COOPERATION
Development and production of new models mini vaporizers and portable anesthesia machines are performed by several Moscow-based companies, in cooperation with leading anesthesiologists. More details about them are told in the Russian version of the site.
There are a few works and professionals who are reference points in the technical strategy “MINIVAP anesthesia”.
In turn, we hope that the developed equipment and techniques may be helpful in solving some current issues of anesthesia.
Technical history of low-resistance Vaporizers
50-60 years ago low resistance (draw over) vaporizers dominated in inhalation anesthesia, but were driven by more accurate plenum vaporizers.
Millennium Nunn GF (Nunn GF. Draw-over vaporizers, Association for Low Flow Anaesthesia. 1999) asked "Why stop draw over anesthesia?” despite of the known benefits (regardless of high pressure gas and fast control of anesthesia depth).

Therefore, we wanted to solve the “jewelry problem”: make an accurate low-resistance vaporizer.
When a low resistance (e.g. 5-10 Pa at 1-2 L/min - low-flow anesthesia) disturbing factors (pressure and temperature fluctuations, the density inhomogeneity - sevoflurane vapors 7 times heavier than air) are comparable in magnitude to the governing parameter (resistance or differential pressure) of vaporizer concentration regulator (gas valve).
For example, inlet orifices of the chamber outlet pipe of the Oxford Miniature Vaporizer (OMV) are lower than the bypass axes by ≈ 60 mm and there is a negative chamber pressure drop that is proportional to density difference of the carrier gas and the anesthetic mixture (∆pd ≈ -1.5 Pa).
The less is the gas flow through the vaporizer, the more of flow pressure differential is spent on the density pressure drop. When carrier gas flow is 1.5 L·min-1, heavy anesthetic vapors “shut up” the chamber which is disposed under the bypass channel.
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Fig. 7-56. Cross section of the Tri-Service draw-over vapor-
izer, which is used by the British armed forces. Air enters
the vaporizer and a portion of the stream goes into the
vaporizing chamber (C) through the inlet of the vapor
chamber opening controlled by a sliding valve (R). The
remainder of the air stream enters the bypass passage (B).
Wicks (W) of stainless steel mesh increase the evaporation
surface area inside the vaporizing chamber. A heat reser-
voir (H) filled with antifreeze liquid compensates for tem-
perature changes. Air and anesthetic vapor pass out the
vaporizing chamber outlet (E) to mix with the air coming
through the bypass passage. Two different paths (1 and 2)
through the vaporizing chamber provide a method of tem-
perature and flow compensation. Photograph: Printed with
permission of Penlon, Ltd, Abingdon, England.




W. CLAYTON PETTY. MILITARY ANESTHESIA MACHINES. Chapter 7. Anesthesia and Perioperative Care of the Combat
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Penlon Oxford Miniature Vaporizer (OMV)
This drop of concentration because of density non-uniformity is typical for OMV, Ohmeda PAC and Goldman vaporizers (more detail, see “PHYSICS”, manuscript “Low-Resistance Precision Vaporizers”).
.An attempt to regularize the governing processes (gas flow, mass and heat transfer) within the laminar flow regime enabled us to design new low-resistant vaporizers (pocket “MINIVAP-20” and stationary “MINIVAP-200”).
The concentration delivered by MINIVAP vaporizers is virtually independent of flow rate (from 0/2 up to 10 l/min when low and average concentrations are set – see graphs), ambient temperature and pressure, positions (vertical and overturned) and anesthetic level (from 5 ml).
At medium and high flow rates (4 L / min or more) and of the scale (2 vol.% or more), the temperature and outlet concentration of the “MINIVAP-20” vaporizer decreases due to rapid evaporation of anesthetic (after 3-5 minutes).

Temperature and concentration of the stationary “MINIVAP-200” vaporizer are stable even at high concentrations, due to paraffin thermostat with temperature phase transition 18 oC. 
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Output concentration of “MINIVAP” model sample vaporizer (11/03/2003, Penlon Limited, test of Richard Kent – Development Engineer)
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Output concentration of “MINIVAP-20” vaporizer at the mini- and low carrier gas flow
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LOW FLOW ANESTHESIA
Vaporizer Out of Circuit (VOC):

Baum JA. Low Flow Anesthesia. Drager 2004 

“At the minimum oxygen flow 250 ml.min-1 the supply of “anesthetic agent reaches its limits…with isoflurane – and that would be more striking with enflurane or halothane – the individual uptake of an adult patient exceeds the amount of agent which maximally can be supplied into the breathing (VOC) system”.

Dr Guy Watney. www.asevet.com/resources/circuits
“However, since this (vaporizer) delivered concentration is diluted by the gas already contained in the circuit, the concentration inspired by the patient is not known with certainly.

When low flow rates are employed, the concentration of anesthetic in the circuit will change very slowly, which may cause difficulty in maintaining a satisfactory plane of anesthesia”.

The delivered anesthetic vapor flow may be increased by serially connecting agent-specific vaporizers kept out of the circuit (Otero PE, Rebuelto M, Hallu RE, Aldrete JA. Increasing Anesthetic Concentration without Modifying FGF by Serial Connection of Vaporizers. ALFA 2003).

On the other hand, the super-complex anesthesia machine (station) PhysioFlexTM with an electronically controlled vaporizer changes sevoflurane concentration from 0 to 2 vol.% in 80 to 510 s (Suzuki A., Bito H., Sanjo Y et al. Evaluation of the PhysioFlexTM Closed-circuit Anaesthesia Machine. Eur J Anaesthesiol, 2000. 17, 6, 359-363).
Philip JH. Vital Capacity Induction (VCI). Brigham and Women’s Hospital 1985-2004. www.datex-ohmeda.com
“VCI is an alternative to conventional intravenous inductions and may be advantageous in children and adults. This type of single breath induction …because of the technique used to fill the lungs maximally with an anesthetic concentration of inhalation agent”.

However, the mentioned methods and equipment are sophisticated and bulky.

“MINIVAP Anesthesia” realizes two known simpler method:
- applies more powerful vaporizer " MINIVAP -200" with a concentration range up to 12%;
- Low-resistance vaporizers “MINIVAP” may be installed IN breathing circuit.
In the first case the delivered anesthetic flow would be ≈60 mL/min at the fresh gas flow 0.5 L/min (0.12x500 mL/min), in the second case ≈300 mL/min at the minute ventilation of 5 L/min and a vaporizer setting of 6 vol % (0.06x5000 mL/min)
There is fast change of inspired concentration CI (with VIC) that will be much higher than the scale one CS at high ratio of minute ventilation (volume) to fresh gas flow MV/FG. 
Inspired concentration, according to the law of preservation of weight (without uptake of anesthetic in body),
CI ≈CS/[(pCS/pA)+(1-CS)(FG/MV)], where pA/p - saturated vapors pressure (SVP) of the anesthetic.
At low and average concentration CS (up to 4-5 vol.%) it is possible to use more simple linear dependence CI ≤CS MV/FG.
In all cases: “It is therefore strongly recommended that inhalation anesthetic analyzer be used to monitor the inspired concentration whenever such systems are used” (Dr Guy Watney).
Military Anesthesia &Emergency Situations

“Attributes of Inhalation Anesthesia System for Remote Area Use or During Major Disasters (US Department of Defense (2002). Anesthesia Equipment www.vnh.org/EWSurg):

· Light weight, Portable, Comfort, Efficient, Accurate, Nonspillable

· Provide for Supplemental Oxygen when Available

· Adaptable to Various Anesthetic Agents

· Ambient air can be used as carrier gas…

Supply. size, and weight restriction should be anticipated in the field setting…” 

Dobson MB. Anaesthesia at the District Hospital. 2nd ed. 2001

“Even if it difficult obtain medical gases, a small hospital must still provide an anaesthetic service. This can be achieved by the use of draw-over anesthetic techniques, in which ambient air is used as carrier gas to which volatile anaesthetic agents are added by calibrated, low resistance vaporizers. Draw-over techniques are capable of producing first-class clinical anaesthesia. Compared with system dependent on compressed medical gases, draw-over systems are economical in use and have added safety in that the lowest oxygen concentration that can be delivered is that of air. Draw-over anaesthesia is the system of first choice for small hospitals…

Draw-over system can be used with either cylinders or oxygen concentrators as their oxygen sours..”
The several models of portable draw-over Anesthesia Machines used in military anesthesia, including:
· The Ohmeda Universal Portable Anesthesia Circuit (PAC); the vaporizer unit weighs about 5 lb;
· The ULCO with two agent-specific OMV (Penlon), flowmeters and absorber; carrying case houses in 55-lb unit.
Based on the above requirements, we offer the new several “MINIVAP” models of various complete set (for details, see “Product Description”):
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and one virtual model in a small bag for further change

	Airsep Focus

oxygen concentrator
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	“MINIVAP-20” Vaporizer
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SAVe™ PORTABLE VENTILATOR


	Aisep Focus oxygen concentrator: 2 pulse setting equivalent to continuous flow of 2lpm (ave. 93%)
Dimensions: Height = 6.2 in. (15.7cm); Width = 4.6 in. (11.7cm); Depth 2.4 in. (6.1cm)

Power: AC mains worldwide 100-240V AC, 50/60 Hz, Vehicle power 11-16V DC       Weight: 0.8kg (1.75lbs)

	Technical Data
	“MINIVAP-20”
	“MINIVAP-200”

	Concentration Range of  S or I or H or E, vol.%
	0 –  6
	0 –  12

	Gas Flow Range, L/min
	0.2 – 10
	0.2 – 20

	Resistance to flow 10 L/min, mm H2O
	≈10
	≈5

	Temperature Range, oC
	5 – 35
	15 – 35

	Atmosphere Pressure Range, kPa
	70 – 110
	70 – 110

	Anesthetic volume, ml
	50
	150

	Wick Anesthetic Volume, ml
	3
	3

	Maximum Angle of Tilt during operation (with 20 ml of Anesthetic)
	180o
	90o

	Weight, kg
	0.4
	1..5

	Inlet/Outlet
	15F/15M
	22F/22M

	SAVe™ PORTABLE VENTILATOR 

	●  Easy to Use

     ● Single knob operation

     ● Low training requirements

     ● Hands free

	●  Versatile

     ● Allows spontaneous breathing

     ● Accepts up to 6 Lpm of supplemental O2 (FiO2 as high as 62%)

     ● Powered by rechargeable lead-acid battery or electrical outlet


	●  Safe

     ● Single tidal volume and respiratory rate reduces chance of operator error

     ● Tidal Volume = 600 mL

     ● Breaths / minute = 10

     ● EtCO2 detector

     ● No compressed gas required
	●  Intelligent Design

     ● Detects blockage and disconnects

     ● Fail-safe mechanisms and suppressible alarms

     ● Up to 5.5 hours per charge



Fig. 2








