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Spatial and temporal variation of routine 
parameters: pitfalls in the cerebrospinal fluid 
analysis in central nervous system infections
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Abstract 

The cerebrospinal fluid (CSF) space is convoluted. CSF flow oscillates with a net flow from the ventricles towards the 
cerebral and spinal subarachnoid space. This flow is influenced by heartbeats, breath, head or body movements as 
well as the activity of the ciliated epithelium of the plexus and ventricular ependyma. The shape of the CSF space and 
the CSF flow preclude rapid equilibration of cells, proteins and smaller compounds between the different parts of 
the compartment. In this review including reinterpretation of previously published data we illustrate, how anatomi-
cal and (patho)physiological conditions can influence routine CSF analysis. Equilibration of the components of the 
CSF depends on the size of the molecule or particle, e.g., lactate is distributed in the CSF more homogeneously than 
proteins or cells. The concentrations of blood-derived compounds usually increase from the ventricles to the lumbar 
CSF space, whereas the concentrations of brain-derived compounds usually decrease. Under special conditions, in 
particular when distribution is impaired, the rostro-caudal gradient of blood-derived compounds can be reversed. In 
the last century, several researchers attempted to define typical CSF findings for the diagnosis of several inflammatory 
diseases based on routine parameters. Because of the high spatial and temporal variations, findings considered typical 
of certain CNS diseases often are absent in parts of or even in the entire CSF compartment. In CNS infections, identifi-
cation of the pathogen by culture, antigen detection or molecular methods is essential for diagnosis.
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Introduction
In the last decades, many efforts were made to estab-
lish etiologic diagnoses in central nervous system (CNS) 
infections by cerebrospinal fluid (CSF) routine parame-
ters [e.g., 1–6]. However, none were sensitive and specific 
enough for effective clinical decision-making, either due 
to rapid temporal variations (e.g., low leukocyte concen-
trations in the CSF of patients with early bacterial menin-
gitis), rapid resolution of inflammation during adequate 
antibiotic treatment, or spatial variations (e.g., lumbar 

versus ventricular CSF) of the parameters studied. In 
neonatal meningitis caused by Streptococcus agalactiae 
(n = 146), CSF routine parameters were even found to be 
normal in 6% of reported patients [7]. In a meningococcal 
meningitis cohort (n = 258), the CSF leukocyte count was 
below 1000/µl in 20% of the cases while in 1.7% the CSF 
leukocyte count was reported as normal [8]. In a group 
with pneumococcal meningitis (n = 153), 17% of the 
patients had a CSF leukocyte count < 100/µl and 5% < 10/
µl [9]. In a case series of Listeria meningitis (n = 62), CSF 
findings in 26% of the patients were not typical for bacte-
rial meningitis [10].

Our interest in this topic stems from an actual case 
at our clinic: one of our patients died of cardiac arrest 
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2 months after initiation of antibiotic therapy for bacte-
rial meningitis. Three days before her death, lumbar CSF 
contained 12 leukocytes/μl, a total protein content of 
814  mg/l, a CSF lactate of 3.2  mmol/l, a CSF-to-serum 
albumin ratio of 9.7 × 10–3, and an intrathecal IgG, IgA 
and IgM synthesis. We were convinced that her treat-
ment had been successful, yet at autopsy, a thick layer of 
pus was found over the convexities and at the bottom of 
the forebrain [11].

The CNS compartments including the CSF space, the 
extracellular fluid (ECF) of the brain and spinal cord and 
the intracellular fluids (ICF) of the different intracellular 
compartments of the various cell types comprising the 
nervous tissue are separated from the systemic circula-
tion by the blood–brain and blood–CSF barrier (Fig. 1). 
These barriers protect the central nervous system (CNS) 
from endogenous and exogenous compounds present in 
the systemic circulation and are essential to ensure the 
proper function of the CNS. Concentrations of individual 
endogenous and exogenous compounds differ between 
the individual compartments [12, 13]. Moreover, the 
ECF of the brain and spinal cord is not a homogeneous 
compartment [14], and the composition of the ICF in 
the different intracellular compartments of the various 
cell types depends not only on the cell type, but also on 
the location of the cell in the CNS [15]. With methods 
established in clinical medicine [CSF analysis, computer 

tomographic (CT) or magnetic resonance imaging (MRI), 
positron emission tomography (PET), in critically ill 
patients also microdialysis] spatial and temporal varia-
tions of the concentrations of endogenous and exogenous 
compounds are only partly detectable. The inhomogene-
ity of the CSF space can be visible in CT or MRI images 
of the brain in subarachnoid hemorrhage or bacterial 
meningitis cases in which the sedimentation of eryth-
rocytes or leukocytes, respectively, can be observed in 
either the dorsal parts of the ventricles or in the lumbar 
CSF space (Fig. 2).

In routine CSF analysis, some parameters (CSF leuko-
cyte count, CSF differential cell count, CSF glucose, CSF/
serum glucose ratio) have static cut-off values, i.e., spa-
tial variations are not taken into consideration. For oth-
ers parameters (CSF protein, CSF/serum albumin ratio, 
several markers of nervous tissue destruction) attempts 
have been made to introduce CSF/serum ratios or/and 
fixed correction factors to account for spatial variation of 
the concentrations measured in different parts of the CSF 
space [12, 16–18].

Spatial variations of parameters measured in CSF or 
microdialysate are difficult to study in humans. Since a 
lumbar—and even more a cisternal or ventricular—punc-
ture and the implantation of microdialysis fibers are inva-
sive procedures, repeated sampling of CSF or sampling of 
CSF or microdialysate from different regions of the CSF 
space is only indicated in exceptional circumstances.

The present review and analysis of previously published 
data will focus on the CSF compartment as the most eas-
ily accessible compartment of the CNS. It aims to assess 
the utility of generally accepted normal values in CSF 
analysis as well as providing an aid for interpreting CSF 
findings in various diseases.

Anatomy and pathophysiology
The blood–brain and blood–CSF barrier can be viewed 
simply as a single (the tight junctions between the cells) 
or double lipid layer (the cells consisting of a basal and 
apical cell membrane and the cytoplasm in between) 
surrounding the CNS with leaky regions (gap junctions 
instead of tight junctions) comprising approximately 
1:5000 of the entire capillary surface area of the CNS [19].

The CSF space is convoluted. This convolution and the 
CSF flow preclude rapid equilibration between the dif-
ferent parts of the compartment. Briefly, the CSF space 
comprises the four ventricles, the aqueduct, the basal 
cisterns, and the subarachnoid space over the convexities 
and in the spinal canal. There is high interindividual vari-
ation in the size of the CSF space. The volume of the CSF 
varies widely depending on age, genetic and environ-
mental factors, underlying diseases, ventricular volume, 
volume of the cerebral subarachnoid space, individual 

Fig. 1  Schematic drawing of the main compartments of the CNS. 
CSF flow and diffusion of water or solutes in the CNS [12]. Solid 
line arrows: CSF flow. Dotted arrows: diffusion of water or solutes 
occurring between brain capillaries, CSF, and nervous tissue a across 
the blood–brain barrier; b across the epithelium of the choroid 
plexus; c across the ventricular ependyma; d across the pia–glial 
membranes at the surface of the brain and spinal cord, and e and f 
across the cell membranes of neurons and glial cells. (Reproduced 
from [12, 13] with kind permission of Elsevier HCM - Health Care 
Management and the American Society for Microbiology.)
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height, sex, as well as the width of the spinal canal. MRI 
studies estimating the CSF volume in healthy volunteers 
showed a cranial CSF volume of approximately 96 ml in 
young children (19–33  months), approximately 250  ml 
in middle-aged adults (40–55  years), and approximately 
300 ml in the elderly (71–80 years) [20, 21]. In commu-
nicating hydrocephalus and non-communicating hydro-
cephalus the intracranial CSF volume is approximately 
500  ml [22]. Blood clots in the ventricle(s) or basal cis-
terns or a mass lesion or brain edema can substantially 
diminish the volume of intracranial CSF. The volume 
of CSF in the spinal canal is also highly variable and is 
primarily dependent on the individual`s height and the 
width of the spinal canal. It ranges from 30–80  ml [12, 
23]. The relations between the CSF flow rate and the CSF 
volume, dependent on all the determinants listed, influ-
ence the CSF protein content and the CSF-to-serum 
albumin concentration ratio (QAlb) in the different parts 
of the CSF space [24–26].

As outlined in the Introduction, even under physi-
ological conditions, the distribution of compounds in 
the CSF is not homogeneous [11, 27–29]. Under patho-
logical conditions, obstacles further impeding the dis-
tribution of molecules and cells in the CSF are frequent: 
intraventricular hemorrhage or tumor, obstruction of the 
foramina of Luschka and Magendie or of the basal cis-
terns impeding the communication of CSF between the 
4th ventricle and the cerebral convexities and the spinal 
canal, stenoses of the cervical, thoracal or lumbar spinal 

canal as well as accumulation of pus in the ventricles, 
over the convexities or in the spinal canal (Fig. 2).

Approximately two-thirds of the CSF is produced by 
the choroid plexuses of the ventricles, and about one-
third stems from the extracellular space of brain and 
spinal cord. The CSF flow oscillates, depending on heart-
beats, head movements and respiration. These oscilla-
tions promote the equilibration of molecules and cells 
in the CSF space. There is a net flow from the ventricles 
to the Cisterna magna. From there, the CSF flow divides 
into the cerebral convexities and the spinal canal [12, 
30–33]. The coordinated action of the cilia of the plexus 
ependyma maintains a network of fluid flows in the 3rd 
ventricle of the mouse, which allows precise CSF trans-
port. A cilia-based switch can periodically alter the CSF 
flow pattern which may control distribution of endoge-
nous and exogenous compounds in the 3rd ventricle [33, 
34]. Complex flow patterns were also present in the third 
ventricles of rats and pigs [33], suggesting that ciliated 
epithelia can generate and maintain complex, spatiotem-
porally regulated flow networks.

The CSF production rate (equivalent to the rate of CSF 
bulk flow) is not constant. In a study of six normal vol-
unteers, a circadian rhythm was noted with a minimum 
production of 30% of the maximum values (12 ± 7 ml/h) 
at about 6:00 p.m. with a peak production of 42 ± 2 ml/h 
at night, at about 2:00 a.m. [35]. In Alzheimer’s disease, 
CSF production is reduced to about 50% of the normal 
values [36]. Inter- and intra-individual variations similar 

Fig. 2  Sedimentation of cells in different parts of the ventricular system visible in clinical routine imaging. A Blood sedimentation in the 2nd 
ventricle (arrow) after intracerebral and intraventricular hemorrhage (cranial computer tomography) (kindly provided by Prof. Dr. Hilmar Prange, 
Dept. of Neurology, University Medicine Göttingen, Germany). B Pus in the dorsal horns of the 1st and 2nd ventricle (arrows), contrast enhancement 
of the wall of the right lateral ventricle (arrowheads) (Streptococcus intermedius meningitis and ventriculitis; T1-weighted magnetic resonance 
image plus gadolinium contrast enhancement). C Pus in the lumbar spinal canal (arrows) (Candida albicans meningitis; T1-weighted magnetic 
resonance image plus gadolinium contrast enhancement) (kindly provided by Dr. Hans-Heino Rustenbeck, Dept. of Neuroradiology, University 
Medicine Göttingen, Germany)
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to healthy persons were found in a study of patients with 
external ventriculostomies: in 12 of these patients (age 
30–69  years), the mean CSF flow rate out of the drain 
(± SD) was 7.5 ± 3.4  ml/h (range 1.6–12.1  ml/h) [37]. 
Several drugs commonly used in clinical medicine can 
inhibit the CSF production: furosemide, acetazolamide, 
spironolactone, amiloride, digitalis glycosides, vasopres-
sin, corticosteroids, osmotic agents and non-steroidal 
anti-inflammatory drugs [12, 38]. The modulation of CSF 
production by blood and intracranial pressure is consid-
ered to be low to moderate [12, 39].

In contrast to the blood–CSF and blood–brain barrier, 
the CSF and the extracellular fluid of the brain and spinal 
cord are not tightly separated. Even large molecules up 
to the size of horseradish peroxidase can enter the cer-
ebral extracellular space from the CSF [40]. According to 
different estimates, under physiological conditions the 
extracellular space of the brain comprises 15–20% of total 
brain volume [12, 30]. It has been hypothesized that dur-
ing occlusive hydrocephalus as well as in the presence of 
intracranial mass lesions, the brain behaves like a sponge, 
adjusting to compression by displacing fluid from its 
veins and the ECF [41, 42]. Molecules from CSF enter the 
ECF of the brain and spinal cord by diffusion, against the 
direction of CSF bulk flow, from the nervous tissue into 
the CSF [12].

Distribution of compounds in the CSF space—what 
we have learned from drugs and radiolabelled 
natural compounds
The following summarizes key publications on the dis-
tribution of hydrophilic drugs in the CSF after different 
modes of injection directly into the lumbar CSF or the 
ventricles. Since small lipophilic drugs readily cross the 
blood–brain and blood–CSF barrier from CSF to blood, 
they are unsuitable to study distribution in the different 
parts of the CSF compartment. Therefore, data on the 
pharmacokinetics of small lipophilic drugs [e.g., the anti-
cancer agent triethylenephosphoramide (thiotepa)] after 
intrathecal administration are not included here [43, 44].

Intravenous infusion/injection
After an intravenous injection, the time it takes to reach 
equilibrium between blood and CSF depends on the 
molecular mass and lipophilicity of the compound stud-
ied and on the size of the host organism: ions and small 
moderately lipophilic drugs rapidly equilibrate, whereas 
large hydrophilic compounds need up to several days to 
fully equilibrate [45–47]. Equilibrium is reached more 
rapidly in the ventricles and the cisterna magna than in 
the lumbar sac [47], and small animals have a quicker 
CSF turnover than humans [12]. For drugs, the ratio 
of the CSF and serum concentration at steady state 

(CCSF/CS) and the ratio of the areas under the concen-
tration–time curves in CSF and serum (AUC​CSF/AUC​S) 
after a short-duration infusion depend on the molecular 
mass, lipophilicity and binding to plasma proteins of the 
compound studied as well as on the state of the blood–
CSF barrier and the CSF flow [12, 13, 48]. Again, CCSF/CS 
and AUC​CSF/AUC​S are higher in the lumbar than in the 
ventricular CSF leading to higher lumbar than ventricu-
lar drug concentrations. With the exception of small, 
moderately lipophilic drugs, elimination from the blood 
is faster than elimination from the CSF, resulting in a lag 
in the concentration–time curve in CSF in comparison to 
the respective curve in serum [13, 48].

In humans, after an intravenous infusion of radiola-
beled albumin, it takes approximately 3  days to estab-
lish an equilibrium between blood and CSF, due to the 
dynamic exchange of albumin between these two com-
partments [45]. The entry of radiolabeled immunoglobu-
lins from the blood into the CSF was even slower. Here, 
equilibrium was reached after approximately 4 days [46]. 
When radiolabeled serum albumin was administered 
intravenously to infants with communicating hydroceph-
alus, 4–9 h later radioactivity was highest in lumbar fluid, 
intermediate in cisternal and lowest in ventricular fluid 
[49].

Intralumbar injection does not ensure distribution 
into the ventricles
Injection into the lumbar CSF does not ensure a homo-
geneous drug distribution in the whole CSF space: after 
intralumbar injection, the drug concentrations in ventric-
ular CSF are highly variable. Often, therapeutic concen-
trations are not achieved [50–52]. After lumbar injection 
of 5–10 mg gentamicin or tobramycin in infants, the con-
centrations of both aminoglycosides in the cisternal CSF 
were always lower than those in lumbar CSF and peaked 
at 14  h. Gentamicin and tobramycin levels in the ven-
tricular CSF ranged from 0 to 2.1  mg/l and often were 
not therapeutic [50]. Compared to the supine, the prone 
position for 60  min promoted methotrexate entry into 
the ventricular CSF after lumbar administration [53].

Intraventricular injection leads to rapid distribution 
in the whole CSF space
Unless there is a complete block of the CSF circulation, 
e.g., in cerebral aqueduct stenosis or after an obstruc-
tion of the cervical, thoracic or lumbar spinal canal, 
intraventricular drug injection ensures its distribution 
throughout the entire CSF space. Peak aminoglycoside 
concentrations in lumbar CSF were 2–10 times lower 
than the simultaneous intraventricular levels, but still 
in the therapeutic range [51]. In infants, drug concen-
trations in the ventricular and lumbar CSF were almost 
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equal 2–48  h after injection of 5  mg gentamicin or 
tobramycin into one lateral ventricle [50].

Injection into one lateral ventricle does not always lead 
to equal concentrations in the other lateral ventricle
In neonates with bacterial meningitis, injection of ami-
kacin into one ventricle resulted in approximately equal 
drug levels in both ventricles 10  h after dosing [51]. 
Conversely, in a hydrocephalic 64-year-old male patient 
suffering from Scedosporium apiospermum meningitis, 
daptomycin concentrations measured in the CSF from 
the right and left ventricle were discordant by a factor of 
about 3 after injection of daptomycin into the right ven-
tricle [54].

Elimination
Elimination from the CSF compartment occurs through: 
(a) CSF bulk flow with peripheral outflow of CSF along all 
nerves and (possibly only during conditions of increased 
intracranial pressure) by the arachnoid granulations; (b) 
diffusion across the blood–brain and blood–CSF bar-
rier [12, 13, 48, 55], and (c) bidirectional fluid exchange 
between the Virchow–Robin spaces surrounding ves-
sels penetrating into the brain parenchyma and the 
brain extracellular fluid, the subarachnoid CSF space 
and the venous perivascular space [56]. The extracranial 
portions of cranial nerves and the regions of the spinal 
nerves close to the dorsal root ganglions are the only 
routes where in morphological studies barriers at the 
arachnoid or endothelial cell layers were lacking, allow-
ing bulk outflow shown in physiological studies [55]. In 
ex vivo studies, the arachnoid granulations allow the pas-
sage of large molecules, bacteria and even particles up to 
a size of 7.5 μm [57]. Anatomical studies, however, have 
failed to demonstrate structures extending from the CSF 
space to the dural sinuses without intact leptomeningeal 
layers lying in between [58]. At present, there is little 
support for an outflow of CSF via the arachnoid granula-
tions under normal conditions, however, this route may 
become recruited during conditions of increased intrac-
ranial pressure [55]. Erythrocytes are unable to pass 
the blood–CSF and blood–brain barrier, and the pas-
sage of leukocytes through these anatomical structures 
is an active migratory process [59]. The contribution of 
dural lymphatic vessels originally described in 1787 and 
rediscovered in 2015 [60–62] to the drainage of CSF is a 
matter of debate. The arachnoid barrier between the sub-
arachnoid space and interstitial tissue of the dura mater 
(layers of closely apposed, epithelial-like cells connected 
by complexes of tight junctions) makes it very unlikely 
that these vessels contribute to CSF bulk flow [55, 63]. 
Taken together, large molecules and small particles 
are mainly eliminated from the CSF by bulk flow. After 

intraventricular injection, elimination of the hydrophilic 
antibiotic amikacin was slower in hydrocephalic patients 
than in patients with a normal ventricle size [51]. With 
small and/or lipophilic molecules and/or molecules with 
a high affinity to efflux pumps bulk flow is less important, 
since retrograde diffusion across the blood–brain and 
blood–CSF barrier and/or active transport predominates 
[64]. Of the parameters used in routine CSF analysis, only 
lactate is small enough to diffuse across the barriers in a 
retrograde manner at clinically relevant degrees, and glu-
cose crosses the blood–brain barrier by facilitated diffu-
sion [65].

In humans, an early estimate of the CSF turnover rate 
was approximately 22%/h [12] corresponding to an elimi-
nation half-life t1/2β CSF of 3.15  h. However, in view of 
recent data on the CSF production rate and the volume 
of the CSF space, this estimate appears to be too high. 
Assuming an average production of 20 ml of CSF/h and 
an average CSF volume of 200 ml would lead to an esti-
mated CSF turnover rate (i.e., the elimination rate con-
stant kel) of 0.1/h (10%/h) and of t1/2β CSF of 6.9  h. The 
average time a “γ-globulin molecule” spent in human 
CSF was estimated to be 17.3  h which, when assuming 
first order kinetics, corresponds to a t1/2β of 12.0 h [66]. 
After intraventricular injection of antibiotics in humans, 
the measured t1/2β CSF of large hydrophilic antibiotics 
correspond well to this estimate: t1/2β CSF of vancomycin 
(molecular mass 1486 g/mol) ranges from approximately 
2 to 20.5  h [52, 67–72]. T1/2β CSF of colistin (molecu-
lar mass 1155  g/mol) after intraventricular administra-
tion in humans [73] was similar to that of vancomycin 
(7.8 ± 3.2  h). Gentamicin and tobramycin, also hydro-
philic, but with slightly smaller molecular masses (478 
and 468  g/mol), showed a CSF elimination half-life of 
6.2–6.4  h [50]. The high variation of t1/2β CSF estimated 
in clinical studies in critically ill patients originates from 
several variables: (1) inter- and intra-individual differ-
ences of the CSF volume, (2) inter- and intra-individual 
variations of the CSF production and absorption, and 
(3) the rate of CSF drainage by an external or internal 
ventricular catheter [72, 73]. Generally, the elimination 
half-life (t1/2 β) of hydrophilic molecules in the CSF after 
intrathecal administration shows a great interindividual 
variation and in most cases lies between 6 and 12 h.

How to estimate blood contamination of CSF 
samples
Many ventricular CSF specimens contain blood, either 
because of the underlying disease or as a consequence 
of the implantation of the ventricular catheter. When 
dealing with blood in CSF samples in several clinical set-
tings, it must be taken into account that blood can heav-
ily disturb CSF analysis of routine parameters. Blood in 
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the CSF can originate (a) from an intracranial spontane-
ous or traumatic hemorrhage; (b) from surgery includ-
ing ventriculostomy insertion, or a traumatic lumbar 

(or suboccipital) puncture. Blood in the CSF usually is 
detected by counting erythrocytes or by measuring free 
hemoglobin [74]. It can affect almost all CSF routine 
parameters, in particular the CSF leukocyte and dif-
ferential leukocyte count, the CSF protein and albumin 
concentration, the CSF-to-serum albumin ratio, and the 
Reiber–Felgenhauer nomograms to detect intrathecal 
synthesis of IgG, IgA or IgM. In particular, the estima-
tion of the intrathecal IgM synthesis is rapidly affected by 
blood contamination of the CSF (Fig. 3).

Whether CSF findings should be corrected for blood 
contamination and if so, by which formula, is a matter 
of debate. The easiest correction method is based on 
the assumption of a density of 5 × 106/μl erythrocytes 
and 5 × 103/μl leukocytes, i.e., a leukocyte/erythrocyte 
quotient of 1/1000 in blood: 5000 erythrocytes/μl CSF 
indicate a blood contamination of 0.1%. For the assess-
ment of inflammation 1 leukocyte/μl is subtracted from 
the CSF white blood cell count for each 1000 erythro-
cytes/μl counted. The main advantages of this method 
of correction are: (1) It is easy to perform and (2) the 
laboratory analyzing the CSF does not need to know the 
true leukocyte and erythrocyte densities (which often 
are unavailable in specialized CSF laboratories) in the 
patient`s blood. A more sophisticated method using the 
variable leukocyte/erythrocyte quotient in blood is the 
cell index proposed by B. Pfausler and colleagues [69]. 
Here, the quotient of leukocytes to erythrocytes in CSF 
divided by the quotient of leukocytes to erythrocytes in 

Fig. 3  Influence of blood contamination of the CSF on Reiber–
Felgenhauer nomograms—hypothetical cases. Contamination of 
CSF by blood can falsify a finding of intrathecal immunoglobulin 
synthesis, as estimated by Reiber–Felgenhauer nomograms. To 
illustrate this fact, we performed the following model calculation. 
In samples without blood contamination (filled squares) we 
calculated with the following concentrations: albumin CSF 200 mg/l, 
serum 40,000 mg/l; IgG CSF 20 mg/l, serum 10,000 mg/l; IgA CSF 
2 mg/l, serum 2000 mg/l; IgM CSF 1 mg/l, serum 2000 mg/l. A 
blood contamination of 0.1% (filled triangles) would raise the CSF 
concentrations to the following values, whereas the concentrations 
in blood would remain unchanged: albumin CSF 240 mg/l; IgG CSF 
30 mg/l; IgA CSF 4 mg/l; IgM CSF 3 mg/l. A blood contamination of 
1% (filled circles) would rise the CSF concentrations to the following 
values, whereas again the concentrations in blood would remain 
unchanged: albumin CSF 600 mg/l; IgG CSF 120 mg/l; IgA CSF 
22 mg/l; IgM CSF 21 mg/l. Please note that blood contamination 
causes an increase in all quotients. The relative rise in the quotients 
increases with the size of the molecules studied. Even a low blood 
contamination can falsify an intrathecal synthesis of IgM. A blood 
contamination of 1% would seemingly lead to an intrathecal IgA and 
IgM synthesis. For these reasons, an intrathecal IgM synthesis in the 
presence of erythrocytes or hemoglobin in CSF must be interpreted 
with caution, and beyond a blood contamination 0.1% these 
nomograms should not be used

◂
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peripheral blood is calculated. The cell index as an indi-
cator for a CNS infection, however, does not account 
for the inflammatory stimulus caused by blood in the 
CSF space leading itself to the migration of leukocytes 
into the CSF [29]. Moreover, the cell index assumes that 
leukocytes and erythrocytes are homogeneously dis-
tributed in the CSF space. Since leukocytes and eryth-
rocytes possess different densities, they separate during 
gravity sedimentation with leukocytes positioned on 
top of the erythrocytes [29, 75] (Fig. 2). Finally, granu-
locytes and monocytes can lyse or phagocytose eryth-
rocytes [76], which also alters the ratio of leukocytes 
and erythrocytes, particularly when the entry of blood 
into the CSF occurred several days before the collection 
of the CSF specimen. For these reasons, a true estimate 
of blood contamination of CSF by counting erythrocyte 
density is likely not possible, and the cell index thus has 
only spurious accuracy. For the diagnosis of bacterial 
meningitis, correction for blood contamination by sev-
eral methods did not improve the predicting algorithm. 
As there was no difference between AUC values for 
corrected and uncorrected leukocytes, adjusted blood 
counts in CSF appeared to have no advantage over 
uncorrected counts for predicting bacterial meningitis 
[77].

Variation of CSF routine parameters
Temporal variation
Development and resolution of inflammation
In animal experiments, it was found to take at least 12 h 
after the entry of bacteria for leukocytes to migrate into 
the CSF, and at least 15 h until bacterial meningitis fully 
developed [78]. For this reason, early in the course of 
bacterial meningitis, particularly in meningococcal 
meningitis (and pneumococcal meningitis in splenecto-
mized and otherwise immunocompromised patients), 
the causative bacterium can be grown in the CSF, 
whereas the CSF leukocyte density and the CSF protein 
content are normal or slightly elevated (Table  1) [79]. 
Conversely, when the pathogen is eliminated, inflam-
mation often resolves slowly [80, 81]. After successful 
treatment of bacterial meningitis, an increase in the 
inflammatory response in the CSF within the first 24 h 
is sometimes observed as a consequence of bacterial 
lysis [82, 83]. Thereafter, CSF leukocyte counts slowly 
decline, and an elevated CSF leukocyte density can be 
seen for up to several months after successful treat-
ment of bacterial meningitis or another CNS infection 
[81, 82, 84]. Usually the decrease in CSF lactate is more 
rapid than the decrease in the CSF leukocyte or protein 
content [81, 84].

The pathogen-specific antibody index (AI), calculated 
for several classes of immunoglobulins (Ig, usually IgG or 
IgM) as:

is a useful method to diagnose CNS infections and 
autoimmune diseases of the CNS [16, 85]. After suc-
cessful treatment of a CNS infection, the concentra-
tions of pathogen-specific antibodies often decrease 
faster in serum than in CSF. This leads to the paradoxi-
cal situation that the pathogen-specific AI increases, 
whereas both the serum and CSF concentrations of 
the pathogen-specific antibodies decrease [86] (Fig.  4) 
(Table  1). Attempts have been made to discriminate 
between an intrathecal immunoglobulin synthesis dur-
ing CNS infections and autoimmune CNS diseases 
based on the absolute concentrations of pathogen-
specific antibodies or the fraction of intrathecally pro-
duced pathogen-specific immunoglobulins of the total 
intrathecally produced immunoglobulins in CSF [16, 
87]. The pathogen-specific AI can be elevated for years, 
even when all other signs of inflammation in the CSF 
have resolved [88, 89].

Short‑term temporal variation: repeated CSF analyses 
from the same region
In a prospective study in patients with external ventric-
ulostomy and with sterile CSF, sampling of ventricular 
CSF was followed by a 2nd sample 10 min later. During 
these 10 min either a standard clinical re-positioning was 
performed (the patient was positioned in a lateral side 
position for 2 h prior to sample 1, then the patient was 
re-positioned to the contralateral side prior to the col-
lection of the 2nd sample; R-samples), or patients were 
not moved for 2  h before the 1st sampling and during 
the 10 min interval between 1st and 2nd sampling (con-
trol = C-samples). In 162 pairs of CSF samples from 51 
patients, both re-sampling and re-positioning influenced 
CSF leukocyte and erythrocyte densities: the effect of re-
positioning was stronger than the effect of re-sampling 
with a constant head position, the direction of change 
was random, variability increased with the leukocyte and 
erythrocyte count in sample 1, and leukocytes, granulo-
cytes and erythrocytes showed greater variability than 
lactate or glucose [29]. When the Stockholm external 
ventricular drain related infection (EVDI) criteria for 
suspected EVDI were used, 14 2nd R-samples changed 
the EVDI diagnostic group, whereas no changes of the 
diagnostic group were observed with pairs of C-samples 
[29]. The authors concluded that the surveillance of CSF 

Antibody index (AI) =

Pathogen-specific Ig in CSF (U/ml)
Pathogen-specific Ig in serum (U/ml)

Total Ig in CSF (mg/l)
Total Ig in serum (mg/l)

,
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leukocytes and erythrocytes including methods of cor-
rection for blood contamination were unreliable for early 
detection of EVDIs.

Short‑term variations of bioactive compounds
In a microminipig, after placement of a ventricu-
lar drain into the cisterna magna, melatonin in CSF 
showed a ≥ tenfold higher value at night than during 
the day, whereas no substantial diurnal variation in the 
CSF lactate dehydrogenase, creatine kinase, glucose, 
sodium, potassium, chloride, calcium, glutamine or ala-
nine concentrations were noted. Peak CSF melatonin 
concentrations at night were 2–3 times higher than the 
respective blood concentrations during the day. CSF 
leukocytes, protein and lactate were not determined 

[90]. This study illustrates that the concentration of 
some hormones which use the CSF as communica-
tion channel can fluctuate rapidly. However, we are not 
aware of any related studies in humans.

Spatial variation: ventricular versus cisternal versus lumbar 
CSF
Uninflamed meninges
Since it would be unethical withdraw CSF without a 
clear indication, we are unaware of comparisons of the 
composition of ventricular, cisternal and lumbar CSF 
in healthy volunteers after simultaneous ventricular, 
cisternal and lumbar puncture. In clinical routine CSF 
analysis, the normal values of the CSF-to-serum albu-
min ratio and of the total protein concentration in 

Table 1  Frequent pitfalls in the cerebrospinal fluid analysis in central nervous system infections

CSF parameter Condition

CSF leukocyte count higher than expected Blood contamination by underlying disease or traumatic puncture

CSF leukocyte count lower than expected Leukocytopenia in the systemic circulation
Early bacterial meningitis
Rapid leukocyte death as a consequence of very high CSF concentration of bacteria
Resolution of inflammation during adequate antibiotic therapy
Sedimentation of leukocytes into bottom parts of the CSF space by gravity
Analysis of ventricular instead of lumbar CSF

CSF erythrocyte count higher than expected Previously unrecognized subarachnoid hemorrhage
Prior surgery
Traumatic puncture

CSF erythrocyte count lower than expected Clotting of erythrocytes
Sedimentation of erythrocytes into bottom parts of the CSF space by gravity
Analysis of ventricular instead of lumbar CSF
Phagocytosis of erythrocytes by invading macrophages and granulocytes

CSF lactate higher than expected Meningeosis neoplastica
Intracranial hemorrhage
Other severe diseases inducing anaerobic glycolysis in the CNS

Unexpected increase of the CSF–serum albumin ratio Old age
Elevated body weight
Genetic and environmental factors
Height
Female sex
High ventricular volume
High volume of the cerebral subarachnoid space
Narrow spinal canal, spinal disc prolapse, Stenosis of the spinal canal
Ventriculoperitoneal shunt
Rapid correction of an intravascular volume deficit
Severe blood loss with volume substitution by electrolyte solutions
Severe albumin loss, e.g., after ascites puncture

Unexpected intrathecal synthesis of immunoglobulins 
in Reiber–Felgenhauer nomograms

CSF blood contamination (sensitivity: IgM > IgA > IgG)
Removal of circulating immunoglobulins, e.g., by immune absorption
Albumin intravenous infusion (temporary lowering of CSF-to-serum albumin ratio)

False-negative intrathecal synthesis of immunoglobu-
lins in Reiber–Felgenhauer nomograms

High-dose intravenous infusion of immunoglobulins (temporary lowering of the CSF-to-serum 
immunoglobulin ratios)

Normal pathogen-specific antibody index (AI) Does not rule out early infection, because in the first days no or very little pathogen-specific 
antibodies are produced

High pathogen-specific antibody index (AI) A high pathogen-specific AI does not necessarily indicate acute infection, because after suc-
cessful treatment or spontaneous recovery the decline of the pathogen-specific IgG or IgM 
concentrations in serum often is quicker than in CSF increasing the AI during reconvalescence
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ventricular CSF are considered to be 2.5 times lower 
than the normal lumbar CSF values [18, 85]. In human 
ventricular CSF normal values are largely unknown. 
“Normal” values often are assumed in the ventricular 
CSF of patients requiring ventriculoperitoneal shunt 
surgery or an external ventricular drain for non-inflam-
matory hydrocephalus.

In an evaluation of routine data from a large neuro-
chemical laboratory using mainly ventricular and lumbar 
CSF from different patients (i.e., not pairs of CSF sam-
ples from the same patient), the concentrations of pro-
teins originating from neurons or glial cells (tau protein, 
neuron-specific enolase, S-100 protein) decreased from 
ventricular to lumbar CSF. In contrast, concentrations 
of blood-derived proteins and primarily leptomeningeal 
proteins (beta-trace protein and cystatin C) increased 
from ventricular to lumbar CSF [17].

Since cisternal CSF samples are very rare in clinical 
routine due to the risk of damaging the brain stem by sub-
occipital puncture, we attempted to collect samples rep-
resenting an approximation to cisternal CSF in patients 
with clinical and radiological signs of normal pres-
sure hydrocephalus by serial sampling of 40  ml in 5  ml 

fractions. Fraction 1 represented lumbar CSF, whereas 
fraction 8 was assumed to primarily contain CSF from 
regions close to the cisterna magna and cisterna pontis 
[91]. Normal CSF leukocyte counts and lack of intrath-
ecal antibody synthesis in Reiber–Felgenhauer nomo-
grams indicated an absence of inflammation. Median 
total CSF protein decreased from 433  mg/l (fraction 1) 
to 353 mg/l (fraction 8), and CSF albumin declined from 
253  mg/l to 202  mg/l. Lumbar and “cisternal” CSF pro-
tein and albumin concentrations were strongly correlated 
(Spearman`s rank correlation coefficient rS 0.95 and 0.91; 
p < 0.0001 each, n = 16 pairs of samples). As expected for 
brain-derived proteins, median tau, phosphorylated tau 
(ptau) and β-amyloid1-42 concentrations were slightly 
lower in lumbar than in “cisternal” CSF (p < 0.05 for ptau, 
p > 0.05 for tau), whereas this gradient was absent for 
β-amyloid1-42 [91]. A similar rostro-caudal decrease was 
described for α-synuclein and neuron-specific enolase 
in serial samples from 5 patients with normal pressure 
hydrocephalus. In these samples, the meningeal β-trace 
protein, as expected, showed a slight rostro-caudal 
increase [28]. As expected, the ventricular–lumbar con-
centration gradients in normal pressure hydrocephalus 

Fig. 4  Increase in the pathogen-specific antibody index (AI) for IgG after successful treatment of CNS infections. In a 66-years old patient with 
Varicella zoster virus (VZV) cerebellitis at the first lumbar puncture, when VZV DNA was detected in CSF by nucleic acid amplification (PCR), the 
VZV-AI was not elevated. After successful treatment with aciclovir, the VZV-PCR became negative. The patient almost completely recovered, whereas 
the VZV-AI steadily rose [86]. Reproduced with kind permission of Elsevier HCM—Health Content Management
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patients for tau and ptau were higher than the cisternal–
lumbar gradients (ratios approximately five- and twofold) 
[92–94].

In a large study, analyzing uninflamed CSF from differ-
ent patients (i.e., no pairs of CSF samples), the median 
ventricular CSF-to-serum glucose ratio was 0.70 (5th–
95th percentile: 0.48–0.93), and the median lumbar ratio 
was 0.60 (5th–95th percentile: 0.41–0.81). There was thus 
a small ventriculo-lumbar decrease, which failed to reach 
statistical significance in a multivariate linear regression 
analysis [95].

In normal pressure hydrocephalus, leukocyte count in 
lumbar CSF is normal (≤ 4/μl), and CSF-to-serum albu-
min ratio and CSF protein content are normal or slightly 
elevated. One year after placement of a ventriculoperito-
neal shunt, in 7 of 8 patients leukocyte density in lumbar 
CSF was normal (≤ 4/μl), and in one patient it was 5/μl, 
whereas the lumbar CSF-to-serum albumin ratio and the 
lumbar CSF protein content had increased substantially 
[96] (Table  1) (Fig.  5). These observations suggest that 

in the absence of meningeal inflammation the cut-off of 
the CSF leukocyte count (4 μg/l) appears to remain valid 
even in the presence of a strongly elevated CSF protein 
content. Narrowing of the spinal canal also leads to an 
increase in the protein content in the CSF distal of the 
stenosis (Fig.  5). Since the exchange of CSF is strongly 
reduced caudal of the stenosis, the elevation of the CSF 
protein content or the CSF-to-serum albumin ratio 
depends on the narrowing of the spinal canal [97].

Meningeal inflammation
In an infant rhesus monkey model of Haemophilus 
influenzae meningitis after intranasal infection, simul-
taneously determined mean ventricular and cister-
nal H. influenzae concentrations were almost equal 
(1.1 × 108 CFU/ml versus 1.3 × 108 CFU/ml, n = 17). Of 8 
simultaneous comparisons between ventricular and lum-
bar CSF, the difference in 5 pairs of samples was ≤ 1 log 
CFU/ml, and in 2 of the 3 discordant pairs of CSF sam-
ples, bacterial densities in the ventricular were greater 

Fig. 5  Increase in the total protein content and of the CSF-to-serum albumin concentration ratio (QAlb) in lumbar CSF during disturbances of 
CSF circulation. A CSF findings cranial and caudal of two disc protrusions (T2-weighted magnetic resonance imaging, puncture sites highlighted 
by red arrows) (kindly provided by Dr. Hans-Heino Rustenbeck, Dept. of Neuroradiology, University Medicine Göttingen, Germany). First lumbar 
puncture between 5th lumbar vertebra and Os sacrum: total protein 23920 mg/l, QAlb 338 × 10–3, lactate 2.6 mmol/l; second lumbar puncture 
between 2nd and 3rd lumbar vertebrae: total protein 1548 mg/l, QAlb 19.7 × 10–3, lactate 1.6 mmol/l. B Lumbar CSF findings in patients with normal 
pressure hydrocephalus (NPH) prior and after placement of a ventriculoperitoneal shunt (I—prior; II—3 months; III—year after implantation of 
a ventriculoperitoneal shunt [96]. After shunting, the lumbar CSF represents a backyard of CSF circulation. Reproduced with kind permission of 
Springer Nature
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than in the lumbar CSF [98]. In experimental H. influen-
zae meningitis, CSF leukocyte concentrations in ventric-
ular CSF ranged from 1 to 3980/μl. Of 20 simultaneous 
comparisons between ventricular and cisternal CSF, leu-
kocyte concentrations were about equal in 5, but were 
lower in the ventricular than in the cisternal CSF in 15 
pairs of samples (mean ventricular/cisternal ratio 0.08, 
range 0.0–0.20). CSF protein, glucose and lactate and 
CSF-to-serum albumin ratio were not determined [98].

In humans, differences in the composition between 
ventricular and lumbar CSF in CNS infections were first 
noted by Merritt and Freemont-Smith in 1937 [27]. In 
3 patients with hydrocephalus and basal meningitis (2 
cryptococcal meningitis, 1 tuberculous meningitis), leu-
kocytes in ventricular CSF were normal (≤ 4/μl), and CSF 
protein ranged from 80–270  mg/l, whereas in lumbar 
CSF obtained 4–8 days later, CSF leukocytes ranged from 
86 to 540/μl and CSF protein from 1010 to 11,780 mg/l. 
The authors concluded that a normal ventricular CSF 
does not rule out a bacterial or fungal CNS infection, 
particularly in patients presenting with hydrocephalus 
and basal meningitis [99]. Microbiological testing can 
diverge between ventricular and lumbar CSF: in one case, 
cryptococcal antigen was negative in ventricular and pos-
itive in lumbar CSF, and in another case, TBC PCR was 
positive in the ventricular CSF despite normal protein 
and leukocyte count, whereas in the lumbar CSF TBC 
PCR and culture were negative despite a strong elevation 
of CSF protein and leukocyte density [99]. The main limi-
tation of this study, however, was the relatively long inter-
val between analysis of ventricular and lumbar CSF.

In 41 pairs of samples from 26 patients with a suspected 
bacterial CNS infection (nosocomial or community-
acquired), who received a lumbar and ventricular CSF 
analysis within 24  h, the correlation between ventricu-
lar and lumbar leukocyte count was lowest (Spearman`s 
rank correlation coefficient rS = 0.37), between ventricu-
lar and lumbar total protein concentration intermediate 
(rS = 0.42), and highest between ventricular and lumbar 
lactate concentrations (rS = 0.79) [11]. On average the 
lumbar concentrations were higher. However, in 7 pairs 
the ventricular was higher than the lumbar leukocyte 
density, in 5 pairs the ventricular was higher than the 
lumbar protein concentration, and in 8 pairs the ven-
tricular was higher than the lumbar lactate concentration 
[11]. It was concluded that “findings typical for bacterial 
meningitis in one part of the CSF compartment may be 
absent in another” [11].

Because the interval of ≤ 24 h between the analysis of 
lumbar and ventricular CSF is rather long in view of the 
rapid temporal changes occurring in CNS infections, 

a prospective study was performed with an interval 
between lumbar and ventricular sampling < 30  min 
in 25 patients (15 intracranial hemorrhage, 6 bacte-
rial CNS infections, 3 cerebral infarctions, 1 menin-
geosis carcinomatosa) [100]. Again, the correlation 
between lumbar and ventricular concentrations was 
lowest for CSF leukocyte density (rS = 0.455), interme-
diate for CSF total protein and albumin (rS = 0.624 and 
0.525), and highest for the CSF lactate concentration 
(rS = 0.767). The correlation of the lumbar versus ven-
tricular erythrocyte density (rS = 0.224) was even lower 
than the correlation between lumbar and ventricular 
total leukocyte density and the percentages of the dif-
ferential white blood cell counts (rS 0.271–0.644). On 
average, glucose concentrations were slightly higher 
in the ventricular than in the lumbar CSF, and lactate 
and erythrocyte density were approximately equal. The 
lumbar concentrations of albumin, total protein, IgG, 
IgA, IgM, and lumbar leukocyte densities were higher 
than the ventricular concentrations [100]. These differ-
ences remained similar, irrespective of whether hem-
orrhage or infection was studied. With all parameters 
studied, the ventricular was higher than the lumbar 
concentration in at least one pair of samples. The re-
analysis of CSF-to-serum ratios of albumin, IgG, IgA 
and IgM in Reiber–Felgenhauer nomograms, suggested 
in some cases an intrathecal antibody synthesis. This 
probably was a consequence of the strong blood con-
tamination in most samples (Figs. 6, 7).

A recent study on 12 patients with an external ven-
triculostomy and an external lumbar drain (7 intrac-
ranial hemorrhages, 3 infections, 1 tumor, 1 vascular 
malformation) analyzing pairs of samples obtained at 
an interval < 24  h found a high correlation between 
cranial and spinal CSF leukocyte density (r = 0.944), 
protein (r = 0.679) and glucose (r = 0.805), whereas no 
statistically significant correlation of the ventricular 
and lumbar erythrocyte density was found. Again, on 
an average, the ventricular was higher than the lumbar 
glucose concentration, and the lumbar protein and leu-
kocyte concentrations were higher than the respective 
ventricular concentrations. A reversal of these gradi-
ents, however, was present in at least one pair of sam-
ples [101]. In 3 of 4 patients with positive CSF cultures, 
bacteria grew only in either the ventricular or the lum-
bar CSF [101]).

In 16 patients with hydrocephalus as a consequence 
of neurocysticercosis, who received a ventriculop-
eritoneal shunt and a lumbar puncture at an interval 
of approximately 30  min, mean white blood cell den-
sity was 14 ± 5/μl in the ventricular and 72 ± 28/μl in 
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the lumbar fluid. The protein content in the ventricu-
lar CSF was 280 ± 50  mg/l (mean ± SD) compared to 
780 ± 120  mg/l in the lumbar CSF. Immunodiagnostic 
tests for cysticerci antigens (enzyme immunoassay and 
complement fixation) were positive in 12 of 16 ventric-
ular and in all 16 lumbar samples. Again, glucose was 
higher in the ventricular than in the lumbar CSF [102].

Pitfalls in the interpretation of Reiber–Felgenhauer 
nomograms
Influence of a disequilibrium between blood and CSF
In contrast to albumin, which is synthesized by the 
liver, immunoglobulins can be synthesized by B-lym-
phocytes in the systemic circulation or in the CNS. For 
the detection of an inflammatory process involving 

Fig. 6  Limitations of the Reiber–Felgenhauer nomograms in the absence of steady state—hypothetical cases. In each case the values used for 
the calculation of the quotients are given. A Seeming impairment of the blood–CSF barrier in a patient after rapid correction of an intravascular 
volume deficit of 33% (filled squares: albumin CSF 300 mg/l, serum 40,000 mg/l, IgG CSF 40 mg/l, serum 10,000 mg/l, IgA CSF 2 mg/l, serum 
2000 mg/l, IgM CSF 1 mg/l, serum 2000 mg/l; filled reverse triangles: albumin CSF 300 mg/l, serum 26,700 mg/l, IgG CSF 40 mg/l, serum 6660 mg/l, 
IgA CSF 2 mg/l, serum 1330 mg/l, IgM CSF 1 mg/l, serum 1330 mg/l). B Seeming intrathecal antibody synthesis after removal of 75% of the 
intravenous immunoglobulins by immune absorption (before immunoadsorption—filled squares: albumin CSF 200 mg/l, serum 40,000 mg/l, 
IgG CSF 20 mg/l, serum 10,000 mg/l, IgA CSF 2 mg/l, serum 2000 mg/l, IgM CSF 1 mg/l, serum 2000 mg/l; after immunoadsorption—filled circles: 
albumin CSF 200 mg/l, serum 40,000 mg/l, IgG CSF 40 mg/l, serum 2500 mg/l, IgA CSF 2 mg/l, serum 500 mg/l, IgM CSF 1 mg/l, serum 500 mg/l). 
C Apparent disappearance of an intrathecal IgG synthesis after infusion of 120 g IgG (before IgG infusion—open circles: albumin CSF 200 mg/l, 
serum 40,000 mg/l, IgG CSF 40 mg/l, serum 10,000 mg/l, IgA CSF 2 mg/l, serum 2000 mg/l, IgM CSF 1 mg/l, serum 2000 mg/l; after IgG infusion—
open squares: albumin CSF 200 mg/l, serum 40,000 mg/l, IgG CSF 40 mg/l, serum 30,000 mg/l, IgA CSF 2 mg/l, serum 2000 mg/l, IgM CSF 1 mg/l, 
serum 2000 mg/l). D Seeming increase in intrathecal IgG synthesis after infusion of 60 g albumin (before albumin infusion—open circles: albumin 
CSF 200 mg/l, serum 40,000 mg/l, IgG CSF 40 mg/l, serum 10,000 mg/l, IgA CSF 2 mg/l, serum 2000 mg/l, IgM CSF 1 mg/l, serum 2000 mg/l; after 
albumin infusion—open reverse triangles: albumin CSF 200 mg/l, serum 50,000 mg/l, IgG CSF 40 mg/l, serum 10,000 mg/l, IgA CSF 2 mg/l, serum 
2000 mg/l, IgM CSF 1 mg/l, serum 2000 mg/l)
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immunoglobulin synthesis in the CNS it is insufficient 
to merely measure CSF immunoglobulin concentrations. 
For this reason, nomograms using CSF/plasma ratios 
for albumin and immunoglobulins in persons without 

diseases of the nervous system were established as ref-
erences to discriminate between local immunoglobulin 
synthesis in the CNS and an increase in CSF protein con-
centration for other reasons [103]. In contrast to earlier 
attempts, the nomograms developed by Reiber & Felgen-
hauer relying on the CSF-to-serum quotients of albumin 
(to quantify the state of the blood–CSF barrier) and IgG, 
IgA and IgM possess a high specificity for detecting and 
quantifying the synthesis of IgG, IgA or IgM in the CNS 
[85, 104]. An important prerequisite for the use of these 
nomograms, however, is an approximate steady state (as 
a consequence of the high intra-individual variation of 
various physiological parameters, including the CSF pro-
duction rate, an exact steady state can be never reached). 
Applying these nomograms soon after a severe distur-
bance of the steady state may lead to wrong conclusions 
(Fig. 6).

Influence of artificial or true blood admixture in CSF 
on Reiber–Felgenhauer nomograms
The Reiber–Felgenhauer nomograms are susceptible to 
errors, when the CSF is contaminated by blood (Table 1). 
As shown in Fig.  3, the nomogram of IgM is most sus-
ceptible to blood contamination, followed by the nomo-
grams of IgA and IgG. As already mentioned, an exact 
estimation of blood contamination is not possible, and 
thus the clinician interpreting the results after a lumbar 
or ventricular puncture must be aware that even a mild 
blood contamination of the CSF can simulate an intrathe-
cal IgM synthesis [85]. In pairs of lumbar and ventricular 
CSF samples drawn at an interval < 30 min (n = 25) [100], 
the erythrocyte concentrations in lumbar CSF ranged 
from 0 to 180,000/μl and in ventricular CSF from 5 to 
80,000/μl. These data were re-analyzed by the program 
“Protein Statistics in CSF Analysis with Reibergrams” 
(by Werner Albaum with Prof. Hansotto Reiber, Albaum 
IT-Solutions, Göttingen, Germany, Version 4.17, 2012–
2013). The Reiber–Felgenhauer nomograms of lumbar 
CSF suggested intrathecal IgM synthesis in 3 cases, IgA 
synthesis in 1 case, and IgG synthesis in 1 case (Fig. 7). 
The Reiber–Felgenhauer nomograms of ventricular CSF 

Fig. 7  Re-analysis of findings from patients receiving a lumbar 
and ventricular CSF puncture within 30 min [100]. Filled symbols 
represent lumbar, open symbols ventricular CSF parameters. Different 
diseases are indicated by different symbols—squares: bacterial 
meningitis; circles: cerebral/ventricular hemorrhage; triangles reverse: 
cerebral infarctions; triangles: meningeosis carcinomatosa. Intrathecal 
immune globulin synthesis was most often detected in the case of 
IgM, and was more frequent in ventricular than in lumbar CSF. One 
probable reason for these findings is the lower CSF-to-serum albumin 
ratio (QAlb) in ventricular CSF, which increases the susceptibility of this 
analytical procedure for blood contamination (for details see text)

◂
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indicated intrathecal IgM synthesis in 11 cases, IgA syn-
thesis in 5 cases, and IgG synthesis in 5 cases (Fig. 7). In 
3 cases, intrathecal synthesis was comparable in lum-
bar and ventricular CSF. One of these was a patient 
with tuberculous meningitis who displayed intrathecal 
synthesis of IgG, IgA and IgM both in lumbar and ven-
tricular CSF. In 8 cases, intrathecal synthesis was only 
detected in ventricular CSF (IgG, IgA and IgM: 4 cases; 
IgM only: 4 cases). Intrathecal immunoglobulin synthesis 
in lumbar CSF only was not observed in any patient. A 
chronic inflammatory process (tuberculous meningitis) 
was present in only 2 of the 25 cases (one with IgG, IgA 
and IgM synthesis in lumbar and ventricular CSF, one 
without intrathecal immunoglobulin synthesis). Acute 
meningitis or meningoencephalitis was diagnosed in 4 
cases (one with intrathecal synthesis of IgG, IgA and IgM 
detected in ventricular CSF only, one with an intrathe-
cal IgM synthesis both in lumbar and ventricular CSF, 2 
without detectable intrathecal immunoglobulin synthe-
sis). Meningeosis carcinomatosa was diagnosed in 1 case 
without detectable intrathecal immunoglobulin synthe-
sis. In all but one patient (IgM, bacterial meningitis), the 
percentage of intrathecal synthesis of all immunoglobu-
lins estimated by Reiber–Felgenhauer nomograms was 
greater in ventricular than in lumbar CSF (Fig.  7). In 9 
of 18 patients diagnosed with cerebrovascular diseases, 
intrathecal immunoglobulin synthesis was detected (in 6 
IgM only). In none of these patients was the CSF with-
out erythrocytes, and 5 had erythrocyte counts ≥ 5000/
μl in lumbar or ventricular CSF. This suggests that in a 
high proportion of the patients with cerebrovascular dis-
eases, what seemed to be intrathecal immunoglobulin 
synthesis was rather a consequence of blood contami-
nation. Because of the problems discussed above, in our 
lab we do not attempt to correct the Reiber–Felgenhauer 
nomograms for possible blood contamination of CSF. At 
erythrocyte densities > 5000/μl, i.e., at approximate blood 
contaminations > 0.1%, the nomograms are not used [85]. 
The problems of estimation of the true blood contamina-
tion by counting the erythrocytes in CSF are discussed 
above.

The special case of lactate as a sensitive indicator 
of bacterial or fungal CNS infection
Lactate is a small hydrophilic molecule (molecular mass 
89 g/mol). As outlined, it distributes more evenly in the 
CSF than larger molecules in health and disease [11]. 
Its concentration rapidly changes during the onset and 
the resolution of a bacterial or fungal infection of the 
CNS [84]. CSF lactate concentrations ≥ 3.5  mmol/l are 
considered typical for bacterial or fungal meningitis 
or meningoencephalitis [85]. Although many bacteria 
are able to produce lactate, over 95% of the CSF lactate 

concentration in bacterial meningitis originates from the 
host cells [105]. Host cells exclusively produce l-lactate, 
whereas some bacterial strains causing meningitis can 
produce d-lactate. Since even in experimental meningi-
tis caused by d-lactate-producing bacteria the d-lactate 
fraction in CSF was below 5% [105], l-lactate is usually 
measured in the clinical routine. As a consequence of 
anaerobic energy production in the CNS, under normal 
conditions the CSF levels of lactate are higher than the 
respective serum concentrations [85, 105, 106]. Since the 
permeability of the blood–CSF and blood–brain barrier 
to anionic compounds such as lactate is low and appar-
ently no active transport system for lactate exists at the 
blood–brain and blood–CSF barrier, after an intravenous 
infusion of lactate in non-human primates no increases 
in CSF lactate concentrations were observed [107]. In 
experimental meningitis, CSF lactate did not depend on 
the respective serum concentrations [106]. In a recent 
prospective observational cohort study aiming at the dis-
crimination of community-acquired bacterial meningitis 
and aseptic meningitis/encephalitis in adults, of the CSF 
parameters lactate, leukocytes, fraction of neutrophils, 
protein and CSF-to-serum glucose ratio, CSF lactate had 
the best discriminatory value: its area under the receiver 
operating characteristic curve (AUROC) was 0.976 
(95%CI 0.966–0.997). Using a cut-off of 3.5 mmol/L, its 
sensitivity was 96% and its specificity 85%. Antibiotic 
treatment before lumbar puncture had no significant 
effect on the AUROC of CSF lactate [108]. Lactate was 
also useful to distinguish between post-neurosurgical 
bacterial meningitis and aseptic meningitis: here, a lac-
tate cut-off of 3.45  mmol/l yielded a sensitivity of 90% 
and a specificity of 85% [109]. In a meta-analysis on 33 
studies comprising 1885 patients, a CSF lactate of 35 mg/
dl (= 3.93  mmol/l) was proposed as optimum cut-off 
value in order to distinguish between bacterial and asep-
tic meningitis [110].

Since under anaerobic conditions the brain and CSF 
leukocytes produce lactate, lactate is not a specific 
marker of bacterial or fungal infection, but may be ele-
vated in various conditions with elevated ICP or other 
causes of reduced cerebral perfusion. In 51 patients 
with subarachnoid hemorrhage and an external ven-
triculostomy, CSF lactate ranged from 1.9 to 6.2 mmol/L 
(median 3.2  mmol/l) [111]. The lactate concentration 
of ventricular and cisternal CSF in subarachnoid hem-
orrhage was approximately equal and depended on 
the severity of the hemorrhage [ventricular CSF, grade 
1–2 of the World Federation of Neurosurgical Socie-
ties: 21.8 ± 7.0  mg/dl (2.4 ± 0.8  mmol/l), grade 3–5: 
35.8 ± 18.8 mg/dl (4.0 ± 2.1 mmol/l); cisternal CSF, grade 
1–2: 25.1 ± 5.5  mg/dl (2.8 ± 0.6  mmol/l), grade 3–5: 
32.6 ± 7.4  mg/dl (3.7 ± 0.8  mmol/l)]. A high CSF lactate 
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and a lactate increase were correlated with a poor out-
come [112]. In 158 children with a CSF lactate concen-
tration ≥ 2 mmol/l without CNS infections, the following 
diseases were noted: respiratory chain disorders, cerebral 
ischemia, malignant diseases and seizures [113].

During the course of bacterial meningitis, the most 
important CSF parameter predicting therapeutic effi-
cacy or failure are the CSF-to-serum glucose ratio and 
CSF lactate concentrations [84]. The CSF white blood cell 
count and differential counts are much weaker predictors 
of therapeutic efficacy, since CSF pleocytosis may persist 
for weeks in spite of effective antibiotic therapy [84].

Compared to CSF lactate, CSF glucose possesses dis-
advantages: (1) The CSF lactate concentration is less 
dependent on the respective serum concentration than 
the CSF glucose concentration. Therefore, often the CSF-
to-serum glucose concentration ratio is used instead 
of the CSF glucose level. (2) Serum glucose may rapidly 
change dependent on carbohydrate intake and insulin 
therapy. This probably impairs the stability of the CSF-
to-serum glucose concentration ratio. (3) Unlike lactate, 
CSF glucose (and the CSF-to-serum glucose concentra-
tion ratio) possess a small, but not negligible ventricular–
lumbar gradient.

Conclusions
Temporal and spatial variations of CSF parameters and 
an impaired immune response can complicate the etio-
logical diagnosis of CNS infections based on the CSF 
routine parameters leukocyte count, differential white 
blood cell count, protein, lactate, glucose and the CSF-
to-serum rations of albumin, immunoglobulins and glu-
cose. Patterns typical of certain infections may provide 
diagnostic hints, but are neither sensitive nor specific 
enough for effective clinical decision-makings. In clini-
cal routine, the parameter which most readily equili-
brates among the different parts of the CSF space, and 
has a relatively high sensitivity and specificity in the dis-
crimination of bacterial/fungal versus viral meningitis 
and meningoencephalitis, is CSF lactate at a cut-off of 
3.5(− 4) mmol/l. In severe non-infectious CNS diseases 
including intracranial hemorrhage, however, CSF lactate 
as a non-specific parameter of a suffering brain can also 
be elevated ≥ 3.5 mmol/l.

Thus, establishing a definite diagnosis of a CNS infec-
tion by clinical chemical or cytological routine parame-
ters is still not possible at present. Diagnosis of infections 
relies on the identification of the causative pathogen by 
culture or molecular methods (e.g., 16  s rRNA amplifi-
cation [114]; multiplex polymerase chain reaction [115]; 
metagenomic next-generation sequencing: [116]). Recent 
advances in molecular methods will open new avenues 
for the definite diagnosis of a variety of CNS infections, 

particularly in the presence of atypical or mild alterations 
of the composition of the CSF.

Abbreviations
AI: Antibody index; CSF: Cerebrospinal fluid; CCT​: Cranial computer tomog-
raphy; CNS: Central nervous system; IgA: Immunoglobulin A; IgG: Immuno-
globulin G; IgM: Immunoglobulin M; MRI: Magnetic resonance imaging; QAlb: 
CSF-to-serum albumin ratio; QIgG: CSF-to-serum IgG ratio; QIgA: CSF-to-serum 
IgA ratio; QIgM: CSF-to-serum IgM ratio; PCR: Polymerase chain reaction; rRNA: 
Ribosomal ribonucleic acid; Tau: Tau protein; phospho-Tau: Phosphorylated 
Tau protein; VZV: Varicella zoster virus.

Acknowledgements
We thank Cynthia Bunker for careful language-editing this manuscript. We 
thank the American Society for Microbiology, Elsevier and Springer Nature for 
their permissions to reproduce previously published figures. We thank Albaum 
IT-Solutions for providing the program “Protein Statistics in CSF Analysis with 
Reibergrams”.

Author contributions
M.D. and R.N. conceived the review and wrote the first draft of the manuscript. 
P.L. analyzed the CSF data. F.E. contributed CSF findings from patients receiv-
ing a lumbar and ventricular CSF puncture at short intervals and figures. All 
authors reviewed, read and approved the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. This work was 
supported by Deutsche Gesellschaft für Geriatrie.

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated or 
analyzed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors have no financial or non-financial interests that are directly or 
indirectly related to the work submitted for publication.

Author details
1 Institute of Neuropathology, University Medical Center, Göttingen, Germany. 
2 Department of Geriatrics, Protestant Hospital Göttingen-Weende, An der 
Lutter 24, 37075 Göttingen, Germany. 3 Department of Neurology, University 
Medical Center, Göttingen, Germany. 4 Paracelsus Medical Private University, 
Nuremberg, Germany. 

Received: 31 December 2021   Accepted: 27 May 2022

References
	 1.	 Reiber H. Clinical relevance of neuroimmunological reaction patterns in 

cerebrospinal fluid. Lab Med. 1995;19:444–62.
	 2.	 Felgenhauer K, Beuche W. Labordiagnostik neurologischer Erkrankun-

gen: Liquoranalytik und -zytologie, Diagnose- und Prozessmarker. 
Stuttgart: Thieme; 1999.

	 3.	 Dorta Contreras AJ. Reibergrams: essential element in cerebrospinal 
fluid immunological analysis. Rev Neurol. 1999;28:996–8.

	 4.	 Valkov T, Hristova J, Tcherveniakova T, Svinarov D. Blood-brain barrier 
and intrathecal immune response in patients with neuroinfections. 
Infez Med. 2017;25:320–5.



Page 16 of 18Djukic et al. Journal of Neuroinflammation          (2022) 19:174 

	 5.	 Zheng G, Ji X, Yu X, et al. Development and verification of a discriminate 
algorithm for diagnosing post-neurosurgical bacterial meningitis—a 
multicenter observational study. J Clin Lab Anal. 2020;34: e23069.

	 6.	 Mentis AA, Garcia I, Jiménez J, Paparoupa M, Xirogianni A, Papandreou 
A, Tzanakaki G. Artificial intelligence in differential diagnostics of menin-
gitis: a nationwide study. Diagnostics (Basel). 2021;11:602.

	 7.	 Georget-Bouquinet E, Bingen E, Aujard Y, Levy C, Cohen R. Group B 
streptococcal meningitis’ clinical, biological and evolutive features in 
children. Arch Pediatr. 2008;15(Suppl 3):S126–32. https://​doi.​org/​10.​
1016/​s0929-​693x(08)​75495-2.

	 8.	 Heckenberg SG, de Gans J, Brouwer MC, et al. Clinical features, out-
come, and meningococcal genotype in 258 adults with meningococ-
cal meningitis: a prospective cohort study. Medicine. 2008;87:185–92. 
https://​doi.​org/​10.​1097/​MD.​0b013​e3181​80a6b4.

	 9.	 Ostergaard C, Konradsen HB, Samuelsson S. Clinical presentation and 
prognostic factors of Streptococcus pneumoniae meningitis according 
to the focus of infection. BMC Infect Dis. 2005;5:93. https://​doi.​org/​
10.​1186/​1471-​2334-5-​93.

	 10.	 Koopmans MM, Brouwer MC, Bijlsma MW, Bovenkerk S, Keijzers W, 
van der Ende A, van de Beek D. Listeria monocytogenes sequence 
type 6 and increased rate of unfavorable outcome in meningitis: 
epidemiologic cohort study. Clin Infect Dis. 2013;57:247–53.

	 11.	 Gerber J, Tumani H, Kolenda H, Nau R. Lumbar and ventricular CSF 
protein, leukocytes, and lactate in suspected bacterial CNS infections. 
Neurology. 1998;51:1710–4.

	 12.	 Davson H, Welch K, Segal MB. Physiology and pathophysiology of the 
cerebrospinal fluid. Churchill Livingstone, Edinburgh, London 1987.

	 13.	 Nau R, Sörgel F, Eiffert H. Penetration of drugs through the blood-
cerebrospinal fluid/blood-brain barrier for treatment of central nerv-
ous system infections. Clin Microbiol Rev. 2010;23:858–83.

	 14.	 Rall DP, Oppelt WW, Patlak CS. Extracellular space of brain as deter-
mined by diffusion of inulin from the ventricular system. Life Sci. 
1962;2:43–8.

	 15.	 Lasley SM. The use of intracerebral microdialysis to elucidate envi-
ronmentally induced neurotoxic mechanisms. Curr Protoc Toxicol. 
2019;80: e72.

	 16.	 Jacobi C, Lange P, Reiber H. Quantitation of intrathecal antibodies in 
cerebrospinal fluid of subacute sclerosing panencephalitis, herpes 
simplex encephalitis and multiple sclerosis: discrimination between 
microorganism-driven and polyspecific immune response. J Neuro-
immunol. 2007;187:139–46.

	 17.	 Reiber H. Dynamics of brain-derived proteins in cerebrospinal fluid. 
Clin Chim Acta. 2001;310:173–86.

	 18.	 Reiber H. Non-linear ventriculo–lumbar protein gradients validate 
the diffusion-flow model for the blood–CSF barrier. Clin Chim Acta. 
2021;513:64–7.

	 19.	 Crone C. The blood–brain barrier—facts and questions. In: Siesjö 
BK, Sörensen SC, editors. Ion homeostasis of the brain. Munksgaard, 
Kopenhagen: Denmark; 1971. p. 52–62.

	 20.	 Courchesne E, Chisum HJ, Townsend J, et al. Normal brain devel-
opment and aging: quantitative analysis at in vivo MR imaging in 
healthy volunteers. Radiology. 2000;216:672–82.

	 21.	 Fleischhack G, Jaehde U, Bode U. Pharmacokinetics following 
intraventricular administration of chemotherapy in patients with 
neoplastic meningitis. Clin Pharmacokinet. 2005;44:1–31.

	 22.	 Lebret A, Hodel J, Rahmouni A, Decq P, Petit E. Cerebrospinal fluid 
volume analysis for hydrocephalus diagnosis and clinical research. 
Comput Med Imaging Graph. 2013;37:224–33.

	 23.	 Carpenter RL, Hogan QH, Liu SS, Crane B, Moore J. Lumbosacral 
cerebrospinal fluid volume is the primary determinant of sensory 
block extent and duration during spinal anesthesia. Anesthesiology. 
1998;89:24–9.

	 24.	 Seyfert S, Kunzmann V, Schwertfeger N, Koch HC, Faulstich A. 
Determinants of lumbar CSF protein concentration. J Neurol. 
2002;249:1021–6.

	 25.	 Parrado-Fernandez C, Blennow K, Hansson M, Leoni V, Cedazo-
Minguez A, Bjorkhem I. Evidence for sex difference in the CSF/plasma 
albumin ratio in ~20000 patients and 335 healthy volunteers. J Cell 
Mol Med. 2018;22(10):5151–4.

	 26.	 Meixensberger S, Bechter K, Dersch R, et al. Sex difference in 
cerebrospinal fluid/blood albumin quotients in patients with 

schizophreniform and affective psychosis. Fluids Barriers CNS. 
2020;17(1):67.

	 27.	 Merritt HH, Fremont-Smith F. The cerebrospinal fluid. Philadelphia: 
WB Saunders; 1937.

	 28.	 Mollenhauer B, Trautmann E, Otte B, et al. α-Synuclein in human 
cerebrospinal fluid is principally derived from neurons of the central 
nervous system. J Neural Transm. 2012;119:739–46.

	 29.	 Bådholm M, Blixt J, Glimåker M, Ternhag A, Hedlund J, Nelson DW. 
Cerebrospinal fluid cell count variability is a major confounding 
factor in external ventricular drain-associated infection surveillance 
diagnostics: a prospective observational study. Crit Care. 2021;25:291. 
https://​doi.​org/​10.​1186/​s13054-​021-​03715-1.

	 30.	 Spector R, Robert Snodgrass S, Johanson CE. A balanced view of the 
cerebrospinal fluid composition and functions: focus on adult humans. 
Exp Neurol. 2015;273:57–68.

	 31.	 Dreha-Kulaczewski S, Joseph AA, Merboldt K-D, Ludwig H-C, Gärtner 
J, Frahm J. Identification of the upward movement of human CSF 
in vivo and its relation to the brain venous system. J Neurosci. 
2017;37:2395–402.

	 32.	 Takizawa K, Matsumae M, Sunohara S, Yatsushiro S, Kuroda K. Charac-
terization of cardiac- and respiratory-driven cerebrospinal fluid motion 
based on asynchronous phase-contrast magnetic resonance imaging 
in volunteers. Fluids Barriers CNS. 2017;14:25.

	 33.	 Eichele G, Bodenschatz E, Ditte Z, Günther AK, Kapoor S, Wang Y, 
Westendorf C. Cilia-driven flows in the brain third ventricle. Philos Trans 
R Soc Lond B Biol Sci. 2020;375(1792):20190154.

	 34.	 Faubel R, Westendorf C, Bodenschatz E, Eichele G. Cilia-based flow net-
work in the brain ventricles. Science (New York). 2016;353(6295):176–8.

	 35.	 Nilsson C, Ståhlberg F, Thomsen C, Henriksen O, Herning M, Owman C. 
Circadian variation in human cerebrospinal fluid production measured 
by magnetic resonance imaging. Am J Physiol. 1992;262:R20–4.

	 36.	 Silverberg GD, Heit G, Huhn S, et al. The cerebrospinal fluid produc-
tion rate is reduced in dementia of the Alzheimer’s type. Neurology. 
2001;57:1763–6.

	 37.	 Klein O, Demoulin B, Jean Auque RT, Audibert G, Sainte-Rose C, Marchal 
JC, Marchal F. Cerebrospinal fluid outflow and intracranial pressure in 
hydrocephalic patients with external ventricular drainage. Acta Neurol 
Scand. 2010;122:140–7.

	 38.	 Zhang L, Hussain Z, Ren Z. Recent advances in rational diagnosis and 
treatment of normal pressure hydrocephalus: a critical appraisal on 
novel diagnostic, therapy monitoring and treatment modalities. Curr 
Drug Targets. 2019;20:1041–57.

	 39.	 MacAulay N. Molecular mechanisms of brain water transport. Nat Rev 
Neurosci. 2021;22:326–44.

	 40.	 Brightman MW, Reese TS. Junctions between intimately apposed cell 
membranes in the vertebrate brain. J Cell Biol. 1969;40:648–77.

	 41.	 Hakim S, Venegas JG, Burton JD. The physics of the cranial cavity, hydro-
cephalus and normal pressure hydrocephalus: mechanical interpreta-
tion and mathematical model. Surg Neurol. 1976;5:187–210.

	 42.	 Dóczi T. Volume regulation of the brain tissue–a survey. Acta Neurochir 
(Wien). 1993;121:1–8.

	 43.	 Strong JM, Collins JM, Lester C, Poplack DG. Pharmacokinetics of intra-
ventricular and intravenous N, N’, N’’-triethylenethiophosphoramide 
(thiotepa) in rhesus monkeys and humans. Cancer Res. 1986;46:6101–4.

	 44.	 Heideman RL, Cole DE, Balis F, et al. Phase I and pharmacokinetic evalu-
ation of thiotepa in the cerebrospinal fluid and plasma of pediatric 
patients: evidence for dose-dependent plasma clearance of thiotepa. 
Cancer Res. 1989;49:736–41.

	 45.	 Frick E, Scheid-Seydel L. Untersuchungen mit J131-markiertem Albu-
min über Austauschvorgänge zwischen plasma und liquor cerebrospi-
nalis. Klin Wochenschr. 1958;36:66–9.

	 46.	 Frick E, Scheid-Seydel L. Untersuchungen mit J131-markiertem 
γ-Globulin zur Frage der Abstammung der Liquoreiweißkörper. Klin 
Wochenschr. 1958;36:857–63.

	 47.	 Sweet WH, Selverstone B, Solloway S, Stetten D. Studies of formation, 
flow and absorption of cerebrospinal fluid II Studies with heavy water in 
the normal man. Saunders, Philadelphia: American College of Surgeons 
Surgical Forum; 1950. p. 376–81.

	 48.	 Nau R, Sörgel F, Prange HW. Pharmacokinetic optimisation of the treat-
ment of bacterial central nervous system infections. Clin Pharmacoki-
net. 1998;35:223–46.

https://doi.org/10.1016/s0929-693x(08)75495-2
https://doi.org/10.1016/s0929-693x(08)75495-2
https://doi.org/10.1097/MD.0b013e318180a6b4
https://doi.org/10.1186/1471-2334-5-93
https://doi.org/10.1186/1471-2334-5-93
https://doi.org/10.1186/s13054-021-03715-1


Page 17 of 18Djukic et al. Journal of Neuroinflammation          (2022) 19:174 	

	 49.	 Fishman RA, Ransohoff J, Osserman EF. Factors influencing the 
concentration gradient of protein in cerebrospinal fluid. J Clin Invest. 
1958;37:1419–24.

	 50.	 Kaiser AB, McGee ZA. Aminoglycoside therapy of gram-negative bacil-
lary meningitis. N Engl J Med. 1975;293:1215–20.

	 51.	 Wright PF, Kaiser AB, Bowman CM, McKee KT Jr, Trujillo H, McGee ZA. 
The pharmacokinetics and efficacy of an aminoglycoside administered 
into the cerebral ventricles in neonates: implications for further evalua-
tion of this route of therapy in meningitis. J Infect Dis. 1981;143:141–7.

	 52.	 Nau R, Blei C, Eiffert H. Intrathecal antibacterial and antifungal therapies. 
Clin Microbiol Rev. 2020;33:e00190-e219.

	 53.	 Blaney SM, Poplack DG, Godwin K, McCully CL, Murphy R, Balis FM. 
Effect of body position on ventricular CSF methotrexate concentration 
following intralumbar administration. J Clin Oncol. 1995;13:177–9.

	 54.	 Mueller SW, Kiser TH, Anderson TA, Neumann RT. Intraventricular 
daptomycin and intravenous linezolid for the treatment of external 
ventricular-drain-associated ventriculitis due to vancomycin-resistant 
Enterococcus faecium. Ann Pharmacother. 2012;46: e35. https://​doi.​org/​
10.​1345/​aph.​1R412.

	 55.	 Proulx ST. Cerebrospinal fluid outflow: a review of the historical and 
contemporary evidence for arachnoid villi, perineural routes, and dural 
lymphatics. Cell Mol Life Sci. 2021;78(6):2429–57.

	 56.	 Brinker T, Stopa E, Morrison J, Klinge P. A new look at cerebrospinal fluid 
circulation. Fluids Barriers CNS. 2014;11:10. https://​doi.​org/​10.​1186/​
2045-​8118-​11-​10.

	 57.	 Pollay M. The function and structure of the cerebrospinal fluid outflow 
system. Cerebrospinal Fluid Res. 2010;7:955.

	 58.	 Krisch B. Ultrastructure of the meninges at the site of penetration 
of veins through the dura mater, with particular reference to Pac-
chionian granulations—investigations in the rat and 2 species of 
New-World monkeys (Cebus-Apella, Callitrix-Jacchus). Cell Tissue Res. 
1988;251(3):621–31.

	 59.	 Charabati M, Rabanel JM, Ramassamy C, Prat A. Overcoming the brain 
barriers: from immune cells to nanoparticles. Trends Pharmacol Sci. 
2020;41:42–54.

	 60.	 Mascagni P. Vasorum lymphaticorum corporis humani historia et 
ichnographia. Siena: Pazzini Carli; 1787.

	 61.	 Aspelund A, Antila S, Proulx ST, et al. A dural lymphatic vascular system 
that drains brain interstitial fluid and macromolecules. J Exp Med. 
2015;212(7):991–9.

	 62.	 Louveau A, Smirnov I, Keyes TJ, et al. Structural and functional 
features of central nervous system lymphatic vessels. Nature. 
2015;523(7560):337–41.

	 63.	 Nabeshima S, Reese TS, Landis DM, Brightman MW. Junctions in the 
meninges and marginal glia. J Comp Neurol. 1975;164(2):127–69.

	 64.	 Ooie T, Suzuki H, Terasaki T, Sugiyama Y. Kinetics of quinolone antibiotics 
in rats: efflux from cerebrospinal fluid to the circulation. Pharm Res. 
1996;13:1065–8.

	 65.	 Leen WG, Willemsen MA, Wevers RA, Verbeek MM. Cerebrospinal fluid 
glucose and lactate: age-specific reference values and implications for 
clinical practice. PLoS ONE. 2012;7: e42745. https://​doi.​org/​10.​1371/​
journ​al.​pone.​00427​45.

	 66.	 Lippincott SW, Korman S, Lax LC, Corcoran C. Transfer rates of gamma 
globulin between cerebrospinal fluid and blood plasma (results 
obtained on a series of multiple sclerosis patients). J Nucl Med. 
1965;6:632–44.

	 67.	 Bayston R, Hart CA, Barnicoat M. Intraventricular vancomycin in the 
treatment of ventriculitis associated with cerebrospinal fluid shunting 
and drainage. J Neurol Neurosurg Psychiatry. 1987;50:1419–23.

	 68.	 Reesor C, Chow AW, Kureishi A, Jewesson PJ. Kinetics of intraventricular 
vancomycin in infections of cerebrospinal fluid shunts. J Infect Dis. 
1988;158:1142–3.

	 69.	 Pfausler B, Beer R, Engelhardt K, Kemmler G, Mohsenipour I, 
Schmutzhard E. Cell index—a new parameter for the early diagnosis 
of ventriculostomy (external ventricular drainage)-related ventriculitis 
in patients with intraventricular hemorrhage? Acta Neurochir (Wien). 
2004;146(5):477–81.

	 70.	 Pfausler B, Spiss H, Beer R, Kampl A, Engelhardt K, Schober M, 
Schmutzhard E. Treatment of staphylococcal ventriculitis associated 
with external cerebrospinal fluid drains: a prospective randomized trial 

of intravenous compared with intraventricular vancomycin therapy. J 
Neurosurg. 2003;98:1040–4.

	 71.	 Hirsch BE, Amodio M, Einzig AI, Halevy R, Soeiro R. Instillation of vanco-
mycin into a cerebrospinal fluid reservoir to clear infection: pharma-
cokinetic considerations. J Infect Dis. 1991;163:197–200.

	 72.	 Li X, Sun S, Ling X, Chen K, Wang Q, Zhao Z. Plasma and cerebrospinal 
fluid population pharmacokinetics of vancomycin in postoperative 
neurosurgical patients after combined intravenous and intraventricular 
administration. Eur J Clin Pharmacol. 2017;73:1599–607.

	 73.	 Imberti R, Cusato M, Accetta G, et al. Pharmacokinetics of colistin in 
cerebrospinal fluid after intraventricular administration of colistin meth-
anesulfonate. Antimicrob Agents Chemother. 2012;56:4416–21.

	 74.	 Ward PC. Cerebrospinal fluid data 1 Interpretation in intracranial hem-
orrhage and meningitis. Postgrad Med. 1980;68:181–6, 187. https://​doi.​
org/​10.​1080/​00325​481.​1980.​11715​571.

	 75.	 Norouzi N, Bhakta HC, Grover WH. Sorting cells by their density. PLoS 
ONE. 2017;12: e0180520.

	 76.	 Walker RI, Herion JC, Smith SW Jr. Granulocytes and red cell lysis. Blood. 
1967;30:485–94.

	 77.	 Bonsu BK, Harper MB. Corrections for leukocytes and percent of neutro-
phils do not match observations in blood-contaminated cerebrospinal 
fluid and have no value over uncorrected cells for diagnosis. Pediatr 
Infect Dis J. 2006;25:8–11.

	 78.	 Ernst JD, Decazes JM, Sande MA. Experimental pneumococcal meningi-
tis: role of leukocytes in pathogenesis. Infect Immun. 1983;41:275–9.

	 79.	 Troendle M, Pettigrew A. A systematic review of cases of meningitis in 
the absence of cerebrospinal fluid pleocytosis on lumbar puncture. 
BMC Infect Dis. 2019;19:692.

	 80.	 Durack DT, Spanos A. End-of-treatment spinal tap in bacterial meningi-
tis. Is it worthwhile? JAMA. 1982;248:75–8.

	 81.	 Nau R, Schuchardt V, Prange HW. Listeriosis of the central nervous 
system. Fortschr Neurol Psychiatr. 1990;58:408–22.

	 82.	 Nau R, Zettl U, Gerber J, Trostdorf F, et al. Granulocytes in the subarach-
noid space of humans and rabbits with bacterial meningitis undergo 
apoptosis and are eliminated by macrophages. Acta Neuropathol. 
1998;96:472–80.

	 83.	 Spreer A, Gerber J, Hanssen M, et al. Dexamethasone increases hip-
pocampal neuronal apoptosis in a rabbit model of Escherichia coli 
meningitis. Pediatr Res. 2006;60:210–5.

	 84.	 Cunha BA. The clinical and laboratory diagnosis of acute meningitis and 
acute encephalitis. Expert Opin Med Diagn. 2013;7:343–64.

	 85.	 Wildemann B, Oschmann P, Reiber H. Laboratory diagnosis in neurol-
ogy. Stuttgart, New York: Thieme; 2010.

	 86.	 Ratzka P, Schlachetzki JC, Bähr M, Nau R. Varicella zoster virus 
cerebellitis in a 66-year-old patient without herpes zoster. Lancet. 
2006;367(9505):182.

	 87.	 Otto C, Hofmann J, Finke C, Zimmermann M, Ruprecht K. The fraction 
of varicella zoster virus-specific antibodies among all intrathecally-pro-
duced antibodies discriminates between patients with varicella zoster 
virus reactivation and multiple sclerosis. Fluids Barriers CNS. 2014;11:3.

	 88.	 Hammers Berggren S, Hansen K, Lebech AM, Karlsson M. Borrelia 
burgdorferi-specific intrathecal antibody production in neuroborrelio-
sis: a follow-up study. Neurology. 1993;43:169–75.

	 89.	 Halperin JJ. Chronic Lyme disease: misconceptions and challenges for 
patient management. Infect Drug Resist. 2015;8:119–28.

	 90.	 Abe M, Kawaguchi H, Miura N, et al. Diurnal variation of melatonin con-
centration in the cerebrospinal fluid of unanesthetized microminipig. 
In Vivo. 2018;32:583–90.

	 91.	 Djukic M, Spreer A, Lange P, Bunkowski S, Wiltfang J, Nau R. Small 
cisterno-lumbar gradient of phosphorylated Tau protein in geriatric 
patients with suspected normal pressure hydrocephalus. Fluids Barriers 
CNS. 2016;13:15.

	 92.	 Brandner S, Thaler C, Lelental N, et al. Ventricular and lumbar cer-
ebrospinal fluid concentrations of Alzheimer’s disease biomarkers 
in patients with normal pressure hydrocephalus and posttraumatic 
hydrocephalus. J Alzheimers Dis. 2014;41:1057–62.

	 93.	 Seppälä TT, Nerg O, Koivisto AM, et al. CSF biomarkers for Alzheimer 
disease correlate with cortical brain biopsy findings. Neurology. 
2012;78:1568–75.

https://doi.org/10.1345/aph.1R412
https://doi.org/10.1345/aph.1R412
https://doi.org/10.1186/2045-8118-11-10
https://doi.org/10.1186/2045-8118-11-10
https://doi.org/10.1371/journal.pone.0042745
https://doi.org/10.1371/journal.pone.0042745
https://doi.org/10.1080/00325481.1980.11715571
https://doi.org/10.1080/00325481.1980.11715571


Page 18 of 18Djukic et al. Journal of Neuroinflammation          (2022) 19:174 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	 94.	 Pyykkö OT, Lumela M, Rummukainen J, et al. Cerebrospinal fluid 
biomarker and brain biopsy findings in idiopathic normal pressure 
hydrocephalus. PLoS ONE. 2014;9: e91974.

	 95.	 Hegen H, Walde J, Auer M, Deisenhammer F. Cerebrospinal fluid: serum 
glucose ratio in the ventricular and lumbar compartments: implications 
for clinical practice. Eur J Neurol. 2018;25:373–9.

	 96.	 Wikkelsø C, Blomstrand C. Cerebrospinal fluid proteins and cells in 
normal-pressure hydrocephalus. J Neurol. 1982;228:171–80.

	 97.	 Brettschneider J, Claus A, Kassubek J, Tumani H. Isolated blood-cerebro-
spinal fluid barrier dysfunction: prevalence and associated diseases. J 
Neurol. 2005;252:1067–73.

	 98.	 Daum RS, Scheifele DW, Syriopoulou VP, Averill D, Smith AL. Ventricular 
involvement in experimental Hemophilus influenzae meningitis. J 
Pediatr. 1978;93:927–30.

	 99.	 Khan SF, Macauley T, Tong SYC, et al. When ventricular cerebrospinal 
fluid assessment misleads: basal meningitis and the importance of lum-
bar puncture sampling. Open Forum Infect Dis. 2019;6:ofz324. https://​
doi.​org/​10.​1093/​ofid/​ofz324.

	100.	 Sommer JB, Gaul C, Heckmann J, Neundörfer B, Erbguth FJ. Does 
lumbar cerebrospinal fluid reflect ventricular cerebrospinal fluid? A 
prospective study in patients with external ventricular drainage. Eur 
Neurol. 2002;47:224–32.

	101.	 Podkovik S, Kashyap S, Wiginton J 4th, et al. Comparison of ventricular 
and lumbar cerebrospinal fluid composition. Cureus. 2020;12: e9315.

	102.	 Rubalcava MA, Sotelo J. Differences between ventricular and lumbar 
cerebrospinal fluid in hydrocephalus secondary to cysticercosis. Neuro-
surgery. 1995;37:668–71.

	103.	 Ganrot K, Laurell CB. Measurement of IgG and albumin content of 
cerebrospinal fluid, and its interpretation. Clin Chem. 1974;20(5):571–3.

	104.	 Reiber H, Felgenhauer K. Protein transfer at the blood cerebrospinal 
fluid barrier and the quantitation of the humoral immune response 
within the central nervous system. Clin Chim Acta. 1987;163:319–28.

	105.	 Wellmer A, Prange J, Gerber J, et al. D- and L-lactate in rabbit and 
human bacterial meningitis. Scand J Infect Dis. 2001;33:909–13.

	106.	 Guerra-Romero L, Tauber MG, Fournier MA, Tureen JH. Lactate and 
glucose concentrations in brain interstitial fluid, cerebrospinal fluid, 
and serum during experimental pneumococcal meningitis. J Infect Dis. 
1992;166:546–50.

	107.	 Coplan JD, Sharma T, Rosenblum LA, Friedman S, Bassoff TB, Barbour 
RL, Gorman JM. Effects of sodium lactate infusion on cisternal lactate 
and carbon dioxide levels in nonhuman primates. Am J Psychiatry. 
1992;149:1369–73.

	108.	 Buch K, Bodilsen J, Knudsen A, et al. Cerebrospinal fluid lactate as a 
marker to differentiate between community-acquired acute bacterial 
meningitis and aseptic meningitis/encephalitis in adults: a Danish pro-
spective observational cohort study. Infect Dis (Lond). 2018;50:514–21.

	109.	 Li Y, Zhang G, Ma R, et al. The diagnostic value of cerebrospinal fluids 
procalcitonin and lactate for the differential diagnosis of post-neu-
rosurgical bacterial meningitis and aseptic meningitis. Clin Biochem. 
2015;48:50–4.

	110.	 Sakushima K, Hayashino Y, Kawaguchi T, Jackson JL, Fukuhara S. 
Diagnostic accuracy of cerebrospinal fluid lactate for differentiating 
bacterial meningitis from aseptic meningitis: a meta-analysis. J Infect. 
2011;62:255–62.

	111.	 Renfrow JJ, Frey CD, Arnel M, Wolfe SQ, McLouth C, Datar S. Utility of 
cerebrospinal fluid lactate in aneurysmal subarachnoid hemorrhage. 
Surg Neurol Int. 2018;9:155.

	112.	 Shimoda M, Yamada S, Yamamoto I, Tsugane R, Sato O. Time course of 
CSF lactate level in subarachnoid haemorrhage. Correlation with clini-
cal grading and prognosis. Acta Neurochir (Wien). 1989;99:127–34.

	113.	 Chow SL, Rooney ZJ, Cleary MA, Clayton PT, Leonard JV. The signifi-
cance of elevated CSF lactate. Arch Dis Child. 2005;90:1188–9.

	114.	 Abelian A, Mund T, Curran MD, et al. Towards accurate exclusion of 
neonatal bacterial meningitis: a feasibility study of a novel 16S rDNA 
PCR assay. BMC Infect Dis. 2020;20:441.

	115.	 Radmard S, Reid S, Ciryam P, et al. Clinical utilization of the FilmArray 
Meningitis/Encephalitis (ME) multiplex polymerase chain reaction (PCR) 
assay. Front Neurol. 2019;10:281. https://​doi.​org/​10.​3389/​fneur.​2019.​
00281.

	116.	 Wilson MR, Sample HA, Zorn KC, et al. Clinical metagenomic sequenc-
ing for diagnosis of meningitis and encephalitis. N Engl J Med. 
2019;380:2327–40. https://​doi.​org/​10.​1056/​NEJMo​a1803​396.

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

https://doi.org/10.1093/ofid/ofz324
https://doi.org/10.1093/ofid/ofz324
https://doi.org/10.3389/fneur.2019.00281
https://doi.org/10.3389/fneur.2019.00281
https://doi.org/10.1056/NEJMoa1803396

	Spatial and temporal variation of routine parameters: pitfalls in the cerebrospinal fluid analysis in central nervous system infections
	Abstract 
	Introduction
	Anatomy and pathophysiology
	Distribution of compounds in the CSF space—what we have learned from drugs and radiolabelled natural compounds
	Intravenous infusioninjection
	Intralumbar injection does not ensure distribution into the ventricles
	Intraventricular injection leads to rapid distribution in the whole CSF space
	Injection into one lateral ventricle does not always lead to equal concentrations in the other lateral ventricle
	Elimination

	How to estimate blood contamination of CSF samples
	Variation of CSF routine parameters
	Temporal variation
	Development and resolution of inflammation
	Short-term temporal variation: repeated CSF analyses from the same region
	Short-term variations of bioactive compounds

	Spatial variation: ventricular versus cisternal versus lumbar CSF
	Uninflamed meninges
	Meningeal inflammation

	Pitfalls in the interpretation of Reiber–Felgenhauer nomograms
	Influence of a disequilibrium between blood and CSF
	Influence of artificial or true blood admixture in CSF on Reiber–Felgenhauer nomograms


	The special case of lactate as a sensitive indicator of bacterial or fungal CNS infection
	Conclusions
	Acknowledgements
	References


