.5%) patients exhibited symptoms of GBS
within 6 weeks of undergoing surgery and were identified as having post-surgical GBS.
Characteristics of post-surgical GBS patients

Demographic characteristics and clinical features of the
post-surgical GBS patients (n = 45) are presented in
Table 1. This group consisted of 19 females (42.2%) and
26 males (57.8%) with a mean age of 53.93 ± 12.86 y

(range: 24–79). The average interval between surgery
and symptom onset was 13.31 d (range: 1–40). For 67%
of these patients, symptoms of GBS appeared within
2 weeks after surgery (Fig. 1). In 36 (80.0%) patients, initial symptoms of motor weakness were observed, while
12 (25.2%) patients developed initial symptoms of sensory change. There were 11 (24.4%) patients with a history of hypertension and 4 (8.9%) patients with a history
of diabetes mellitus. Lumbar puncture was performed
for 31 patients, among which 23 patients presented
albumino-cytological dissociation. According to electrophysiological criteria, patients were diagnosed with acute
inflammatory demyelinating polyneuropathy (AIDP)
(n = 21), acute motor axonal neuropathy (AMAN) (n =
11), acute motor sensory axonal neuropathy (AMSAN)
(n = 2), equivocal results (n = 3), and 1 was normal.
HFGS score was determined to assess clinical severity

Table 1 Demographic characteristics and clinical features of the post-surgical GBS and general GBS patients examined in this study
Parameters

GBS without recent surgery (n = 956)

GBS after surgery (n = 45)

Two-tailed
P-value

Patient age (mean, y)

51.37 ± 15.85

53.93 ± 12.86

0.285

Male, n (%)

575 (60.1)

26 (57.8)

0.751

Diabetes mellitus, n (%)

72 (7.5)

4 (8.9)

0.962

Hypertension, n (%)

241 (25.2)

11 (24.4)

0.908

Motor weakness

729 (76.3)

36 (80.0)

0.563

Sensory change

402 (42.1)

12 (25.2)

0.041

≥3

608 (63.6)

37 (82.2)

0.011

<3

348 (36.4)

8 (17.8)

≥3

692 (72.4)

41 (91.1)

<3

Initial symptoms, n (%)

HFGS score upon admission, n (%)

HFGS score at nadir, n (%)
0.006

264 (27.6)

4 (8.9)

Hospital stay (d)

15 (11–20)

21 (14–26)

HFGS score at discharge (g)

2 (1–3)

3 (2–4)

0.001

Mechanical ventilation (MV), n (%)

91 (9.5)

4 (8.9)

1.000
0.276

0.000

Deaths during hospital stay, n (%)

6 (0.6)

1 (2.2)

Lumbar puncture

757

31

Mean protein concentration (g/L)

1.18 ± 0.86

0.99 ± 0.71

0.346

Albumin-cytologic dissociations, n (%)

611 (80.7)

23 (74.2)

0.370

Electrodiagnostic subtypes, n (%)

691

29

AIDP

339 (49.1)

12 (41.4)

0.418

AMAN

98 (14.2)

11 (37.9)

0.001

AMSAN

21

2

0.236

IVIg

407 (42.6)

18 (40.0)

0.733

Plasmapheresis

41 (4.3)

1 (2.2)

0.768

Treatment, n (%)

AIDP acute inflammatory demyelinating polyneuropathy, AMAN acute motor axonal neuropathy, AMSAN acute motor sensory axonal neuropathy, GBS GuillainBarré syndrome, HFGS Hughes Functional Grading Scale, IVIg intravenous immunoglobulin. Statistically significant results are shown in bold
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Table 2 Categories of the surgeries performed (n = 45)
Type of surgery

n (%)

Orthopedic surgery

21 (46.7)

Fracture
Lumbar intervertebral disc

6

Lumbar stenosis

1

Lumbar spondylolisthesis

1

Cervical internal disc herniation

1

Hemangioma of the phalanx

1

Foot injury

1

Bone graft

1

Neurological surgery

Fig. 1 A bar graph of the interval between surgery and
GBS symptoms

and prognosis. The proportion of severe patients (HFGS
score ≥ 3) upon admission, or at nadir, was 82.2 and
91.1%, respectively. The average HFGS score at discharge was 2.78 (Table 1). All of the patients were
treated actively after admission. Eighteen patients were
treated with intravenous immunoglobulin, 10 with
glucocorticoid, 15 with a combination of intravenous
immunoglobulin and glucocorticoid, 1 with plasmapheresis, and 1 with a combination of glucocorticoid and
plasmapheresis.

9

8 (17.8)

Subdural hematoma

2

Hydrocephalus

2

Meningioma

1

Hypophysoma

1

Cerebral aneurysm

1

Trifacial neuralgia

1

Ophthalmic surgery
Glaucoma

4 (8.9)
1

Retinal detachment

1

Conjunctival melanoma

1

Ocular trauma

1

Gastrointestinal surgery

4 (8.9)

Gastric polyps

1

Esophageal carcinoma

1

Appendicitis

1

Cholecystitis

1

Cesarean delivery

3 (6.7)

Artificial abortion

1(2.2)

Coronary bypass surgery

2(4.4)

Categories of surgeries

Thoracic surgery

1(2.2)

Details of the surgeries performed are presented in
Table 2. The most common type of surgery triggering
GBS was orthopedic surgery, with a proportion of 46.7%.
This was followed by neurological surgery (17.8%), ophthalmic surgery and gastrointestinal surgery (8.9%),
cesarean delivery (6.7%), coronary bypass surgery (4.4%),
and artificial abortion, thoracic surgery, and vocal cord
polyp resection (2.2%).

Vocal cord polyp resection

1(2.2)

Comparison of disease severity and prognosis between
GBS patients with and without surgery

(3 vs. 2, respectively; P = 0.001) and longer hospital stays
(21 d vs. 15 d, respectively; P = 0.000) were observed.
The post-surgical GBS patients also had a significantly
higher frequency of the AMAN subtype (37.9 vs. 14.2,
respectively; P = 0.001), yet a significantly lower frequency of developing initial symptoms of sensory change
(25.2 vs. 42.1, respectively; P = 0.041). There were no significant differences between the other variables.

Compared with GBS patients without recent surgery, patients developing GBS after surgery were characterized
by a higher proportion of severe patients (HFGS ≥3)
upon admission (82.2 vs. 63.6, respectively; P = 0.011)
and at nadir (91.1 vs. 72.4, respectively; P = 0.006)
(Table 1). In addition, a higher HFGS score at discharge

Discussion
In this multicenter retrospective study of 1001 GBS patients, it was observed that surgery, especially orthopedic
surgery, was probably an important preceding event of
GBS. Furthermore, post-surgical GBS presented a more
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severe course and poorer prognosis compared with GBS
triggered by other risk factors. Thus, surgery probably
represents a risk factor for GBS which should not be
overlooked.
Previous studies have reported the occurrence of postsurgical GBS to be 9.1% [19], 6.6% [25], 19.4% [26], 5.8%
[27], and 9.5% [16]. In the present study, the rate of
post-surgical GBS among 1001 patients was 4.5%. This
lower rate may be due to the small sample size of previous studies. It has also been observed that post-surgical
GBS exhibits a male preponderance, with a gender ratio
of 3.5 between male and female patients Error! Reference source not found.. However, no gender differences
were observed in the present study compared with general GBS patients. Regarding the effect of age on morbidity, disagreement arose when post-surgical GBS was
compared with general GBS. A literature review revealed
that post-surgical GBS occurs mostly between the ages
of 50 and 70 years [17]. In contrast, Sejvar et al. reported
two peaks in cases of general GBS, with the first among
young adults (20–30 y) and a second peak among the
elderly (> 60 y) [28]. In the present study, the mean age
of our post-surgical GBS patients was 53.93 y, and there
was no age difference with the general GBS patients.
Thus, it remains unclear whether older individuals are
more likely to develop GBS after surgery. It is possible
that the age distribution for post-surgery GBS compared
to that for general GBS may not be meaningful unless it
is adjusted for the distribution of ages for all surgical patients at the same time. It is also possible that the population more likely to undergo surgery (> 50 y) may
influence the findings.
Surgical operations can cause immunosuppression in
the post-operative period. The degree or duration of immunosuppression is often determined by the magnitude
of the initial surgical insult [29]. An immunosuppressive
effect has been found to be strongest on the third day
after surgery, and it subsequently recovered between
days 7 and 10 [17]. These observations are consistent
with the manifestation of GBS symptoms within 2 weeks
after surgery in 67% of our cohort. In addition, 36 out of
45 (80.0%) post-surgical GBS patients in the present
study initially presented with limb weakness. Therefore,
patients who exhibit unexplainable symptoms of symmetrical limb weakness within 2 weeks after surgery
should be closely monitored for GBS.
Orthopedic surgery was the most common type of
surgery which triggered GBS, followed by neurological
surgery. The latter surgeries are prone to causing neurologic complications, including spinal cord ischemia,
spinal cord hemorrhage, cauda equina syndrome, direct
injury to nerves, and epidural abscesses [17]. Clinical
manifestation and required physical examination or
imaging data can be used to determine a diagnosis. We
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validated a post-surgical GBS diagnosis for each of the
cases examined here. Furthermore, each of these cases
presented typical clinical manifestations and signs of
GBS.
To date, the underlying pathogenesis of post-surgical
GBS is not fully understood. There are several mechanisms which have been proposed. For example, a sensitizing mechanism involving release of antigens and
subsequent antigen autoimmunity due to surgery may
contribute to the development of GBS [30]. Immunosuppression induced by surgery may result in
autoantibody-mediated attacks of peripheral nerves
during the post-operative period. Correspondingly,
post-surgical patients have an elevated risk of infection
due to immunosuppression. For example, a previous
study reported that 42.8% of post-surgical GBS patients
developed infections [26]. Endocrine stress systems may
also be activated by surgery, resulting in hypersecretion
of adrenocorticotropic hormone and imbalance of the
immune system [17, 31–33]. Surgical trauma/traction,
tourniquet pressure, and malposition of the patient
which apply pressure to nerves can also increase susceptibility to nerve damage. Local trauma to nerves can
potentially create conditions for interactions between
the immune system and myelin, which can further trigger a cascade of immunologic events. During surgery,
various instruments and devices, such as retractors, can
compress nerves directly [34]. Instruments and devices
are used more often in orthopedic surgery, and this
could explain why this type of surgery is more prone to
triggering GBS. Furthermore, administration of epidural
anesthesia before surgery, particularly for orthopedic
and neurological surgeries can also potentially induce
breakdown of the blood-brain barrier. Compromise of
this barrier could allow central immunogenic factors to
enter the peripheral nervous system; although these
factors may only mediate a weak immunopathogenic effect on the peripheral nervous system. The latter hypothesis is consistent with the lower incidence of GBS
triggered by orthopedic or neurological surgeries.
AIDP and AMAN are two important subtypes of GBS.
In a previous study, 15/17 post-surgical GBS patients
were diagnosed with AMAN, while the remaining two
with AMSAN [20]. In the present study, the postsurgical GBS patients exhibited a significantly higher frequency of the AMAN subtype and a significantly lower
frequency of developing initial symptoms of sensory
change compared with the GBS patients without recent
surgery. These results indicate that post-surgical GBS
patients are more likely to experience axonal damage.
However, as a retrospective study, sufficient electrophysiological data were not available for all of the postsurgical GBS patients. Thus, further studies are needed
to more completely characterize the electrophysiological
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features of post-surgical patients. It has also been observed that patients with the AMAN subtype frequently
have serum antibodies against GM1a, GM1b, GD1a, and
GalNAc-GD1a gangliosides [1, 2]. Such antibodies that
target ganglioside complexes can promote complement
activation and induce peripheral nerve injury [2]. In the
present study, information regarding serum antibodies
against GM1a, GM1b, GD1a, and GalNAc-GD1a gangliosides was lacking in most of the post-surgical GBS
cases. Thus, additional studies also need to confirm the
distribution of anti-ganglioside antibodies in postsurgical patients.
Post-surgical GBS patients can manifest severe
motor dysfunction, they have a high risk of respiratory failure, and they often receive a poor prognosis
[20]. Correspondingly, our results revealed higher
HFGS scores, independent of their collection upon
admission, at nadir, or at discharge, in post-surgical
GBS patients. These scores indicate remarkable increases in disease severity and adverse short-term
outcomes, and may be explained as follows. Patients
with an axonal form of GBS presented more severe
clinical courses and poorer prognosis compared to
patients with the demyelinating form of GBS. For
these patients, stress and traumas induced by surgery
were additional setbacks to recovery from disease.
Furthermore, we found no significant between-group
differences in terms of mechanical ventilation and
death during their hospital stay. Possible bias exists
that patient functioning after surgery may influence
GBS disability scores. For some patients undergoing
surgery, physical ability is limited. It is not easy to affirm whether the severity of limb weakness was purely
related to GBS.
There were limitations associated with the present
study. First, as a retrospective study, the total number of
surgical cases during the time period examined was not
available. These data could have served as a denominator
for the incidence of post-surgical GBS. Second, information was also not available regarding patient functioning
after surgery. These data are needed in future studies
and could be helpful in evaluating GBS disability scores.
Third, information regarding long-term follow-up of
post-surgical GBS patients was lacking. Fourth, information regarding complications of surgery, especially in regard to infection, is important. These data could provide
further insight into the underlying pathogenesis of postsurgical GBS. Complications may also influence the
functional status of a patient and disease severity. In the
present study, details regarding the surgeries performed
were lacking. However, despite these limitations, a notable strength of the present study was the large sample
size of this multi-center study. This aspect guaranteed
the reliability of our observations.
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Conclusions
The results of the present study indicate that surgery is
probably a potential trigger factor for GBS, especially
orthopedic surgery. In addition, the clinical presentation
of post-surgical GBS was characterized by a more severe
course and a poorer short-term prognosis. These patients mainly exhibited weakness symptoms within
2 weeks after surgery. Consequently, when postoperative
patients report unexplained progressive muscle weakness, GBS should be noted. If confirmed, appropriate
treatment should be provided to alleviate symptoms as
soon as possible. If necessary, physicians should transfer
patients with GBS to an intensive care unit. An early
diagnosis can help initiate appropriate treatment and potentially improve patient prognosis.
Abbreviations
GBS: Guillain-Barré syndrome; HFGS: Hughes Functional Grading Scale;
AIDP: Acute inflammatory demyelinating polyneuropathy; AMAN: Acute
motor axonal neuropathy; AMSAN: Acute motor sensory axonal neuropathy;
SD: Standard deviation
Acknowledgements
Not applicable.
Authors’ contributions
QG contributed to the study design. QG, SL, YL, JY, and XF contributed to
data collection and analysis. QG wrote the manuscript. ZL and ZX reviewed
the manuscript. All authors read and approved the final manuscript.
Funding
This work was supported by grants from the Wuhan Science and
Technology Bureau scientific research project (2015060101010047). The
sponsors played no role in the study design, data collection, and analysis, or
decision to submit the article for publication.
Availability of data and materials
The datasets generated and/or analyzed during the current study are not
publicly available due to institutional restrictions (http://www.gov.cn/
gongbao/content/2017/content_5227817.htm). The corresponding author
has permissions to access the raw data and the datasets are available from
the corresponding author on reasonable request.
Ethics approval and consent to participate
This retrospective study was approved by the ethics committee of the
Renmin hospital of Wuhan University, Wuhan, china. The informed consent
was waived.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Received: 12 October 2020 Accepted: 20 January 2021

References
1. van den Berg B, Walgaard C, Drenthen J, Fokke C, Jacobs BC, van Doorn PA.
Guillain-Barré syndrome: pathogenesis, diagnosis, treatment and prognosis.
Nat Rev Neurol. 2014;10:469–82. https://doi.org/10.1038/nrneurol.2014.121.
2. Willison HJ, Jacobs BC, van Doorn PA. Guillain-Barré syndrome. Lancet. 2016;
388:717–27. https://doi.org/10.1016/s0140-6736(16)00339-1.
3. Sahai N, Hwang KS, Emami A. Guillain-Barré syndrome following elective
spine surgery. Eur Spine J. 2017;26:6–8. https://doi.org/10.1007/s00586-0164577-2.

Gong et al. BMC Neurology

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

(2021) 21:40

Chen EY, Stratton C, Mercer B, Hohler A, Tannoury TY, Tannoury C. GuillainBarré syndrome after elective spinal surgery. J Am Acad Orthop Surg. 2017;
25:587–93. https://doi.org/10.5435/jaaos-d-16-00572.
Rashid A, Kurra S, Lavelle W. Guillain-Barré syndrome after revision lumbar
surgery: a case report. Cureus. 2017;9:e1393. https://doi.org/10.7759/cureus.
1393.
Battaglia F, Sevy A, Moyse E, Roche PH. Guillain-Barré syndrome following
severe head trauma and spine surgery. Rev Neurol (Paris). 2013;169:166–8.
https://doi.org/10.1016/j.neurol.2012.04.010.
Dowling JR, Dowling TJ Jr. A rare axonal variant of Guillain-Barré syndrome
following elective spinal surgery. Case Rep Orthop. 2018;2018:2384969.
https://doi.org/10.1155/2018/2384969.
Hekmat M, Ghaderi H, Foroughi M, Mirjafari SA. Guillain-Barré syndrome
after coronary artery bypass graft surgery: a case report. Acta Med Iran.
2016;54:76–8.
Raut MS, Hanjoora VM, Chishti MA, Tewari R. Guillain-Barré syndrome after
cardiac surgery: diagnostic dilemma. Gen Thorac Cardiovasc Surg. 2019;67:
1087–8. https://doi.org/10.1007/s11748-018-1002-2.
Hendawi T, Zavatsky JM. Guillain-Barré syndrome after pelvic fracture
fixation: a rare cause of postoperative paralysis. Spine (Phila Pa 1976). 2015;
40:E372–4. https://doi.org/10.1097/brs.0000000000000779.
Chouillard E, Fingerhut A. Guillain-Barré syndrome following
oesophagectomy. ANZ J Surg. 2004;74:915–6. https://doi.org/10.1111/j.14451433.2004.03198.x.
Papantoni E, Sakorafas GH, Zouros E, Peros G. Guillain-Barré syndrome
following total gastrectomy/esophagectomy: a very rare and dramatic postoperative complication with a favourable outcome. ANZ J Surg. 2010;80:858.
https://doi.org/10.1111/j.1445-2197.2010.05516.x.
Puertas-Muñoz I, Miranda-Lloret P, Lagares A, Ramos-González A. GuillainBarré syndrome following resection of glioblastoma multiforme. Rev Neurol.
2004;39:1137–9.
Foubert-Samier A, Penchet G, Yekhlef F, Lemasson G, Sibon I. Guillain-Barré
syndrome secondary to cranial surgery: direct or fortuitous relationship?
Neurochirurgie. 2005;51:604–6. https://doi.org/10.1016/s0028-3770(05)83637-9.
Shakuri-Rad J, Gavin PW, Todd SP, Tran TT, Christensen CR, Shockley KF,
et al. Guillain-Barré syndrome after robotically assisted laparoscopic
prostatectomy: first case report. Urol Case Rep. 2015;3:44–6. https://doi.org/
10.1016/j.eucr.2015.01.004.
Gensicke H, Datta AN, Dill P, Schindler C, Fischer D. Increased incidence of
Guillain-Barré syndrome after surgery. Eur J Neurol. 2012;19:1239–44. https://
doi.org/10.1111/j.1468-1331.2012.03730.x.
Zhong YX, Lu GF, Chen XL, Cao F. Postoperative Guillain-Barré syndrome, a
neurologic complication that must not be overlooked: a literature review.
World Neurosurg. 2019;128:347–53. https://doi.org/10.1016/j.wneu.2019.04.
239.
Li X, Xiao J, Ding Y, Xu J, Li C, He Y, et al. Clinical and electrophysiological
features of post-traumatic Guillain-Barré syndrome. BMC Neurol. 2017;17:142.
https://doi.org/10.1186/s12883-017-0919-x.
Hocker S, Nagarajan E, Rubin M, Wijdicks EFM. Clinical factors associated
with Guillain-Barré syndrome following surgery. Neurol Clin Pract. 2018;8:
201–6. https://doi.org/10.1212/cpj.0000000000000451.
Bao L, Chen X, Li Q, Zhang R, Shi H, Cui G. Surgery and Guillain-Barré
syndrome: a single-center retrospective study focused on clinical and
electrophysiological subtypes. Neuropsychiatr Dis Treat. 2020;16:969–74.
https://doi.org/10.2147/ndt.S241128.
Liu S, Xiao Z, Lou M, Ji F, Shao B, Dai H, et al. Guillain-Barré syndrome in
southern China: retrospective analysis of hospitalised patients from 14
provinces in the area south of the Huaihe River. J Neurol Neurosurg
Psychiatry. 2018;89:618–26. https://doi.org/10.1136/jnnp-2017-316930.
Asbury AK, Cornblath DR. Assessment of current diagnostic criteria for
Guillain-Barré syndrome. Ann Neurol. 1990;27(Suppl):S21–4. https://doi.org/
10.1002/ana.410270707.
Hughes RA, Cornblath DR. Guillain-Barré syndrome. Lancet. 2005;366:1653–
66. https://doi.org/10.1016/s0140-6736(05)67665-9.
Hughes RA, Newsom-Davis JM, Perkin GD, Pierce JM. Controlled trial
prednisolone in acute polyneuropathy. Lancet. 1978;2:750–3. https://doi.org/
10.1016/s0140-6736(78)92644-2.
Boucquey D, Sindic CJ, Lamy M, Delmée M, Tomasi JP, Laterre EC. Clinical
and serological studies in a series of 45 patients with Guillain-Barré
syndrome. J Neurol Sci. 1991;104:56–63. https://doi.org/10.1016/0022510x(91)90216-t.

Page 7 of 7

26. Yang B, Lian Y, Liu Y, Wu BY, Duan RS. A retrospective analysis of possible
triggers of Guillain-Barré syndrome. J Neuroimmunol. 2016;293:17–21.
27. Sipilä JO, Soilu-Hänninen M. The incidence and triggers of adult-onset
Guillain-Barré syndrome in southwestern Finland 2004-2013. Eur J Neurol.
2015;22:292–8. https://doi.org/10.1111/ene.12565.
28. Sejvar JJ, Baughman AL, Wise M, Morgan OW. Population incidence of
Guillain-Barré syndrome: a systematic review and meta-analysis.
Neuroepidemiology. 2011;36:123–33. https://doi.org/10.1159/000324710.
29. Hogan BV, Peter MB, Shenoy HG, Horgan K, Hughes TA. Surgery induced
immunosuppression. Surgeon. 2011;9:38–43. https://doi.org/10.1016/j.surge.
2010.07.011.
30. Steiner I, Argov Z, Cahan C, Abramsky O. Guillain-Barré syndrome after
epidural anesthesia: direct nerve root damage may trigger disease.
Neurology. 1985;35:1473–5. https://doi.org/10.1212/wnl.35.10.1473.
31. Arnason BG, Asbury AK. Idiopathic polyneuritis after surgery. Arch Neurol.
1968;18:500–7. https://doi.org/10.1001/archneur.1968.00470350058005.
32. Staff NP, Engelstad J, Klein CJ, Amrami KK, Spinner RJ, Dyck PJ, et al. Postsurgical inflammatory neuropathy. Brain. 2010;133:2866–80. https://doi.org/
10.1093/brain/awq252.
33. Vucic S, Kiernan MC, Cornblath DR. Guillain-Barré syndrome: an update. J
Clin Neurosci. 2009;16:733–41. https://doi.org/10.1016/j.jocn.2008.08.033.
34. Bamberger PD, Thys DM. Guillain-Barré syndrome in a patient with
pancreatic cancer after an epidural-general anesthetic. Anesth Analg. 2005;
100:1197–9. https://doi.org/10.1213/01.Ane.0000144826.77316.Ed.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

