
Original Article
Initial Results of Using Blood Beta 2 Transferrin as a Marker of the Functional Status
of a Shunt
Cagatay Ozdol1, Sibel Kulaksizoglu2, Ramazan Uyar1, Tolga Gediz1, Kamran Aghayev3
-OBJECTIVE: Ventriculoperitoneal shunt is the most
common cerebrospinal fluid diversion procedure to treat
hydrocephalus. With the change of physiologic cerebro-
spinal fluid absorption site from arachnoid granulations to
the peritoneum, beta 2 transferrin enters the systemic cir-
culation. Therefore, the detection of beta 2 transferrin in
the blood can possibly be used as a noninvasive method to
assess the functional status of the shunt. The objective of
this study was to study the presence of beta 2 transferrin in
patients with functional shunts and in shunts suspected of
being malfunctional.

-METHODS: Blood samples were obtained from a group
of 20 patients with functional ventriculoperitoneal shunts,
from a control group of 10 age-matched healthy volunteers,
and from 8 patients with suspected shunt malfunction
(6 ventriculoperitoneal, 2 lumboperitoneal). Blood serum
beta 2 transferrin levels were measured by enzyme-linked
immunosorbent assay with specific anti-beta 2 transferrin
antibodies.

-RESULTS: The mean age in the ventriculoperitoneal
shunt group was 36.5 years (range, 24e50 years). The mean
age in the control group was 39.5 years (range, 32e48).
There was no statistical difference in age between the
groups. Beta 2 transferrin levels were 1.99 � 1.02 ng/mL in
the ventriculoperitoneal shunt group and 0.05 � 0.02 ng/mL
in the control group; the statistical difference was strongly
significant (P < 0.001). Patients presenting with suspected
shunt malfunction had preoperative low beta 2 transferrin
levels (0.10 � 0.12). Postoperatively, their beta 2 transferrin
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levels increased to 1.75 � 0.46 ng/mL, and the difference
was statistically significant (P [ 0.012).

-CONCLUSION: Blood beta 2 transferrin can be used as a
noninvasive test to assess the functional status of a shunt.
INTRODUCTION
hunting is the most common surgical procedure for treat-
ing hydrocephalus.1 Ventriculoperitoneal shunting (VPS)
Sand lumboperitoneal shunting (LPS) shunting are the 2

most frequently used modalities. Despite being highly efficient,
shunting creates nonphysiologic cerebrospinal fluid (CSF)
diversion to the peritoneum, which becomes the primary site of
absorption. Therefore, CSF components enter the peritoneal
cavity and subsequently the systemic circulation. The physiologic
importance of this phenomenon is not known; yet, no major
effect of CSF diversion to the systemic circulation has been
reported.
Beta 2 transferrin (b2t) is a specific form of transferrin naturally

found in CSF, the aqueous fluid of the eye, and the perilymph of
the inner ear. Clinically it is an excellent marker used to detect the
presence of CSF in the sample.2 It was proved to be highly
specific, because other body fluids do not have this isoform of
transferrin. Shunting creates an artificial CSF-to-peritoneal fis-
tula, allowing b2t to enter the systemic circulation through the
peritoneum. Therefore, the presence of b2t in blood can be
potentially used to verify the patency of the shunt. Despite the
simplicity of this idea, no study has tested it so far. In this study,
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Table 2. Second Arm: Results of Statistical Analysis Between
Preoperative and Postoperative Beta 2 Transferrin Levels in
Shunt and Control Groups of Patients Undergoing Shunt
Revision Surgery for Malfunction

Preoperative Postoperative Probability

Mean � SD 0.10 � 0.12 1.75 � 0.46 P ¼ 0.012

Median
(minimum-maximum)

0.06 (0.02e0.4) 1.83 (1.12e2.33)

SD, standard deviation.
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we aimed to investigate the hypothesis of using b2t to assess the
functional status of a shunt.

MATERIALS AND METHODS

This study was approved by the local ethics review committee.
Informed consent was obtained from all participants. The hy-
pothesis was tested in 2 scenarios.

Arm 1
In a comparison of blood b2t levels in patients with functional VPS
with those in healthy volunteers, 20 patients with VPS and 10
healthy age-matched volunteers were included in this arm. The
functional status of the shunts was evaluated by clinical assess-
ment. The absence of clinical symptoms of elevated intracranial
pressure and working shunt pump was considered to indicate a
functioning shunt.

Arm 2
In a comparison of preoperative and postoperative b2t levels in
patients undergoing shunt revision surgery for malfunction, 8
patients (6 VPS, 2 LPS) with clinically and radiologically proven
shunt malfunction had blood b2t levels measured preoperatively
and early postoperatively (postoperative day 2).
The b2t levels were measured by enzyme-linked immunosor-

bent assay with specific anti-b2t antibodies (YL Biotech, Shanghai,
China). Statistical analysis was performed with the Statistical
Package for Social Sciences (SPSS) software (IBM, Armonk, New
York, USA). The Mann-Whitney U test, the c2 test, and the Fisher
exact test were used for statistical analysis. A P value <0.05 was
considered statistically significant.

RESULTS

The results of the study are summarized in Tables 1 and 2.

Arm 1
There were no differences in age and gender distribution between
the groups (P > 0.05). The b2t levels were higher in the shunt
group, and the difference reached statistical significance
Table 1. First Arm: Results of Statistical Analysis Between
Shunt and Control Groups

Shunt Control P

Number 20 10

Age (mean � SD) 38 � 18 39 � 9 0.74

(median (25%e75%)) 36.5 (24e50) 39.5 (32e48)

Gender (M) 8 (40%) 5 (50%) 0.70

Gender (F) 12 (60%) 5 (50%)

B2t level, ng/mL (mean � SD) 1.99 � 1.02 0.05 � 0.02 <0.001

(median (25%e75%)) 1.63 (1.32e2.23) 0.05 (0.03e0.05)

B2t, Beta 2 transferrin.
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(P < 0.001) (Table 1). The b2t levels in the control group were
close to zero in the range of diagnostic accuracy of the kit.

Arm 2
Patients undergoing shunt revision surgery for malfunction had
low levels of b2t in blood, which increased significantly after the
revision surgery (Table 2, Figure 1). The difference between
preoperative and postoperative b2t levels reached statistical
significance.

Demonstrative Case
A 52-year-old woman with previous VPS placement presented with
severe headaches and altered consciousness. Shunt examination
revealed nonrefilling pump/valve. Brain CT demonstrated ven-
triculomegaly. Her blood b2t level was 0.12 ng/mL. These findings
were consistent with shunt malfunction, and the patient under-
went shunt revision surgery. Her postoperative course was un-
eventful, her clinical symptoms subsided, and she was successfully
discharged. Postoperative CT showed collapsed ventricles, and her
blood b2t level was 1.17 ng/mL at her 1 month follow-up
examination.

DISCUSSION

Since the introduction of pressure-controlled shunt systems in the
1950s, VPS has become a mainstream treatment for hydrocepha-
lus. Its efficacy has been time tested, and the complications are
Figure 1. Graphic illustration of preoperative and
postoperative beta 2 transferrin levels in patients with
shunt malfunction.
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well known; yet, shunt obstruction/malfunction is still an impor-
tant issue. Classically, malfunction leads to recurrence of hydro-
cephalus and ventriculomegaly, which can be easily detected with
brain imaging. A shunt series can detect mechanical problems.
Ultrasonography of the abdomen is another simple noninvasive
method to assess the peritoneal catheter.3 However, sometimes
diagnosis is not straightforward. Even ventriculomegaly—the
cardinal sign of a malfunctioning shunt—may not be present.4,5

Various methods have been used to directly assess shunt
function. The simplest method is to use manual pumping and
check for quick refill. However, this test cannot rule out shunt
malfunction.6 Shuntograms using radionuclide7 and contrast
agents8 have been used, with a high acceptable level of
accuracy, but these techniques are invasive and expose patients
to ionizing radiation. Recently, the U. S. Food and Drug
Administration approved a device for thermal detection of shunt
patency, which has demonstrated promising results.9 However,
this device is not available worldwide, and its accuracy has not
been clinically confirmed.
Beta 2 transferrin is an ideal marker for CSF detection.10,11 To

our knowledge, this is the first study confirming the presence of
b2t in blood in patients with functional shunts. In agreement with
the theory, b2t levels were low in cases of shunt malfunction and
rapidly increased after revision surgery. Therefore, we think that
this test can be potentially used for assessing the functional status
of a shunt.
There are several advantages of blood b2t levels over the

methods currently used. This test allows an inexpensive and
noninvasive way to detect the functional status of the shunt. It
does not carry a risk of inoculating pathogenic microorganisms
WORLD NEUROSURGERY 128: e501-e503, AUGUST 2019
into the shunt. There is no exposure to ionizing radiation, and the
test does not require sophisticated hardware.
However, several issues need further investigation. One is the

half-life of b2t in blood. Currently, there is no information
regarding this matter in scientific literature. In acute shunt mal-
function, circulating b2t may provide false positive results.
Determining blood b2t clearance time should be the topic of
future studies. The b2t half-life may be close that of beta 1
transferrin (or simply transferrin). These 2 macromolecules are
closely related, and the only difference is oligosaccharide
composition.11 Beta 1 transferrin has a half-life of approximately 8
to 10 days.12 Therefore, we suggest that b2t can be detected in
blood approximately 2 weeks after shunt occlusion. Therefore,
the usefulness of this test in acute shunt malfunction is not
clear at the moment. Future studies are required to determine a
threshold for blood b2t values.
This study has several limitations. One is the relatively small

number of patients. However, despite such a small cohort, our
results were statistically significant. Future studies with larger
numbers of patients will be required to confirm our findings.
Another practical limitation is the availability of blood b2t testing
and reporting time. Currently, the majority of hospitals use
specialized laboratories for b2t testing, and results are not
immediately available. Also, laboratories may not work with blood
samples because available kits are not designed for this purpose.
CONCLUSION

Blood b2t may serve as a marker for assessing the functional status
of a shunt.
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