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Abstract

Purpose The aim of the study was to evaluate established risk factors and define new inflammation-associated factors associated
with postoperative ventriculoperitoneal shunt placement.

Methods The electronic medical records of children who underwent surgery for a tumor in the posterior fossa between January
2009 and January 2018 were retrospectively analyzed. Factors evaluated include age, clinical symptoms, tumor type, extent of
surgical tumor resection, treatment with EVD and/or ETV, radiological findings, postoperative serum CRP, and leucocyte levels.
Tumor tissue was stained immunohistochemically with antibodies against CD3, and leucocyte counts were performed. Patients
with pre- or postoperative signs of infection or confirmation of a concurrent infection were excluded from some analyses.
Results Seventy patients ages 0.4-20.8 years (median, 8.2) were included. Forty-five of 70 (65.3%) presented postoperative
radiological signs of hydrocephalus. Fifteen of 70 (21.4%) patients required shunt placement postoperatively. Shunt placement
was significantly associated with age <3 years at diagnosis (p =0.013), perioperative EVD placement (p <0.001), signs of
hydrocephalus in postoperative imaging (p = 0.047), a frontooccipital horn ratio (FOHR) > 0.46 within the first 72 h postoper-
atively (p <0.001), and the presence of intraventricular blood postoperatively (p = 0.007). Six patients who underwent shunting
had serum CRP levels >40 mg/l (p =0.030) within the first 48 h postoperatively. Tumor type or extent of resection did not
correlate with shunt placement.

Conclusions Several established and new factors associated with shunt placement after posterior fossa tumor surgery could be
identified. Additional studies are needed to explore the aseptic inflammation pathways involved with increased CRP levels and
shunt placement.
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Introduction

Although CSF passage should no longer be blocked after
(gross) tumor resection, approximately 30% [3, 7, 11, 12,
15, 24, 26, 27] of all pediatric patients with infratentorial neo-
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not fully understood. It is imperative to better understand the
process in order to avoid unnecessary shunting because shunts
are associated with lifelong complications, such as shunt fail-
ure in a form of mechanical obstruction [22], infection [20], or
shunt-associated slit-ventricle syndrome due to over-drainage
[31].

Under the assumption that hydrocephalus is not only the
result of mechanical CSF blockage, we theorized that factors
related to inflammatory pathways that block microcirculation
of CSF due to aseptic inflammation could be the cause of
postoperative communicating hydrocephalus.

In the retrospective setting, serum levels of C-reactive pro-
tein (CRP) are the only values related to inflammatory path-
ways available for the present cohort. Although CRP is a
rather unspecific marker, it was hypothesized that CRP levels
were significantly elevated postoperatively in children requir-
ing permanent CSF diversion.

The aim of the study was therefore to evaluate established
and define new perioperative factors associated with postop-
erative ventriculoperitoneal shunt placement, especially those
related to inflammation.

Methods

After ethics approval (File Nr. WF-12/17), patients ages 0-21
who underwent surgery on a neoplasm located in the posterior
fossa between January 2009 and January 2018 at the
University Medical Center Hamburg Eppendorf in
Hamburg, Germany, were included. Patients with isolated
brain stem lesions were not included.

The electronic medical records were retrospectively ana-
lyzed. The following factors were assessed: gender, age at
surgery, and pre- and postoperative clinical symptoms includ-
ing disturbance of consciousness, impaired speech, movement
disorders (ataxia and focal weakness), nausea and vomiting,
headaches, anisocoria, papilledema, and impaired vision. In
addition, postoperative signs of meningitis and the presence of
a pseudomeningocele, CSF leakage, and/or wound healing
disturbance were included.

All surgical procedures, including endoscopic third
ventriculostomy (ETV) and perioperative placement of an
extraventricular drain (EVD), were documented. Further, peri-
operative administration of steroids and antibiotics beyond the
intraoperative single-shot standard was included.

The extent of tumor resection according to both the surgical
and radiological reports as well as the tumor histology was
noted, including molecular subtypes, if applicable, otherwise
stated as “not classified.” All tumor surgeries were performed
by the same three surgeons. Surgical resection was classified
as subtotal or total.

Radiological findings included hydrocephalus,
transependymal edema, the presence of blood inside the
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ventricular system (postoperatively) as well as cerebral and/
or spinal metastases. These findings were determined by using
the first available magnetic resonance imaging (MRI) scans
preoperatively and the first within 72 h postoperatively.
Further, the frontooccipital horn ratio (FOHR) was calculated
for all pre- and early postoperative scans (see Fig. 1). A value
equal or less than 0.37 is considered to be physiological and
independent of age, as described previously [29].

The serum levels of CRP and leucocytes recorded preop-
eratively and within the first 48 h postoperatively were ana-
lyzed. With respect to CRP and leucocytes, patients with pre-
or postoperative confirmation of a concurrent infection were
excluded for these further analyses.

In addition, leucocyte counts were performed within the
tumor tissue specimens. In order to determine the infiltration
of leucocytes within the tumor tissue, the histological speci-
mens were stained immunohistochemically with antibodies
against CD3 which is characteristically found on T cells.
Subsequently, the marked leucocytes were counted single-
blinded under the use of ImagelJ software (Version 2.0.0) in
randomly chosen sections with a total area of 1 mm?.

Statistical analyses were performed with IBM SPSS
Statistics (Version 24). Chi-square and Fisher’s exact test were
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Fig. 1 Frontooccipital-horn-ratio (FOHR). The FOHR was calculated
according to the following formula: (maximum frontal horn diameter +
maximum occipital horn diameter) divided by (2 X the biparietal
diameter). The FOHR of the non-shunt group was 0.43 (median),
whereas a higher value could be identified within the shunt group
(mean 0.48, median 0.47), measured preoperatively. An increased
postoperative FOHR could be shown for patients who required shunt
placement (mean 0.50, median 0.52) compared with the preoperative
values, whereas patients who did not undergo shunt placement showed
decreased FOHR levels postoperatively (mean 0.41, median 0.40)
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used to calculate correlations for nominal data. p values less
than or equal to 0.05 were considered significant.

Receiver operating characteristic curves (ROC curves)
were used to define the limit values for serum CRP levels,
leucocytes, and FOHR related to postoperative shunt place-
ment, whereby importance was placed on high specificity. The
cut-off value for CRP was thus defined as >40 mg/I (speci-
ficity 79%, sensitivity 54%), while the cut-off value for the
FOHR was defined as > 0.46 (specificity 85%, sensitivity
33%). A determination for serum leucocytes was not possible
due to the distribution of values within the curve.

Results

A total of 70 patients were included in the present collective.
There were 41 (58.6%) male and 29 (41.4%) female patients,
ages 0.4-20.8 years (mean, 8.5; median, 8.2). Fifteen of the 70
patients (21.4%) required shunt placement over the postoper-
ative course. Shunt placement occurred at an average of
16.6 days after tumor resection (median, 16 days; range, 7—
27 days).

Age at surgery

Patients in the shunt group (n =15; mean, 5.4; median, 3.0)
were younger than in the non-shunt group (n = 55; mean, 9.3;
median, 9.0). An age <3 years at surgery was significantly
associated with postoperative shunt placement (p =0.013).
Patients with medulloblastoma (mean, 9.7 years; median,
9.0 years) and astrocytoma (mean, 10.2 years; median,
10.9 years) were older than patients with ependymoma (mean,
3.1 years; median, 2.0 years).

Clinical symptoms

The median duration between the onset of symptoms and
hospital admission was 3 weeks within the non-shunt group
(range, 0.9—78 weeks), whereas the shunt group showed a
duration of symptoms of 2 weeks (range, 0.9-20 weeks).
Specific symptoms are detailed in Table 1.

Meningitis was diagnosed in 3/70 patients over the postop-
erative clinical course, two of whom required shunt place-
ment. There was no significant correlation found between
postoperative meningitis and shunt requirement (p =0.12). A
pseudomeningocele was documented in 10/55 patients
(18.2%) of the non-shunt group and in 7/15 patients (47.7%)
within the shunt group, while a CSF leak was documented in
seven (12.7%) patients of the non-shunt- and in 11 (73.3%)
patients of the shunt group. Patients with pseudomeningocele
were treated nonsurgically with tight compression bandaging.
Wound healing disturbances appeared in four out of 70 pa-
tients (5.7%); three of them required a VP shunt. The presence

of a CSF leak (p <0.001) as well as wound healing distur-
bances (p =0.03) was significantly associated with postoper-
ative shunt placement. There was no significant relationship
found between the presence of a pseudomeningocele and
shunt requirement (p = 0.16).

Surgical procedures

According to the postoperative radiological report, 32 (45.7%)
patients underwent gross total surgical resection, while 36/70
(51.4%) underwent subtotal resection. Two cases were not
documented.

Within the shunt group, gross total resection was achieved
in nine (60%) and a subtotal resection in 6/15 patients (40%).
There was no significance found between postoperative shunt
placement and gross total tumor resection according to the
postoperative neuroradiological report (p = 0.38).

Endoscopic third ventriculostomy (ETV) was implemented
in 9/70 children (12.9%). Five of these patients underwent
shunt placement over the perioperative course, due to clinical
and radiological signs of persistent hydrocephalus (p = 0.018).
Twenty-two of 70 patients (31.4%) were treated with an ex-
ternal ventricular drain (EVD) perioperatively (see Table 2).
Overall, perioperative EVD placement was significantly asso-
ciated with postoperative shunt placement (p <0.001).

Radiological findings

In preoperative imaging, 51/70 patients (72.9%) presented
with hydrocephalus, while 10 (14.3%) children showed no
radiological signs of elevated intracranial pressure (9: not doc-
umented). Twenty-seven (38.6%) developed transependymal
edema, and 28 (40%) were not documented. Fourteen patients
with preoperative hydrocephalus required VP shunting
(93.3% within the shunt group, not documented in 1).

After surgical tumor resection, fewer children overall pre-
sented with radiological signs of hydrocephalus (45; 65.3%)
and transependymal edema (15; 21.4%) compared with pre-
operative resection. Fourteen (93.3%) of 15 patients within the
shunt group had radiological signs of hydrocephalus postop-
eratively. Transependymal edema was found in six of 15 pa-
tients (40%). Signs of hydrocephalus on postoperative imag-
ing were significantly associated with shunt placement (p =
0.047), whereas preoperative radiological signs of hydroceph-
alus did not correlate significantly with postoperative shunt
requirement (p = 0.098).

A difference between pre- and postoperative values for the
FOHR could be found (Fig. 1). A postoperative FOHR over
0.46 measured within the first 72 h was significantly associ-
ated with shunt placement (p <0.001).

Postoperative imaging revealed the presence of intraven-
tricular blood in 35/70 cases (53.8%): 22/55 (44%) patients in
the non-shunt group and 13/15 (86.7%) within the shunt
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Table 1 Preoperative and postoperative clinical findings
Clinical findings Preoperative Postoperative

Shunt group n=15 (%)

Non-shunt group n =55 (%)

Shunt group n=15 (%) Non-shunt group n=155 (%)

Disturbance of consciousness

Absent 5(33.3) 40 (72.7)

Present 9 (60) 9(16.4)
Impaired speech

Absent 6 (40) 22 (40.0)

Present 2(13.3) 509.1)
Movement disorders

Absent 3(20) 13 (23.6)

Present 11 (73.3) 39 (70.9)
Nausea and vomiting

Absent 1(6.7) 7 (12.7)

Present 12 (80) 46 (83.6)
Anisocoria

Absent 11 (73.3) 44 (80.0)

Present 2(13.3) 4(7.3)
Papilledema

Absent 2 (13.3) 13 (23.6)

Present 1(6.7) 11 (20)
Impaired vision

Absent 6 (40) 13 (23.6)

Present 6 (40) 28 (50.9)
Headaches

Absent 1(6.7) 8 (14.5)

Present 9 (60) 39 (70.9)

7 (46.7) 51(92.7)
6 (40) 4(7.3)
4(26.7) 35 (63.6)
7 (46.7) 12 (21.8)
5(33.3) 16 (29.1)
6 (40) 35 (63.6)
8 (53.3) 25 (45.5)
6 (40) 27 (49.1)
12 (80) 48 (87.3)
3 (20) 6(10.9)
1(6.7) 10 (18.2)
0 6 (10.9)
1(6.7) 21(38.2)
12 (80) 30 (54.5)
2(13.3) 11 (20)
5(33.3) 34 (61.8)

group. Five of 13 patients had also postoperative serum CRP
levels above 40 mg/l. The presence of intraventricular blood
postoperatively correlated significantly with shunt placement
(p=0.007); furthermore, it was found to correlate significant-
ly with a FOHR above 0.46 (p=0.002) as well as with a
postoperative serum CRP level above 40 mg/l (p =0.02).

Tumor type and molecular pathology

There was no significant correlation between postoperative
shunt placement and tumor type for the three most frequent
diagnoses: medulloblastoma (p =0.37), astrocytoma (p =
0.76), and ependymoma (p =0.07). There was no prevalent
histological or molecular subgroup within the shunt- or the
non-shunt group (see Fig. 2).

Inflammation markers
Whereas, preoperatively, no difference for leucocytes and

CRP between the groups was found, CRP levels on postoper-
ative day 2 were higher within the shunt group compared with
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the non-shunt group. Postoperative serum leucocytes were not
significantly different between the groups (see Fig. 3). Within
the first 48 h after tumor resection, 6/14 cases with following
shunt placement and 7/49 patients without shunting showed
non-infection-associated serum CRP levels > 40 mg/l. A se-
rum CRP level >40 mg/l postoperatively was significantly
associated with shunt placement (p = 0.03).

Tumor leucocyte infiltration

The infiltration of leucocytes inside the tumor tissue was
quantified in 48 of 70 patients. In 22 cases, there was not
enough tumor tissue left for analysis. A median value over
100/mm? within the collective- (median, 107/mm?) and non-
shunt group (median, 118/mm?; missing, 21) and a median
value of 90/mm? within the shunt group (missing, 1) was
found. Medulloblastomas (median, 78/mm>; missing, 13)
and ependymomas (median, 76/mm?; missing, 2) showed an
approximately equal median density of infiltration, whereas
the median density in astrocytomas (median, 138/mm2; miss-
ing, 4) was higher.
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Table 2 Perioperative EVD

placement and ETV surgery Intervention Shunt group n =15 (%) Non-shunt group n =55 (%)
EVD Placement
Total 12 (80%) 10 (18%)
Preoperative 4 1
Intraoperative 5 5
Postoperative 6 5
Median duration of EVD in days 10 10.5
ETV Implementation
Total 5 (33%) 4 (7%)
Preoperative 1 0
Intraoperative 1 3
Postoperative 3 1
Total number ] '
Non-SHH/Non-WNT ———1
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5 WNT '
j%}
= — 1
3 SHH
=
§ Group 3 E
Group 4 ;‘
i — 1
not classified ]
£ e I
[e]
e o ]
g B
< anaplastic —
E e
o
% L e — !
[}
2 not classified E
Glioblastoma -:I
g Hemangioblastoma —
o
ATRT —]
0 5 10 15 20 25 30

O non-shunt group (n = 55)

Fig. 2 Distribution of Tumor histology and molecular subtypes.
Medulloblastoma (24/55; 4/15) and astrocytoma (18/55; 4/15) were the
major tumor histologies within the non-shunt group, while ependymoma
(9/55; 6/15) was the prevalent tumor type in patients requiring a
postoperative VP shunt. Each one out of 55 without shunt was
classified as hemangioblastoma and atypical teratoid rhabdoid tumor
(ATRT), two were classified as glioblastoma. There was one
glioblastoma within the shunt-group. The molecular pathological

m shunt group (n = 15)

classification revealed the following subgroups in total (n=70): Six
medulloblastomas showed a molecular pathology of a wingless (WNT)-
subgroup tumor, five could be classified as sonic-hedgehog (SHH), eight
as non-SHH/non-WNT, two as group 3, and two as group 4 subgroup
tumor. There were 21 pilocytic and one anaplastic astrocytomas. Thirteen
of 15 ependymomas were classified as PF-A subgroup, whereas two
could not be further specified
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Fig. 3 Median serum CRP and
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Discussion
Age at surgery

As described in several studies [3, 7, 15, 25, 27, 30, 32, 35],
children who required a shunt are on average younger than chil-
dren without shunt placement. In this study, age <3 years at
surgery was significantly associated with postoperative shunt
placement. Riva-Cambrin et al. [32] described a significant cor-
relation between age under 2 years at surgery and postoperative
shunting, whereas others found no significant correlation with
young age and shunt placement [20, 26]. Patients with medullo-
blastoma and astrocytoma were older than patients with
ependymoma in this study, similar to other studies published
[12]. Thus, it is difficult to ascertain whether age itself or tumor
pathology is the factor that predisposes to shunt placement.

Surgical procedures

In this series, there was no significant correlation between
postoperative shunt placement and the extent of tumor
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resection per radiological report. This is in agreement with
the results of other groups [3, 7, 15, 35]; as many as one-
third of cases with complete tumor resection have manifested
persistent hydrocephalus [10]. Though this finding is not new,
it seems counterintuitive that CSF diversion is required when
the tumor has been completely removed. This prompted us to
identify further factors that may be responsible for inhibiting
CSF flow on the microcirculation level, i.e., via aseptic acti-
vation of inflammation pathways.

In the present study, nine patients underwent ETV treat-
ment; five of these patients underwent shunt placement (see
Tables 2 and 3). Previous studies have demonstrated the rates
of ETV failure with subsequent persistent hydrocephalus in
10-42% of cases [2, 3, 14, 23, 27, 32, 33, 38, 39]. El Beltagy
and colleagues found ETV success to be related to tumor type
[13]. Dewan et al. [9] compared both the rate and time of
failure between ETV and VP shunting. They showed that there
is no significant statistical difference between the cumulative
failure rate of ETV (21%) and VP shunt (29%), similar to
others [8]. However, Sainte-Rose et al. found preresection
ETV to significantly reduce the rate of VP shunting [34].
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Table 3 Significance values for analyzed variables
Variable Shunt placement (n=15) p value
Age <3 years 7 0.013
Presence of hydrocephalus
Preoperative 14 0.098
Postoperative 14 0.047
Postoperative FOHR > 0.46 10 <0.001
Present intraventricular blood 13 0.007
Perioperative EVD placement 12 <0.001
Perioperative ETV surgery 5 0.018
Gross total tumor resection 9 0.380
Tumor type
Medulloblastoma 4 0.373
Ependymoma 6 0.073
Astrocytoma (pilocytic) 4 0.761
Others 1 1.000
Present metastases 3 0.351
Postoperative CRP levels >40 mg/l 6 0.030
Postoperative complications
Meningitis 2 0.120
CSF leak 11 <0.001
Wound healing disturbances 3 0.034
Pseudomeningocele 0.158

Further studies are needed to determine the best CSF diversion
strategy for these patients. One expert review recommended
preresection ETV in patients with high risk of persisting post-
operative hydrocephalus and/or in patients in which tumor
surgery is delayed [10]. At our institution, similar to others
[39], preoperative ETV is not favored in order to avoid an
unnecessary procedure.

Radiological findings

Approximately 71-92% [2, 3,7, 12, 27, 35, 37] of patients with
posterior fossa tumors show signs of hydrocephalus in preop-
erative imaging studies. In the present study, 51 patients pre-
sented with hydrocephalus preoperatively, 14 of whom required
VP shunting postoperatively. Considering the measurement of
preoperative ventriculomegaly via the FOHR method, the
values were higher in patients in the shunt groups. However,
there was no statistically significant relationship found between
the presence or extent of preoperative hydrocephalus and post-
operative shunt insertion. Whereas previous authors found sim-
ilar results [3, 7, 35, 37], other studies confirmed a significant
correlation between the presence or extent of preoperative
ventriculomegaly and postoperative persistent hydrocephalus
by using Evan’s index or FOHR [15, 27, 32, 39].

Within the first 72 h after surgical tumor resection, 65% of
the children presented with radiological signs of

hydrocephalus in this series. Thirty-one percent of them de-
veloped a persistent hydrocephalus and required shunt place-
ment. Other studies have reported that 15-36% of patients
demonstrated persistent hydrocephalus [3, 7, 14, 35, 37].
Nevertheless, the extent of ventriculomegaly might be a more
reliable predictor. A postoperative FOHR > 0.46 was highly
and significantly associated with shunt placement in accor-
dance with Gopalakrishnan et al. [15].

Intraventricular hemorrhage (IVH) with consequent post-
hemorrhagic hydrocephalus is common in premature neonates
[1, 4, 22]. The most accepted assumption is that post-
hemorrhagic hydrocephalus results from a decreased CSF ab-
sorption due to an obstructed intraventricular CSF flow and/or
arachnoid granulation dysfunction as the result of intraventric-
ular blood and metabolic products [6, 19]. Karimy et al. [19]
recently demonstrated in a rat model that induced intraventric-
ular hemorrhage causes a Toll-like receptor 4 (TLR4-) and
NF-B-dependent inflammatory response in the choroid plexus
epithelia with consequent hypersecretion and post-
hemorrhagic communicating hydrocephalus within 48 h after
induction. This is similar to the findings of Gram et al., who
observed an upregulation of genes related to the activation of
TLR-4 and other pathways with induction of NF-«f3 in the
choroid plexus following IVH, which leads to an upregulation
of pro-inflammatory molecules [16]. As a result, the authors
concluded that extracellular hemoglobin following IVH is an
inducer of inflammation in the immature brain.

Inflammation markers

There are no other studies on CRP levels in children with
hydrocephalus after tumor resection to date. However, several
groups [5, 17, 18, 21, 28, 36, 40] determined the serum CRP
levels or IL-6 concentration in CSF in patients with subarach-
noid hemorrhage (SAH) or post-hemorrhagic hydrocephalus.
Juvela et al. measured the CRP on admission, on postopera-
tive day 1, and on discharge in adults with SAH. They found
that CRP levels were significantly higher in patients with SAH
and poor outcome compared with those with favorable out-
come according to the Glasgow Outcome Scale at 3 months
after SAH [18]. This is in agreement with other studies that
found a significant increase of IL-6 in the CSF of SAH pa-
tients [21, 40]. Chaudhry et al. reported significantly increased
serum IL-6 levels in patients with aneurysmal SAH, who pre-
sented with additional intraventricular or intracerebral bleed-
ing, or both. Furthermore, serum IL-6 levels were also signif-
icantly higher in patients who developed persistent hydro-
cephalus and required VP shunt placement [5]. Savman
et al. evaluated the CSF concentration of inflammatory cyto-
kines in infants with post-hemorrhagic hydrocephalus due to
IVH. They found an intense and prolonged inflammatory re-
action with highly significant levels of TNFe, IL-1f3, IL-6,
and IL-8 in infants with post-hemorrhagic hydrocephalus
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Table 4 Key points

Predictive factors for postoperative shunt placement

» Age <3 years at the time of surgery
* Perioperative EVD placement

* Signs of hydrocephalus in postoperative imaging
* FOHR > 0.46 within the first 72 h postoperatively

* Presence of intraventricular blood

* Serum CRP level > 40 mg/l within the first 48 h postoperatively

* CSF leak and wound healing disturbances

compared with controls [36]. Similar findings were reported
by others [17, 28].

CRP levels on postoperative day 2 were higher in patients
of the shunt group compared with the non-shunt group and
were almost equal to the postoperative findings of Juvela et al.
[18]. A serum CRP over 40 mg/l 48 h postoperatively was
significantly associated with shunt placement. The presence of
intraventricular blood was also significantly correlated with a
postoperative serum CRP level over 40 mg/l within the first
48 h postoperatively. Five of six patients with a CRP over
40 mg/l in the shunt group had blood within the ventricular
system. Further, not every patient with blood showed an in-
creased serum CRP level and vice versa. These findings re-
main unclear and need further evaluation.

Limitations

This study has several limitations. It is a retrospective, single-
center study with the use of electronical record review. Thus,
underreporting of complications, missing specimens, etc. can-
not be ruled out. There is a bias concerning the indication of
shunt placement, as only three senior surgeons managed these
70 cases. However, this single institution setting can also be
seen as an advantage. Further, although 70 patients are a rel-
atively large sample size for a pediatric cohort, the statistical
power was limited for the variables tested, so that the results
can formally be viewed as hypothesis-generating. Finally, it
would have been ideal to investigate the inflammation path-
ways further, i.e., the concentration of inflammation markers
in the CSF which were unavailable due to the retrospective
setting.

Conclusions

We were able to identify several factors associated with shunt
placement (Table 4) after posterior fossa tumor surgery in
children. The data suggest that avoiding blood leakage into
the ventricular system intraoperatively may be a factor the
surgeon can influence in order to reduce the rate of shunt
placements. Future studies are needed to explore the relation-
ship between intraventricular blood and shunt placement in
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the setting of multivariate analysis including known shunt risk
factors. Moreover, the aseptic inflammation pathways behind
increased CRP levels and shunt requirement also need to be
explored further.
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