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Abstract
Background: A Swiss study recently reported surgery as a potential risk factor for developing Guillain-Barré syndrome (GBS). We sought to establish this in Finnish adult population.
Methods: Persons over 16 years of age, who received a diagnosis of GBS in 2004-2013, were identified from the patient register of Turku University Hospital and their patient records were analyzed to identify possible triggers.
Results: A cohort of 69 adult patients with GBS (63.8% men) was identified giving an annual incidence of 1.82/100,000. Of these, four (5.8%) had experienced a surgical procedure during the preceding six weeks with a relative risk of 6.28 (95% Confidence Interv
al 4.15-9.47, p<0.001) compared to the general study population or a risk of 1.25/100,000 operations. No difference between genders was found. Only two (2.9%) patients had received a vaccination [one against seasonal (p=0.888) and one against pandemic influenza (Pandemrix®, RR=2.85, 95% CI 1.27-6.38, p=0.011)] during the preceding six weeks. The most common GBS triggers identified were respiratory tract infections in 30 cases (43.5%) and gastroenteritis in 16 cases (23.2%) while two patients (2.9%) had had both.
Conclusions: The overall incidence of GBS in adult population of Southwestern Finland was similar to previous studies worldwide and the most common triggers were respiratory tract infections and gastroenteritis. Surgery was a rare risk factor and of vaccinations only the one against pandemic influenza raised the risk of GBS.

Introduction
 Guillain-Barré syndrome (GBS) is an autoimmune-mediated monophasic polyneuropathy with symptoms varying from numbness and slight weakness to quadriparesis and respiratory insufficiency. The symptoms reach their nadir within four weeks and the prognosis is usually good [1]. Mortality is up to 5% even with modern treatment [2]. The pathogenesis is still not fully understood, but cellular and humoral immune mechanisms have been implicated [3]. The most common form of GBS is the demyelinating type (AIDP). The axonal forms (AMAN and AMSAN) are associated with GM1 auto-antibodies. A variant of GBS is the syndrome involving anti-GQ1b antibodies which  may manifest for instance as Miller-Fisher syndrome[4-5].
 The incidence of GBS in Caucasian populations is 0.62-2.66/100,000 person years and rises with age [6]. In Finland (5,400,000 inhabitants) 50-100 cases are diagnosed annually [7]. Earlier studies have identified infections as a potential trigger in 2/3 of cases with Campylobacter jejuni –gastroenteritis and respiratory infections caused by Haemophilus Influenzae, Mycoplasma pneumoniae, cytomegalovirus, influenza virus and enteroviruses being the most notable [8-9]. Vaccinations have also been proposed as triggers, but studies on the subject have reported conflicting results [5].
Recently, Gensicke et al. reported [10] on a retrospective study of GBS which showed that 9.5% of patients had undergone surgery within a six-week period prior to GBS. They calculated a 13.1 fold risk compared to the normal population and an attributable risk of 4.1 cases per 100,000 operations. As the proportion of postoperative GBS in this study was markedly higher than the only other systematic study on the subject whereby 5% of cases had undergone surgery during the preceding eight weeks [11], we set out to investigate the triggers of GBS in southwestern Finland over the recent decade.

Methods
Design and data source
In order to identify patients with GBS we searched the Turku University Hospital (TYKS) Patient Discharge Register for patients 16 years of age or older with the ICD-10 diagnosis G61.0 between 1 January 2004 and 31 December 2013. This register contains information on all ward discharges and outpatient visits. TYKS is the only hospital providing acute neurological care in the Hospital District of Southwest Finland (VSSHP) with a population of  380,000 inhabitants, who are 16 years of age or older. Patients with GBS are treated only by neurologists in the district. Patient records were then reviewed in order to confirm the diagnosis and obtain study data. Patients were included in the study if they had received their diagnosis in the study period and fulfilled the slightly modified Swiss Neurological Society criteria for GBS (table 1). The same criteria were also used in the study by Gensicke et al. However, as the diseases represent a continuum and share pathogenic traits we also included patients with MSF unlike the Gensicke et al. study. Demographic data along with possible triggers during a period of six weeks preceding GBS were collected.
Population data was obtained from Statistics Finland. Data on the annual number of surgical operations in VSSHP was obtained from district registries. National Institute for Health and Welfare (THL) provided the data on the annual number of influenza vaccinations in the hospital district area, which was only available for years 2012-2013 and was used to count a mean annual vaccination coverage among the adult population. Additionally, the data covered only the vaccinations given by municipal health centers so the vaccination coverage must be considered a minimum estimate. We used our general study population as a reference to compare incidence risk ratios in post-surgical and post-vaccination groups because no information was available concerning the age-specific GBS incidence in Finland.
This study was reviewed and approved by the Clinical Research Center of TYKS.

Statistical analysis
Shapiro-Wilk and Kolmogorov-Smirnov tests were used to assess the distribution of continuous variables and, subsequently, t-test or the Mann-Whitney U-test were used as appropriate. Relative risk was calculated using Poisson regression analysis. Results were presented as Risk Ratios (RR) with 95% Confidence Intervals (95% CI). P values less than 0.05 were considered significant. The IBM SPSS Statistics, Version 22, was used for statistical analyses.

Results
Incidence and patient charasteristics
We identified 122 persons with the ICD-10 code G61.0. Review of patient charts confirmed 69 patients (36.2% women, p = 0.030) to meet the inclusion criteria. Mean annual number of new diagnoses was 6.9 with a rising trend (figure, all cases in 2009 were diagnosed before 2nd of August) and annual incidence of 1.82/100,000. The overall mean age at diagnosis was 54.5 years (SD 17.0, range 16-81) with no difference between genders (p=0.542) and 42 patients (60.9%) were at least 55 years old at the time of diagnosis whereas only 16 patients (23.2%) were 35 years old or younger. 
The majority of patients (62%) had AIDP, 17% had AMAN, 7 10% had AMSAN, 3% had MFS and 7% remained unclassifiable. Electrophysiologic studies (ENMG) had been performed on 67 patients of whom 60 (89.6%) showed findings consistent with GBS. Cerebrospinal fluid had been gathered from all patients with 51 (73.9%) showing albumin-cytological dissociation. Two patients had been tapped repeatedly with negative results. Ganglioside antibodies had been tested from 14 patients (20.3%) with 7 showing positive findings. (tables 2 and 3)

Possible triggers of GBS (table 2)
Overall, 55 patients (79.7%) were identified with a possible trigger during the six weeks preceding GBS. Altogether 49 patients (71.0%) had had an infection. (table 4) Respiratory tract infection (RTI, 29 patients, 42.0%) was the most common whereas gastrointestinal infection was second (GII, 16 patients, 23.2%). Additionally, two patients had had both a RTI and a GII. One patient had experienced an erysipelas infection of the lower extremity two weeks before the onset of GBS and one patient was diagnosed with an active yet unsymptomatic cytomegalovirus infection at the onset. Four patients (5.8%, 3 women) had undergone surgery in the six week period preceding GBS and two (2.9%, both women) had received a vaccination (table 3). None of the post-surgical patients presented with MFS.

Relative risk of surgery and vaccination as triggers
The characteristics of the post-surgical and post-vaccination patients are presented in table 5.
As all  patients with GBS, who had undergone surgery during the six week period preceding their disease, had been operated in VSSHP hospitals, we limited our study to focus on patients operated in these hospitals. During the study period, 320,000 surgical operations (rounding to the nearest 1,000 with the figure for year 2004 extrapolated due to incompleteness of data) were performed on people over 16 years of age (60.2% women). Local anesthesia was the main method of anesthesia in 24-28% of the operations, epidural or spinal anestesia in 26-33% and general anesthesia in 37-43%. Most often operated was the musculoskeletal system (28-30% of operations) with ophtalmologic operations (12-14%) and GI-tract operations (12-13%) coming up second and third. The nervous system was operated on in 6-7% of surgeries.
There was a risk of 1.25 cases of GBS per 100,000 surgeries. The risk in the six-week period after an operation was 0.21/100,000 patient weeks compared to a risk of 0.03/100,000 in the general study population (RR= 6.28, 95% CI 4.15-9.47, p<0.001). There was no difference in the risk between genders (p=0.554). The post-surgical GBS cases took place in 2004, 2010, 2011 and 2012 as the number of operations performed in the hospital districts hospitals showed a consistent decline from 39,342 operations in 2005 to 33,084 operations in 2013. No one of these patients had received tetanus or any other kind of vaccination during the six weeks preceding GBS.
During the six week period preceding GBS, one patient had received a vaccination against seasonal influenza and one against pandemic influenza A(H1N1) (Pandemrix®). The patient who received the seasonal influenza vaccination also had a bilateral pneumonia with respiratory distress leading to admission to Intensive Care Unit and respirator care 5 days before the onset of GBS symptoms in the extremities. Due to the severe respiratory distress at the outset of infection a possible respiratory muscle onset of GBS could not be excluded and the patient was analyzed in the post-vaccination category. With an annual seasonal influenza vaccination coverage of 12% in adult population, this suggests a risk of 0.22/100,000 vaccinations. The risk after a seasonal influenza vaccination was 0.04/100,000 patient weeks compared to a risk of 0.03/100,000 in the general study population meaning no effect on the risk of GBS (p=0.888). During the 2009/2010 H1N1 influenza pandemia the vaccination coverage among population over 15 years of age was 44.0%. In our study population this equals 167,000 vaccines converting to a risk of 0.60/100,000 vaccinations or 0.10/100,000 patient weeks (RR=2.85, 95% CI 1.27-6.38, p=0.011).

Discussion
	We found an over 6-fold risk of GBS after a surgical procedure when compared to the general study population, which translates to an attributable risk of 1 GBS per 80,000 surgical operations. The vaccination for the pandemic influenza H1N1 raised the risk of GBS compared to the general study population to almost 3-fold while no other vaccinations were observed to have an effect on the risk. Of all GBS cases, 5.8% could be linked with a surgical operation as a trigger compared to 2.9% identified with a vaccination as a trigger.
	Our results show a more modest effect of surgery as a risk factor of GBS when compared to the results of Gensicke et al. [10] with a 13-fold risk or 4.1 cases of GBS per 100,000 surgeries. Both studies are retrospective registry-based studies employing appraisal of patient records to verify data, with a similar number of cases and a similar six week period preceding GBS to assess possible triggers. Both studies evaluated the relative incidence of post-surgical GBS based on the number of surgical operations performed in their own hospitals due to similar reasons. The mean age at diagnosis was similar between the cohorts and in both the older age groups predominated. However, notable differences remain. Although both studies used similar diagnostic criteria of GBS, the study of Gensicke et al. excluded the six cases of MFS. Additionally, the overall incidence of GBS in our study was half that in the study of Gensicke et al. with a significant male predominance, a gender imbalance not found in the Swiss study. Furthermore, our study was limited to investigate people over 16 years of age, whereas the Swiss study included eight children. However, this is attenuated by the facts that adults are usually reported to have a higher incidence of GBS compared to children [6] and no child in the Swiss study had had a surgical operation performed during the six weeks preceding GBS. As the last difference, the most common trigger in our study was respiratory tract infection compared to gastrointestinal infection in the study of Gensicke et al. This may be explained by increased cold exposure and incidence of respiratory tract infections in Finland when compared to other countries [12].
	As no post-surgical case of GBS in our study presented with MFS the numbers are not as far from each other as first suggested. However, the aforementioned differences also suggest a possibility of distinctive pathophysiological mechanisms in these populations. The difference in the nature of incidence of infectious triggers and overall lower incidence would support this. Our results are in close keeping with the only prospective study conducted on the subject which reported a prevalence of 5% for surgery as a trigger of GBS using an eight week –period to assess the exposure [11]. Whereas that study reported a 45% incidence of antecedent illness in the surgical group, our results show no such bias. However, this might be in part due to the retrospective nature of our study.
	Our results showed no risk of GBS associated with seasonal influenza or any other standard vaccination. Previous results on the subject have been contradictory [5] but recent results have shown influenza infection to be a more potent risk factor for GBS than an influenza vaccination [8, 13]. Our cohort included only two confirmed cases of influenza infection but laboratory confirmation for this was rarely sought. Considering that our data on seasonal influenza vaccination coverage represent a minimum estimate it could be speculated that a more accurate information on the coverage would have shown the vaccinated to have less GBS than the unvaccinated population.
Albeit we found an increased risk of GBS associated with the pandemic H1N1-influenza vaccine (Pandemrix®) given during the 2009/2010 outbreak this amounts to only one case. Previously, the vaccine has been associated with GBS in Germany [14] and weakly in the United States [15]. No association has been found in studies conducted in the United Kingdom [16] and in a European multinational case-series [17] with one study from the United States reporting even a protective effect [18]. Thus, the correlation can be characterized to be unsure at best. 
	The demographic details and the proportion of major triggers in the cohort were similar to those reported previously [5] and thus the modest sample size does not seem to imply any selection bias. The strengths of the study also include the long study period, complete coverage of GBS cases in the region and the confirmation of diagnosis by review of patient records. The retrospective nature of the data means some triggers may have been overreported and some underreported. It is possible that surgical operations performed outside of district hospitals have been underreported due to this as surgery may not have been considered a risk factor for GBS in a similar manner to infections and vaccinations. Considering that both our and the Gensicke et al. study [10] used only the number of surgical operations performed in the institutions’ own hospitals to calculate the risk it seems probable that the risk ratios may be overestimated given that surgical operations are performed also elsewhere at least in our district. However, statistical data for this was not available. The increase in the number of annual diagnoses after 2008 remains unexplained. The 2009 influenza H1N1 pandemic and the vaccination campaign are unlikely culprits as the incidence peaked before their onset. 
	In conclusion, we found surgery to be a risk factor for GBS, albeit a rare one. Standard vaccinations did not increase the risk of GBS but the vaccination against pandemic influenza did, although the association was weak.
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Figure. The number of GBS cases by year in the Hospital District of Southwest Finland. The diagnosis was accepted according to the slightly modified Swiss Neurological Society criteria for GBS (table 1).


Table 1. The slightly modified Swiss Neurological Society criteria for GBS also used in the study of Gensicke et al. [10]
1. Progressive motor weakness of more than one limb with potential involvement of the trunk-muscles, bulbar and facial muscles and external ophthalmoplegia

2. Distal areflexia

3. Reaching the nadir of symptoms within 4 weeks

4. At least one of the following laboratory and electrodiagnostic criteria
i. Albumino-cytological dissociation in cerebrospinal fluid (CSF) (elevated protein, 50 or fewer mononuclear leucocytes/mm3)
ii. Electrophysiological abnormalities that represent a demyelinating affection of the peripheral nerves (prolonged distal latencies, slowed nerve conduction velocities, temporal dispersion of motor action potentials, slowed or absent F-wave responses)
iii. Elevated antiganglioside antibodies in serum or CSF (Asialo-GM1, GM1/2, GD1A/B, GQ1B)



Table 2. Demographics, clinical and diagnostical charasteristics of patients with GBS categorized by potential trigger factors
	
	Infection (all)
	RTI
	GII
	RTI+GII
	Surgery
	Vaccination
	Other or no trigger
	All patients

	No.
	49
	29
	16
	2
	4
	2
	14
	69

	%
	71.0
	42.0
	23.2
	2.9
	5.8
	2.9
	20.3
	100

	M/F
	32/17
	17/12
	12/4
	2/0
	1/3
	0/2
	11/3
	44/25

	Mean age (year)
	50.8
	44.6
	60.9
	59.0
	59.3
	69.5
	63.8
	54.5

	Mean days to onset
	12.4
	12.5
	12.6
	n.a.
	18
	14
	n.a.
	12.7

	Pathological NCSa
	

	Present no.
	44 (94%)
	26 (90%)
	14 (100%)
	2 (100%)
	4 (100%)
	1 (100%)
	11 (79%)
	60 (91%)

	Not done
	0
	0
	0
	0
	0
	1
	0
	1

	Data absent no.
	2
	0
	2
	0
	0
	0
	0
	2

	Pathological CSFa
	

	Present no.
	34 (69%)
	20 (69%)
	10 (63%)
	2 (100%)
	3 (100%)
	2 (100%)
	12 (86%)
	51 (75%)

	Not done
	0
	0
	0
	0
	0
	0
	0
	0

	Data absent no.
	0
	0
	0
	0
	1
	0
	0
	1

	Elevated Abs levelb
	

	Present no.
	6 (67%)
	5 (100%)
	1 (33%)
	0
	0
	0
	1 (50%)
	7 (50%)

	Not done
	40
	24
	13
	2
	3
	0
	12
	55

	Data absent no.
	0
	0
	0
	0
	0
	0
	0
	0



CSF, Cerebrospinal Fluid; Abs, Anti-ganglioside antibodies, GM1 antibodies were primarily tested; RTI, Respiratory Tract Infection; GII, Gastrointestinal Infection; NCS, Nerve Conduction Studies; n.a., not applicable
a According to the diagnostic criteria of GBS (Table 1)
b Higher than normal level as defined by the HUSLAB department of Virology and Immunology

Table 3. Characteristics of the patients who had been tested for antiganglioside antibodies. 
	
	AIDP
	AMAN
	AMSAN
	MFS
	ENMG-positive
	CSF-positive
	Mean duration from trigger to symptom onset (days)
	Mean duration of hospitalization (days)
	Median duration of ICU admission
	Mean mRS score at 6 months
	Number of patients treated with plasmapheresis
	Number of patients treated with IvIG
	Died during hospitalization

	Antibody-positive (N=7)
	4
	1
	0
	22
	6 (86%)
	3 (43%)
	9.0 (N=4; SD 4.2; range 4-13)
	18.0 (SD 14.1; range 8-43)
	04
	2.0 (N=5; SD 1.6; range 0-4)
	3 (43%)
	5 (71%)6
	0

	Antibody-negative (N=7)
	41
	11
	11
	01
	6 (86%)1
	6 (86%)3
	12.8 (N=4; SD 6.2; range 7-21)
	24.4 (SD 10.7; range 11-39)
	13.5 (N=4; SD 10.1; range 3-27)5
	2.8 (N=6; SD 1.7, range 1-6)
	1 (14%)
	5 (71%)
	1 (14%)


Patients were primarily tested for GM1 antibodies. Two patients with negative results were further tested for GQ1P antibodies of which another came back positive and these patients are presented according to this result.; 1ENMG was not performed on one patient; 2GM1 antibodies were negative, GQ1P antibodies positive; 3One patient had had CSF sampling performed but the results were unavailable;  4No one of the antibody-positive patients was admitted to the ICU; 5Two of these patients were readmitted to the ICU, these figures are based on the total number of days at the ICU; 6Two patients received two courses of IvIG; 

Table 4. Infections as triggers of GBS, categorized by aetiology
	Aetiology of infection
	No.

	Gastroenteritis caused by Campylobacter jejuni
	3

	Gastroenteritis caused by Norovirus
	1

	Unspecified gastroenteritis
	12

	Unspecified gastroenteritis and unspecified respiratory tract infection
	2

	Erysipelas
	1

	Infection by Cytomegalovirus, unsymptomatic
	1

	Respiratory tract infection caused by Mycoplasma pneumonia
	3

	Mononucleosis caused by Ebstein-Barr virus
	1

	Respiratory tract infection caused by enterovirus
	1

	Unspecified otitis media
	1

	Sinuitis maxillaris acuta
	2

	Pansinuitis acuta
	1

	Streptococcal tonsillitis
	1

	Unspecified acute upper respiratory tract infection
	16

	Infection by Influenza A virus
	2

	Acute bronchitis caused by Rhinovirus
	1



Table 5. Characteristics of the post-surgical and post-vaccination GBS patients
	Type of surgery / vaccination
	Gender (M/F)
	Age (year)
	Days before onset and subtype of GBS
	Month and year of onset
	Other 

	Thymectomy
	F
	60
	15, AIDP
	February 2010
	Mediastinoscopy

	Posterior fusion of lumbar spine with fixation, more than 3 vertebraea
	M
	75
	9, AIDP
	December 2012
	Re-operated the next day due to pedicle screw compressing on n. peroneus. Received 324ml of autologous, washed red blood cells (RBC) in the first surgery and 0.615 units of allogenic RBC’s in the second

	Posterior fusion of lumbar spine without fixation and decompression of lumbar nerve roots
	F
	69
	30, AIDP
	June 2011
	

	Extended vitrectomy through pars plana
	F
	33
	Unknown, AMSAN
	May 2004
	Accurate date of symptom onset not specified but within four weeks of operation. Patient has a juvenile diabetes with multiple complications

	Seasonal influenza
	F
	65
	19, AMAN
	November 2007
	A severe pneumonia 5 days before onset of polyradiculitis

	Pandemic influenza
	F
	74
	14, ENMG not done
	January 2010
	Symptoms limited to cranial nerves
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