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Abstract

Background and purpose: Elevated cerebrospinal fluid (CSF) total protein in patients with
acute ascending paresis is indicative of Guillain-Barré syndrome (GBS). Recent studies
showed that the outdated, but still widely used upper reference limit (URL) for CSF total
protein of 0.45 g/L leads to false-positive results, mainly as a result of lack of age-ad-
justment. The objective of this study was to assess the frequency of increased CSF total
protein in adult GBS patients according to a new age-dependent URL.

Methods: Patients with GBS treated at the Medical University of Innsbruck between
2000 and 2018 were included in this study. Demographic, clinical, electrophysiological
and CSF data were obtained from patients' medical charts. Frequency of increased CSF
total protein depending on disease duration was compared using the conventional URL of
0.45 g/L and the age-dependent URL.

Results: Ninety-seven patients with GBS aged 57 + 18 years, comprising 38% women, un-
derwent CSF sampling within a median of 6 days after symptom onset. The median CSF
total protein concentration was 0.65 g/L and correlated with disease duration. Overall,
74% of patients had elevated CSF total protein levels using the conventional URL, as
opposed to 52% applying the age-dependent URL. At 0-3, 4-7, 8-14 and >14 days after
disease onset, elevated CSF total protein was found in 46%, 84%, 78% and 100% of pa-
tients using the conventional URL, and in 32%, 53%, 65% and 64% of patients using the
age-dependent URL. In multivariate analysis, significant predictors of elevated CSF total
protein were disease duration and the demyelinating GBS variant. Similar results were
obtained for CSF/serum albumin quotient (Q, ;).

Conclusion: Fewer true-positives for CSF total protein and Q,,, must be considered in

suspected GBS, especially in the early disease course.
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INTRODUCTION

Guillain-Barré syndrome (GBS) is an acute-onset inflammatory de-
myelinating polyneuropathy that is characterized by rapidly progres-
sive, symmetrical weakness of the extremities, sensory disturbances
and, in some patients, autonomic dysfunction and respiratory in-
sufficiency. GBS is a potentially life-threatening disease and might
be difficult to diagnose in some cases [1]. Besides nerve conduc-
tion studies, lumbar puncture (LP) is recommended to rule out GBS
mimics, particularly infectious diseases, for example, those caused
by cytomegalovirus or human immunodeficiency virus [1]. The typ-
ical finding in the cerebrospinal fluid (CSF) of patients with GBS is
a combination of elevated protein levels and normal white blood
cell count, which is termed “cytoalbuminologic dissociation” [2]. The
frequency of these CSF abnormalities in GBS was investigated by
prior studies dependent on disease duration [3-5]. Although it is well
known that CSF protein levels increase with the patient's age under
physiological conditions, the applied upper reference limits (URLs)
for CSF total protein in these studies did not adjust for patient age
and are outdated [6-8]. Furthermore, reports on CSF/serum albumin
quotient (Q,,) in GBS are scarce [9] and CSF data in longitudinally
collected samples are still lacking.

The objective of the present study was to assess the frequency
of increased CSF total protein and Q,, levels in adults with GBS ac-
cording to a new age-dependent URL and disease duration, to in-
vestigate the longitudinal evolution of CSF total protein and Q_,,
and to identify predictors of elevated protein levels in a multivariate

analysis.

METHODS

A total of 105 patients with GBS who were treated at the Medical
University of Innsbruck between 2000 and 2018 were eligible for
this retrospective study. Demographic, clinical, electrophysiological
and CSF data were obtained from medical records. Patients were
included in the analysis only if the red blood cell count in CSF was
<500 per pl, in order to avoid artificially increased CSF protein lev-
els by traumatic LP [10], resulting in a total of 97 patients. All pa-
tients fulfilled the diagnostic criteria for GBS [11] or Miller-Fisher
syndrome (MFS) [12]. Patients with GBS were electrophysiologi-
cally classified according to the criteria proposed by Hadden et al.
[13]. All patients with MFS had positive serum anti-GQ1b antibod-
ies. Disability at nadir of the disease was assessed using the Hughes
Grading Scale (HGS) [14]. Disease duration was defined as the time
in days between symptom onset and LP.

Laboratory assays

Determination of CSF variables was performed for routine di-

agnostic purposes at the Neuroimmunology Laboratory of the

Department of Neurology, Medical University of Innsbruck, on the
day of LP. CSF white and red blood cells were counted in a Fuchs-
Rosenthal chamber, which has a volume of 3.2 pl [15]. Division
by 3.2 allowed reporting of cell counts per pL according to the
International System of units. CSF total protein was determined
by spectrophotometry after incubation of centrifuged CSF with
3% trichloroacetic acid [16]. Albumin and the immunoglobulins (Ig)
G, A and M in CSF and serum were measured by nephelometer
(Beckman Coulter GmbH, Brea, CA, USA) as previously reported
[17]. Q,, was calculated as the ratio of CSF albumin/serum albu-
min [15]. Intrathecal syntheses of IgG, IgM and IgA were deter-
mined by Reiber formula [18].

Reference limits for CSF total protein and Q,,

The frequency of increased CSF total protein concentration was as-
sessed using the conventional URL of 0.45 g/L [15] and a recently
published age-dependent URL [6]. This URL, which adjusts for the
patient's age (in years), was determined in a large control group com-
prising more than 6000 CSF samples using the following equation
[6]:

CSF total protein ;,, = 0.124 + 0.0284 x age - 7.08 x 10™* x age?
+8.23 x 107 x age® - 3.35 x 1078 x age®.

Frequency of elevated Q,, levels was assessed by applying the
age-dependent URL as previously published [7]:

Qb im = 0.0435 x age + 7.9249.

Statistical analysis

Statistical analysis was performed using spss 26.0 (SPSS Inc., Chicago,
IL, USA). Distribution of data was assessed by Kolmogorov-Smirnov
test and data were displayed as mean * SD, or as median and inter-
quartile range (IQR) or 5t o 95t percentile. Spearman's coefficient
was used for correlation analysis. The Kruskal-Wallis test was used
for group comparisons and Wilcoxon's test for analysis of paired
samples. To assess the longitudinal evolution of CSF total protein
and Q,, the absolute as well as the relative change was calculated,
the latter as (X /X
was employed to identify predictors of increased CSF total protein

x 100. Linear regression

FoIIow-up_XBaseIine) Baseline

and Q,,, including age, sex, HGS score, GBS variant and disease du-
ration. The dependent variables (CSF total protein and Qalb) and the
covariate disease duration were log-transformed to achieve normal

distribution. A p value < 0.05 was considered statistically significant.

Ethics

The study was approved by the Ethics Committee of the Medical
University of Innsbruck (approval number 1319/2019). Informed con-

sent was not needed because this was an anonymous retrospective
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analysis of existing data that were obtained in routine diagnostic (A) CSF total protein
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A total of 97 patients with GBS, whose mean age was 57 years and -g
who included 38% women, underwent CSF sampling within a me- g
dian (IQR) of 6 (3-12) days after symptom onset. Detailed clinical,
electrophysiological and CSF data are summarized in Table 1. 0 03 47 814 >14
Disease duration (days)
TABLE 1 Demographic, clinical, electrophysiological and
cerebrospinal fluid data of patients with Guillain-Barré syndrome ®)
Total number of patients 97 CSF total proteln
< age-dependent URL*
» 30 W > age-dependent URL*

Mean + SD age, years 57 +18 u=>

Women, n (%) 37(38) 5

GBS subtype, n (%) S 20

1
AIDP? 67 (69.1) .é
AMAN/AMSAN? 15(15.5) ;
Equivocal® 5(5.2)
MFSP 10 (10.3)

Median (range) HGS score 2 (1-5) 03 a7 8-14 >14

CSF red blood cell count, per pl 0(0-192) Disease duration (days)

CSF white blood cell count, per pl 2 (0-8)

. (C) Qalb
CSF total protein, g/L 0.65 30 < age-dependent URL*
(0.25_ > age-dependent URL*
1.85) ‘§
CSF albumin, g/L 0.37(0.15- b 20
o
1.01) -
Serum albumin, g/L 40 (27-48) —
o
Q. 9.9 (3.8- E
25.7) 4

Intrathecal 1gG synthesis, n (%) 1(1)

Intrathecal IgA synthesis, n (%) 4 (5) 0

Intrathecal IgM thesi (%) 4 (5) o ! & >

nirathecal lght synthesis, n i Disease duration (days)

Disease duration, days 6(1-29)

GM1 antibodies, n (%) FIGURE 1 Cerebrospinal fluid (CSF) total protein and CSF/
AIDP 7(11.5) serum albumin quotient (Q,,) dependent on disease duration. The
AMAN/AMSAN 8(57.) nu.mber of patients w.|th elevated CSF total Pr9tem concentration

using (A) the conventional upper reference limit (URL; 0.45 g/L)

GQ1b antibodies, n (%) and (B) the age-dependent URL, as well as the number of patients

MFS 10 (100%) with elevated Q,,, according to age-dependent URL (C) are shown

Note: Data are shown as median (5th-95th percentile), unless otherwise
specified.

Abbreviations: AIDP, acute inflammatory demyelinating
polyneuropathy; AMAN, acute motor axonal neuropathy; AMSAN,
acute motor-sensory axonal neuropathy; CSF, cerebrospinal fluid;
GBS, Guillain-Barré syndrome; HGS, Hughes Grading Scale; Ig,
immunoglobulin; MFS, Miller-Fisher syndrome; Qb CSF/serum
albumin quotient.

?Patients with GBS were classified as demyelinating variant (AIDP),
axonal variant (AMAN/AMSAN) or as “equivocal” according to the
Hadden criteria.

PAll patients with MFS were positive for anti-GQ1b antibodies in serum.

for different disease duration. *For definition of the age-dependent
URL see Methods section [Colour figure can be viewed at
wileyonlinelibrary.com]

Cerebrospinal fluid total protein

The median (5%-95" percentile) CSF total protein concentration
was 0.65 (0.25-1.85) g/L and was correlated with disease duration
(r=0.391, p < 0.001). Overall, 72 patients (74%) had elevated CSF
total protein levels using the conventional URL, whereas this number
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TABLE 2 Regression analysis identifying predictors for (a) CSF total protein and (b) CSF/serum albumin quotient
(a) CSF total protein
Ln (CSF total protein) Coefficient SE p 95% Cl
Sex -0.016 0.107 .881 -0.230 0.197
Age (years) -0.002 0.003 .538 -0.008 0.004
Disease subtype (reference: 3 = MFS)
1=AIDP 0.565 0.170 .001 0.227 0.903
2 = AMAN/AMSAN 0.396 0.206 .059 -0.015 0.807
HGS (reference: 5)
1 -0.111 0.200 .580 -0.510 0.287
2 0.044 0.174 799 -0.303 0.391
3 -0.053 0.199 791 -0.449 0.343
4 0.081 0.201 .687 -0.318 0.481
Ln (disease duration [days]) 0.207 0.062 .001 0.083 0.331
Constant -1.123 0.270 <.001 -1.660 -0.586
b)Q,,
Ln(Q,,) Coefficient SE p 95% Cl
Sex 0.124 0.133 .356 -0.142 0.391
Age (years) 0.000 0.004 978 -0.007 0.008
Disease subtype (reference: 3 = MFS)
1=AIDP 0.491 0.209 .022 0.074 0.908
2 = AMAN/AMSAN 0.333 0.263 .210 -0.193 0.859
HGS (reference: 5)
1 -0.663 0.257 .012 -1.176 -0.149
2 -0.356 0.229 124 -0.813 0.100
3 -0.403 0.263 131 -0.928 0.123
4 -0.466 0.269 .088 -1.003 0.072
Ln (disease duration [days]) 0.280 0.079 .001 0.123 0.438
Constant -5.143 0.332 <.001 -5.806 -4.479

Note: Covariates predicting (a) CSF total protein and (b) Q,, levels are shown. Statistically significant results are marked bold. CSF total protein and

Q,;, respectively (dependent variable) as well as disease duration (covariate) were logarithmized (In) to achieve normal distribution.

Abbreviations: AIDP, acute inflammatory demyelinating polyneuropathy; AMAN, acute motor axonal neuropathy; AMSAN, acute motor-sensory
axonal neuropathy; CSF, cerebrospinal fluid; HGS, Hughes Grading Scale; MFS, Miller Fisher Syndrome; Q_,,, CSF/serum albumin quotient.

was 50 patients (52%) when applying the age-dependent URL. When
LP was performed after a disease duration of 0-3, 4-7, 8-14 and
>14 days, increased CSF total protein concentrations were found in
46%, 84%, 78% and 100% of patients using the conventional URL
(Figure 1A), and in 32%, 53%, 65% and 64% of patients using the
age-dependent URL (Figure 1B). The median CSF total protein con-
centrations within these periods were 0.44, 0.65,0.80 and 0.89 g/L.

Cerebrospinal fluid/serum albumin quotient
Cerebrospinal fluid/serum albumin quotient (Q,,) was available

in 83 of 97 patients (86%). The median (5""-95™ percentile) Q,,
was 9.9 (3.8-25.7) and correlated with disease duration (r = 0.305,

p = 0.005). Overall, 38 of 83 patients (46%) showed elevated Q,,.
When LP was performed after a disease duration of 0-3, 4-7, 8-14
and >14 days, Q,, was increased in 33%, 48%, 50% and 58% of pa-
tients (Figure 1C). The median Q,,, levels within these periods were
6.7,9.9,10.3 and 11.5.

Correlation between CSF total protein and Q_,

Cerebrospinal fluid total protein significantly correlated with Q_,
(r = 0.936, p < 0.001). Concordance between elevated Q,,, and el-
evated CSF total protein occurred in 76 of 83 patients (92%) using
the age-dependent URL, but in only 58 patients (70%) using the con-
ventional URL for CSF total protein.
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Predictors of elevated CSF protein levels

Out of the 97 patients with GBS, 67 were classified as having acute
inflammatory demyelinating polyneuropathy, 15 as having acute
motor axonal neuropathy or acute motor-sensory axonal neuropa-
thy, five as being equivocal, and 10 as having MFS. In order to inves-
tigate the impact of age, sex, disease duration, HGS score and GBS
subtype on CSF total protein and Q,, levels, a linear regression was
performed (Table 2). An impact on CSF total protein and Q,, was ob-
served for disease duration; furthermore, higher values of CSF total
protein and Q,,, were found in acute inflammatory demyelinating
polyneuropathy (Figure 2). The impact of age was further assessed
by comparing the frequency of false-positive CSF total protein re-
sults between the age-dependent and conventional URLs after
adjustment for the other significant covariates: disease duration
and GBS variant (Figure 3). False-positive CSF total protein results
increased with age and were 26.6%, 37.5% and 39.5% in patients
younger than 40 years, patients aged between 40 and 60 years and
patients older than 60 years, respectively.

1,5 (A)

Adjusted CSF total protein (g/L)

Longitudinal evolution of CSF total protein and Q,,

A subset of 27 patients had a follow-up CSF sample. In these pa-
tients, the baseline sample was collected after a median (IQR) of
5 (2-7) days' disease duration and the follow-up sample after me-
dian (IQR) of 19 (8-32) days' disease duration. Using the age-de-
pendent URL, at baseline 17 patients (63%) had normal CSF total
protein. Eleven of these 17 patients (65%) showed increased CSF
total protein at follow-up, corresponding to an absolute increase
of 0.33 g/L and a relative increase of 60%. Considering the results
of both LPs, diagnostic sensitivity increased from 37% to 78%
(Figure 4A).

In 23 patients, Q,,, was also determined in a follow-up CSF
sample after a median (IQR) of 23 (11-37) days. Normal Q,, levels
were observed in 12 patients (52%) at baseline. Seven of these 12
patients (58%) showed increased Q,, at follow-up, correspond-
ing to an absolute increase of 8.5 and a relative increase of 112%
resulting in an increase in diagnostic sensitivity from 48% to 78%
(Figure 4B).

AIDP AMAN/AMSAN MFS

05| (B

20

Adjusted Qalb

=

AIDP AMAN/AMSAN MFS

FIGURE 2 Cerebrospinal fluid (CSF) total protein and CSF/serum albumin quotient (Q, ) differ between Guillain-Barré syndrome (GBS)
subtypes. (A) CSF total protein and (B) Q,, levels are shown in different GBS subtypes. As disease duration has a significant impact on CSF
total protein and Q,,, correction for its estimated impact on both variables was made. Therefore, in this plot adjusted CSF total protein
and adjusted Q,, for a fixed disease duration of 1 day are shown. AIDP, acute inflammatory demyelinating polyneuropathy; AMAN, acute
motor axonal neuropathy; AMSAN, acute motor-sensory axonal neuropathy; MFS, Miller-Fisher syndrome [Colour figure can be viewed at

wileyonlinelibrary.com]
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© True positives
True negatives
o False positives

----- Age-dependent URL
o o ° --=0.45g/L URL

W

Adjusted CSF total protein (g/L)

©

20 40 60 80
Age

FIGURE 3 False-positive cerebrospinal fluid (CSF) total protein
results increase with patients' age. CSF total protein dependent on
age and with reference to both the conventional URL of 0.45 g/L
and the age-dependent upper reference limit (URL) are shown.

As disease duration and Guillain-Barré syndrome (GBS) variant
have a significant impact on CSF total protein, correction for

their estimated impact was made. Therefore, in this plot adjusted
CSF total protein for a fixed disease duration of 1 day and for the
demyelinating GBS variant (acute inflammatory demyelinating
polyneuropathy) are shown. Q,,,, CSF/serum albumin quotient

DISCUSSION

In the present study, we showed the diagnostic sensitivities of CSF
total protein and Q,, in patients with GBS according to a new age-
dependent URL and disease duration. Furthermore, for the first
time, to the best of our knowledge, we identified predictors of el-
evated CSF protein levels in multivariate analyses and assessed pro-
tein dynamics in a subset of GBS patients followed longitudinally.

For CSF total protein, a URL of 0.45 g/L was proposed in 1938 by
Merritt and Fremont-Smith [19], frequently cited in subsequent text-
books, widely adopted by hospital laboratories (in over 85% of clini-
cal centers worldwide) [20] and quoted in clinical practice guidelines
[15]. In several studies in patients with GBS, either this reference
limit was applied to determine elevation of CSF total protein [5], or
center-specific fixed cut-off values were used up to approximately
0.6 g/L[3,4]. However, apart from a recent report [21], none of these
studies applied age-dependent URLs, although it is well known that
CSF protein levels increase with age under physiological conditions
[22-24]. We used the age-dependent URL according to two recent
studies on more than 6000 CSF samples [6,7] as well as a recent
systematic review [8].

In the present study, we reaffirm that CSF total protein depends
on disease duration in patients with GBS as described in several pre-
vious observational studies [3-5,21]. These studies using the con-
ventional URL reported a diagnostic sensitivity of CSF total protein
within the first week of disease onset of approximately 50% to 70%,
increasing to 100% after more than 2 weeks [3-5,21]. In contrast,
we observed that the use of an age-dependent URL results in lower
sensitivities: 32% within the first 3 days, and 43% within the first
week, up to a maximum of 65% after 2 weeks. Bourque et al. [21]

(R)
3,0

25

2,0

1.5

1,0

CSF total protein (g/L)

Baseline Follow-up

(B)
60

50

40

Qalb

30

20

10

Baseline Follow-up

FIGURE 4 Longitudinal evolution of cerebrospinal fluid (CSF)
total protein and CSF/serum albumin quotient (Q,,). (A) CSF total
protein and (B) Q,, significantly increased from baseline until
follow-up (Wilcoxon test: p = .002 and .006, respectively) [Colour
figure can be viewed at wileyonlinelibrary.com]

observed similar percentages, in the early disease phase, of 32% and
45%. The main benefit of using an age-dependent URL for CSF total
protein is the increase in diagnostic specificity. Using the conven-
tional limit of 0.45 g/L leads to a high rate of false-positive results
[7,8] probably contributing to misdiagnosis especially in early disease
when costly and potentially harmful treatment decisions have to be
made. Several other diseases can mimic GBS, especially disorders
affecting the neuromuscular junction, for example, Lambert-Eaton
myasthenic syndrome or botulism, which typically show normal CSF
protein levels [25-27]. In the present cohort, between 25% and 40%
of patients, depending on age, showed false-positive results, a per-
centage already previously reported [6,7]. Notably, the previous use
of fixed but higher cut-off values (eg, 0.6 g/L) also resulted in lower
sensitivity (and therefore higher diagnostic specificity), but the lack
of age-adjustment ignores the physiological changes with age and,
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furthermore, might even lead to false-negative results in young
patients.

For interpretation of Q,,, CSF guidelines indeed recommend
considering patient's age, but do not specify a certain URL [15]. We
applied an age-dependent URL that has been recently established
in a well-characterized control cohort [7]. Based on age-dependent
URL, classification of elevated levels of Q,, and CSF total protein
were concordant in the vast majority of patients, but in a substan-
tially lower proportion of patients when using the conventional
URL for CSF total protein. This underlines the higher validity of an
age-dependent URL for CSF total protein.

In addition to the cross-sectional analyses, in line with prior
studies, we included a subgroup of 27 patients with longitudinally
collected CSF samples. This allowed us to investigate CSF protein
evolution without the potential bias of unknown patient character-
istics, a confounder that might have led to earlier or later LP in the
cross-sectional approach. We found a relative increase of approx-
imately 60% for CSF total protein and 110% for Q,,, at follow-up
after a median of 19 days. This profound increase is the rationale
for repeating LP in case of diagnostic uncertainty if the initial CSF
findings are inconclusive.

Apart from the diagnostic value, previous studies attempted to
correlate CSF protein levels with GBS subtype or disease severity.
There is some evidence that CSF total protein is higher in GBS than
in MFS [3,28], that it is highest in the demyelinating GBS subtype
[28], and that CSF total protein correlates with disease severity [28].
However, all these studies obtained these results with univariate
analysis, not correcting for covariates. In the present study, we ap-
plied a multivariate linear regression and identified longer disease
duration and the demyelinating GBS subtype as significant inde-
pendent predictors of increased CSF total protein and Q_;,, whereas
age and sex had no significant impact, confirming previous findings.
Why higher CSF total protein levels are associated with demyelinat-
ing variants and with longer disease duration is unclear but probably
results from two main mechanisms: release of myelin proteins from
spinal nerve roots into the CSF due to inflammation and/or disrup-
tion of the blood-nerve barrier.

A limitation of the present analysis, similar to other studies, is
the lack of data with which to assess diagnostic specificity. This
would require a systematic hospital chart review to capture all pa-
tients in whom GBS was suspected at the time of LP and finally ex-
cluded. However, we screened 105 patients with GBS within the last
18 years. Given an incidence of GBS of approximately one to two per
100,000 inhabitants per year and the catchment area of the Medical
University of Innsbruck as a tertiary referral center of Western
Austria with approximately 700,000 inhabitants, we most likely
included the majority of GBS patients in this region. Furthermore,
demographic, main clinical characteristics including CSF and elec-
trophysiological findings were comparable to other typical GBS co-
horts in Europe [4,29].

At this point, we would like to emphasize that, even after apply-
ing URLs with higher specificity, elevated CSF protein levels (the so-
called cytoalbuminologic dissociation) can also be found in various

other conditions, such as spinal stenosis, and do not prove, but sup-
port the diagnosis of GBS in the context of typical clinical symptoms
and suitable electrophysiological findings. Furthermore, there is still
controversy regarding whether CSF total protein or Q,, should be
used to detect cytoalbuminologic dissociation. Both variables are
altered dependent on blood-CSF barrier function or CSF flow. CSF
total protein might also be influenced by several other factors includ-
ing protein concentration in blood or an intrathecal protein synthe-
sis. In contrast, albumin in the CSF is exclusively produced outside
the central nervous system and, after considering its concentration
in serum, the CSF/serum albumin quotient (Q,,) is an ideal variable
to reflect all the effects on the passage of proteins into the CSF com-
partment including diffusivity (predominantly across the blood-CSF
barrier) and CSF flow [15,30,31]. Based on these considerations,
one might argue that Q,, should be preferably used to determine
cytoalbuminologic dissociation. Nevertheless, determination of CSF
total protein is usually part of CSF emergency diagnostics, as it is a
technically simple and reproducible measurement which has been
used routinely in neurological diagnosis for the past century [30]. As
the concordance between Q,, and CSF total protein is acceptable
(>90%), CSF total protein might be used when determination of Q_,
is not available.

In conclusion, the present study highlights that CSF total protein
and Q,, have low diagnostic sensitivities for GBS, particularly in the
first week after disease onset. Realistic cut-off values for elevated
CSF protein levels are important, particularly in uncertain cases, in

which alternative diagnoses should be considered.
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