WO 2019/222366 PCT/US2019/032443

CLAIMS

1. A syringe pump comprising:
a housing with a syringe accepting region;
a syringe holding system configured to hold a syringe in the syringe accepting
region;
a drive mechanism including:
a lead screw,
at least one half nut,
an anti-ratcheting magnetic clutch assembly, and
a drive rod, and wherein the clutch assembly is configured to engage and
disengage the at least one half nut to and from the lead screw; and
a drive head operatively coupled to the drive mechanism, the drive head configured

to engage a piston of a syringe held by the syringe holding system.

2. The syringe pump of claim 1, wherein the syringe accepting region includes
a concave rear wall having a vertex, where the concave rear wall includes a top portion and
a bottom portion that meet to form the vertex, and wherein the top portion is oriented at a

first angle with respect to a vertical plane intersecting the vertex.

3. The syringe pump of claim 2, wherein the bottom portion is oriented at a

second angle with respect to a vertical plane intersecting the vertex.

4. The syringe pump of claim 3, wherein the first angle and the second angle

are the same.

5. The syringe pump of any of claims 1 to 3, wherein the drive head includes
first and second plunger hooks disposed on the drive head and configured to grasp onto a
plunger thumb flange of a plunger of the syringe, and wherein the first and second plunger

hooks are configured to actuate between an open position and a closed position.
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6. The syringe pump of any of claims 1 to 5, wherein the drive head includes a
plunger lever, the plunger lever adapted to move the plunger hooks between the open
position and the closed position, and wherein the plunger lever is configured for actuation

by a user.

7. The syringe pump of any of claims 1 to 6, wherein the anti-ratcheting
magnetic clutch assembly includes a magnet configured to increase a holding force of the

clutch assembly and prevent ratcheting.

8. The syringe pump of any of claims 1 to 7, wherein the syringe holding

system includes a barrel clamp, a flange plate, and first and second syringe hooks.

9. The syringe pump of claim 8, wherein the barrel clamp includes a proximal
end pivotably attached to the housing and a distal end with a barrel engagement surface,
wherein the barrel engagement surface is attached to the barrel clamp via a swivel and is
adapted to allow the barrel engagement surface to rotate and contact syringe barrels of at

least two different sizes.

10.  The syringe pump of claim 8, wherein the flange plate is configured to
secure a syringe barrel flange against the housing, the flange plate is biased towards the
housing, and the flange plate includes a bottom surface configured to contact the syringe
barrel flange, and the flange plate has a surface profile that transitions from a flat surface to

an angled surface towards the edge of the flange plate.

11.  The syringe pump of any of claims 1 to 10, wherein the drive mechanism

includes an anti-ratcheting magnetic clutch.

12.  The syringe pump of any of claims 1 to 11, further comprising an occlusion
sensor, wherein the occlusion sensor is configured to determine if an infusion line

connected to the syringe barrel is blocked.
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13.  The syringe pump of claim 12, wherein the occlusion sensor determines if
an infusion line connected to the syringe barrel is blocked by calculating one of a slope of
a force curve, a slope of a pressure curve, a comparison to a baseline force measurement, a

comparison to a baseline pressure measurement, or an area under the force curve.

14. The syringe pump of any of claims 1 to 13, further comprising an
accelerometer, wherein the accelerometer is configured to detect at least one of an

occlusion or whether the syringe pump experienced an external impact.

15.  The syringe pump of any of claims 1 to 14, wherein the syringe pump is

positioned in a rack with at least one other infusion pump or syringe pump.

16. A syringe positioning system for positioning a plurality of syringes having
respective barrels and respective plungers within a syringe pump housing, the positioning
system comprising:

a barrel clamp, wherein the barrel clamp is adjustable to hold a respective syringe
barrel against the syringe pump housing, and wherein the barrel clamp includes a proximal
end pivotably attached to the housing and a distal end with a barrel engagement surface,
wherein the barrel engagement surface is attached to the barrel clamp via a swivel and is
adapted to allow the barrel engagement surface to rotate and contact syringe barrels of at
least two different sizes;

a flange plate configured to secure a syringe barrel flange against the syringe pump
housing; and

first and second plunger hooks configured to grasp onto a plunger thumb flange of
the plunger of the syringe, wherein the first and second plunger hooks are configured to

actuate between an open position and a closed position.

17. The syringe positioning system of claim 16 further comprising a position

sensor configured to detect a rotation of the syringe barrel clamp.

18.  The syringe positioning system of claim 16, wherein the flange plate is

configured to secure a syringe barrel flange against the housing, the flange plate is biased
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towards the housing, and the flange plate includes a bottom surface configured to contact
the syringe barrel flange, and the flange plate has a surface profile that transitions from a

flat surface to an angled surface towards the edge of the flange plate.

19. A method of detecting an occlusion, the method comprising:

monitoring a pressure measurement, wherein the pressure measurement is based on
an ADC value;

during a first interval, recording a baseline pressure measurement;

during a second interval, determining whether a respective current pressure
measurement exceeds a first difference threshold between the current pressure
measurement and the baseline pressure measurement, wherein the first difference threshold
is based on a selected occlusion detection mode;

during a third interval, after the first interval and the second interval, recording a
new baseline pressure measurement;

after determining the new baseline pressure measurement, determining whether a
respective current pressure measurement exceeds a second difference threshold between
the respective current pressure measurement and the new baseline pressure measurement;
and

determining an occlusion exists within a tube of an infusion pump when at least

one of the first difference threshold and the second difference threshold is exceeded.

20. The method of claim 19, wherein the selected occlusion detection mode
includes one of a rapid occlusion detection mode and a non-rapid occlusion detection
mode, and wherein the threshold is lower for the rapid occlusion detection mode than the

non-rapid occlusion detection mode.
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