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PS Medical® Strata™ Valve: The Adjustable Delta® Valve

Technical Bulletin
Medical Education Series

Throughout the 1980s, Medtronic PS Medical developed its full line of differential pressure valves,
better known as CSF-flow control valves. The fundamental design advancement was the incorporation of
dissimilar materials. By using a polypropylene base with a silicone valve membrane and housing, the
valve resisted distortion while eliminating problems related to silicone-to-silicone adherence. An inject-
able silicone elastomer reservoir dome was incorporated into the chassis to afford the physician easy
access to CSF sampling, while a plastic needle guard protected against inadvertent valve penetration.
Postoperative imaging was enhanced by the absence of metal components and the inclusion of radio-
paque markers that indicated valve pressure, flow direction, and valve-to-catheter approximation. In
addition, the design embodied occluders that allowed for both proximal and distal flushing, eliminating
the need for extraneous reservoirs and antechambers.

The complete PS Medical® CSF-flow control valve line includes the standard valve, a contoured valve, a
burr hole valve, a cylindrical valve, an ultra small valve, and a button valve. These variations were created
to accommodate the needs of different patient groups and surgical techniques. The CSF-flow control
valves represented a significant advancement in valve technology as a result of the pioneering design
features, the quality of workmanship, and the diversity of the line. As with all differential pressure valves,
the CSF-flow control valves still faced issues of overdrainage when presented with a negative hydrostatic
column.

Fig. 2 CSF-Flow Control Valves

Fig. 1 CSF-Flow Control Valve, Contoured – Cutaway
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In March of 1991, Medtronic PS Medical introduced the Delta valve. Utilizing the already proven CSF-
flow control valve chassis, the Delta valve included an integral siphon control mechanism known as the
Delta chamber. Consisting of two silicone diaphragms seated above and below a polypropylene outlet,
the Delta chamber minimized the effect of negative hydrostatic pressure without significantly increasing
shunt resistance. This addition allowed a patient to have a consistent pressure gradient regardless of an
upright or supine body position.

The PS Medical Strata Valve
The PS Medical Strata valve is Medtronic Neurosurgery’s newest technology for the treatment of hydro-
cephalus. Also referred to as the adjustable Delta valve, the Strata valve was created to allow for pre- and
non-invasive postoperative pressure level adjustments over the course of treatment. This adjustment ability
is intended to reduce both the potential trauma and cost a patient might endure as a result of valve revisions
relating to pressure changes. The Strata valve is the first adjustable valve to include a siphon control
device in its design.

Fig. 3 Delta Valve, Regular – Cutaway

Fig. 4  Delta Products
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Fig. 5  Strata Valve, Regular – Cutaway
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Adjustment Tools
The performance level adjustment is accomplished with the aid of three handtools: the Locator Tool, the
Adjustment Tool, and the Indicator Tool. The Locator Tool is used to correctly align and center the tools
over the valve, ensuring an accurate adjustment procedure. The magnetic Adjustment Tool is used to
adjust the performance level of the valve, while the Indicator Tool may be used to verify the valve’s
performance level setting. Performance Level settings of an implanted Strata valve may also be confirmed
by X-Ray.

Fig. 6  Strata Valves

Fig. 7 Adjustment Tools
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Adjustable Valve Mechanism
Until the introduction of the PS Medical Strata valve, Medtronic Neurosurgery’s valve technology had
been successfully based on silicone elastomer membranes. However, the engineering challenges presented
in creating an adjustable valve mechanism using a silicone membrane produced unpredictable results.
With the use of a ball and spring design, the adjustable valve mechanism was easily toggled from one
setting to another. It was then incorporated into the Delta chassis with no impact on the overall valve
profile.

The adjustable valve mechanism consists of a ruby ball and cone valve, a pressure/flow spring, a magnetic
rotor, a rotor retention spring, and a series of concentric steps at the base of the rotor cassette. As the
Adjustment Tool magnet couples with the rotor magnet, the base of the rotor raises, giving the bulleted
rotor feet clearance to move up or down the steps (Fig. 8). The Adjustment Tool is then turned to point
to the new, desired pressure level, moving the rotor along with it (Fig. 10). When the Adjustment Tool is
raised out of the Locator Tool the tension of the retention spring seats the rotor firmly against the new
performance level step (Fig. 11). The tension of the pressure/flow spring is either increased or decreased
as a result of the new setting, and the resistance to flow provided by the ruby ball and cone is adjusted
accordingly.

Fig. 9 Adjustable Valve Mechanism – Raised

Fig. 10  Adjustable Valve Mechanism – Rotating Fig. 11 Adjustable Valve Mechanism –
           New Performance Level Setting

Fig. 8 Adjustable Valve Mechanism
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Performance Level Characteristics
The Strata valve performance level characteristics identically match those of the Delta valve (Fig. 12).
The most significant difference is the addition of a Performance Level 2.5 for the treatment of patients
with extremely high-pressure hydrocephalus (e.g., pseudotumor cerebri). PS Medical Strata valves are
tested for their Performance Level Characteristics at the time of manufacture using a minimum flow rate
of 5 mL/hr and a maximum flow rate of 50 mL/hr. The testing is conducted at both 0 and -50 cm of
H

2
0 hydrostatic pressure in order to imitate a reclined and upright patient posture. The valves must

exhibit acceptable performance at both the minimum and maximum water flow rates in order to be
approved for market.
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Valve Placement
Placement of the Strata valve, and more importantly, the relation between the Delta chamber and the
ventricular catheter tip, may have a significant impact on the overall shunt performance. As Figure 13
shows, when the Delta chamber is placed above the tip of the ventricular catheter, the anti-siphon
qualities of the valve are augmented, increasing the resistance of the valve in the presence of negative
hydrostatic pressure. This causes an increase in intraventricular pressure (IVP) and may leave the patient
susceptible to underdrainage. Conversely, when the Delta chamber is placed below the tip of the cath-
eter, there is an increase in the positive hydrostatic pressure placed on the valve inlet, and the valve
membrane responds by allowing flow. This flow in turn opens the normally closed Delta chamber,
allowing the valve to drain at a faster rate. A placement location of as little as 3 cm below the catheter tip
can potentially double the CSF flow rate through the valve. Placement in alignment with the catheter tip
is recommended.
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The Strata Advantage
By incorporating over a decade’s worth of proven valve technology with an adjustable valve mechanism,
Strata offers an adjustable valve with both anti-siphon and post-implant performance level adjustment
abilities. This advantage will address two main challenges that face both patients with hydrocephalus and
the physicians who treat them: overdrainage and shunt revisions.

Fig. 13

Fig. 14
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