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Abstract:

Objectives:

The purpose of this study was to evaluate and compare complications caused by VP shunt (based on imaging changes, clinical and
laboratory findings) in children with congenital (intrauterine) infections, referred to as TORCH, in contrast to other causes of Shunt
insertion in children.

Materials and Methods:

In this cross-sectional, observational and descriptive study, 68 hospitalized patients in Rasool-Akram Hospital were selected using
convenience method during 2 years from 2013 to August, 2016. Clinical examination and organ involvement were determined.
Blood sampling, serological and complementary tests were performed to determine the type of infection, cause and duration of shunt
insertion, mechanical and infectious complications (meningitis and peritonitis), the course of the disease and finally, mortality and
morbidity. All data were collected in questionnaires. Statistical analysis was performed using SPSS-24 version software. The
comparison was carried out between two groups of infectious and noninfectious causes. P-value less than 5.5 was considered
significant.

Results:

From total 68 children with VP shunt, 13 patients died (including 8 males and 5 females with a mean age of 69.41 + 81.57 months-
old). The main cause of shunt insertion was infection in 4 patients and tumor, cerebral hemorrhage and myelomeningocele in 9 other
children. Shunt-induced meningitis and peritonitis were detected in 92% and 7.7% respectively. The leading causes of shunt insertion
In remaining 47 live children (including 27 males and 19 females with a mean age of 63 +83 months) were infectious in 28% and
noninfectious in the rest of cases. The shunt mechanical complications were reported in 8.7% (4 patients). Fever was detected in 33%
of patients. Positive blood culture and cerebrospinal fluid were reported in 6.8% and 8.5% of patients in that order, but meningitis
was detected in 26% (12 cases) and peritonitis in 10.9% (5 cases). Although, there were no significant differences between two
groups in terms of mechanical complications such as shunt obstruction, cerebral hemorrhage ;but, a considerable difference was
reported in death rate due to shunt insertion between two groups with infectious and noninfectious origin. The risk of shunt-induced
meningitis was clearly higher in group with infectious origin. (P-value = 0.05). But peritonitis risk was not different.

Conclusion:

VP shunt complications were observed in one-quarter of children, but mechanical complications of VP shunt were uncommon (8%
in live patients). VP shunt mortality was relatively high (13 patients from total 68), and occurred more often in patients with non-
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infectious causes of VP shunt, mainly due to meningitis. Shunt meningitis was very common In patients with infectious origin. Shunt
infection in patients (meningitis, bacteremia and peritonitis) was common and could increase mortality if not controlled. Prescribing
antibiotics is not recommended without initial diagnostic measures (such as spinal fluid puncture, ascites, and proper imaging)
because it will result in incomplete and improper treatments.

Keywords: Complications, Ventriculoperitoneal Shunt, Children, CSF, Rubella infection, Shunt complications.

1. INTRODUCTION

Hydrocephalus refers to the accumulation of additional CSF in the brain. It has two main types: communicative or
non-obstructive and obstructive type. In communicative type, there is no obstruction in the CSF flow pathway, but fluid
absorption is low by subarachnoid cavity which results in cerebrospinal fluid accumulation in brain spaces. Treatment is
shunt insertion: ventriculoatrial shunt, ventriculoperitoneal shunt and other therapeutic methods such as
Ventriculostomy. Treatment of choice In hydrocephalus is Ventriculoperitoneal shunt insertion and the use of
Ventriculoatrial Shunt (VA) is the second choice. This method can not be used in the presence of bilateral internal
jugular vein stenosis or thrombosis. In Ventriculoatrial shunt, one side is placed in the cerebral ventricle and the other
side is inserted into the right atrial. In ventriculoperitoneal shunt, one side is located in the cerebral ventricle and the
other side into the peritoneal cavity.

Hydrocephalus is treated by redirecting CSF flow from inside of the brain into other spaces that can absorb this
fluid. In most cases, shunts consist of three parts that are serially connected to each other: proximal catheter, one-way
valve and distal catheter. The most common site to place a proximal catheter is one of the lateral ventricles. The one-
way valve also connects proximal catheter to distal catheter, which is usually placed in one of the body cavities.
Peritoneal cavity is preferable in this regard [1]. According to published statistics, about 127,000 CSF shunts are
annually inserted in the United States [2]. This rate is increasing every year. Although the treatment of children with
hydrocephalus is possible by placing a shunt, failure rate is estimated around 40% in the first year of placement [3].
Shunt complications can be classified into three general categories: mechanical defects, functional defects, and
infections. Mechanical defects are associated with either incomplete shunt performance or due to improper shunt
placement.

These complications can affect proximal or distal shunt sections. Functional failures point to complications that are
created secondary to increased or decreased CSF flow [4, 5].

In fact, excessive CSF flow can cause a collapse in the ventricular system and swelling in other parts of the brain.
The incidence of shunt infection is between 8-12% which often occurs during the first six months of shunt insertion [6,
8]

Shunt infection usually results from pollution caused by normal skin flora during surgery, but sometimes it occurs
months after surgery, which may be related to infection in a distant place [such as urinary tract infection]. Other
potential causes include shunt injury or retrograde infection in the distal catheter [9 - 11]. Shunt is inserted frequently in
Iranian children [12, 13]. Shunt complications specially shunt-induced infection and resulting bacteria have been
documented in different internal and external sources [14, 15]. In our country, like other countries, congenital
(intrauterine) infections (which are referred to as Torch) are manifested and diagnosed by a variety of clinical signs [16,
19]. One of the most important clinical manifestations of intrauterine infections, especially in the first months of life, is
hydrocephalus with various degrees. It is considered to control intrauterine infections before birth and diagnose them
after birth with the aim of stopping the infectious process [17, 22] Rubella is the most severe form of intrauterine
infection. Rubella infection in the first trimester of pregnancy can expose the fetus to growth malformations such as
hearing loss, heart malformation, visual impairment, and mental retardation [23, 24]. Fortunately, numerous
seroepidemiological studies have led to generalized rubella vaccination, especially mothers in reproductive age, which
will reduce the incidence of congenital rubella infection [25].

A large number of cerebral shunts are inserted annually in children admitted to the neurosurgery department for a
variety of reasons [17, 18]. Shunt complications are found in some cases that require emergency shunt placement [19 -
21]. Considering the importance of this issue, this cross-sectional study was conducted to investigate complications of
intraventriculopitonal shunt in children admitted to Rasool Akram hospital for two years (2013 -2016). The purpose of
this study was to evaluate and compare complications and problems caused by cerebral shunt (based on imaging
changes, clinical and laboratory findings) in children with congenital (intrauterine) infections, referred to as TORCH,
with other types of shunts in children.
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Complications associated with shunts in children often lead to hospitalization and even death. By understanding
shunt complications, determining causes of shunt insertion in children and diagnosis of complications caused by shunts,
it would be possible to explain factors that lead to death or sequels and treat them effectively.

2. MATERIAL AND METHOD

In this descriptive, cross-sectional, case-control study, children with Ventriculo-peritoneal shunt were admitted to
Rasoul-e-Akram hospital from the beginning of the year 2013 to the end of August, 2016. Sample size included 68
patients with ventriculo-peritoneal shunt admitted in Rasool Akram Hospital. From total 68 children, 47 patients were
finally examined with VP shunt due to death in 13 patients (including 8 males and 5 females). The sampling was
conducted as an easy method.

The data were recorded in checklists according to the variables.

Filling out the questionnaire for patients with VP shunt, determining the causes of non-infectious brain shunting,
performing clinical examinations and determining other organs' involvement in patients with intrauterine infections
were based on information that had been recorded in patients' files in the hospital.

data collection was done by blood sampling from patients, performing serological and general tests for determining
the type of intrauterine infection, determining the type of maternal infection in children, identifying intrauterine and
noninfectious causes, determining the time of shunt insertion in children with intrauterine infection and non-infectious
group, determining disease course, mortality and peritonitis in both groups and finally, determining clinical response to
surgical procedures in both groups.

Data were analyzed by SPSS software, version 24. Data were analyzed using central indexes such as mean and SD
scattering indexes.
3. RESULTS

During this study, 68 children were admitted with a diagnosis of hydrocephalus. Totally,13 children died during the
time of the study.

Characteristics of expired patients included: 61.5% (8 cases) were male and 38.5% (5 persons) were girls with a
mean age of 41.61 + 58.14 days.

Characteristics of live (47) patients with VP shunt included: Of all 47 patients, 59% (27patients) were male and 19
(41%) were female with a mean age of 83+63 days.
3.1. Causes of Shunt Insertion

The causes of shunt placement were infectious in 28% and noninfectious in resting patients. Characteristics of
expired patients were compared to live patients in Table 1.

Table 1. Comparison between variables in alive and dead cases.

Duration of shunt insertion Male/female Mean age Variable
(days) Ratio (month)
31.38+50.33 8/5 57.81+41.81 Dead cases
56.95+57.36 27/19 83.07+63.59 Alive cases

Causes of Shunt insertion in Patients who died during our study were Infectious in 4 patients. The other causes such
as tumor, cerebral hemorrhage, and myelomeningocele were reported in other 9 patients. Congenital cytomegalovirus
infection was reported in one patient. According to the results, 92% of expired patients had Shunt -induced meningitis
and 7% shunt-induced peritonitis.

The characteristics of resting 47 patients with VP shunt included: Of all 47 patients, 59% (27patients) were male
and 19 (41%) were female with a mean age of 83+63 days.

Causes of shunt insertion were detected infectious in 28% and noninfectious in resting patients. Characteristics of
expired patients were compared to live patients in Table 1.
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3.2. The Course and Complications of Shunt Insertion

Clinical symptoms of patients on admission: 33.3% patients had fever (38 degrees and higher), 50% nausea and
vomiting, 50% headache, 16.7% seizure, 17.7% decreased level of consciousness and finally 25% with imbalance.
Mechanical complications(Shunt obstruction and Shunt-induced cerebral hemorrhage) was reported in 8.2%(4
cases).Infectious complications of cerebral palsy: Positive blood culture was found only in 8.5% patients. Peritonitis
was detected in 10.9% (5 people). Lumbar puncture was performed only in 2.2% of patients. But, it was considered
unnecessary in other cases. Meningitis was detected in 26.1% (12 cases) in the spinal fluid analysis. Resting 71.5% (33
cases) had no meningitis. Spinal fluid changes was observed in 12 patients, including leukocyte higher than 5 in 33.3%
of patients and high level of protein in 25%. Spinal fluid culture was obtained in 6.3%.gender distribution was
compared in both infectious and noninfectious groups by Fisher test in Table 2.

Table 2. Comparison between variables in cases with infectious and non-infectious causes of VP shunt insertion.

Duration of shunt insertion . N Male/female| Mean age
Mechanical shunt complication . .
(days) P=0.297 Ratio (month) Variable
P=0.8 ’ P=1 P=0.7
32.33+48.38 2/12 7/5 78.83+80.63| Infectious causes
66.70+59.40 2/32 20/13 85.38+58.34|Non Infectious causes

No difference was found in gender distribution(P-value=1.0). There was no significant difference in mean age
between two groups with infectious and non-infectious origin (P-value = 0.7). No considerable disparity was detected in
the duration of shunt insertion between two groups(P-value=0.8). Shunt-induced complications (mechanical
complications such as shunt obstruction, cerebral hemorrhage) were measured by Fisher test. No difference was
observed between two groups with infectious and noninfectious origin (P-Value = 0.297), but McNemar's test showed a
clear difference in results (0.039). A meaningful difference was considered in shunt -induced mortality rate in both
groups (p = 0.0030). The risk of meningitis resulted from shunt insertion was expressively higher in group with
infectious-induced shunt insertion(P-value = 0.05). Risk of peritonitis was not considerably different between two
groups with Fisher test (P-value=1.0).

4. DISCUSSION

The results of this study showed shunt complications in 68 patients with hydrocephalus. In total, 13 patients died
due to shunt Complications and 47 survived. In a study by Deroquo et al. 29% of patients had a complication in the first
year of shunt insertion. In this study, the greatest effect on complications occurrence was related to age distribution at
the time of surgery [6]. Among patients who died in this study, 4 cases were suffering from hydrocephalus caused by
congenital infections.For example, congenital cytomegalovirus infection was detected in one patient with VP shunt
from birth time. In 9 other cases, causes of shunt insertion included tumor, cerebral hemorrhage, and
myelomeningocele. Shunt infection was very common. The results showed that meningitis was reported in 92% of
expired patients and peritonitis in 7%. But the cause of death was due to underlying conditions, not cerebral shunt
insertion.The previous study in this center was performed on 95 patients (56 males and 39 females) with a mean age of
27+ 5 days of ventriculoperitoneal shunt insertion. Average age in the incidence of complications was 2.8 + 2.2 years.
Also, fracture and dislocation in cerebral shunt most often occurred after one year from the time of shunt insertion.
Hematoma and bleeding were detected averagely after 22 + 25 days. Infection occurred up to 6 months after shunt
placement. The most common causes of complications were shunt occlusion (60%) and infection (25.3%). CT scan was
able to show these complications in 58 cases (62%), while 2.1% of CT scans did not demonstrate any changes versus
previous ones. CT scan showed 50% and 87% sensitivity and specificity in detection of shunt obstruction, respectively .
All cases of hemorrhage and hematoma were detectable on CT scan. However, CT scan had 20% and 60% sensitivity
and specificity in detection of shunt infection. In contrast, in cases of infectious shunts, CSF examination showed 92%
hypoglycemia, 87.5% pleocytosis and 62.5% positive culture. CSF examination had 92% sensitivity, 82% specificity,
positive predictive value of 63%, and negative predictive value of 97%, which considered this as an appropriate test for
detection of infectious shunt cases. Clinical signs and symptoms were important in raising the diagnostic value of both
tests. This raised the importance of performing lumbar fluid puncture, which unfortunately had been performed in small
percentage of patients in current study.

In contrast to the current study, in a study by Karyatil ef al. [7] two major shunt complications were abdominal
pseudocyst and ascites. In this retrospective study, 15 patients were detected with abdominal pseudocyst caused in 60%
cases with shunt functional complication. In 5 patients, ascites was found with abdominal symptoms [7]. In the clinical
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course of this study in survived patients, shunt mechanical complications were reported in only 8.7% (Shunt obstruction
and shunt-induced cerebral hemorrhage). But, infectious shunt complications were discovered in a high percentage. In a
study carried out by the Carpinen, the most common complications in shunt-affected individuals were obstruction and
shunt infection. Shunt infection usually was realized as an unknown fever with undetermined origin (7). In our study,
33.3% had the clinical symptom of fever. Clinical manifestations in admitted patients matched more commonly with
shunt infection. Fever was detected in 33.3%, nausea and vomiting in 50%, headache in 50%, seizure in 16.7%,
decreased consciousness in 17.7% and imbalance in 25% of patients. In shunt infection, any type of neurological
symptoms, even without fever, can be considered in favor of a shunt infection [l - 4]. Unfortunately, lumbar
puncture(which was absolutely necessary)was carried out in only 2.2% of patients in spite of presence of fever and
neurological symptoms. Shunt meningitis was proven in 26% (12 cases). Resting 97% of patients received antibiotic
due to fever and other symptoms without spinal fluid examination. Positive blood cultures were reported in 8.5% and
positive spinal cord fluid culture in 6.3%. 11% of patients had shunt-induced peritonitis. The current study, like other
internal and external studies, showed that infectious complications of cerebral shunt were significantly common and
might be the cause of death in patients [5 - 10]. Infection was the cause of Shunt dysfunction in 26% of survived
patients in our study, which was several times more common compared to studies carried out in other countries(8-12%)
[16].

In the current study, in 47 live patients, congenital infection was the cause of shunt insertion in 28.3% of patients
and the rest were due to non-infectious causes. However, there was no significant difference between the two groups
regarding the course of the disease, age and other variables based on shunt insertion causes. But according to Jorabian et
al. (Tehran), the most common cause of hydrocephalus and shunt placement in infants about 3 months of age was
equiduct obstruction [15] with 3 deaths mortality and shunt complications including subdural effusion(6 cases), shunt
infection (4 cases) and shunt mechanical dysfunction(8 cases) [15].

Radmannes et al. also reported shunt-induced infection in patients with myelomeningocele after shunt insertion
[12].

The study of Behjati ef al. on 97 premature infants with intracranial hemorrhage up to 6 months after birth in Tehran
showed that shunt insertion was necessary in 35%, mostly in patients with brain hemorrhage of grade 3 and higher.
They also followed patients for around one year. They observed that from the total of 31 cases with brain shunt,
cerebral shunt infection occurred in 11 cases [13]. Most of these infections occurred during the first 6 months of shunt
placement often due to infection with normal skin flora during surgery, but some cases of infection reported several
months after surgery probably related to the infection in a distant place (such as urinary tract infection). Other potential
causes included skin injury at the place of shunt insertion or retrograde infection in distal catheter [15 - 17].

In a study by Di Rocco et al. [9], 773 patients were studied retrospectively, regarding the prevalence of shunt
complications in the first year, their relationship with age, hydrocephalus etiology and type of shunt. Shunt
Complications were reported in 29% of patients at the time of surgery had the greatest impact on the occurrence of
shunt complications(9). In our study, the frequency of complications was relatively similar to these results. Shayanfar et
al. results were similar to our current study [14]. In this study, 57 positive cerebrospinal fluid culture were detected
including 30% due to coagulase-negative staphylococci, 26% with Staphylococcus aureus, and 24.5% with Klebsiella,
Enterococcus and pseudomonas and other gram-negative bacteria. The most commonly used empirical antibiotics for
the treatment of shunt infection (until determination of culture results) were recommended by combination of
Vancomycin and Meropenem [14]. In a study by Dr. Pitetti [2], cases of suspected shunt dysfunction in emergency
department showed that simple radiography was useful in evaluating shunt dysfunction in children, since some patients
might refer with normal CT scans but abnormal radiological findings [2]. These results differed from that of Dr. Bruce
[3]. In 296 patients with shunt complications, CT scans were superior to serial radiology [8]. In Mater [4], sensitivity
and specificity of CT scan and serial radiography were so low that consultation with a neurosurgeon was proposed in
patients with normal radiology and CT scan results [4]. We also used combination of imaging, clinical and laboratory
findings to investigate shunt complications.

In a study by Carpinen [7], the most commonly occurring complication in patients with shunt insertion was
obstruction and infection. Shunt infection usually presents itself as a febrile illness without localized sign [7]. Rocque et
al. [8] suggested Shunt sampling as the best way to diagnose Shunt infection [8].

Ernell Kay studied 8 Swedish children with hydrocephalus and VP Shunt. Despite shunt obstruction, CSF
examination could be normal. Although no case of infection was detected in that study, the CSF analysis was explained
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as a response to shunt obstruction [10]. In the current study, 33.3% of patients had high leukocyte count in CSF
analysis, 25% had high CSF protein and 8.8% of patients had positive CSF culture.

CONCLUSION

VP shunt Complications were reported in one-quarter of children, but mechanical shunt complications were
uncommon in our study (8% of survived patients). The shunt mortality was relatively high (13 cases in total 68 patients)
and more often in patients with non-infectious causes of shunt insertion, which was also due to meningitis. Shunt
meningitis was considerably common in patients with an infectious cause of shunt insertion. Shunt infection in patients
(meningitis, bacteremia and peritonitis) was relatively common and could result in death if not controlled. Antibiotics
prescription without initial diagnostic measures (such as spinal fluid and ascites fluid examination and proper imaging)
is not recommended because it will result in improper and incomplete treatments.
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