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Abstract

Background Albuminocytologic dissociation in cerebrospinal fluid (CSF) is a diagnostic hallmark of Guillain—Barré syn-
drome (GBS). Compared to CSF total protein (TP), the CSF/serum albumin quotient (Qalb) has the advantage of method-
independent reference ranges. Whether the diagnostic yield differs between Qalb and CSF-TP is currently unknown.
Methods We retrospectively analyzed the diagnostic yield (i.e., a value above the URL indicating blood—nerve barrier
dysfunction) of Qalb and CSF-TP levels in patients with GBS. We evaluated two different equations (Reiber’s and Hegen’s)
for age-adjusted URLs of Qalb and compared results to CSF-TP using the standard URL of 0.45 g/L as well as age-adjusted
URLs (by decade of age). Additionally, multivariable logistic regression analysis was used to assess the effect of clinical
factors on the diagnostic yield.

Results We analyzed 110 patients [62% males; median age 48 (IQR 35-58)] with sensorimotor (68), motor (16), sensory
(12) and localized (8) GBS as well as Miller Fisher syndrome (6).

Qalb and CSF-TP were highly correlated (r=0.95, p <0.001). The diagnostic yield of Qalb was 65% with Reiber’s and 47%
with Hegen’s age-adjusted URLs compared to 66% with the fixed CSF-TP URL of 0.45 g/L. and 49% with age-adjusted CSF-
TP URLs. A longer duration from clinical onset to lumbar puncture was associated with a higher diagnostic yield.
Conclusion Qalb strongly correlates with CSF-TP in patients with GBS with a similar diagnostic yield for the detection of a
blood—nerve barrier dysfunction. However, the diagnostic yield of both values is lower when using more recent age-adjusted
URLSs and at earlier timepoints.
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CSF Cerebrospinal fluid The Guillain—Barré syndrome (GBS) is an acute immune-
CSF-TP  CSF total protein mediated neuropathy with a range of clinical subtypes [1].
GBS Guillain—Barré syndrome Diagnostic criteria, such as the Brighton criteria [2] for
IQR Interquartile range classical GBS, focus on the typical clinical presentation in
MEFS Miller Fisher syndrome conjunction with electrophysiological results as well as the
MRC Medical Research Council presence of an albuminocytologic dissociation in the cer-
OR Odds ratio ebrospinal fluid (CSF). The latter has been a hallmark of
Qalb CSF/serum albumin quotient GBS since its first description, as it reflects disruption of
URL(s) Upper reference limit (s) the blood—CSF barrier due to nerve inflammation [3, 4].

However, inflammation in GBS is variable between patients

and elevated protein levels are not found in all cases. Albu-

minocytologic dissociation was reported to range between

54 Jakob Rath 44 and 81% and depends on the timing of lumbar puncture
jakob.rath@meduniwien.ac.at (LP) with lower numbers early in the disease course [5—10].
Additionally, patients with less common, localized variants
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or with Miller Fisher syndrome have lower rates of albumi-
nocytologic dissociation [6-8, 10].

Moreover, protein levels in the CSF have been shown to
be age-dependent [11] and sensitivity of total protein (TP)
for the detection of albuminocytologic dissociation is fur-
ther reduced when age-adjusted values are used [9]. Whether
using CSF/serum albumin quotients (Qalb) increases the
diagnostic yield in comparison to CSF-TP level is currently
unknown. The benefits of Qalb are the method-independent
reference range allowing comparison between laboratories,
its independence from intrathecal protein synthesis and the
correction for plasma albumin concentration [3].

In this study, we retrospectively analyzed CSF results in a
cohort of clinically well-characterized patients with different
GBS subtypes.

The aims of the study were to investigate

e whether using Qalb increases diagnostic yield (i.e., a
value above the URL indicating blood—nerve barrier
dysfunction) in comparison to CSF-TP

e by comparing two different equations for age-adjusted
upper reference limits (URLs) for Qalb and

e to evaluate clinical factors that may have an effect on the
diagnostic yield of Qalb and CSF-TP.

Methods
Patients

We retrospectively examined clinical data of adult patients
with GBS who were treated at the Department of Neurol-
ogy of the Medical University of Vienna between January
2000 and December 2019. The study was approved by the
ethics committee of the Medical University of Vienna (EK
Nr. 1927/2016). The requirement to obtain patient consent
was waived for this retrospective study.

Patient data

We extracted clinical data from patient charts and grouped
patients clinically into sensorimotor or pure motor classi-
cal GBS, pure sensory GBS and localized variants (phar-
yngeal—cervical-brachial variants and bilateral facial palsy
with paresthesia) as well as Miller Fisher syndrome (includ-
ing incomplete forms; patients with limb weakness were
classified as classical GBS). We retrospectively calculated
the Medical Research Council (MRC) sum score at admis-
sion from patient charts. The score ranges from 0 (indicating
complete paralysis) to 60 (normal strength) points. Nerve
conduction studies were analyzed according to Rajabally’s
criteria [12]. Ganglioside antibodies were measured in sera

of patients using enzyme-linked immunosorbent assays
(ELISAs).

CSF samples

All CSF samples were obtained during routine evaluation in
patients with clinically confirmed GBS and the analysis was
carried out in the central laboratory of the Medical Univer-
sity of Vienna at the same day. We analyzed Qalb (Albqg/

Alb,,,,,,) with age-adjusted URL (Qalbx 10~) as previously
suggested by Reiber [13]:
Age
Ib=4+—.
Q 15

Additionally, we calculated reference values for the 95th
percentile of Qalb using the more recent age-adjusted equa-
tion by Hegen and colleagues (age X 0.0435 +7.9249) in the
suggested rounded version [14]:

=2 g
Qa = g + 5.

CSF-TP levels were analyzed with a standard fixed cut-off
of 0.45 g/L and with age-adjusted URL (97.5th percentile)
for each decade of age based on the large cohort of McCud-
den et al. [15] and described in Bourque et al. [11], which are
roughly similar to other recent suggested reference intervals
[14, 16]. Age-adjusted URLSs by decade are: 18—29 years:
0.49 g/L; 30-39 years: 0.55 g/L; 40-49 years: 0.58 g/L;
50-59 years: 0.6 g/L; 60-69 years: 0.64 g/L; 70-79 years:
0.68 g/L. For the single patient above 79 years, the reference
range of patients aged 70—79 was used given the limited data
in this age group.

Statistical analysis

SPSS 26 software package (IBM Corp. Released 2019.
IBM SPSS Statistics for Macintosh, Version 26.0. Armonk,
NY: IBM Corp), R version 4.02 (R Core Team, 2020. R:
A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria) and
R Studio version 1.3.959 (RStudio Team, 2020. RStudio:
Integrated Development for R. RStudio, PBC, Boston, MA)
were used for statistical analysis.

Median values between GBS subtypes were compared
with SPSS’s independent-samples median test. Pearson cor-
relation coefficients were calculated between Qalb, CSF-TP
and time from symptom onset to LP after removal of outli-
ers (values above the third quartile plus 2.2 times the IQR).
Correlation coefficients were interpreted as low (r<0.35),
moderate (r 0.36—0.67) or high (> 0.68) correlation [17].
Dichotomous outcomes of Qalb and CSF-TP (i.e., value
above the URL) were analyzed using multivariate logistic
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regression with sex and GBS subtype as categorical covari-
ates and age at onset, MRC sum score at admission as well
as time from symptom onset to LP as continuous covariates
including all two-way interactions. p <0.05 was considered
statistically significant.

Results

We retrospectively investigated 129 adult patients with
the diagnosis of an acute immune-mediated neuropathy
between 2000 and 2019. We excluded 3 patients because
no lumbar puncture (LP) was performed in-house, 1 patient

because no LP was available within the first 30 days after
clinical onset, 4 patients because of macroscopic visible
artificial blood contamination due to traumatic LP and 11
patients because albumin was not measured in CSF. The
remaining 110 patients [62% males, median age 48 (IQR
35-58)] were subsequently analyzed. Patients were clini-
cally classified as sensorimotor (68), motor (16), sensory
(12) and localized (8) GBS as well as Miller Fisher syn-
drome (6). The MRC sum score at baseline was 54 (IQR
46-60). Baseline characteristics are shown in Table 1.

Table 1 Clinical characteristics

N=110

Sex
Median age (IQR; range)
GBS subtype
Classic sensorimotor
Classic pure motor
Pure sensory
Miller Fisher syndrome
Localized variant
Preceding infection
Gastrointestinal
Respiratory
Other
NCS (Rajabally’s criteria)
Demyelinating
Axonal
Equivocal
Normal

IgG antibodies against gangliosides

GM 1

GQIlb
Median creatinine level (IQR)
Median TSH (IQR)

Median MRC sum score at admission (IQR)

GBS disability scale at nadir
1

AN L AW

68 (62%) males, 42 (38%) females
48 (35-58; 20-84)

62% (68/110)
15% (16/110)
11% (12/110)
5% (6/110)
7% (8/110)

32% (35/110)
16% (17/110)
14% (15/110)

25% (27/107)
23% (25/107)
40% (43/107)
11% (12/107)

14% (9/64)

11% (6/56)*

0.88 mg/dL (0.74—1-03)
1.66 ulU/mL (1.24-2.35)
54 (46-60)

18% (20/110)
40% (44/110)
10% (11/110)
22% (24/110)
10% (11/110)
0

Clinical characteristics of the 110 patients with GBS included in the analysis. The GBS disability scale
is shown for clinical severity at disease nadir and ranges from O to 6 with higher scores indicating more
severe disease at nadir. The MRC sum score was calculated at admission and ranges from 0 to 60 with
lower values indicating more severe paresis

IQR denotes interquartile range, MRC Medical Research Council and NCS nerve conduction study. * Anti-
GQI1b antibodies were observed in four patients with MFS, 1 patient with MFS/ GBS overlap and 1 patient

with a regional variant
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CSF results

The median time from clinical onset to LP was 5 days (IQR
3-10, range 0-30 days).

All patients had cell counts below 50 cells/uL (median of
2 cells/uL; IQR 1-4, range 0-28) as required by the Brighton
criteria [2].

Albumin quotients and CSF total protein levels
The median Qalb was 9.3 (IQR 5.6-14.3; range 2.1-118.1)

and median total protein levels were 0.58 g/L (IQR
0.39-0.87; range 0.14—4.78) with a high linear correlation

between the two variables (r=0.95, 95% CI 0.93-0.97;
p<0.001; Fig. Ic). A moderate correlation was found
between time from symptom onset to LP and both Qalb
(r=0.41, 95% CI 0.23-0.55; p<0.001) and CSF-TP
(r=0.37,95% CI 0.19-0.52; p <0.001). Figure 1a shows
a scatter plot with fitted regression lines and 95% confi-
dence intervals of individual Qalb values versus time from
symptom onset to LP according to GBS subgroups and
Fig. 1b provides the same for CSF-TP.

There was no statistically significant difference between
GBS subgroups for Qalb (p=0.75) and CSF-TP values
(p=0.054). Table 2 shows results of albumin quotients and
total protein levels according to GBS subgroups.

A + Sensorimotor GBS Miller Fisher syndrome B + Sensorimotor GBS Miller Fisher syndrome
4 Pure motor GBS = Localized variant 4 Pure motor GBS = Localized variant
Pure sensory GBS Pure sensory GBS
+ +
+
30 + +
A + -
T + i 15 .
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<] >
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Time from clinical onset to lumbar puncture in days Time from clinical onset to lumbar puncture in days
Cc + Sensorimotor GBS Miller Fisher syndrome D ¥ Value above the upper reference limit
4 Pure motor GBS = Localized variant m Value within the reference range
Pure sensory GBS Qalb (Reiber's eq.) Qalb (Hegen's eq.)
+
30
k=
2
°
&
_§ week 1(n=65) week 2 (n=29) week 3/4 (n=16) week 1(n=65) week 2 (n=29) week 3/4 (n=16)
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€ 0.45 g/L TP URL age-adjusted TP URL
=
8
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%]
O
CSF total protein in g/L week 1 (n=65) week 2 (1=29) week 3/4 (n=16) week 1(n=65) week 2 (n=29) week 3/4 (n=16)

Fig. 1 Albumin quotient and total protein in CSF. Scatterplots in
A-C show results of CSF evaluations of each individual patient with
removed outliers (values above the third quartile+2.2XIQR). Fit-
ted regression lines with 95% confidence interval are displayed and
GBS subtypes are depicted as differently colored shapes. a Scatter
plot of CSF/serum albumin quotient and time from symptom onset
to lumbar puncture in days. b Scatter plot of CSF total protein and
time from symptom onset to lumbar puncture in days. ¢ Scatter plot

of CSF/serum albumin quotient and CSF total protein. d Bar plots
show relative percentages of patients with values above the upper
reference limits according to time of lumbar puncture from symp-
tom onset grouped by weeks. The upper half shows results for CSF/
serum albumin quotients (Qalb) with reference limits according to
Reiber’s equation [13] and Hegen’s equation [14]. The lower half
shows results for CSF total protein (TP) using a upper reference limit
of 0.45 g/L and age-adjusted reference limits (by decade of age) [15]
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Table 2 Diagnostic yield of Qalb and CSF-TP

All patients (n=110) SM-GBS (n=68) M-GBS (n=16) S-GBS (n=12) MFS (n=6) Loc-GBS (n=8)
Median time from onset to 5 (3-10) 5(3-9.75) 5(2-10.25) 6.5 (3-17) 3 (2-5) 4 (1.25-10.75)
LP (IQR)
Median cell count (cells/ 2 (1-4) 3(24) 2 (1-5) 2 (1-5) 2 (1-3) 2 (1-6)
uL) (IQR)
Median Qalb (IQR) 9.3 (5.6-14.3) 103 (6.3-16.6) 7.7 (4.2-16.8) 89 (4.7-13.3) 4.3 (3.7-5.7) 9.3(3.9-124)
Above age-adjusted 65% 72% 56% 58% 0% 75%
URL (Reiber’s equation [1])
Above age-adjusted 47% 50% 44% 50% 0% 63%
URL (Hegen'’s equation [2])
Median CSF-TP g/L IQR)  0.58 (0.39-0.87) 0.61 (0.44-0.97) 0.48 (0.30-1.09) 0.61 (0.40-0.83) 0.32(0.27-0.38) 0.59 (0.29-0.71)
Above 0.45 g/ 66% 72% 63% 67% 0% 63%
Above age-adjusted 49% 54% 38% 50% 0% 63%
limit (by decade of age
[3,4D

Qalb and CSF-TP levels are shown as well as the rate of patients with values above the upper reference limits. CSF cerebral spinal fluid, GBS
Guillain—Barre syndrome, IQR interquartile range, LP lumbar puncture, M motor, MFS Miller Fisher syndrome, loc localized, SM sensorimotor,

CSF-TP CSF total protein, URL upper reference limit

Diagnostic yield

The diagnostic yield (i.e., a value above the URL) was 65%
(71/110 patients) with Reiber’s equation for age-adjusted
URLs of Qalb and 47% (52/110) with Hegen’s equation.
For CSF-TP, the diagnostic yield was 66% (72/110) using
the fixed URL of 0.45 g/L and 49% (51/110) using the age-
adjusted URLs. 45% (49/110) of patients had CSF-TP and
Qalb values above all 4 analyzed URLs and 32% (35/110)
had consistently values within the normal range. Table 2
shows results according to GBS subgroups.

The multivariate logistic regression model showed that
only time from symptom onset to LP had a significant
adjusted effect on the diagnostic yield. Specifically, the esti-
mated odds ratios (referring to an increase of the variable
time from symptom onset to LP per day) for a value above the
URL (vs. a value within the normal range) were 1.22 with
Reiber’s equation (95% CI 1.07-1.38, p=0.003), 1.11 with
Hegen’s equation (95% CI 1.03-1.20, p=0.003), 1.63 for
a CSF-TP URL of 0.45 g/L (95% CI 1.17-2.28, p=0.004)
and 1.09 for age-adjusted CSF-TP URLs (95% CI 1.02-1.17,
p=0.014). No significant adjusted effects were found for
age at onset, sex, MRC sum score at admission and GBS
subgroups. Of note, all six patients with MFS had Qalb and
CSF-TP values within the normal range but all had their LP
done within the first 5 days after clinical onset.

Discussion
In this study, we retrospectively investigated the diagnostic

yield (i.e., a value above the URL indicating blood-nerve
barrier dysfunction) of Qalb compared to CSF-TP in patients

@ Springer

with GBS. The main finding was that Qalb highly correlated
with CSF-TP and had a similar diagnostic yield. The latter
was, however, lower for both values at earlier timepoints and
when using more recent age-adjusted URLs.

To our knowledge, no previous study investigated Qalb
in patients with GBS in comparison to CSF-TP. With regard
to the detection of a blood—nerve barrier dysfunction in
patients with GBS, we found no clear superiority of Qalb
compared to CSF-TP as demonstrated by the high number
of patients with concordant findings regardless of the used
URL (77%). Nevertheless, given the high correlation of Qalb
and CSF-TP, it might be preferable to use Qalb in scientific
settings—e.g., in multicenter studies—due to its laboratory-
independent URLs that facilitate pooling of data, respec-
tively, comparison between sites [3].

The diagnostic yield of Qalb and TP was lower with more
recently suggested age-adjusted URLs. For CSF-TP, this has
already been recently shown in a large cohort of patients
with classical sensorimotor GBS in a Canadian study, where
age-adjusted reference limits led to a markedly lower propor-
tion of patients with albuminocytologic dissociation com-
pared to the conventional fixed cut-off of 0.45 g/L, especially
in the first week after clinical onset [9]. While age-adjusted
URLSs [14-16] will lead to increased specificity, the reduced
sensitivity for the detection of an albuminocytologic dis-
sociation in GBS needs to be taken into account in clinical
practice.

As expected, we found that the time from clinical onset
to LP correlated, albeit moderately, with CSF-TP and Qalb.
A value above the URL in the first week was found in only
a third to a half of patients depending on the measure and
URL. Beyond 2 weeks, the vast majority of patients had
elevated values, which is in line with other reports [5, 9, 18].
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Qalb and CSF-TP values did not differ significantly
between GBS subgroups, but levels in pure motor GBS
were numerically lower compared to sensorimotor GBS.
Indeed, this was also reported in a recent study that
showed higher CSF-TP levels in primary demyelinating
compared to axonal subtypes or MFS [10]. The interpreta-
tion of lower levels of Qalb and CSF-TP in MFS patients
in our study is limited by the low number of patients, all of
which had LP within the first 5 days; however, our median
CSF-TP are in line with the reported levels of CSF-TP
in the first week in an Asian cohort of MFS patients [8].
Interestingly, patients with pure sensory GBS and local-
ized variants had roughly similar Qalb and CSF-TP levels
as those with sensorimotor GBS but the small samples
again limited the interpretation; furthermore, a selection
bias is likely, since patients with isolated clinical findings
are more likely diagnosed with GBS variants in the pres-
ence of an albuminocytologic dissociation.

Limitations of this study are the retrospective nature and
non-standardized CSF collection.

Furthermore, no information was available on which pro-
portion of the CSF was used for analysis which could have
influenced CSF measurements since a previous study showed
that protein concentrations decrease between the first (0—4th)
milliliters and the last (21st—24th) milliliters [19]. However,
standard CSF collection practice at our institution is to take
approximately 10—12 ml of CSF partitioned into 4-5 sterile
tubes and analysis is usually carried out using one of the first
3 tubes. Moreover, patient positioning during the LP might
have influenced protein but could not be considered due to
the retrospective nature of this study [20-22]. Finally, we
were not able not evaluate performance measures such as
specificity or ROC curves of CSF-TP or Qalb because of the
absence of a control group (e.g., GBS mimics).

In conclusion, we found that Qalb correlates well with
CSF-TP in patients with GBS and has a similar diagnos-
tic yield regarding the detection of a blood-nerve barrier
dysfunction. However, the diagnostic yield for both values
is lower at earlier timepoints and when using more recent
age-adjusted URLs.

Author contributions JR, BS and FZ contributed to the study concep-
tion and design. JR, AG, HC, MK, GZ and FZ contributed to the acqui-
sition of data. JR, BS, GZ and FZ analyzed and interpreted the data.
JR and BS conducted the statistical analyses. JR and FZ were involved
in writing the manuscript. JR, MK, HC, AG, GZ and FZ reviewed and
revised the manuscript.

Funding Open access funding provided by Medical University of
Vienna. This study received no specific Grant from any funding agency.

Data availability Data can be made available from the correspond-
ing author upon reasonable request and after approval from the ethics
review board at the Medical University of Vienna.

Compliance with ethical standards

Conflicts of interest No relevant conflicts of interest to disclose related
to the article.

Ethical approval This study was approved by the ethics committee at
the Medical University of Vienna (EK Nr. 1927/2016). The require-
ment to obtain patient consent was waived for this retrospective study.

Consent to participate All authors read and approved the final manu-
script.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Leonhard SE, Mandarakas MR, Gondim FAA et al (2019) Diag-
nosis and management of Guillain-Barré syndrome in ten steps.
Nat Rev Neurol 15:671-683. https://doi.org/10.1038/s4158
2-019-0250-9

2. Sejvar JJ, Kohl KS, Gidudu J et al (2011) Guillain-Barré syndrome
and Fisher syndrome: case definitions and guidelines for collec-
tion, analysis, and presentation of immunization safety data. Vac-
cine 29:599-612. https://doi.org/10.1016/j.vaccine.2010.06.003

3. Deisenhammer F, Bartos A, Egg R et al (2006) Guidelines on
routine cerebrospinal fluid analysis. Report from an EFNS
task force. Eur J Neurol 13:913-922. https://doi.org/10.111
1/j.1468-1331.2006.01493.x

4. Reiber H (1995) External quality assessment in clinical neuro-
chemistry: survey of analysis for cerebrospinal fluid (CSF) pro-
teins based on CSF/serum quotients. Clin Chem 41:256-263

5. Fokke C, van den Berg B, Drenthen J et al (2014) Diagnosis of
Guillain-Barre syndrome and validation of Brighton criteria.
Brain 137:33-43. https://doi.org/10.1093/brain/awt285

6. Lyu RK, Tang LM, Cheng SY et al (1997) Guillain-Barré syn-
drome in Taiwan: a clinical study of 167 patients. J Neurol
Neurosurg Psychiatry 63:494-500. https://doi.org/10.1136/
jnnp.63.4.494

7. Wong AH, Umapathi T, Nishimoto Y et al (2015) Cytoalbumino-
logic dissociation in Asian patients with Guillain-Barré and Miller
Fisher syndromes. In: J. Peripher. Nerv. Syst. JPNS. https://pubme
d.ncbi.nlm.nih.gov/25640907/. Accessed 18 Sep 2020

8. Nishimoto Y, Odaka M, Hirata K, Yuki N (2004) Usefulness of
anti-GQ1b IgG antibody testing in Fisher syndrome compared
with cerebrospinal fluid examination. J Neuroimmunol 148:200—
205. https://doi.org/10.1016/j.jneuroim.2003.11.017

9. Bourque PR, Brooks J, McCudden CR et al (2019) Age matters:
Impact of data-driven CSF protein upper reference limits in Guil-
lain-Barré syndrome. Neurol Neuroimmunol Neuroinflammation
6:€576. https://doi.org/10.1212/NXI1.0000000000000576

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/s41582-019-0250-9
https://doi.org/10.1038/s41582-019-0250-9
https://doi.org/10.1016/j.vaccine.2010.06.003
https://doi.org/10.1111/j.1468-1331.2006.01493.x
https://doi.org/10.1111/j.1468-1331.2006.01493.x
https://doi.org/10.1093/brain/awt285
https://doi.org/10.1136/jnnp.63.4.494
https://doi.org/10.1136/jnnp.63.4.494
https://pubmed.ncbi.nlm.nih.gov/25640907/
https://pubmed.ncbi.nlm.nih.gov/25640907/
https://doi.org/10.1016/j.jneuroim.2003.11.017
https://doi.org/10.1212/NXI.0000000000000576

3300

Journal of Neurology (2021) 268:3294-3300

10.

11.

12.

13.

14.

15.

16.

Bourque PR, Brooks J, Warman-Chardon J, Breiner A (2020) Cer-
ebrospinal fluid total protein in Guillain-Barré syndrome variants:
correlations with clinical category, severity, and electrophysiol-
ogy. J] Neurol 267:746-751. https://doi.org/10.1007/s00415-019-
09634-0

Bourque PR, Breiner A, Moher D et al (2019) Adult CSF total
protein: higher upper reference limits should be considered world-
wide. A web-based survey. J Neurol Sci 396:48-51. https://doi.
org/10.1016/j.jns.2018.10.033

Rajabally YA, Durand M-C, Mitchell J et al (2015) Electrophysi-
ological diagnosis of Guillain-Barré syndrome subtype: could a
single study suffice? J Neurol Neurosurg Psychiatry 86:115-119.
https://doi.org/10.1136/jnnp-2014-307815

Reiber H, Peter JB (2001) Cerebrospinal fluid analysis: disease-
related data patterns and evaluation programs. J Neurol Sci
184:101-122. https://doi.org/10.1016/s0022-510x(00)00501-3
Hegen H, Auer M, Zeileis A, Deisenhammer F (2016) Upper
reference limits for cerebrospinal fluid total protein and albumin
quotient based on a large cohort of control patients: implications
for increased clinical specificity. Clin Chem Lab Med 54:285-292.
https://doi.org/10.1515/cclm-2015-0253

McCudden CR, Brooks J, Figurado P, Bourque PR (2017) Cer-
ebrospinal fluid total protein reference intervals derived from
20 years of patient data. Clin Chem 63:1856-1865. https://doi.
org/10.1373/clinchem.2017.278267

Breiner A, Moher D, Brooks J et al (2019) Adult CSF total protein
upper reference limits should be age-partitioned and significantly

@ Springer

17.

18.

19.

20.

21.

22.

higher than 0.45 g/L: a systematic review. J Neurol 266:616-624.
https://doi.org/10.1007/s00415-018-09174-z

Taylor R (1990) Interpretation of the correlation coefficient:
a basic review. J Diagn Med Sonogr 6:35-39. https://doi.
org/10.1177/875647939000600106

Wong AHY, Umapathi T, Nishimoto Y et al (2015) Cytoalbumi-
nologic dissociation in Asian patients with Guillain-Barré and
Miller Fisher syndromes. J Peripher Nerv Syst JPNS 20:47-51.
https://doi.org/10.1111/jns.12104

Blennow K, Fredman P, Wallin A et al (1993) Protein analyses
in cerebrospinal fluid. I. Influence of concentration gradients for
proteins on cerebrospinal fluid/serum albumin ratio. Eur Neurol
33:126-128. https://doi.org/10.1159/000116918

Kornhuber J, Kaiserauer CH, Kornhuber AW, Kornhuber ME
(1987) Alcohol consumption and blood-cerebrospinal fluid bar-
rier dysfunction in man. Neurosci Lett 79:218-222. https://doi.
org/10.1016/0304-3940(87)90700-2

Nystrom E, Hamberger A, Lindstedt G et al (1997) Cerebrospinal
fluid proteins in subclinical and overt hypothyroidism. Acta Neu-
rol Scand 95:311-314. https://doi.org/10.1111/j.1600-0404.1997.
tb00216.x

Seyfert S, Kunzmann V, Schwertfeger N et al (2002) Determinants
of lumbar CSF protein concentration. J Neurol 249:1021-1026.
https://doi.org/10.1007/s00415-002-0777-2


https://doi.org/10.1007/s00415-019-09634-0
https://doi.org/10.1007/s00415-019-09634-0
https://doi.org/10.1016/j.jns.2018.10.033
https://doi.org/10.1016/j.jns.2018.10.033
https://doi.org/10.1136/jnnp-2014-307815
https://doi.org/10.1016/s0022-510x(00)00501-3
https://doi.org/10.1515/cclm-2015-0253
https://doi.org/10.1373/clinchem.2017.278267
https://doi.org/10.1373/clinchem.2017.278267
https://doi.org/10.1007/s00415-018-09174-z
https://doi.org/10.1177/875647939000600106
https://doi.org/10.1177/875647939000600106
https://doi.org/10.1111/jns.12104
https://doi.org/10.1159/000116918
https://doi.org/10.1016/0304-3940(87)90700-2
https://doi.org/10.1016/0304-3940(87)90700-2
https://doi.org/10.1111/j.1600-0404.1997.tb00216.x
https://doi.org/10.1111/j.1600-0404.1997.tb00216.x
https://doi.org/10.1007/s00415-002-0777-2

	Cerebrospinal fluid analysis in Guillain–Barré syndrome: value of albumin quotients
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Patients
	Patient data
	CSF samples
	Statistical analysis

	Results
	CSF results
	Albumin quotients and CSF total protein levels
	Diagnostic yield


	Discussion
	References




