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Background: Surgery-related Guillain-Barré syndrome (GBS) is often underestimated and

sometimes difficult to diagnose. This study aimed to elucidate the clinical features and

electrophysiological subtypes of post-surgical GBS.

Methods: We retrospectively reviewed 17 patients who developed post-surgical GBS after

a recent surgery between 2015 and 2019. Clinical characteristics, electrophysiological

examinations, lumbar puncture results and prognosis were assessed. As controls, we selected

66 patients hospitalized with non-surgical GBS.

Results: The median duration from the surgery to the onset of GBS symptoms was 16.0

days. The main types of surgeries preceding GBS were orthopedic, gastrointestinal and

neurosurgery. Symmetrical distal limbs weakness was present in all 17 post-surgical GBS

patients. The incidence of respiratory failure, autonomic dysfunction and muscle atrophy in

post-surgical GBS patients was significantly higher than that in non-surgical GBS patients.

Hughes Functional Grading Scale (HFGS) scores were also higher in the post-surgical GBS

group both at the time of peak disease and 6 months after discharge. Electrophysiological

studies revealed significant motor amplitudes reduction with relative preserved nerve con-

duction velocities and distal latencies, suggesting axonal subtypes of GBS.

Conclusion: GBS should be considered in patients with rapidly progressive muscle weak-

ness after surgery. Such patients often exhibit axonal subtypes of GBS with severe motor

dysfunction, high risk of respiratory failure, and poor prognosis.

Keywords: Guillain-Barre syndrome, post-surgical GBS, surgery, electrophysiology, axonal

neuropathy

Introduction
Guillain-Barré syndrome (GBS) is an acute immune-mediated polyradiculoneuro-

pathy, characterized by flaccid paralysis, acute demyelinating changes in the per-

ipheral nervous system and albumino-cytological dissociation in the cerebrospinal

fluid (CSF).1 About two-thirds of patients have antecedent infections 6 weeks

before the onset of GBS.2 However, GBS has also been reported to be triggered

by non-infectious factors such as trauma, vaccination, autoimmune diseases, immu-

nosuppression and administration of ganglioside.3,4

Two publications from Mayo Clinic and Massachusetts General Hospital firstly

reported surgical procedures as a trigger for GBS.5,6 Since then, there have been

a large number of published case reports on GBS triggered by surgery.

Retrospective series noted that between 5% and 19% of patients with GBS had
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undergone a surgical procedure during the 6 or 8 weeks

preceding the onset of symptoms.7,8 In practice, however,

surgery-related GBS is often underestimated and some-

times difficult to diagnose. The importance of diagnosing

post-surgical GBS is appreciated because it can rapidly

progress and become life-threatening by affecting the

respiratory musculature. Thus, prompt and accurate diag-

nosis is essential for a better prognosis.

Up to present, studies describing the role of surgery in

GBS have focused on clinical factors and potential trig-

gers. Few studies have reported the clinical and electro-

physiological subtypes of post-surgical GBS. In this study,

the clinical characteristics of post-surgical GBS were

described, with emphasis placed on the electrophysiologi-

cal findings. Through our present research, we aimed to

aid clinical physicians in recognizing and diagnosing this

relatively rare cause of GBS.

Methods
Ethical Statements
The Clinical Research Ethics Committee of the Affiliated

Hospital of XuzhouMedical University approved this study

protocol. The protocols were in accordance with the

Declaration of Helsinki. Written informed consents were

acquired from all participants or their legal guardians.

Participants
This study used a case–control design and has been

approved by the institutional review board for conducting

research. Seventeen GBS patients with a recent history of

surgery were included between January 2015 and

October 2019 at the department of Neurology of the

Affiliated Hospital of Xuzhou Medical University,

Jiangsu, China. The inclusion criteria for the post-surgical

GBS patients were (1) first occurrence of GBS for a given

patient; (2) GBS symptom onset within 6 weeks of surgery;

and (3) received follow-up. Exclusion criteria included

a history of antecedent infections and prior use of intrave-

nous gangliosides (single sialic acid ganglioside, cerebro-

side peptide). For comparison, the control group consisted

of 66 patients with other causes of GBS and 30 healthy

volunteers in the same study period. All patients in this

study met the diagnostic criteria for GBS.9 Briefly, the

criteria include the presence of progressive weakness and

areflexia, relative symmetry, mild sensory involvement,

cranial nerve involvement, autonomic dysfunction. These

findings were supported by electrodiagnostic criteria and

cerebrospinal fluid (CSF) results (albumin cytological dis-

sociation). Clinical data for each patient were collected,

including basic information, surgeries, previous infections,

days to onset of symptoms, electrophysiology, cerebrosp-

inal fluid (CSF) analysis, treatment, and prognosis.

Evaluation of Clinical Severity and

Prognosis
The Hughes Functional Grading Scale (HFGS) is widely

used to evaluate the disability for GBS, ranging from 0 to

6, with higher scores indicating more severe disability.10

HFGS scores at the time of peak disease and 6 months

after discharge of all patients were evaluated and collected.

Electrophysiological Study
Nerve conduction studies (NCS) were performed on all

patients around 10–14 days after onset of clinical symp-

toms, using the standard technique. Briefly, limb tempera-

ture was maintained at > 32°C during the procedures.

During the motor NCS, we stimulated the median, ulnar,

peroneal, and tibial nerves and recorded the compound

motor action potentials (CMAP) at the abductor pollicis

brevis, abductor digiti minimi, extensor digitorum brevis,

and abductor hallucis. Data from the forearm and lower

leg segment were chosen for the analysis of the ulnar and

peroneal nerves. During the sensory NCS, we stimulated

the median, ulnar, and sural nerves and recorded the sen-

sory nerve action potential (SNAP) from the index finger,

little finger, and the lateral malleolus. CMAP amplitude,

distal motor latency, motor nerve conductive velocities

(MCVs), conduction block, sensory nerve conductive

velocities (SCVs), and sensory nerve amplitude were mea-

sured. Diagnosis of axonal or demyelinating neuropathy

was based on the electrophysiological criteria proposed by

Hadden and colleagues.11

Statistical Analysis
Data are presented as number (%), median (range), or mean

± standard deviation and they were compared between the

data of post-surgical and non-surgical patients. For quanti-

tative data, comparison between two groups was underta-

ken using the Student’s t-test. The differences in the

categorical variables were compared using the Fisher

exact test. All analyses were performed using GraphPad

Prism software (La Jolla, CA), statistical significance was

set at p < 0.05.
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Results
Demographic Characteristics and Details

of Surgeries
In 17 patients developed post-surgical GBS, there were 11

males and 6 females; The gender ratio between male and

female patients was 1.83 in our study, which showed

a male preponderance. The mean age of patients with post-

surgical GBS was 56.2 years. The median duration

between surgery and onset of GBS symptoms was 16

days (range 4–36 days). The main types of surgeries pre-

ceding GBS were orthopedic, gastrointestinal and neuro-

surgery. Details of the surgeries are included in Table 1.

Clinical Characteristics and Neuropathy

Disability Score
Table 2 contains the details of clinical presentation, CSF

findings and total neuropathy scores from 17 post-

surgical GBS patients and 66 non-surgical GBS patients.

Symmetrical weakness in the lower and upper extremi-

ties with prominent distal limbs involvement was present

in all 17 post-surgical GBS patients and 11 of them

presented muscle atrophy during hospitalization. The

frequency of respiratory weakness, autonomic dysfunc-

tion and muscle atrophy was significantly higher than

that in non-surgical GBS patients. 8 (47.1%) patients

with post-surgical GBS were transferred to intensive

care unit (ICU) for acute respiratory failure and required

mechanical ventilatory support. The incidence of acute

respiratory failure and mechanical ventilatory support in

post-surgical GBS patients was also significantly higher

than non-surgical GBS patients (P < 0.01). Three

patients with post-surgical GBS died during hospitaliza-

tion and 2 patients died after discharge. Death resulted

from ventilator-associated pneumonia, pulmonary embo-

lism and one patient died of cardiac severe bradycardia

and cardiac arrest attributable to autonomic dysfunction.

All patients in this study underwent lumbar puncture

with albumino-cytological dissociation. The mean CSF

protein content was 1.27 g/L in post-surgical GBS

patients. There was no difference in CSF protein level

between the post-surgical GBS patients and non-surgical

GBS patients (P > 0.05).

HFGS scores at the time of peak disease and 6 months

after discharge in the post-surgical GBS group were 4.0

and 2.7, respectively. These scores in the non-surgical

GBS group were 3.6 and 1.2, respectively. HFGS scores

were higher in the post-surgical GBS group than in the

non-surgical GBS group (P < 0.001).

Electrophysiological Features
Mean values of motor nerve conduction parameters in

post-surgical GBS group and health control group are

given in Figure 1. The mean CMAP amplitude in median,

ulnar, and sural nerve was significantly reduced when

Table 1 Details of the Surgeries

Surgery N (Total of n=17)

Orthopedic surgery 6 (35.3%)

Open reduction and internal fixation 3

Discectomy 1

Brachial neuroplasty 1

Knee replacement 1

Gastrointestinal surgery 5 (29.4%)

Appendectomy 2

Intussusception reduction 1

Cholecystectomy 1

Endoscopic gastric polypectomy 1

Neurosurgery 5 (29.4%)

Cranioplasty 4

Facial nerve decompression 1

Gynecologic surgery 1 (5.9%)

Cesarean section 1

Table 2 Clinical Characteristics and Neuropathy Disability Score

Post-Surgical

GBS

Non-Surgical

GBS

P value

Clinical Manifestation, n (%)

Limb weakness 17 (100.0%) 60 (90.9%) 0.337

Numbness 3 (17.6%) 50 (75.6%) < 0.001***

Facial palsy 5 (29.4%) 26 (39.4%) 0.5776

Bulbar palsy 4 (23.5%) 20 (30.3%) 0.707

Muscle atrophy 11 (64.7%) 20 (30.3%) <0.05*

Autonomic dysfunction 5 (29.4%) 18 (27.3%) <0.05*

Respiratory weakness 9 (52.9%) 16 (24.2%) <0.05*

Patients admitted to ICU 8 (12.1%) 9 (13.6%) <0.01**

Mechanical ventilation 8 (12.1%) 6 (9.09%) <0.01**

CSF Features

WBC count/mm3 4.6 ± 2.3 3.83 ± 1.5 0.208

Protein level (mg/dL) 1.27 ± 0.6 1.09 ± 0.7 0.74

Hughes Score

On admission 4.0 3.6 <0.001***

6 months after discharge 2.7 1.2 <0.001***

Notes: Data are presented as n (%) or mean ± standard deviation. Significant

differences are indicated by *P < 0.05; **P < 0.01; ***P< 0.001.

Abbreviations: GBS, Guillain-Barré syndrome; ICU, intensive care unit; CSF,

cerebrospinal fluid; WBC, white blood cells.
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compared with health control group (P < 0.001). We also

observed a slight prolonged distal latency and motor nerve

conductive velocities slowing in all extremity nerves,

although there was no significant difference between the

health control and post-surgical GBS groups. Figure 2

shows the sensory nerve conduction studies results.

SNAP amplitude in median, ulnar, and sural nerve showed

a slightly decreasing trend but with no significance, when

compared with health control group (P > 0.05). Sensory

nerve conduction velocities were relatively preserved in all

extremity nerves and these were not significantly different

from the healthy control group.

Table 3 depicts the electrophysiological subtypes of

post-surgical GBS and non-surgical GBS patients on the

basis of the electrodiagnostic criteria reported by Hadden

and colleagues. Fifteen of the 17 post-surgical GBS were

finally classified with AMAN and 2 with AMSAN. None of

these patients were classified with AIDP. All 17 post-

surgical GBS patients exhibited an axonal subtype GBS.

In contrast, among 66 non-surgical patients, 38 (57.6%) had

an axonal subtype (including 30 AMAN and 8 AMSAN).

Twenty-four (36.4%) had a demyelinating subtype (AIDP);

The other 4 patients (6.0%) only exhibited mildly abnormal

findings and were not classified. The proportion of axonal

A

B

C

Figure 1 Motor nerve conduction study results in health control and post-surgical

GBS. (A) The compound muscle action potential amplitude, (B) motor conduction

velocity, (C) distal latency of each motor nerve for the health control (grey bar) and

post-surgical GBS (black bar) groups. Data are presented as mean ± standard error of

the mean. Significant difference is indicated by ***P < 0.001.

Abbreviations: M, median nerve; U, ulnar nerve; P, peroneal nerve; T, tibial nerve.

A

B

Figure 2 Sensory nerve conduction study results in health control and post-surgical

GBS. (A) The sensory nerve action potential amplitude and (B) sensory conduction

velocity of each sensory nerve for the health control (gray bar) and post-surgical GBS

(black bar) groups. Data are presented as mean ± standard error of the mean.

Abbreviations: M, median nerve; U, ulnar nerve; S, sural nerve.

Table 3 Electrophysiological Subtypes of Post-Surgical GBS and

Non-Surgical GBS Patients

Electrophysiology Post-Surgical

GBS

Non-Surgical

GBS

P value

Axonal subtypes 17 (100%) 38 (57.6%) <0.001***

AMAN 15 30

AMSAN 2 8

Demyelinating subtypes 0 (0%) 24 (36.4%)

AIDP 0 24

Unclassified 0 (0%) 4 (6.0%)

Notes:Data are presented as n (%). Significant differences are indicated by ***P< 0.001.

Abbreviations: GBS, Guillain-Barré syndrome; AIDP, acute inflammatory demye-

linating polyneuropathy; AMAN, acute motor axonal neuropathy; AMSAN, acute

motor and sensory axonal neuropathy.
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subtype GBS in post-surgical patients was higher than that

in non-surgical patients (***P < 0.001).

Anti-Ganglioside Antibodies
In this study, anti-ganglioside antibodies were detected in

only 3 of 17 patients with post-surgical GBS. Two of them

showed seropositive for GD1a antibody and one patient

with severe muscle weakness and paresthesia showed sul-

fatide antibody positive.

Discussion
In the present study, all 17 patients had received a surgery

before the onset of GBS. The main types of surgeries pre-

ceding GBS were orthopedic, gastrointestinal and neuro-

surgery. Our results were consistent with recent French

nationwide data, which showed GBS was moderately asso-

ciated with any type of recent surgery but was more strongly

associated with bone and digestive organ surgery.12

Another large consecutive series study showed post-

surgical GBS was more common in patients with pre-

existing autoimmune disorders or active malignancies.13

However, neither autoimmune diseases nor malignancies

were found in this study. Prospective studies are still needed

to determine whether autoimmune disorder and active

malignancy can increase the risk of post-surgical GBS.

Generally, GBS is a typical post-infectious disorder and

two-thirds of adult patients report preceding symptoms of

a respiratory or gastrointestinal tract infection within 4 weeks

of onset of weakness.1 GBS is believed to be mediated by

antibodies stimulated by pathogen antigens that can crosstalk

with molecules like gangliosides in the peripheral nervous

tissue and, therefore, the immune responses cross-react with

the nerves causing axonal degeneration.14 However, the under-

lying pathophysiological mechanisms of GBS triggered by

a surgery are not well understood so far. It has been hypothe-

sized that clinical and subclinical infections secondary to the

transient immunosuppressed state after surgery, rather than the

surgery itself, induce the risk of GBS.15,16 This hypothesis is

promoted by the fact that patients with immunosuppression

caused by HIV infection or organ transplantation are asso-

ciated with more frequent development of GBS.17,18 Another

hypothesis contributing to the development of GBS after

surgery in the literature is that surgery (especially cervical,

lumbar, limbs, and brain surgeries) can cause varying degrees

of impairment of blood-nerve barrier. Destruction of this

innate protective barrier enables the entry of antigens intrao-

peratively from the blood into the nervous system, where they

can induce subsequent autoimmunization responses.19 This

may explain why orthopedic surgery and neurosurgery were

more prone to develop GBS in our present study.

About 20–30% of GBS patients have respiratory fail-

ure requiring invasive mechanical ventilation.20 In this

study, nearly half of the post-surgical GBS patients were

intubated and mechanically ventilated. The incidence of

acute respiratory failure and mechanical ventilatory sup-

port in post-surgical GBS patients was significantly higher

than non-surgical GBS patients. Thus, frequent evaluations

of pulmonary function parameters should be performed on

post-surgical GBS patients to monitor respiratory status

and the need for ventilatory assistance.

Guillain-Barré syndrome is a potentially life-threatening

disease with frequent morbidities, even with the best treat-

ment available. Mortality in GBS varies between 3% and 7%

and it doubles in patients who have been mechanically ven-

tilated for months. It may even approach 10% to 20% in

patients with severe comorbidities.20 In the post-surgical

GBS group, 3 patients died during hospitalization and 2

patients died after discharge. Death resulted from ventilator-

associated pneumonia, pulmonary embolism and one patient

died of cardiac severe bradycardia and cardiac arrest attribu-

table to autonomic dysfunction. These results indicated

marked increases in disease severity and poor prognosis of

post-surgical GBS. Therefore, when unexplained progressive

limbweakness occurs after surgery, Guillain-Barré syndrome

should be highly suspected and quick and effective measures

should be taken to reduce morbidity and improve prognosis.

All 17 post-surgical GBS patients exhibited severe motor

dysfunction, 11 patients had severe muscle atrophy, while few

of them had the symptom of paresthesia. The clinical manifes-

tations matched the acute motor axonal neuropathy (AMAN).

AMAN, also known as Chinese paralytic syndrome, is char-

acterized by the rapid progressive ascending tetraparesis, fre-

quent respiratory system involvement and ventilator

dependence, sensory nerves are rarely or only slightly

involved. It often progresses more rapidly than AIDP.21

Electrophysiological study is helpful for assigning the subtypes

of GBS. Based on the Hadden criteria,11 15 of the 17 post-

surgical GBS patients were diagnosed with AMAN and the

other 2 with AMSAN. Electrophysiological findings showed

an axonal rather than demyelinating form of neuropathy in all

post-surgical GBS patients. We systematically searched for

previous case reports of GBS in the context of surgery and

found that the axonal subtype of GBS is more common than

the demyelinating subtype.22–25 Based on current researches,

the electrodiagnosis of post-surgical GBS is supportive of

acute axonal neuropathy (AMAN and AMSAN).
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Conclusion
In conclusion, post-surgical GBS should be considered in

patients with rapidly progressive muscle weakness after sur-

gery. Corresponding measures should be immediately taken,

as in such GBS cases, patients often have severely motor

dysfunction, a high risk of respiratory failure and a poor

prognosis. Electrophysiological study reveals that damage

occurs predominantly in axons, suggesting AMAN or

AMSAN subtype of GBS.
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