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Abstract

Hydrocephalus is a common disease of the brain. Ventriculoperitoneal shunt (\VPS) surgery is one of the procedures for its treatment.
The clinical outcome following VVPS should be evaluated periodically to reduce the complications associated with this procedure. Clini-
cal audit helps to identify and develop effective methods for improvement in patient care. This paper illuminates the experience of au-
thors in clinical audit of forty three neurosurgical patient undergone VVPS surgery.
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1. Introduction

The management of hydrocephalus has evolved through the de-
velopment of various shunting and bypassing operations (Robert-
son et al. 1973). Shunts drain excess cerebrospinal fluid (CSF)
into the peritoneal cavity (ventriculo-peritoneal shunt), right atri-
um (ventriculo-atrial shunt) and pleural cavity (ventriculopleural
shunt) of which ventriculoperitoneal shunt (VPS) surgery is com-
monest [Low et al.2010; Jha et al.2010). In selected conditions
endoscopic third ventriculostomy (ETV) is an alternative to VP
shunt surgery. External ventricular drainage (EVD) is a procedure
of choice for CSF diversion in cases with progressive post hemor-
rhagic hydrocephalus and ventriculitis. EVD can also be used as a
temporary procedure for reducing intracranial pressure (ICP) dur-
ing neurosurgical procedure (Weninger et al. 1992, Ali et al.
2013).

Success of VP shunt surgery depends on many factors. The pur-
pose of this clinical audit is to systematically review standard of
clinical care of patients. Clinical audit is a quality improvement
cycle that involves measurement of the effectiveness of care
against agreed and proven standards. The audit cycle includes the
assessment of clinical management according to the standards of
quality care and interventions then to re-measure the outcome to
make further improvements.

2. Material and methods

We conducted this study in neurosurgery department of a tertiary
care neuropsychiatry hospital in Delhi, India. Forty three patients
of hydrocephalus were selected by the non-probability conven-
ience sampling for the study. These were operated between Janu-
ary 2008 and October 2013 by the first author for
ventriculoperitoneal shunt placement. Medical charts, operative
notes, imaging studies and clinical follow-up evaluations were
reviewed and analyzed. Demographic detail, clinical presentation,
radiological features, indications for surgery, surgical findings and

shunt related complications were analyzed. 16 standards were
defined for the comparison for any deviation from the standard
protocol for the surgical management of hydrocephalus patients.
These standards were based on local guidelines (Fig.1)

Data collected by a team of clinical audit on this particular topic
from the case record files of the patients included in study sample.
The study was done by the authors who were members of medical
audit team of the hospital besides resident doctors.

Table 1: Detail of Standards and Expected Targets

Serial

No Standard Target  Exceptions

1 Det_alle_d pre-op hlsto_ry, physical ex- 100 No
amination & diagnosis

2 Information to the patient 100 No

3 Written consent 100 No

4 Was the procedure carried out by the 100 No
trained Neurosurgeon?

5 CT scan/MRI scan done 100 No

6 PAC (Pre-anesthetic care) prior to 100 No
surgery)

7 Pre-op antibiotic prophylaxis given 100 No

8 Pre-operative check-list signed by 100 No
nursing staff

9 Neuroanesthesia consent form signed 100 No

10 Reqord of the monitoring qf the patient 100 No
during surgery by anesthetist

11 Operative notes of the neurosurgical 100 No
team

12 Post-op |n_struct|ons mentioned by the 100 No
neurosurgical team
Record of any complications including Uneventful

13 100
Death post op

14 Antlb_lopc_folloyvmg surgery according 100 No
to antibiotic policy
Detailed discharge summary given to

15 the patient 100 Death

16 Instructions given to the patient to 100 Death

contact doctor in case of emergency
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3. Result

Data were compiled and analyzed in MS Excel. The statistical
output was represented as frequencies and percentages. The tables
representing the Frequency and percentage of the diagnosis, surgi-
cal procedures and finding were summarized. There was a provi-
sion of re-audit within 6 months.

4. Description of the standards

Treatment protocol and guideline for the management of a patient
with hydrocephalus includes initial assessment with initial as-
sessment comprising of detailed history and examination at the
time of admission of the patient, and reassessment of patient and
confirmation of hydrocephalus with radiological investigations.
The different treatment options including conservative treatment
are considered based on the provisional diagnosis of the patient.
Surgical options include ventriculoperitoneal shunting, external
ventricular drain, and endoscopic third ventriculostomy (ETV).
When surgical treatment is planned, pre-anesthetic checkup (PAC)
is done by neuroanesthetist. Prior information of surgery is con-
veyed to all the members of the surgical team, neuroanesthetist
operation theater Nurse and other OT staff. Informed consent is
taken from the patient and caregiver. Pre-operative instructions are
mentioned in the case record file, instructions are verified through
Preoperative checklist and then patient is shifted to OT. Third
generation injectable cephalosporin is routinely given to all the
patients as prophylactic antibiotic at the time of induction of anes-
thesia. Intraoperative monitoring includes bispectral index (BIS)
monitor, temperature, vital signs, capnogram, ECG, central venous
pressure (CVP), intraarterial or noninvasive blood pressure moni-
toring. Ventriculostomy is done to assess of intracranial pressure
and collect CSF for investigations. Detailed OT notes and post op
instructions and post op neurological assessment are recorded in
the case record file.

We have learned through our own experiences in these cases that
there were sixteen parameters required for the holistic and evi-
denced based patients care. The description of these has been di-
vided into three group's viz.i. Standards of pre-operative work-up;
ii. Standards at the time of surgery and iii. Post-operative stand-
ards

5.1 Standards of pre-operative work-up

i) Detailed history, physical examination & diagnosis: All the
patients had undergone detailed clinical work up including
history, examination and physical examination by the neuro-
surgeon. All the patients were investigated systematically
through various diagnostic tests including blood profile with
complete blood count. Cerebrospinal fluid examination com-
prising of the entire battery of biochemistry (proteins, sugar),
cytology , gram stain , AFB stain , India ink stain and other
investigations depending upon provisional diagnosis of the pa-
tients. This standard was achievable in 40 cases and in 3 cases
the completion of the record was not evident.

ii) Information to the patient: All the patients were informed
about the procedure. In 4 cases of total 43 cases the case rec-
ord file did not contain the evidence that patient had received
the detailed information about the surgical procedure and out-
come of intervention.

iii) Written consent: An informed written consent was obtained
from all the patients prior to surgery. In one case the consent
form was signed by neither patient nor operating neurosur-
geon. Neurosurgical procedure was done as per the evidence
based practice. Hence, the standard which explores that
whether the procedure was carried out by the trained neuro-
surgeon or not? In our cases it was qualified neurosurgeon.

iv) CT scan/MRI scan done: All the patients were diagnosed with
radiological investigations like CT scan or MRI of the brain.

5.2. Standards at the time of surgery

i) PAC (Pre-anesthetic care prior to surgery): Detailed pre anes-
thetic check-up was done in all the cases before surgery.

ii) Pre-op antibiotic prophylaxis given: In 25 cases the record of
the administration of prophylactic antibiotic was not evident.
The main reason for this deficit was due to lack of inclusion of
prophylactic antibiotic in printed proformas of anesthesist and
neurosurgeon.

iii) Pre-operative check-list signed by nursing staff. In one case

the pre-operative checklist was not signed by the nursing staff.

Neuroanesthesia consent form: In two cases the

neuroanesthesia consent forms were not signed by the

neuroanesthetist.

v) Record of the monitoring of the patient during surgery by

Anaesthetist: In one case the intraoperative monitoring was

not recorded on the anesthesia record sheet.

Operative notes of the neurosurgical team: In three cases the

neurosurgical team did not record the operative notes in detail.
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5.3. Post-operative standards

i) Post-operative instructions mentioned by the neurosurgical
team: In two cases the post-operative instruction were missing
in the case record file.

ii) Record of any complications including Death: In all the cases
the chronological record of the clinical status were mentioned
including the post-operative complications.

iii) Antibiotic following surgery according to antibiotic policy.
All the patients received antibiotic according to the antibiotic
policy of the Institute.

iv) Detailed discharge summary given to the patient: All the dis-
charged patients received detailed discharge summary with in-
structions for follow up.

v) Instructions given to the patient to contact doctor in case of
emergency: After neurosurgical intervention the patients were
assessed in the follow up both radiologically and clinically. In
six cases the instructions regarding the person to be contacted
in case of emergency was not clearly mentioned.

vi) Results demonstrate deficiencies in documentation which can
significantly be improved upon in all standards following the
introduction of the standardized proforma.

6. Discussion

A total of 43 patients were included in the study. Age of the pa-
tients ranged from 4.5 months to 80 years. There were 23 male
and 20 female patients. Detailed clinical assessment, pre-
anesthetic checkup, hematological investigations and chest X-ray
(posteroanterior view) were done in all patients. Cranial imaging
investigations included Ultrasound, CT scan with or without con-
trast and MRI of the brain with or without contrast and MR spec-
troscopy. The common etiologies include post meningitic hydro-
cephalus (48.8%), congenital hydrocephalus (11.6%), NPH
(9.3%), Posterior fossa tuberculomas (9.3%), Neurocysticercus
(6.9%), & Posterior fossa tumor (4.4%). Other causes were idio-
pathic, epidermoid, arachnoid cyst and trauma (Table 1). Per
operative Ventricular tap was done to assess the depth of the ven-
tricle from the cortical surface and the CSF pressure. CSF was
collected in all the cases for cytology and biochemistry and other
investigations depending upon the provisional diagnosis of the
case. Right sided ventriculoperitoneal shunt with medium pressure
valve system was the commonest modality of treatment. All four
patients with normal pressure hydrocephalus were treated with
low pressure right VP Shunt. One patient of idiopathic hydroceph-
alus had shown radiologic features of asymmetric hydrocephalus
with marked left lateral ventricular enlargement. In this case left
sided VP shunt medium pressure was done (Table-2). Two pa-
tients died during follow up due to non-surgical reasons. None of
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the patients had any incidence of shunt infection. Shunt related
complications included chronic subdural hematoma in 2 cases, per
rectal extrusion of peritoneal end in one case. One patient required
shunt revision due to malpositioning of the ventricular end.

Table 2: Diagnostic Profile of 43 Cases of Hydrocephalus

Diagnosis No of Cases % of Total
Post Meningitic hydrocephalus 21 48.8
Congenital Hydrocephalus 5 11.6
Normal Pressure Hydrocephalus 4 9.3
Tuberculomas 4 9.3
Neurocysticercosis 3 6.9
Posterior Fossa Tumor 2 44
Arachnoid Cyst 1 2.3
Frontal Epidermoid 1 2.3
Trauma 1 2.3
Idiopathic 1 2.3

Table 3: Type of VP Shunt Implanted In 43 Cases of Hydrocephalus
Type of shunt implantation No of Cases % of Total
Medium Pressure Right \VP Shunt 38 88.3
Low Pressure Right VP Shunt 4 9.3
Medium Pressure Left VP Shunt 1 2.3

The diagnosis of hydrocephalus is based on clinical features, radi-
ologic appearances, and occasionally intracranial pressure record-
ings. Ultrasonography is the screening procedure in small children
when the anterior fontanel is still open. CT scan brain and MRI
brain are the preferred method in the detection of parenchymal
lesions and in revealing the etiology of the hydrocephalus.
Generally, incidence is equal in males and females. NPH has a
slight male preponderance. Incidence of hydrocephalus presents a
bimodal age curve. One peak occurs in infancy and is related to
the various forms of congenital malformations. Another peak oc-
curs in adulthood, mostly resulting from NPH. Adult hydrocepha-
lus represents approximately 40% of total cases of hydrocephalus
(Jha et al. 2010). In our series, post meningitis hydrocephalus was
the commonest cause of hydrocephalus (48%) followed by con-
genital hydrocephalus (11%).

The treatment of hydrocephalus is a challenging one ( Low et al.
2010) In untreated hydrocephalus, death may occur by tonsillar
herniation secondary to raised ICP with compression of the brain
stem and subsequent respiratory arrest. Poor development of cog-
nitive function in infants and children, or loss of cognitive func-
tion in adults can complicate untreated hydrocephalus. Visual loss
can complicate untreated hydrocephalus and may persist after
treatment ( Jha et al. 2010)

Some cases of hydrocephalus can be treated with short term medi-
cal treatment with carbonic anhydrase inhibitors, loop diuretic
agents, osmotic agents and fibrinolytic therapy. The most suitable
drug seems to be acetazolamide, alone or in combination with
furosemide. Fibrinolytic therapy administered directly into the
ventricular system in cases of post hemorrhagic hydrocepha-
lus(Poca & Sahuquillo, 2005).Ventricular tapping, repeated lum-
bar punctures, subcutaneous reservoirs are others measures to treat
hydrocephalus. Surgical treatment is the preferred therapeutic
option (Jha et al. 2010; Hamilton, 2009). The commonly used
surgical procedures are ventriculoperitoneal shunt, endoscopic
third ventriculostomy and external ventricular drainage.

The selection of shunt procedure for a patient depends on clinical
features and radiological investigations. The right sided shunt
surgery is commonly done and in some case left side VP shunt is
inserted depending upon the diagnosis. For example, if patient has
right sided cerebellopontine angle tumor and right sided
retromastoid craniectomy is planned for excisison of the tumor,

then in this case left VP shunt is done for treating hydrocephalus.
Similarly, in a patient with obstructive hydrocephalus with left
sided lateral ventricular enlargement, left VVP shunt is done. Usual-
ly in patients with obstructive hydrocephalus due to meningitis
ventricular tap is done to send CSF for cytology, biochemistry and
other investigations depending upon provisional diagnosis. If CSF
investigations reveal infection, the external ventricular drain is
inserted. If CSF study does not show any feature of meningitis,
then VP shunt is done. Type of pressure of the valve of the shunt
is decided on the basis of CSF pressure on ventricular tap. Low
pressure VP shunt should not be done in children with obstructive
hydrocephalus due to aqueductal stenosis. It can lead to over-
drainage and subdural hematoma. So, for these patients with con-
genital hydrocephalus, a medium pressure right VP shunt is most
appropriate. In patients of NPH (Normal Pressure Hydrocephalus),
low pressure VP shunt is done.

Complications of the shunt can be avoided by taking simple
measures like preoperative part preparation, draping, prophylactic
antibiotic, minimizing movements of many persons inside the
operation theater, choosing appropriate type of the shunt, securing
shunt assembly of the shunts, collection of the CSF during the
surgery, minimal handling of the shunt assembly, changing of the
glove prior to the handling of shunt, antibiotic therapy after inser-
tion of shunt, etc. If every stage of shunt surgery is given due im-
portance, the frequency of shunt revision can be minimized. Once
failure is suspected, patient should again be investigated thorough-
ly before operating again. As long as the ventricular tip is inside
the ventricle it is very unlikely that shunt is not functioning. Shunt
should not be revised if the ventricular end of the shunt has
crossed to the opposite side lateral ventricle piercing septum
pellucidum.

The audit cycle includes taking action to bring practice in line
with these standards to improve the quality of care and health
outcomes. By following the cycle, any clinician or team should be
able to see where a particular area or step in their practice which
can be improved.

7. Conclusion

Ventriculoperitoneal shunting is the most widely used neurosurgi-
cal procedure for the management of hydrocephalus. Endoscopic
third ventriculostomy is another alternative to treat obstructive
hydrocephalus. The high incidence of shunt failure can be mini-
mized by meticulous clinical work up, CSF study, selection of
appropriate type of shunt, use prophylactic antibiotic, and precau-
tions at the time of surgery. Shunt surgery is very often performed
by the neurosurgical trainees and younger neurosurgeons. This
procedure is simple but associated with high failure rate. The re-
view of clinical outcome provides an opportunity for clinical team
to rectify and modify the steps of the clinical care and improve the
documentation. Re-audit following improved quality and content
of the documentation and implementation of standard operating
procedure is an effective method for identifying deficits in the
clinical management and improves clinical outcome.

Disclaimer: Clinical Audit only needs ethical approval if the audit
involves anything being done with patients which would not oth-
erwise be part of their routine clinical management. It is self-audit
of the quality of care provided by a single neurosurgeon and it is
not related to the work of other clinicians. Audit is carried by the
members of hospital medical record audit team, allied sciences
professional and resident doctors.
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Provisional diagnosis of Hydrocephalus- Admit the Patient

A 4

Do initial assessment: Take medical history. Do neurological examination

In children, record antenatal & birth history, examine anterior fontanel and head circumference.
Look for VACTERL, Spina bifida or any other congenital anomaly.

A

A 4

Advice Radiological Investigations

CT scan or MRI of brain and if hydrocephalus
is associated with myelomengocele then MRI of
the spine

A 4

Hydrocephalus with spina bifida, paraplegia, urinary & fecal
incontinence: No neurosurgical intervention required

Evidence
Tracheoesophageal fistula or Anorectal malformation: Refer the
patient to a hospital with pediatric surgery facility.

of associated extracranial birth anomalies like

Explain surgical options to the Patient.
Take Informed consent for surgery.

Y

Pre-anesthetic check up (PAC).

Hematological investigations, Chest X-Ray & ECG.

A 4

Plan Ventriculoperitoneal shunt (\VP). Decide type of shunt required

v

Nursing staff of the ward checks & signed Pre operative check list. Then it
must be authenticated by OT Nurse and concerned Neurosurgeon

v

Tap the ventricular and measure depth of ventricle, CSF pressure,
turbidity, cytology, biochemistry & bacteriological investigations

v

Monitor & Record the patient’s condition during surgery

v

Write detailed operative notes. Assess the patient immediately after the
operation and write Post operative instructions.

v

Assess the patient for any complication during hospital stay.

v

Discharge the patient. Advise in case of any emergency conditions

Fig. 1: Flow Diagram for Managing Hydrocephalus
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